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FOREWORD

The New York State Geological Survey was founded in 1836 and is the longest continuously operating
geological survey in the world after the national surveys of France and Great Britain. In 1986, our sesquicentennial
year, this book and the accompanymg New York State Geological Highway Map were conceived as especially
worthy projects to celebrate our 150 birthday.

The first Geology of New York was published by the Survey in 1966. At the end of the Foreword, we stated
that the publication was only a progress report and that "at any time, a new breakthrough in knowledge could
necessitate a different translation of the record written in the rocks." The revolutionary new concept of plate
tectonics (summarized in Chapter 3) came shortly afterward, and in succeeding years we have gained an
understanding of the geological history of the State and surrounding areas in terms of plate tectonic theory.

Thanks to this theory, we can now speak of past continents colliding to form supercontinents; of suture
zones along the lines of collision, some with fragments of oceanic crust that testify to closed ocean basins; pieces of
.. proto-Africa stuck to North America; and rift zones where supercontinents broke apart. New York State has:been

the srte of mountains as high as the Himalayas, wide seas, rifts as spectacular as the East African Rift system, seas as - R
" - warm as the Caribbean, and climates as cold as Greenland: Ev1dence for these drarnatrc events is recorded in the :

rocks of New York and can be observed by an interested student.

" The geological history of New York State is long and complex In the text of thrs pubhcatron we have :
attempted either to- minimize the use of scientific terms or to define them where they are mtroduced To further help -
comprehension, a glossary has been included. We have made an effort to keep the language clear and-readable,
although many of the ideas presented are both unfamiliar and complex. We suggest that teachers review the sectrons,
that are relevant to their classes and decide which parts to assign or interpret for their students.

As-a natural laboratory that is easily accessible to a large population, the diverse geology in New. York s

perhaps without peer in North America. The State contains parts of several major geologic previnces: the Canadian - .

Shield, the Taconic thrust belt, the Alleghanian fold and thrust belt, the Allegheny Plateau, a Mesozoic rift basin, the
marine coastal plain, and the modem continental shelf, continental slope, and continental rise. The varieties of rocks
and structural style in each of these provinces provides a wealth of instructive material, and comparisons among the
various provinces challenge scientific thought at all levels.

We view these publications as part of the renewed national effort to improve scientific literacy in America.
We hope that they will pique students' curiosity about natural phenomena, help earth science teachers prepare a
more interesting course by giving them insights into the local geology, provide accurate and appropriate material for
training earth science teachers, and give the public a window into the geology that begins in their backyards.

Welcome, then, to the geology of New York. The Niagara River cascading over a thick ledge of Silurian
dolostone at the American Falls; the Adirondacks' High Peaks cut out of feldspar-rich "moon-like rock”; the
Palisades of the Hudson--a rampart of Mesozoic basalt pillars; and Long Island--a giant "sand pile" dumped at the
front of a melting Pleistocene continental glacier. Each of New York's magnificent scenic features, indeed our
entire landscape, derives its shape from the composition and structure of the geologic materials beneath it and from
the geologic processes that have acted upon it. The history of human settlement in New York from the. earliest.
Indians to present-day Empire Staters has been greatly influenced by the geology of the State.

More than a billion years of geologic history are recorded in the rocks of New York State. This record tells
of repeated submergences beneath shallow seas, of mountain-building, of volcanoes, dinosaurs, and wooly
mammoths, of lush tropical forests and frigid continental glaciers. As geologists continue to study exposures of rock
and sediment in New York, that history becomes refined--new chapters are added and details revealed--yet the basic
saga remains relatively intact. We must understand the geologic record if we expect to understand our planet,
protect ourselves from geologic hazards such as earthquakes and floods, and find and develop our mineral resources.

Robert H. Fakundiny
State Geologist
1991



PREFACE TO SECOND EDITION

The second edition is, essentially, a reprint of the first edition.. The few modifications include:

changes in some of the age dates in the Lower and Middle Paleozoic periods and epochs in Figure 2.1 and
Figure 8.20

a change in the age of the Lower Potsdam Sandstone on table 7.2

addition to some of the fossil contents and thicknesses in the stratigraphic tables in chapters 6-8

cosmetic changes in the tables throughout the book

a list of illustrations, a list of tables and a subject index have been added

the cover is new
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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

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.

1Adapted 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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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.
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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

oceanic crust formed in the
widening rift about 600 to 560
million years ago. The rift grew
into the lapetus 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-

jBy AE. 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),
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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 motionin 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, dépend-
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 profo-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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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 Iapetus 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 Iapetus 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 lapetus 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 Japetus Ocean closed, the
crust of the eastern lapetus 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 Iapetus 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

Devonian

Continuing Acadian Orogeny and Erosion of Acadian Mountains

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 Awvalon 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

Early
Pennsylvanian

Beginning of Alleghanian Orogeny

Figure 3.13. Block diagram showing proto-North America and proto-Africa colliding aiong 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 Iapetus 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

~200 Ma
Late
Triassic

Volcanism, Rifting, and Splitting of Pangea into Two Continents

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



PART 11
Bedrock Geology
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The Adirondack Mountains
make up a circular region that is
part of the Grenville Province, a
large belt of basement rock. The
region is divided into the Central
Highlands and the Northwest
Lowlands, which are separated
by the Carthage-Colton Mylonite
Zone. It was once covered by the
same layers of sedimentary rock
that now surround it, but recent
uplift and erosion have exposed
the basement. Seen from space,
the region has several prominent
features: long, straight valleys;
gently curved ridges and valleys;
and a radial drainage pattern.

The rocks of the Adirondacks,
almost without exception, are
metamorphic. They have been
subjected to high temperatures
and pressures at depths of up to
30 km in the earth’s crust. Most
of the rocks in the Northwest
Lowlands are metasedimentary
or metavolcanic and have a
complex history. Most of the
rocks in the Central Highlands
are metaplutonic; granitic
gneiss is the most common.
Metanorthosite forms several
large bodies in the Central
Highlands; the largest makes
up the High Peaks area. Olivine
metagabbro bodies are scattered
throughout the eastern and
southeastern Adirondacks.

The Adirondack rocks have
been both severely folded and

1Adapted from a manuscript by P.R. Whitney.

CHAPTER 4

NEW MOUNTAINS
FrRoM OLD ROCKS

Adirondack Mountains’

sheared by ductile deformation
and shattered by brittle defor-
mation. Ductile deformation
has produced very complicated
folds of all sizes throughout the
region. Ductile shearing created
intensely deformed mylonites,
which are found throughout the
region but are most abundant in
the southeastern Adirondacks
and in the Carthage-Colton
Mylonite Zone. Long, straight
valleys that run north-northeast
mark the most prominent exam-
ples of brittle deformation.
These valleys are the results of
accelerated erosion along major
faults and fracture zones. In
addition, most Adirondack
rocks have an abundance of
joints. The Adirondack defor-
mation happened when the
crust of the region was severely
compressed during the Grenville
Orogeny.

Almost all Adirondack rocks
are Middle Proterozoic in age.
The oldest metasedimentary
rocks were deposited in shallow
seas beginning about 1.3 billion
years ago. Metavolcanic rocks
of the same age show that vol-
canoes were active at that time.
Some Adirondack metasedi-
mentary rocks contain grains
eroded from a much older land-
mass. Most of the metaplutonic
rocks, including the metan-
orthosite, granitic gneiss, and
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olivine metagabbro bodies in
the Central Highlands, were
formed from magmas that were
intruded about 1.15 to 1.1 bil-
lion years ago.

All these rocks were then
buried as much as 30 km below
the surface during the Grenville
Orogeny. The crust was severely
deformed and thickened, and
the rocks at depth were intensely
metamorphosed. Deformation
and metamorphism peaked
between 1.1 and 1.05 billion
years ago. Over the next several
hundred million years, erosion
stripped away more than 25 km
of rock, and major faults were
formed. The region was then
covered by shallow seas, in
which sediments accumulated
through the Cambrian and
Ordovician Periods. Sediment
accumulation probably contin-
ued into the Pennsylvanian Peri-
od. Most of these sedimentary
rocks have been removed by
erosion, but traces can be found
in grabens. From the Middle
Ordovician into the Tertiary
Period, there was no significant
tectonic activity in the Adiron-
dack region. Sometime in the
Tertiary, the Adirondack dome
began to rise, possibly because
of a hot spot near the base of the
crust. Erosion then carved the
region into the separate moun-
tain ranges we see today.



INTRODUCTION

The Adirondack Mountains are young, but these
young mountains are made from old rocks. How do we
explain this seeming contradiction? First, we try to
answer many other questions. What kinds of rocks do we
find in the Adirondacks? Under what conditions were
they formed? How old are they? How have they been
deformed? The answers to these questions give us clues
to the geologic history of the Adirondacks.

THE BIG PICTURE

The Adirondack Mountains make up a roughly circu-
lar region about 200 km in diameter in northern New
York State (see Figure 1.1). The region is divided into two
subregions, the Central Highlands and the Northwest
Lowlands. They are separated by the Carthage-Colton
Mylonite Zone, a narrow belt of intensely deformed rocks
(Figure 4.1; see also Plate 2 of the Geological Highway Map,
on which the Carthage-Colton Mylonite Zone is labeled
CCMZ).

The metamorphic bedrock in the Highlands resists ero-
sion well. It was left towering over the rest of the coun-
tryside when the sedimentary rocks that once covered it
were worn away. The highest elevations are found in the
High Peaks area of the Central Highlands; there, numer-
ous summits rise above 1200 m. The highest peak, Mount
Marcy, is more than 1600 m high. Elevations fall off
rapidly north and east of the High Peaks and more grad-
ually to the south and west.

The Adirondack region is part of a much larger area
called the Grenville Province (Figure 4.2). The Grenville
Province is a broad belt of mostly metamorphic rock of
Middle Proterozoic age; it extends along the western side
of the Appalachian Mountains from Labrador to Mexico.
Around the Adirondacks and south of the region, this belt
is almost entirely covered by younger sedimentary rocks.

The Adirondack region was once flat and was covered
by the same sedimentary layers that now surround it (see
Plate 2). However, in relatively recent geologic time, the
Adirondack region was uplifted, forming a dome. During
uplift, erosion removed the sedimentary layers from the
region. This erosion eventually created a “window”
through the sedimentary rocks that permits us to see the
much older basement rocks? beneath. The Adirondack
basement extends into Canada at the surface along a nar-
row zone called the Frontenac Arch (Figure 4.2). The Fron-
tenac Arch crosses the St. Lawrence River at the Thousand
Islands.

Seen from space, the Adirondack Highlands look
cracked and wrinkled (Figure 4.3). We can see three
prominent types of features on the satellite image:

1. Long, straight valleys that run north-northeast are the

~ most prominent. Throughout the Adirondacks, these
valleys contain streams and lakes (Figure 4.1). Many of
the larger Adirondack lakes, such as Lake George,
Schroon Lake, Indian Lake, and Long Lake, follow this
north-northeast trend. Figure 4.4 A shows one exam-
ple. In the High Peaks region, these valleys divide the
area into a number of long, straight mountain ranges
(Figure 4.4 B). These long, straight valleys have
formed along faults and fracture zones where the bro-
ken rocks are less resistant to erosion.

2. Gently curved ridges and valleys. These ridges and
valleys are usually more subtle than the deep, fault-
related ones. They are most prominent in the central
and southern Adirondacks, where they make an east-
west arc. They follow the layering in folded rocks.
Harder, more erosion-resistant rocks (such as granitic
gneiss) form the ridges, while softer layers (like mar-
ble) form the valleys.

3. Radial drainage patterns. Streams and rivers in general
flow out from the central and northeastern parts of the
Adirondack dome toward its edge. We can see this
pattern most clearly in the outer parts of the dome;
elsewhere, the rivers tend to follow the dominant
north-northeast valleys. Figure 4.5 shows this radial
drainage pattern in some detail and compares it to
structures in the underlying bedrock.

ADIRONDACK ROCKS AND THEIR
METAMORPHISM

Almost all of the rocks in the Adirondack region are
metamorphic rocks. Three general types are present.
Metasedimentary rocks, as the name suggests, were
formed by metamorphism of sedimentary rocks. Metavol-
canic rocks are metamorphosed lavas and volcanic ash.
Metaplutonic rocks were formed by metamorphism of
igneous rocks that cooled and crystallized from magma
(molten rock) deep in the earth’s crust. The more imper-
tant kinds are shown on Plate 3. Each kind of rock is
made up of a specific collection of minerals, called a min-
eral assemblage. Before describing the main rock types that
make up the Adirondacks, it will be useful to discuss the
conditions under which they were metamorphosed.

2Basement rock refers to the deeply eroded metamorphic bedrock that is usually covered by younger sedimentary rocks.
3The drainage pattern of a region is the pattern made by streams and rivers. By looking at this pattern on a map, we can tell a great deal about the shape of the land-
scape. For example, the radial drainage pattern in the Adirondacks is the one we would expect to develop on a newly formed dome.
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The rocks of southeastern
New York State have a complex
1.3 billion-year history. That part
of the State is divided into four
geologic regions: the Hudson
Highlands, the Manhattan
Prong, the Newark Basin, and
the Coastal Plain. This chapter
covers the first two regions.

The metamorphic rocks of the
Hudson Highlands form the
mountains of southeastern New
York. The Hudson Highlands
are divided into three major
areas that are separated by
ancient faults. The bedrock,
which is the oldest in that part of
the State, forms complex pat-
terns. These rocks were deposit-
ed as sedimentary and volcanic
rocks 1.3 billion years ago. Dur-
ing the Grenville Orogeny, the
rocks in the eastern and central
areas were metamorphosed into
gneiss, and limestone in the
western area became the
Franklin Marble. The faults and
folds in the Hudson Highlands
determine the positions of ridges
and valleys.

The Manhattan Prong has a
less rugged landscape of rolling
hills and valleys. Gneiss, schist,

1By Y.W. Isachsen and A.E. Gates.

CHAPTER 5
COLLISION!

Hudson Highlands and

Manhattan Prong’

SUMMARY

and quartzite form the hills,
while marble makes up the val-
leys. The rocks of the Manhattan
Prong were deformed and meta-
morphosed during the Taconian
Orogeny.

The early geologic history of
southeastern New York is proba-
bly similar to that of the Adiron-
dack region. About 1.3 billion
years ago, sediments and vol-
canic material were deposited in
a shallow sea in eastern proto-
North America. The Grenville
Orogeny, caused by a continen-
tal collision about 1.1 billion
years ago, greatly compressed
and thickened the crust and
metamorphosed the rocks there.
It built a massive mountain
range and a high plateau behind
it. By 600 million years ago, the
plateau had been eroded to a flat
plain and its ancient roots—the
rocks of the Hudson High-
lands—exposed. Faults and vol-
canoes formed in the region
when the Grenville superconti-
nent broke up. From the begin-
ning of the Cambrian through
the Middle Ordovician, sedi-
ments were deposited in a shal-
low sea that flooded the eastern
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half of proto-North America. In
the Middle Ordovician, an
island arc advanced toward the
edge of the continent, and rocks
of the accretionary prism and a
few pieces of oceanic crust were
trapped between the island arc
and the continent. This collision,
about 450 million years ago,
caused the Taconian Orogeny,
which built a mountain range
and deformed and metamor-
phosed the rocks of southeastern
New York. The Acadian Oroge-
ny, about 380 million years ago,
and the Alleghanian Orogeny,
about 325-250 million years ago,
again deformed and metamor-
phosed the rocks of the region.
About 200 million years ago, the
Atlantic Ocean began to open.
At about the same time, move-
ment on the Ramapo Fault
caused formation of a basin, in
which were deposited sediments
eroded from the Hudson High--
lands. Today, that area is the
Newark Basin, New York’s
“dinosaur country.” The same
fault movement caused magma
to squeeze up from below and
form the Palisades Sill.
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Harlem, and East Rivers and the major north-south val-
leys in northern Westchester County are all underlain by
Inwood Marble.

The rocks of the Manhattan Prong were tightly folded
and metamorphosed primarily during the Taconian
Orogeny (see Chapter 3 and the Tectonic Map on Plate 4).
This orogeny occurred about 450 million years ago. The
folds are oriented north-south and are long and narrow.
Minor faults produced earthquakes in the area many
times during geologic history. Some of these faults are
still active today.

GEOLOGIC HISTORY
OF SOUTHEASTERN NEW YORK

The earliest geologic history of southeastern New York
is recorded by the rocks in the Hudson Highlands. It is
very difficult to reconstruct this history because the rocks
have been deformed and metamorphosed by at least three
orogenies. Another major problem is that we can see only
fragments of an ancient landmass that was once huge.
The rest has been removed by erosion. However, the early
history of the Hudson Highlands was probably similar to
that of the Adirondack region (see Chapter 4). Both
regions are made up of Middle Proterozoic-age rocks, and

Proto North America

Pre-Grenville Ocean

they are connected underground beneath a thick cover of
younger, Paleozoic sedimentary rocks (see Figure 4.2). By
combining the geologic evidence from both of these areas,
we can better solve this complex puzzle.

About 1.3 billion years ago, much or all of the eastern
edge of proto-North America? was a shallow sea. Sedi-
ments were carried into this sea from an older landmass,
which was formed about 2.7 billion years ago. At the
same time, volcanic material was also deposited, perhaps
from a nearby volcanic island arc or magmatic arc (Fig-
ure 5.3). Over the years, the sediments piled up until they
were thousands of meters thick. Then, a drifting conti-
nent collided with proto-North America. This collision
squeezed the crust together, causing the mountain-build-
ing event called the Grenville Orogeny (Figure 5.4).

During the orogeny, the crust was compressed until it
was double its normal thickness. Sediments in the lower
part of the double-thick crust were buried 25-30 km
beneath the surface, where pressures were very high and
where temperatures reached 750-800°C. These conditions
of high pressure and high temperature metamorphosed
the original sedimentary rocks. Extensive chemical and
physical changes created new metamorphic minerals and
textures in the rocks. Several kinds of magma pushed up
into the Hudson Highlands rocks from below. The
magma slowly cooled and hardened underground.

~1160 Ma

Middle
| Proterozoic

Development of Magmatic Arc and Back Arc Rift

Figure 5.3. Block diagram showing the position of proto-North America and the approaching continent just prior to the Grenville Orogeny. (Com-
pare with Figure 3.1 to recognize continental and oceanic crust and the boundaries of the crust, lithosphere, and asthenosphere.)

Grenville Supercontinent

~1100 Ma
Middle
Proterozoic

« NY -

Continued Grenville Orogeny

Figure 5.4. Block diagram showing a stage in the Grenville Orogeny. Notice the double-thickened crust.

2The term proto-North America refers to the continent that would later become modern North America. It has also been called Laurentia.



Radiometric dating tells us that this igneous activity
and metamorphism happened about 1.1 billion years
ago. At that time, the whole area from Labrador to Geor-
gia (including all of New York State) was a very exten-
sive high plateau. The plateau formed behind the
massive mountain range built by the Grenville Orogeny.
The whole region may have averaged about 5 km above
sea level. It probably looked like the Tibetan Plateau
north of the modern Himalayan Mountains. There, a
double-thick crust has formed because India, originally a
separate continent, is now being pushed into southern
Asia. This collision began about 40 million years ago and
continues today.

As this ancient “Grenville Plateau” formed, it began to
erode. As the crust was “unloaded” by this erosion of
rock material, the land rebounded. This process of ero-
sion, rebound, erosion, etc., eventually resulted in the
removal of some 25-30 km of rock. By 600 million years
ago, the once-high mountains and plateau had been
worn away to a low, flat plain. The original deep roots of
the plateau were then exposed at the surface. These roots
are the rocks we find today in the Hudson Highlands.

The oldest rock in the Manhattan Prong is the Ford-
ham Gneiss, a rock of variable composition. The younger
Yonkers Gneiss was originally an igneous rock that either
hardened underground from magma or reached the sur-
face as a volcanic ash or lava flow. The Hudson High-
lands and Manhattan Prong underwent rifting during the
latest Proterozoic with the breakup of the Grenville

Proto North America Iapetus Ocean

supercontinent (Figure 5.5). Basaltic volcanism and nor-
mal faulting occurred as a result of this rifting. The
mountains were further reduced during this event.

Approximately at the beginning of the Cambrian Peri-
od, a shallow sea gradually flooded most of the eastern
half of proto-North America. It advanced from east to
west across the continent. In southeastern New York dur-
ing the Early Cambrian, sand collected in low areas. This
sand and the much older gneiss were covered by carbon-
ate sediments during the Early Cambrian through Early
Ordovician (Figure 5.6). These carbonate sediments were
later metamorphosed and became the Inwood Marble.
After an interval of erosion, a thin unit of limy mud and a
much thicker unit of silty mud were laid down during
the Middle Ordovician. The rocks formed from these
muds were later metamorphosed into the Walloomsac
Schist.

During the Middle Ordovician, a volcanic island arc
moved toward the east coast of proto-North America (see
Chapter 3). As it approached, it scraped up sedimentary
rocks that had been deposited in the ocean off the proto-
North American coast. These rocks piled up to the west,
along the advancing edge of the island arc (Figure 5.7) (A
pile that includes folded, faulted, and metamorphosed
oceanic rocks formed in this way is called an accretionary
prism.) When the island arc collided with proto-North
America, the rocks of the accretionary prism were
trapped between the two and pushed onto the edge of
eastern proto-North America.

~640 Ma
Late
Proterozoic

Rifting and Initial Opening of Iapetus Occan

Figure 5.5. Block diagram showing Late Proterozoic rifting of proto-North America and the formation of the Iapetus Ocean.

As a result of this

stretching of the crust, normal faulting occurred and basaltic lava poured out onto the expanding ocean floor.

Proto North America

Iapetus Ocean

Taconic Island Arc

Be
AT

Continued Subduction and Initial Stages of Closing of lapetus Ocean

Figure 5.6. Block diagram showing Cambrian passive margin on proto-North America and Taconic island arc.
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~460 Ma
Middle
Ordovician

Taconian Orogeny - Collision of Island Arc and Proto North America

Figure 5.7. Block diagram showing the Middle Ordovician Taconian Orogeny. Notice the volcanic island arc pushing sedimentary rocks westward

toward proto-North America.

Proto North America

Avalon

~400 Ma
Early
Devonian

I « NY - i i :
Acadian Orogeny - Collision of Avalon and Proto North America

Figure 5.8. An offshore continent, Avalon, moves toward proto-North America; their collision caused the Early Devonian Acadian Orogeny.

Another sort of rock was caught in the collision as
well. As the volcanic island arc moved toward proto-
North America, most of the oceanic crust between them
slid down under the arc. However, a few pods of oceanic
crust were brought up along the collision zone. The
largest of these masses forms the backbone of Staten
Island, the highest point on the Atlantic coast south of
Maine.

The collision of the island arc with proto-North Ameri-
ca caused the Taconian Orogeny. This mountain-building
event created the ancient Taconic Mountains and
deformed and metamorphosed the rocks of southeastern
New York. It occurred about 450 million years ago and
added to the proto-North American continent (see the
Tectonic Map on Plate 4).

At the end of the Taconian Orogeny, molten rock was
pushed up from below along the southern border of the
Hudson Highlands east of the Hudson River. The
magma hardened to form dark gray to black igneous
rocks. These rocks have unfamiliar names like pyroxen-
ite, gabbro, diorite, and periodotite; they form the Cort-
land Complex. The heat from the molten rock
metamorphosed parts of the surrounding Manhattan
Schist into emery deposits.

Eventually, the ancient Taconic Mountains were worn
.down to a flat plain. This plain was gradually submerged
by an advancing sea. Thick sequences of Silurian and
early Devonian sedimentary rocks were deposited. Then,
about 380 million years ago, the Acadian Orogeny
occurred (Figure 5.8). This orogeny began when a conti-
nent called Avalon (which included eastern Canada and
eastern New England) collided with proto-North Ameri-

ca. Still later, near the end of the Paleozoic (325-250 mil-
lion years ago), proto-Africa collided with proto-North
America along a transform margin (Figure 5.9). This colli-
sion caused the Alleghanian Orogeny. Many other conti-
nental collisions took place around the world as well.
Eventually, these continental collision assembled many
small continents into a supercontinent called Pangea.

All of these events deformed and metamorphosed the
rocks of southeastern New York. From looking at those
rocks today, it is difficult to figure out exactly which
faults, folds, and metamorphism were caused by which
event.

The next major event in the geologic history of south-
eastern New York happened about 200 million years ago.
After so many episodes of collision and compression,
Pangea began to be stretched. This stretching caused it to
break apart (Figure 5.10). This rifting event marked the

* birth of the Atlantic Ocean. After the break, part of proto-

Africa, as well as the earlier Taconian island arc,
remained attached to North America. They now form
part of eastern New England. The Atlantic Ocean contin-
ues to widen today at this latitude at approximately 2.5
cm per year.

At about the same time, new movement occurred
along the old Ramapo Fault. An area southeast of the
fault was dropped down some 1500-2400 m to form a
basin in Triassic-Jurassic time (about 200 million years
ago). The Newark Basin is one of several basins along the
east coast of North America (see Figure 9.6). As the basin
formed, it became filled with lake and river sediments
that were transported mainly from the adjacent Hudson
Highlands. These sediments became the present red con-



Proto North America

Early
Pennsylvanian

Beginning of Alleghanian Orogeny

Figure 5.9. Block diagram for the Late Mississippian part of Alleghanian Orogeny. Notice the arrows that show horizontal, or transform, movement
of blocks of crust. The Alleghanian Orogeny, which was the collision of proto-North America and proto-Africa along a transform margin, was one of
many orogenies that occurred around the world. Together, these collisions formed the supercontinent Pangea.

North America

Africa

~180 Ma

Jurassic

Continued Riflting

Figure 5.10. Block diagram showing the Jurassic rifting of Pangea to form the North American and African continents.

glomerates, sandstones, and shales of Rockland County.
These rocks are the “dinosaur country” in New York and
New Jersey. Thus far, the only dinosaur fossils discov-
ered in New York are footprints of the meat-eating
bipedal dinosaur Coelophysis.

The faulting that formed the Newark Basin also tapped
magma at depth. The molten rock squeezed in between
the sandstone layers and solidified as a sheet, or sill, of
black diabase 120-300 m thick. The east-facing eroded
edge of this slab creates the majestic cliffs of the Palisades
(see Figure 9.4). This escarpment extends along the west
shore of the Hudson River from New York Harbor to
north of Nyack. From there, it curves westward toward
the Hudson Highlands. As the magma cooled, it shrank
and broke along vertical fractures to produce five- or six-
sided columns. The columns look something like the ver-
tical logs used to build a fort, so the escarpment was
named “Palisades.” (A palisade is a log fence built for
defense.) In New Jersey, lava flows reached the surface
during the Triassic Period. They now form the Watchung
Mountains. Additional information on the Newark Basin
appears in Chapter 9.

REVIEW QUESTIONS AND EXERCISES

Most of the bedrock in the Hudson Highlands is which
type—igneous, sedimentary, or metamorphic? Which
type is found in the Manhattan Prong? How old are these
rocks?

How has the bedrock in this region affected the shape
of the modern landscape? Give several examples.

Why is it hard to figure out the exact history of the
rocks in this region? Give three reasons.

What is special about the rocks that form the backbone
of Staten Island?

At what rate is the Atlantic Ocean opening today?

Extra credit question: If Columbus were to make his
voyage from Spain to North America today, instead of in
1492, how much farther would he have to travel?

When and how was the Palisades Sill formed?
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Hudson-Mohawk Lowlands 5825, %~
and Taconic Mountains’ ’

The region covered in this -

chapter includes the broad, gen-
tly rolling lowlands of the Hud-
son, Mohawk, and Wallkill River
valleys and the highlands of the
Taconic Mountains.

The Cambrian and Lower
Ordovician rocks in this region
formed in two environments: on
the shallow continental shelf and
in the deep waters of the conti-
nental slope and rise of proto-
North America. The shelf
deposits include quartz sand-
stone with a thick interval of car-
bonate rock on top of it. The
older slope-rise deposits were
formed chiefly from sediments
eroded from proto-North Amer-
ica. The overlying deep water
deposits reveal the approach of
an island arc from the east dur-
ing the Middle Ordovician. As it
approached, it pushed the slope-
rise deposits (called the Taconic
Sequence) westward onto the
shelf rocks. The Taconic
Sequence includes fossils of
Early and Middle Cambrian
creatures that lived on the shelf
edge and in slope-rise environ-
ments. These fossils are found
commonly in chunks of rock that
formed on the shelf and upper
slope and tumbled down to the
lower slope and continental rise;
there, they became parts of lime-
stone conglomerates.

1Adapted from a manuscript by E. Landing.
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CHAPTER 6

A VIEW FROM
THE HUDSON

SUMMARY

The Upper Cambrian rocks
record the advance of a sea that
flooded large portions of New
York State. They include the spec-
tacular sandstones of Ausable
Chasm and the fossil stromatolite
reefs of the Petrified Gardens.
One dolostone unit formed in a
shallow, very salty sea contains
the quartz crystals known as
“Herkimer Diamonds.”

The Lower Ordovician rocks
are distinguished from those of
the Cambrian by the fossils they
contain. These thick carbonate
deposits, formed in the shallow,
warm water of the shelf, include
many fossils of shelled animals.
The slope-rise deposits of the
Taconic Sequence contain differ-
ent fossils: a few bottom-
dwellers. together with floaters
and swimmers. At the end of the
Early Ordovician, the sea became
very shallow on the shelf and
eventually retreated completely
and exposed the rocks to erosion.
The resulting gap in the geologic
record is represented by the
Knox Unconformity.

Later in the Middle Ordovi-
cian, the sea advanced again,
flooding most of the eastern half
of proto-North America. Sedi-
ments piled up in a trough in
front of the advancing island arc;
the island arc pushed the rocks
of the Taconic Sequence into the
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younger trough deposits. The
Middle Ordovician rocks on the
shelf contain ash blown from the
volcanoes of the island arc. Life
flourished in the seas.

During the Late Ordovician,
the collision between the island
arc and the continent—the Taco-
nian Orogeny—built a high
mountain range along the east-
ern seaboard. Many large faults
formed in this region, and rock
layers of today’s Taconic Moun-
tains were folded and metamor-
phosed. The sea retreated again
during the latest part of the
Ordovician, possibly because an
ice age in the southern hemi-
sphere caused sea level to drop
around the world.

The Shawangunk Conglomer-
ate, which forms mountains in
southeastern New York, was
deposited during the Silurian. On
top of the conglomerate are red
and green shale and sandstone
deposited by streams. Still
younger deposits of a shallow,
highly salty Late Silurian sea are
largely concealed along the west
face of the Shawangunk Moun-
tains. The youngest Silurian rocks
contain fossils and were probably
deposited in a sea with more nor-
mal marine saltiness. On top of
them is another unconformity.



DESCRIPTION OF HUDSON-MOHAWK
LowLANDS AND TACONIC MOUNTAINS

The lowlands of the Hudson, Mohawk, and Wallkill
River valleys are broad and gently rolling. These broad
valleys are surrounded by mountains (see the Physio-
graphic Map on Plate 4 of the Geological Highway Map).
The Adirondacks lie to the north, the Catskills and the
Shawangunks to the west, the Taconic Mountains and
the Hudson Highlands to the east. The Helderberg
Escarpment is the south border of the Mohawk Valley.

The bedrock of the Hudson-Mohawk Lowlands is
shale, siltstone, sandstone, and limestone and dolostone.
Much of this rock was formed during the Middle and
Late Ordovician Period.2 Most of them are relatively soft
sedimentary rocks and easily eroded. Thus, they are
worn away to low plains while areas with harder rocks
are left towering over them.

The highlands surrounding this region are all made of
rocks-that are much more resistant to erosion. The
Adirondacks and the Hudson Highlands are mainly
metamorphic rock. The Shawagunks are made of the
hard sandstones and conglomerates of the Shawagunk
Formation and the Helderberg Escarpment largely of car-
bonate rocks. The Taconic Mountains are largely meta-
morphosed shale and sandstone.

In this chapter, we treat the Taconic Mountains as part
of the same region as the Hudson-Mohawk Lowlands.
These hills run in a narrow strip along New York's bor-
der with Vermont, Massachusetts, and Connecticut (see
Figure 1.1).

The ridges and valleys in the Taconic Mountains gen-
erally run north-south. This arrangement is the result of a
collision between a volcanic island arc and the continent
of proto-North America; this collision is called the Taconi-
an Orogeny (see Chapter 3). The collision pushed rocks
from western Massachusetts into New York about 450
million years ago. These rock layers, which had once lain
flat, were bent up. Now, as you travel from west to east
in the region, you move across the edges of layers of dif-
ferent kinds of rock. The softer rocks are worn away to
form the valleys. The harder rocks form the hills.

BEFORE THE TACONIAN OROGENY: ,
CAMBRIAN AND LOWER ORDOVICIAN ROCKS

Rocks found at many places in the Hudson-Mohawk
Lowlands and the Taconic Mountains were formed
between 540 and 478 million years ago during the Cam-

brian and Early Ordovician Periods. Their names and
sequence are summarized in Figure 6.1. They were
formed in two different kinds of ocean environments—
the shallow water of the continental shelf and the deeper
water of the continental slope and rise. These environ-
ments were located off the east coast of the proto-North
American continent. (The Physiographic Map on Plate 4
shows the modern continental shelf, slope, and rise off
New York State’s shore.)

Continental Shelf Deposits

The first sediments deposited on the Early Cambrian
continental shelf were quartz sand. On top of that was a
thick interval of carbonate sediments (made from the shells
and hard parts of living creatures). The quartz sand
became a hard quartz sandstone, and the carbonate sedi-
ments became limestone or dolostone on top of the sand-
stone. There is very little shale.

Fossils are abundant in many of these deposits. Many
sea animals lived on the shallow shelf. The rocks formed
from these shelf deposits are up to 1200 m thick in east-
ernmost New York. They are found along the northern
border of the Hudson Highlands and along the eastern
part of the Taconic Mountains, near the Green and Berk-
shire Mountains. Information on these rocks is summa-
rized in Table 6.1.

Taconic Sequence

At the same time the shelf deposits were forming,
other kinds of sediments were being deposited on the
continental slope and rise. The rocks formed from these
sediments are described in Table 6.2. The entire sequence
of slope-rise rocks is at least 900 m thick. They are found
in outcrops in the Taconic Mountains east of the Hudson
River. -

Most of the slope-rise rocks are formed from sediments
that were eroded from the land. There are few carbonate
rocks. Fossils, except for trilobites and graptolites (see
Figure A.3), are rare.

When we examine the slope-rise rocks, we discover
evidence that that another landmass was approaching
proto-North America from the east at the time they were
formed. How do we know that? There are two kinds of
clues in the rocks.

2These rocks were originally covered by layers formed during the Silurian and Devonian Periods. Those younger layers have been eroded away to expose the Ordovi-

cian rocks beneath.



When sediments are eroded from the land and
deposited in the ocean, the water carries large particles
only a short distance. It carries smaller particles farther.
The older slope-rise rocks are thicker and coarser in the
west. Therefore, we deduce that these sediments were
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Figure 6.1. This chart summarizes the Cambrian and Ordovician rock for-
mations found in the Hudson-Mohawk Lowlands and Taconic Moun-
tains. Compare this figure with Plate 3 to see how these formations fit
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Pl=Providence Island; Q=Quassaic; Rb=Ramseyburg Member; Sch=Sch-
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eroded from a landmass in the west—the continent of
proto-North America.

Younger, Middle Ordovician sediments were deposit-
ed on top of these rocks. These younger rocks are thicker
and coarser in the east. Thus, we know that they were
eroded from a landmass approaching from the east at
that time.

The kinds of sediments in these younger rocks give us
more information. We find volcanic ash and small grains
of metamorphic rock. We also find grains of an unusual
mineral called chromite. We would expect such sediments
to be made from volcanic rocks and sediments from the
ocean floor. If a landmass were advancing toward proto-
North America, it would scrape up a pile of contorted
rocks and sediments, including volcanic rock and ocean
floor sediments, in front of it. The more deeply buried
rocks in this pile would be strongly deformed and sub-
jected to relatively high temperature; as a result, they
would be metamorphosed. Such a pile of contorted rocks
is termed an accretionary prism (see Chapter 3). We
deduce that the sediments in the younger slope-rise rocks
were eroded from an accretionary prism. This clue also
suggests that a landmass was advancing toward proto-
North America from the east.

The sediments eroded from the eastern landmass and
its accretionary prism gradually built up into a thick
blanket of mud and sand. This blanket buried the older
slope-rise sediments.

The approaching landmass was a volcanic island arc
(see Chapter 3). The eventual collision between the island
arc and proto-North America in the Middle Ordovician
started the Taconian Orogeny. But before the collision,
the island arc scraped up and stacked huge masses of the
blanket of younger sediments. Some of the younger sedi-
ments were sandwiched along faults with the older
slope-rise rocks. The entire pile is known as the Taconic
Sequence.

The rocks of the Taconic Sequence were originally
formed to the east of the carbonate shelf rocks. The rocks
from the Taconic Sequence and from the shelf are of the
same age. However, as the island arc continued to
advance, it pushed the entire Taconic Sequence in front
of it and up on to the shelf. Today, the Taconic Sequence
lies on top of the carbonate shelf rocks.

Fossils in the Cambrian to Middle
Ordovician Rocks
At some places in the world, we find evidence of

cyanobacteria (blue-green algae) in rocks as old as 3.5 bil-
lion years. These traces are extremely rare, though. It was



Table 6.1

Lower Cambrian-Lower Ordovician
Carbonate or Shelf Sequence

Formation and Description Location Thickness Age Fossils Environment
Stissing through Copake along northern flank
Formations; Ticonderoga through of Hudson
Providence Island Formation: Highlands; on

limestone & dolostone western flank of

shale scarce or absent Green & Berkshire 1200 m Early Cambrian to abundant in shallow-water shelf

Mountains maximum Early Ordovician many places

Poughquag & Potsdam Formations:

quartzite or clean sandstone

shale scarce or absent

Table 6.2

Lower Cambrian-Middle Ordovician

Taconic Sequence

Formation and Description | Location Thickness Age Fossils Environment
Mount Merino & Austin Glen Taconic Mountains thicker & coarser in Middle rare, except for deep-water muds &
Formations east of Hudson River | east Ordovician graptolites and sands

Indian River Slate
includes volcanic ashes,
metamorphic rock fragments, &
exotic sand-sized fragments of
chromite

locally west of
Hudson River

radiolarians

deep water muds

Rensselear, Bomoseen through

Deep Kill Formations
graywacke; chloritic quartzite;
silty micaceous shale; purple &
green slate; black shale or green
argillite interbedded with quartz
arenite, limestone, & limestone
conglomerate
carbonate rocks sparse

Taconic Mountains
east of Hudson River

locally west of
Hudson River

at least 600 m; older
rock thicker and
coarser in west

Early Cambrian
to early Middle
Ordovician

rare, except for
trilobites,
graptolites,
conodonts, &
burrows

deep-water slope-rise




about 540 million years ago, at the beginning of the Pale-
ozoic Era, that animal fossils first became plentiful.

Why do these fossils suddenly become abundant in
rocks 540 million years old? Recently, geologists have
done a lot of work on that question. Looking at the evi-
dence, scientists concluded that animals with hard parts
(like shells) appeared relatively suddenly about 540 mil-
lion years ago.? Almost all fossils are of bones, shells, or
other durable structures. It's very unusual for soft-bodied
creatures to be preserved. By studying rocks in Australia,
Newfoundland, and other places, we know that there
were relatively large sea creatures from about 650 to
about 540 million years ago, but they had no hard parts.
The only traces they left were impressions in a few sedi-
mentary rocks.

Fossils help geologists set up a relative time scale (see
Chapter 2). Plants and animals appear, evolve, and
become extinct. By tracing the development of different
species, we can put rocks in order from older to younger.
Where major changes occur in the fossils, we break the
time line into eons, eras, periods, and smaller subdivi-
sions. For example, the appearance of animals with hard
parts about 540 million years ago is the dividing line
between the Proterozoic and Phanerozoic Eons. In the
same way, the extinction of the dinosaurs and many
other species 66 million years ago is the dividing line
between the Mesozoic and the Cenozoic Eras.

Fossils have helped us reconstruct the geologic history
of the Phanerozoic Eon in some detail. However, because
older rocks have very few fossils in them, it is much more
difficult to puzzle out the detailed history of the earth’s
development at that time.

New York in the Early and Middle Cambrian.—In New
York, the best known fossils from the Early Cambrian are
in the Taconic Sequence. Many of these fossils are strange
creatures with no living descendants. Therefore, we can’t
always tell where they fit in relation to other animals.
One such curious fossil is Hyolithellus. This extinct crea-
ture lived on the sea bottom in Early Cambrian seas
around the world. There were different kinds of
Hyolithellus. They may be related to modern-day tube-
building worms.

The most numerous inhabitants of the Early Cambrian
seas were trilobites (see Figure A.3). They were early
arthropods.* Two important groups of trilobites were the
olenellids and the agnostids. The olenellids were spike-
tailed creatures with many body segments; some adults
were relatively large (0.5 m). The agnostids were small
trilobites with heads and tails that were almost alike; one
group of agnostids lacked eyes. Olenellid trilobites lived

on the sea bottom. Some scientists think that agnostids
were swimmers.

Also present in the Early Cambrian seas were small
sponges, sponge-like creatures called archaeocyathans that
built reefs, brachiopods (see Figure A.3), and various
kinds of worms.

Middle Cambrian rocks are not well known in ancient
shelf deposits in New York. An earlier interpretation is
that they were never deposited in this region, or they
may have been eroded away. However, it is possible that
there are Middle Cambrian rocks in this area of the State,
but we haven’t found fossils in these rocks that would
allow us to determine their age. Many Middle Cambrian
trilobites, brachiopods, and conodonts5 have also been
found in the Taconic Sequence in Columbia County.

These Early and Middle Cambrian animals became
fossils in the sedimentary rocks at the margin of the con-
tinental shelf. These rocks were formed in the shallow
water where the animals lived, died, and were buried.
However, most of these fossils are not found in the
undisturbed shelf rocks but are found in rocks that were
deposted on the upper slope.

Many of these rocks from the upper continental slope
broke off and tumbled farther down the slope into deep-
er water. There, pieces of limestone and quartz sandstone
from the upper slope got mixed up with the sediments
on the lower slope and rise. This mixture eventually
became a conglomerate. Limestone conglomerates of this
type are found in the Taconic Sequence (Figure 6.2). They
contains many of the fossils of Cambrian animals found
in the State.

In addition, ocean currents carried many shelf Cambri-
an animals into deeper water after they died. There, they
were buried outside of their natural habitats.

These displaced Early and Middle Cambrian fossils are
very important in the Taconic Sequence. The Taconic
Sequence is the only place in New York State that we
find abundant fossils of animals that lived on the conti-
nental shelf and upper slope at this time. Thus, they give
us information about the Cambrian that we can’t get any-
where else.

New York in the Late Cambrian.—Upper Cambrian
rocks, on the other hand, are quite common in New York
State. (They are described in Table 6.3.) During the Late
Cambrian, the sea flooded extensive areas of proto-North
America. Shelf deposits from this time overlie the
Grenville basement rock that forms the Adirondacks (see
Figure 4.2); they are exposed in a belt that surrounds the
Adirondacks. They also lie under younger rocks in the
Hudson and Wallkill Valleys. Slope-rise rocks are found

3It may have taken only a few million years for animals to evolve hard parts. That is very fast on the geologic time scale.

4Some modern-day examples of arthropods are insects, spiders, lobsters, crabs, and barnacles.

5Conodonts are an extinct group of animals that are known from small tooth-like fossils. They are very important in determing relative ages of Paleozoic through Trias-
sic rocks. We don’t know how conodonts are related to other animals, but it is possible that they were swimming animals related to early fish.
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The rock of the northern low-
lands can be divided into three
packages separated by unconfor-
mities. Package One represents
Cambrian through Early Ordovi-
cian time. Package Two was
deposited during Middle and
Late Ordovician time. Package
Three consists of Silurian rock. In
the Package One rocks, we read
the history of the rifting of the
Grenville supercontinent and the
sinking and re-exposure of the
east edge of proto-North Ameri-
ca. Package Two reflects the
advance of a volcanic island arc
that eventually collided with
proto-North America. The rocks
of Package Three tell the story of
shallow seas with a great variety
of environments.

The rocks of Package One lie
on top of an unconformity on the
basement rock. The unconformi-
ty and sedimentary rocks dip
away from the Adirondack
dome and are buried more and
more deeply. The oldest rocks in
Package One, the lower and mid-
dle parts of the Potsdam Forma-
tion, were possibly deposited
during Early and Middle Cam-
brian time; they occur in patches.
Above them, the sandstone of
the upper Potsdam Formation,
deposited in Late Cambrian
time, is much more widespread.
The sequence above the Potsdam
is dominated by dolostone and
limestone and was deposited in a

1Adapted from a manuscript by L.V. Rickard.
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SAND, SALT, AND
“SCORPIONS”
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Tug Hill Plateau’

shallow sea during Late Cambri-
an and Early Ordovician time;
some of the dolostones formed in
a very salty sea. These rocks once
covered the Adirondack region
but were later removed by ero-
sion. At the end of the Early
Ordovician, much of New York
State was above sea level. Ero-
sion created the gap in the rock
record represented by the Knox
Unconformity.

The history we read in the
rocks of Package One starts with
the breakup of the Grenville
supercontinent. Sediments were
deposited in patches in rift val-
leys and low-lying areas. As the
rift widened into the lapetus
Ocean, the shore advanced west-
ward across the northern low-
lands, leaving a deposit of beach
sand. As the shoreline continued
to move west, the continental
shelf of proto-North America
widened, and limestones and
dolostones were deposited
above the sand. At the end of the
Early Ordovician, a worldwide
drop in sea level exposed these
rocks to erosion.

The rocks of Package Two
record Middle and Late Ordovi-
cian time. The oldest rocks in
this package are limestones of
the Chazy Group, found only in
limited areas. The Chazy lime-
stones contain a host of new
creatures, including bryozoans,
stromatoporoids, and the first
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true corals. An unconformity
separates the Chazy Group from
the overlying Black River Group,
which was deposited across
much of New York State. The
limestones of the Black River
Group contain a record of abun-
dant life and were deposited in a
variety of tropical environuments.
This sequence also includes lay-
ers of bentonite formed from
volcanic ash blown in from a
landmass offshore. Above the
bentonite layers is the Trenton
Group, in which thick layers of
limestone alternate with thin
layers of shale; the sediments in
the shale were eroded from a
landmass to the east. The alter-
nating limestone and shale may
have originated when layers of
fossil hash were colonized by
organisms that were later smoth-
ered by a layer of mud. East of
the Trenton Group, the Dol-
geville Formation consists of
alternating layers of shale and
limestone of approximately
equal thickness. The limestones
were deposited on the slope by
turbidity currents; mud piled up
slowly on top of them to form
shale. On top of and east of the
Trenton Group lies hundreds of
meters of black shale, formed
from mud eroded from land to
the east; this mud eventually
blanketed the carbonate environ-
ments. The shale contains few
fossils; it formed in a deep basin



where there was little oxygen.
During part of the Middle
Ordovician, the Trenton Group,
the Dolgeville limestone, and the
Utica Shale were all being
deposited at the same time in
different environments: the
shelf, slope, and basin of the sea.
Above the Utica Shale, rock
units deposited during Late
Ordovician time contain increas-
ing amounts of coarser material
deposited in shallower and shal-
lower water; these deposits
gradually spread from east to
west as the deep Middle Ordovi-
cian basin was filled in. The
youngest of New York’s Ordovi-
cian rock is the Queenston Delta,
part of an enormous apron of
sediment that spread across a
large portion of proto-North
America. The sediment was
eroded from highlands to the
east when they were exposed to
erosion, perhaps because a major
glaciation on another continent
caused sea level to drop.

The rocks in Package Two
reflect the effects of the Taconian
Orogeny to the east. As the
Taconic island arc neared its col-
lision with proto-North Ameri-
ca, ash blew in from its
volcanoes. Its approach bent the
continental shelf down into a
deep basin. Sediments eroded
from the island arc and its accre-
tionary prism, and later from the
mountains built by the collision,
poured into the basin. By the
end of the Ordovician, the basin
was filled in and the mountains
eroded. A drop in sea level may
have exposed the eastern high-
lands to more erosion, and sedi-
ments from the east built the
Queenston Delta.

An unconformity, probably
formed when the region was
above sea level, lies below the
Silurian rocks of Package Three.
New York’s Silurian rocks
record of a varied geologic histo-

ry. The oldest are the Medina
Group. The lower part was
deposited by a sea that ad-
vanced from west to east. On top
of that are red and green sedi-
ments that may have been part
of a delta, and above that a layer
of white quartz’sand. Above the
Medina Group, the Clinton
Group represents a wide variety
of environments. The oldest
Clinton unit is conglomerate that
was deposited as a beach. Above
some major unconformities are
limestones that contain hematite.
The environments represented
by the lower part of the Clinton
Group teemed with life. There
are fewer fossils in the middle
Clinton rocks. In the upper Clin-
ton Group is a layer of black
shale that formed in a lifeless
deep-water environment with
little oxygen. The limestone unit
above the shale formed in shal-
low seas that were more hos-
pitable to life. On top of that, the
Rochester Shale contains more
fossils than any other Silurian
formation in New York. The ani-
mals found in the lower Clinton
Group reach their peak of abun-
dance and diversity here. East of
the Rochester Shale is a sand-
stone unit formed in shallow
water and on beaches. Above
the Rochester Shale in western
New York is a thin layer of lime-
stone that was lifeless for
unknown reasons. Above that,
the limestones of the lower
Lockport Group formed in
warm, clear, shallow seas that
sustained a variety of animals.
Fossils are rare higher up in the
Lockport. The rocks of the Lock-
port Group are seen at Niagara
Falls and at the Niagara Gorge,
where the rocks are the reference
section for the Early Silurian in
eastern North America. Above
the Lockport Group, we find Sil-
urian rocks that contain clay and
silt, probably deposited by low-

energy waves and currents dur-
ing the Late Silurian. Above the
Lockport Group is the Salina
Group, most of which was
deposited in the shallow waters
of a very salty sea. It includes
layers of shale and dolostone
with very few fossils alternating
with layers of rock salt. The
highly salty Silurian seas had
inhabitants that could tolerate
the conditions, among them the
scorpion-like eurypterids, but
most Silurian fossils are found in
rock units that formed in more
normal sea water. Late in the Sil-
urian, water circulation im-
proved dramatically and
animals thrived. At the very end
of the Silurian, though, another
inhospitable environment ap-
peared,; it is represented by dolo-
stones deposited across much of
the State.

Shallow seas covered the
northern lowlands for much of
Silurian time. Early in the peri-
od, a sea advanced eastward,
then shrank westward. Several
million years later the sea
advanced again. Toward the end
of the Silurian, poor circulation
produced large, very salty pools
and tidal flats. Throughout the
Silurian, the region was geologi-
cally quiet; the advance and
retreat of the sea may have been
related to movements of tectonic
plates.

Invertebrates dominate the
fossil record of the early Paleo-
zoic, although fish—the first ver-
tebrates—had become relatively
abundant by the end of the Sil-
urian. Evolution took important
steps during this time. A large
variety of invertebrates compet-
ed for food and survival in the
Silurian seas, and air-breathing
arthropods colonized the land in
the Late Silurian. Land plants
had also appeared by the end of
the Silurian.



INTRODUCTION

This chapter covers the bedrock of the St. Lawrence-
Champlain Lowlands, the Ontario Lowlands, and the
Tug Hill Plateau (see Figure 1.1). For convenience, we
refer to the two lowlands regions together as the north-
ern lowlands.

In this chapter, we are concerned with sedimentary
rock units of Cambrian, Ordovician, and Silurian age.
These units are shown on the geologic map (Plate 2 of the
Geological Highway Map) by yellow, blues, brown to pale
orange, and shades of reddish purple to pink. These col-
ors also appear on the legend (Plate 3) in the lower parts
of Columns 1, 2, 3, 7, and 8. Plate 2 shows the areas in the
State where these rock units appear at the earth’s surface;
Plate 3 shows them in reference to geologic time, with the
oldest at the bottom.

Plate 3 is drawn so that all rock of the same age is at
one horizontal level. Notice the pale yellow areas of the
legend between some of the rock units. This yellow rep-
resents periods of geologic time not recorded by rock in
that region. For example, in the Finger Lakes region (Col-
umn 2 on Plate 3), the oldest sedimentary rock unit
(shown in blue with blue stripes) includes a number of
limestone units of the Black River and Trenton Groups.
This sequence of rock was deposited during Middle
Ordovician time. No rock is present in that area from the
Cambrian and the Early Ordovician Periods. The lime-
stone beds of the Black River Group here rest upon meta-
morphic basement rock of Middle Proterozoic age
(represented on Plate 3 by pale orange with random red
dashes). The rock record of many millions of years of
geologic time is missing in this place. Later Proterozoic

through Middle Cambrian rocks were never deposited in
the region, and erosion removed Late Cambrian through
Early Ordovician rocks. The erosional surface on the
older rock, which represents this missing time and which
is buried by the younger sedimentary rock, is called an
unconformity.

In the Finger Lakes region there is another unconfor-
mity at the top of the Trenton Group, and yet another at
the top of the Queenston shale (yellow-orange with red
dashes). To the east, the upper unconformity cuts across
older and older sedimentary units. This arrangement
indicates that erosion removed more of the rock section
in that direction. Further study of Plate 3 will show you
the regions of the State where the sedimentary rock
record is best preserved.

The Rock Packages

We can divide the sequence of sedimentary rock
exposed in the northern lowlands into three packages sep-
arated by unconformities.2 These packages can be seen on
Plate 3. The oldest package rests on an unconformity on
the Proterozoic basement rock. Bedrock in Package One
crops out in the Mohawk Valley, the Champlain Valley,
and the St. Lawrence Valley (Columns 3, 7, and 8 on Plate
3; these units are described in Tables 7.1 and 7.2). Rock
units in this package are represented by yellow and blue
on Plates 2 and 3. They were deposited during Late Cam-
brian through Early Ordovician time. An unconformity
bounds the top of this package.

Package Two is represented by several colors on Plates

Table 7.1
Rocks of Package One
Ontario Lowlands & Tug Hill Plateau
Formation and Description Age Environment Fossils Thickness
Little Falls Dolostone & Tribes Hill Late Cambrian rare trilobites, conodonts,
Formation* to Early shallow carbonate shelf of stromatolites in Little Falls;
Potsdam Sandstone & Theresa Ordovician proto-North America trilobites, mollusks, and conodonts unknown
Formation** in Tribes Hill; trilobites and rare
mollusks in Potsdam/Theresa

*Sand in Herkimer & western Montgomery Counties.
**Found in northwestern Jefferson County.

2Unconformities are good ways to separate rock packages because they represent significant changes in geologic activity.




Table 7.2
Rocks and Package One
St. Lawrence & Champlain Lowlands

Formation and Description Age Environment Fossils Thickness
Beekmantown Group Early Ordovician carbonate shelf of proto- | trilobites, mollusks,
limestone & dolostone North America conodonts

Keeseville Member Late Cambrian sandy shelf trilobites, rare snails

Potsdam

Sandstone
Ausable, Allens Falls, & | Middle(?) nearshore to subaerial rare or absent 140 m
Nicholville Members Cambrian

sandstone rich in feldspar

2 and 3: blue with blue stripes, light brown, pale orange,
and yellow-orange with red dashes. Parts of this package
occur in the Niagara, Finger Lakes, Finger Lakes-Catskill,
and Champlain Valley regions (Columns 1, 2, 3, and 7 on
Plate 3; these units are described in Tables 7.3 and 7.4).
This rock was deposited during Middle and Late Ordovi-
cian time. As you can see from Plate 3, the top of this pack-
age is an unconformity throughout the State; in places,
there are unconformities within the package as well.

Package Three consists of the sedimentary units that
were deposited during the Silurian Period in the Niagara,
Finger Lakes, and Mohawk Valley regions. These units
are represented by reddish purple, pink with red stripes
or blue stripes, and solid pink on Plates 2 and 3. (They
are described in Tables 7.5, 7.6, and 7.7.) As you can see,
some Silurian rock occurs in the southern Catskill Moun-
tains and in small areas of southeastern New York. These
rocks are discussed Chapters 6 and 8, but they will be
mentioned here as well, because they relate to the story.
The top of Package Three is bounded by an unconformity
in the west, but we have a continuous record of the
change into the overlying sequence of rock in the eastern
part of the State.

The Story in the Rocks

We can decipher remarkable events in the geologic his-
tory from the sedimentary rock in these three packages.
(See Chapter 3 for a summary of the geologic history of
New York State.) Package One tells us that the supercon-
tinent Grenville split up in Late Proterozoic time. An
ancient ocean, the Japetus; formed between the pieces.

The ancient continent of proto-North America formed
one shore of this ocean. The eastern edge of proto-North
America gradually submerged into the sea during Cam-
brian and Early Ordovician time. It then emerged from
the sea and was exposed to erosion.

The story of the Package Two rocks starts with our
part of proto-North America as a shallow marine shelf.
The western part of the lapetus Ocean began to close as
an offshore volcanic island arc moved toward a collision
with proto-North America. As the island arc was pushed
onto proto-North America, the eastern part of the shelf
was depressed to form a deep basin where dark mud col-
lected. This collision marked the beginning of the Taconi-
an Orogeny, which formed a range of high mountains
east of the basin. Debris eroded from these mountains
eventually filled in the basin and extended westward
over the entire shelf. This sandy debris eventually built
above sea level in easternmost New York State.

After a period of erosion, the rock of Package Three
records another advance of the sea. This time the shore
zone moved from west to east. The sea remained shallow
and even withdrew in the middle of the Silurian. High-
lands existed to the east; debris eroded from these high-
lands was carried westward. The area was again
submerged and remained so throughout the Late Siluri-
an. Toward the end of this time, water circulation with
open water to the south became restricted. Evaporation
concentrated the sea water into a strong brine that pre-
cipitated the minerals halite (rock salt) and gypsum in
widespread layers. The rock units in Package Three and
their fossils record a great variety of environments within
a shallow sea. These environments ranged from nearly




Table 7.3
Rocks of Package Two
Ontario Lowlands & Tug Hill Plateau

Formation and Description Age Environment Fossils Thickness
Queenston Shale* nonmarine to shallow marine--part | few possible spores of | up to 300 m
red shale, red siltstone, red sandstone - of large delta oldest land plants
<
S- Oswego Sandstone 2 nearshore & beach few trace fossils 0-30 m
o coarser grained sandstone :
o v
© Pulaski Formation o shallow water many fossils of 120 m
B fine-grained sandstone o bottom-dwelling
s = clams & brachiopods
I =
[«]
= Whetstone Gulf Formation moderately deep water graptolites &
siltstone & shale trilobites
Utica Shale late Middle deep basin grapotlites & 275 m near
black shale; thickest in east-central New York, Ordovician to trilobites Herkimer
thins to west Late Ordovician
Trenton Group several underwataer many fossils, 160 m near
thin black shale alternating with thicker layers environments, each with its own including Prasopora Watertown
(5-30 cm) of limestone diverse community of sea & other bryozoans,
= creatures: lagoons, barrier shoals, | corals, attached 130 m at
® shallow shelf, deep shelf, slope echinoderms, Trenton Falis
: between shelf & basin brachiopods, &
- trilobites 45mat
> Canajoharie
e Creek
o
=
i Watertown Limestone o shallow marine carbonate mud on | many fossils
z level sea floor
=
) . .
Lowville Formation v
5 mudcracked lime mudstone in thin ; variety of mud flats between low many fossils
> to thick layers o & high tide 90 m locally
po) -
: fossil hash limestone =S underwater carbonate sand abundance of coral
o Tetradium
<
@ Pamelia Formation mud & sand flats just above high
dolostone & sandstone tide

*Found on south shore of Lake Ontario.

perfect for shallow marine animals to completely inhos-
pitable. You can guess that fossil collecting in these rocks

goes from good to bad, depending on the rock type.
How can we construct the history outlined above? We

ORDOVICIAN TIME

ROCKS OF PACKAGE ONE: LATE
PROTEROZOIC THROUGH EARLY

must seek out clues in the rock with a practiced eye and
determination. The geologic map (Plate 2), the legend
(Plate 3), and Tables 7.1 through 7.7 summarize facts
many generations of geologists have learned from study-
ing the rock in the field and the laboratory. We’ll use
these facts as the basis for our story.

The end of the Proterozoic Era through the Early
Ordovician Period represents 95 million years. As you
can see on the geologic map (Plate 2), sedimentary rock
formed during that time crops out (appears at the earth’s
surface) around the Adirondacks—in the St. Lawrence



Table 7.4

Rocks of Package Two
St. Lawrence & Champlain Lowlands
Formation and Description Age Environment Fossils Thickness
Iberville Shale graptolites
dark gray shale rich in carbonate basin 300+ m
sediments
Stony Point Shale
dark gray shale e
<
Cumberland Head Argillite S basin uncommon, broken, usually small: 60+ m
banded mudstone - brachipods, pelecypods, nautiloids,
> trilobites
=]
Trenton Group ':'__' shelf to slope many fossils 40 m
Glens Falls Formation o
limestone
[¥]
Black River Group - shallow shelf many fossils 25m
Isle La Motte & Lowville Formations ©
limestone z
= K
Chazy Group* host of new creatures: ornamented
Valcour,Crown Point, & Day Point shallow shelf brachiopods, specialized nautiloids, up t0 220 m
Formations "wart-skinned" trilobites, clams, snails
limestone (especially Maclurites), bryozoans,
stromatoporoids (such as Cystostyoma),
corals, echinoderms

*Found only in New York's Champlain Valley & Canada's St. Lawrence and Ottawa River valleys.

and Champlain Valleys and in parts of the Mohawk Val-
ley. The legend (Plate 3) shows you that sedimentary
rock at the bottom of the pile lies on top of the Protero-
zoic metamorphic rocks of the basement. An unconformi-
ty lies between the sedimentary rocks and the basement.
We know the ages of both the sedimentary and the meta-
morphic rocks. There is a great difference in their ages.
This difference tells us that there is a great gap in the rock
record. Erosion removed much of this record, and no
sediment was deposited here between the Middle Pro-
terozoic and the Cambrian.

Both the unconformity and the overlying sedimentary
rocks dip gently away from the Adirondack dome on all
sides. We know that the rocks extend into the subsurface.
As we move away from the Adirondacks, we would

expect that these sedimentary layers become buried more
deeply. How can we test this idea?

Road cuts and quarries expose rock layers that have
been buried by younger ones. Such exposures give us
valuable geologic clues, but they don’t extend far below
the surface. Deep holes drilled in the search for oil and
natural gas give us more information. Samples of rock
taken from these holes tell us the depth to basement rock
and the kind of sedimentary rocks that lie above it. By
matching this information to the rock exposed in out-
crops, we have developed a three-dimensional picture of
the geology. The cross sections below the geologic map
(Plate 2) show this kind of subsurface information. From
drill holes, for example, we know that the unconformity
on top of the basement rock dips gradually downward to




Table 7.5
Rocks of Package Three

Medina Group
Formation and Description Age Environment Fossils Thickness
Thorold, Cambria Shale & Kodak Formations* ostracodes and trace
sandstone; white quartz sand reworked from upper nearshore marine fossils in Cambria & upto3m
Grimsby Formation Kodak
=
oY) [
- o
° Grimsby Formation ; often interpreted as a delta- | few fossils--most upto 2l m
- red, green, & mottled sandstone, siltstone, & shale . -random arrangement of common are
© = beach-dwelling animals, Arthrophycus (burrow
Devi «n ripples, & presence of of worm-like animal),
evils Hole Sandstone o . 0-4.9 m
= conglomerate indicate the brachiopod
f o deposition in shallow, Lingula, clams, snails,
. — turbulent water ostracodes, an
) = occasional nautiloid,
S Power Glen Formation L: muddy offshore rare crinoids, trilobites | upto 8.5 m
mudstone
Whirlpool Sandstone braided streams, sand flats, 8 m
white clean sandstone crossbedded & ripple nearshore marine, shore
marked zone, fluvial

*This sandstone merges with the Oneida Conglomerate in Oneida County.

the southwest from the Adirondacks. At the Pennsylva-
nia border in south central New York, this unconformity
is nearly 3.6 km below sea level.

The Sedimentary Record

The legend (Plate 3) indicates that the oldest sedimen-
tary rocks in the northern lowlands are in the St.
Lawrence Valley area; they were deposited during the
Early Cambrian (Jowest part of the yellow in Column 8;
they are described in Table 7.2). We are not certain this
age is accurate, because no fossils are found in these
beds. These deposits form the lowest part of the Potsdam
Formation; they consist of poorly sorted conglomerate
and sandstone. The conglomerate contains boulders and
cobbles of metamorphic rock; these pieces are fragments
of the Proterozoic basement. Deposits of this sort occur as
scattered patches that lie between the Proterozoic base-
ment and overlying widespread layers of well sorted
sandstone. One of these patches of material lies against a
vertical surface of basement rock; this arrangement sug-

gests that the material formed at the base of an old sea
cliff.

The legend (Plate 3) shows the middle part of the Pots-
dam Formation to be a deposit of Middle Cambrian time.
This age is also uncertain because of the lack of fossils.
This unit is more widespread, is better sorted, and has
more distinct layering than the one at the base of the
Potsdam. It contains some pebble conglomerate and
abundant feldspar grains and displays large-scale cross-
bedding—inclined layers within a sedimentary layer (Fig-
ure 7.1). The arrangement of its bedding suggests that it
was deposited by braided streams—streams that divide
into a number of smaller channels that later reunite. In
places, some of this rock may contain windblown sand as
well.

The upper part of the Potsdam Formation (described in
Tables 7.1 and 7.2) was deposited during Late Cambrian
time. We know this age from the fossil trilobites in the
rock. These fossils and others tell us the rock is a marine
deposit—deposited on the sea floor in sea water. This
part of the Potsdam Formation is much more widespread




Table 7.6
Rocks of Package Three
Clinton Group

Formation and Description Age Environment Fossils Thickness
DeCew Dolostone* shallow, highly salty water no fossils, but some strange
limestone rich in dolomite & contorted sedimentary structures of
clay unknown origin
Herkimer Sandstone** beach & shallow water deposit clams, brachiopods, worm borings,
with ripple marks & mud cracks trilobite trails
more fossils than any other Silurian
Rochester Shale formation; over 200 species
calcareous shale alternating open marine shelf including 84 bryozoans, ostracodes
with limestone (some elaborately ornamented),
stalked echinoderms (cystoids,
blastoids, & crinoids), brachipods,
trilobites, tentaculitids, corals,
snails, clams, nautiloids
Irondequoit Limestone warm, clear, shallow shelf reefs built by algae & bryozoans;
brachiopods, trilobites, broken
crinoids between reefs
[=5
= Williamson Shale poor circulation; little oxygen; mainly floating animals, including
2 black shale Z deep water poisoned with the graptolite Monograptus
G — hydrogen sulfide; few animals clintonensis
= able to survive
=
Middle part of Clinton Group*** - ostracodes, clams, brachiopods; up to 75 m in
marine green & gray sand- 2] shallow shelf green shale in Otsquago the east
stone & siltstone alternating Formation contains no fossils
= with shale (Sauquoit
f Formation); going east, i‘
o changes to non-marine red - non-marine fluvial
- sandstone & siltstone con- «
; taining quartz pebbles, M

alternating with green shale
(Otsquago Formation)

Wolcott Limestone

Sodus Shale
Wallington Limestone

Hickory Corners Limestone

Furnaceville hematitic limestone
thin, widespread layers of
limestone very rich in
hematite

Oneida Conglomerate
quartz pebbles cemented
together with silica

subtidal, nearshore to shallow
shelf

abundant brachiopod Pentamerus
oblongus

nearshore, subtidal quiet water to
shallow shelf

some "pearly layers" densely
crowded with shells of brachiopod
Eocoelia hemispherica

shallow shelf

mats of bryozoans cover seme
layers

shallow water in depressions
between nearshore ridges of sand

beach

*Lies on top of the Rochester Shale in western New York.
**To the east, the Rochester Shale changes to the Herkimer Sandstone.
***These rocks crop out only between Herkimer & Oswego Counties.
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Table 7.7

Rocks of Package Three

Upper Silurian
Formation and Description Age Environment Fossils Thickness
Rondout Formation shallow, highly salty water stromatolites, rare ostracodes upto12m
dolostone rich in clay
Cobleskill & Glasco Limestones seas of normal salinity brachiopods, ornamented upto 9m
ostracodes, corals, bryozoans
Camillus & Bertie shallow shelf, very salty sparse life including 300 m (entire group)
Formations water eurypterids, scorpions,
shale rich in anhydrite; ostracodes, brachiopods, a few
dolostone rich in clay snails, & worms
[=5
Z . some salt layers in
= Syracuse Formation A Syracuse thicker than
O green or gray shale rich in = fossils rare 30 m
o anhydrite; dolostone; =
= numerous salt layers -
= =
(2 Vernon Formation - red Vernon: coastal plain
red & green silty shale wn gray Vemon: As.hallow s.helf salt layers in Vernon
that changes to gray shale, During deposition of middle 34m
dolostone, & evaporite part of Vernon, seas
(including several salt evaporated nearly to dryness
layers) in the west from time to time
o
Illion Formation* - shallow shelf
dark gray shale «
gray o
several formations probably very shallow shelf'to | fossils rare; mostly mollusks,
g- mostly dolostone with carbonate flats especially snails, nautiloids, &
o some chert; contain a clams 60 m
> variety of minerals
put Gasport Formation shallow shelf, warm, clear honeycomb corals (Favosites)
g_ limestone & dolostone; water chain corals (Halysites),
~ contains reefs built by tube corals (Syringopora),
2 corals solitary homn corals
- (Cystiphyllum), bryozoans,
broken crinoids

than the older parts beneath; therefore, much of it lies
directly on the basement rock. Pebbly conglomerate lay-
ers are common near the unconformity. Bedding in this
upper Potsdam is uniform and well defined, although
cross-bedding is common within individual beds. The
sand grains are nearly all quartz, in contrast to the
feldspar-rich sandstone below. We can see spectacular
exposurés of the upper Potsdam Formation in Ausable
Chasm (Figure 7.2) and at the falls of the Chateaugay
River in Franklin County.

*In central New York, the Lockport carbonate layers pass eastward into the [llion Foramtion.

The Potsdam Sandstone becomes thicker from west to
east in the St. Lawrence Valley. This trend continues far-
ther east into the Champlain Valley. What do you sup-
pose this arrangement might tell us about the geography
when the Potsdam Sandstone was deposited?

Above the Potsdam, the rock sequence includes dolo-
stone, limestone, sandstone, and shale (described in
Tables 7.1 and 7.2). We will refer to this rock as a carbon-
ate sequence because it is dominated by carbonate rocks—
dolostone and limestone. Chemically, these carbonate
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Figure 7.1. This simplified diagram shows two layers with cross-bed-
ding sandwiched between horizontally layered units of sedimentary
rock.

rocks are magnesium calcium carbonate (the mineral
dolomite—chemical composition (Ca,Mg)(CO,),) and cal-
cium carbonate (the mineral calcite—chemical composi-
tion CaCQO;). The fossils and sedimentary structures? in
these layers indicate that they were deposited in a shal-
low sea during Late Cambrian and Early Ordovician
time. As you can see on the geologic map (Plate 2) and
legend (Plate 3), this sequence (shown in blue) crops out
in the same general area as the Potsdam, but it is more
extensive, especially south and east of the Adirondacks.
Information from drill holes tells us that layers of this
carbonate sequence extend in the subsurface beneath the
Ontario Lowlands and continue beneath the Appalachian
Plateaus (see Figure 1.1). Indeed, rock of this type and
age occur over much of eastern North America. Like the
Potsdam Formation, this carbonate sequence becomes
thicker from west to east along the St. Lawrence Valley.
This thickening trend continues across eastern New York
into western New England and gives us more clues to
the geography of the time.

Some of the dolostones appear to have formed in a sea
that was very salty. One such formation, the Little Falls
Dolostone, contains exquisite quartz crystals. These crys-
tals are called “Herkimer Diamonds” (see Figure 6.5).
They formed in holes that developed in the dolostone
long after the sediments became rock.

The carbonate sequence does not cover the Adirondack
region now. However, from the thickness of this
sequence around the edge of the Adirondacks, we
deduce that it once covered most of that region. We do
find scattered outcrops of these carbonate rocks in down-
dropped fault blocks within the Adirondacks. These out-
crops supply strong evidence to support the conclusion
that they once covered the Adirondack region.

By combining many careful studies, we have learned
that the New York region was above sea level and
exposed to erosion at the end of the Early Ordovician.
The legend (Plate 3) shows this conclusion in the several
regions where rock of this age crops out. (The Taconic
Region is an exception. How are we going to explain this
difference? See Chapter 6 for some help.) By examining
Plate 3, we can speculate about some local details of the
history of this erosion. For example, the carbonate
sequence is missing in the western part of the Mohawk
Valley region but is present in the east. Maybe this
sequence was never deposited in the west, or maybe it
was thinner there and so eroded completely away, or
maybe the western area was exposed to erosion for a
longer time. Erosion was widespread in eastern proto-
North America at the end of the Early Ordovician and
created a gap in the rock record. We call the unconformi-
ty that resulted the Knox Unconformity. As you can see on
the legend (Plate 3), the time gap represented by this
unconformity varies considerably from place to place.

Interpretations

What history can we write about Late Proterozoic,
Cambrian, and Early Ordovician time from the record in
the rocks of Package One?

The poorly sorted conglomerate in the lowest part of
the Potsdam Formation occurs in patches; in places, it
was deposited against a steep rock face. These character-
istics could mean that it was deposited at the foot of a
cliff. This arrangement fits with the interpretation that
the crust in this region was stretched and broken in the
Late Proterozoic. Rift valleys developed in it. They must
have looked much like today’s East African and Rio
Grande Rifts. Sediments piled up at the base of steep
slopes in those early rift basins, just as they do in modern
ones.

This rifting was part of the breakup of the Grenville
supercontinent. As the rift widened, it was flooded with
sea water to become the Iapetus Ocean. Proto-North
America lay on the west side of the Iapetus Ocean. The
rock of the northern lowlands was generally exposed and
eroded. Streams deposited sand and gravel in low-lying
areas. Remnants of these deposits remain as the Ausable
Member of the Potsdam Sandstone. Figure 7.3 summa-
rizes these events.

The fossils and bedding of the upper part of the Pots-
dam sandstone indicate that the shore zone of the lapetus
Ocean had advanced across the edge of proto-North
America to the northern lowlands during the Late Cam-
brian. The advance of the shore zone deposited a blanket

3Sedimentary structures are features like cross-bedding, ripple marks, and mud cracks formed as sediment is deposited.
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this time. Air-breathing arthropods (insects, spiders, etc.)
began to evolve. They eventually colonized the land in
the Late Silurian.

Upper Silurian rocks are of particular interest to pale-
ontologists. They tell the story of a great evolutionary
advance—the development of the fish. In the Silurian, a
number of more modern kinds of fish developed. For
example, armor-skinned fish (or placoderms) are found in
rocks from the Late Silurian. They continued to thrive
into the Devonian. In fact, the Devonian is sometimes
called “The Age of Fishes.”

New York’s Early Devonian fossils are very different
from the Late Silurian fossils. Animal life changed signifi-
cantly over a short period of time. These changes hap-
pened at least partly because animals were adapting to
changes in the environment.

Land plants had appeared by the end of the Silurian;
their record may extend as far back as the Late Ordovi-
cian.

REVIEW QUESTIONS AND EXERCISES

Most of the bedrock in this region is which type—
igneous, sedimentary, or metamorphic?

The bedrock in this region can be divided up into three
“packages.” What separates these packages? What kinds
of environments do they represent? What was happening
in geologic history at those times? How did those events
affect the environments in which the rocks were formed?
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OLDEST FORESTS AND ¢

The bedrock of the Erie Low-
lands-Allegheny Plateau region
consists of flat-lying layers of
sedimentary rock. This rock
records the history of the region
during the Late Silurian and
Devonian. The rocks of the
Upper Silurian (dolostones,
evaporites, and shales) and the
limestones and shales of the
Helderberg Group are the oldest
part of this record. From them,
we learn that a warm, shallow
sea covered most of New York
at the beginning of the Early
Devonian. We can reconstruct a
number of major depositional
environments from the variety
of rock found in these forma-
tions. Above this interval domi-
nated by carbonate rock, we
find an unconformity that
records the retreat of the sea
from the area and the erosion of
the exposed Helderberg Group.
The Tristates Group records the
sea’s return, clear water at first,

CHAPTER 8

DEEP SEAS

Erie Lowlands and
Allegheny Plateau’

and later muddy. At the end of
the Early Devonian, erosion
removed almost all of the Tri-
states Group from western New
York. The Onondaga Limestone,
which forms the lower Middle
Devonian, tells us of a wide-
spread shallow sea with coral
reefs and a great variety of bot-
tom-dwelling animals. The
Tioga ash beds within the upper
Onondaga are clues to volcanic
eruptions far to the southeast.
The ashes are a sign that an
episode of mountain-building
was beginning. The next Middle
Devonian rocks are those of the
Hamilton Group. These rocks
record a massive influx of mud
and sand that were eroded from
a new mountain range to the
east during the early part of the
Acadian Orogeny. The Tully
Limestone above the Hamilton
Group marks a pause in this
great influx of sediment. An
unconformity in the middle of
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the Tully emphasizes this pause.
The Late Devonian began with a
renewed influx of mud, sand,
and gravel from the east, which
continued until the end of the
period. This influx was the
result of the continuing Acadian
Orogeny. Within the Genesee,
Sonyea, West Falls, Canadaway,
Conneaut, and Conawango
Groups, we find a number of
major varieties of rock that
record different depositional
environments. These settings
range from the piedmont in the
east to the floor of the sea basin
in western New York. Their dis-
tribution shows how the shore-
line and related environments
advanced haltingly across the
State as a huge sedimentary
apron. This apron, called the
“Catskill Delta” complex, grew
westward and crowded the sea
out of the region.

DESCRIPTION OF THE ERIE LOWLANDS AND
ALLEGHENY PLATEAU

The Erie Lowlands is the low, flat area southeast of
Lake Erie. (See Figure 1.1 and the Physiographic Map on
Plate 4 of the Geological Highway Map.) To the south, the
land rises gently from lake level (175 m above sea level)
to the Portage Escarpment (300 to 460 m above sea level).
Sandstone layers form this escarpment, or cliff, because
they resist erosion better than the layers above and below

1Aadapted from a manuscript by L.V. Rickard.

them. The escarpment is the boundary between the low-
lands and the Allegheny Plateau to the south.

The southern half of New York State (west of the Hud-
son River and south of the Mohawk River and Erie
Canal) is part of the Allegheny Plateau. (See Figure 1.1
and the Physiographic Map on Plate 4.) Sandstone and
shale layers of Middle and Late Devonian age form the



bedrock here. They are part of the “Catskill Delta” com-
plex and were deposited in marine waters that ranged
from a deep basin to near sea level during the Acadian
Orogeny. (See Chapter 3 for more information.) Millions
of years later, these layers of rock were uplifted to their
present height well above sea level. They were tilted only
slightly by the uplift. After the uplift, erosion carved the
plateau into the hilly upland we see today.

The Shawangunk Mountains form the southeastern
border of the Allegheny Plateau in New York. These
mountains form a steep ridge, called a hogback, that runs
from Kingston southwest to Port Jervis. (See the Physio-
graphic Map on Plate 4.) This ridge is made of the
Shawangunk Conglomerate, which dips toward the
northwest. The conglomerate resists erosion strongly
because it is nearly pure quartz. It is made of quartz sand
and pebbles held together by quartz cement.

The eastern and northeastern border of the Plateau is
the Helderberg Escarpment. (See the Physiographic Map
on Plate 4.) The limestones of the Helderberg Group,
which resist erosion better than the layers above and
below them, form this escarpment.

The Allegheny Plateau is relatively high and rugged.
The highest points are in the Catskill Mountains, where
the Wall-of-Manitou rises 915 m above the Helderbergs
and 1130 m above the Hudson Lowlands. The highest
peak is Slide Mountain—1282 m above sea level.

This region was once low and flat. It had been eroded
to a nearly flat plain by the middle of the Cenozoic. Then,
this surface was uplifted to form the Allegheny Plateau.
Streams flowing across the plain began to carve it into
the hilly terrain we see today. The western part of the
region was carved into ridges. The eastern part was high-
er after uplift, and stream erosion carved away all of the
rock except the high peaks of the Catskill Mountains.

The Catskills” highest peaks all have about the same
elevation. How did this situation come about? Geomor-
phologists (geologists who study landforms and the pro-
cesses that produce them) have proposed two
explanations. Some say that the tops of the present
mountains were once part of the flat surface of the plain
before it was uplifted. Following regional uplift and ero-
sion, parts of this plain still remain uneroded between
the stream and river valleys. Therefore, the mountain
tops wound up at the same height. The second, more
recent explanation is that the Catskill high peaks are all
formed of rock that is more resistant to erosion that the
underlying rock. The peaks have been eroded, but they
have all worn down at the same rate. Therefore, they con-
tinue to have very similar heights.

Most of the streams in the region flow southwest into

the Allegheny, Susquehanna, and Delaware Rivers. The
exceptions are Cattaraugus Creek, which flow west; the
Genesee River, the Finger Lakes, and Schoharie Creek
and others of the Mohawk River drainage, which flow
north; and Catskill Creek and other, small streams along
the edge of the Catskills, which flow east (see Figure
11.1B).

The Finger Lakes occupy troughs that are cut into the
northern edge of the region. During the Pleistocene
Epoch, huge ice sheets advanced across New York State
many times. The ice widened and deepened former river
valleys to make the Finger Lake troughs. In fact, the ice
dug two of the lakes, Cayuga and Seneca, so deep that
their bedrock floors now lie below sea level.

The Pleistocene glaciers picked up and carried along
huge amounts of mud, sand, gravel, and boulders. When
they melted, they left this rock debris behind. Such
glacial deposits are 180 to 300 m thick in the valleys of
the Schoharie Creek, the Finger Lakes, the Genesee River,
Chautauqua Lake, and Cassadaga and Conewango
Creeks (see Figure 11.1B). Elsewhere in the region, glacial
deposits are rarely thicker than 15 m.

The Valley Heads Moraine (see Figure 12.3) is a long
ridge south of the Finger Lakes that runs east to west. It
is the major drainage divide of central New York. A
drainage divide is a relatively high ridge that separates
streams and rivers that flow in one direction from those
on the other side that flow in a different direction. The
streams and rivers north of the moraine flow generally
north and eventually run into the Great Lakes, then into
the St. Lawrence River to the Atlantic Ocean. Streams
and rivers south of the moraine flow into south-flowing
rivers. There is one exception—the Genesee River, which
crosses the moraine.

The Valley Heads Moraine was built by the last Pleis-
tocene ice sheet as it retreated across New York State.
When the ice halted temporarily in its retreat, it built the
moraine along its southern margin. A small region to the
south, which is now Allegany State Park, escaped being
covered by the last ice sheet.

See Chapters 12 and 13 for more information on the
effects of the Pleistocene glaciers.

ROCK OF THE ALLEGHENY PLATEAU

The Devonian formations of the Allegheny Plateau
represent 50 million years of history. They are the
bedrock for a large portion of New York State: south of
the Mohawk River and Barge Canal and west of the
Hudson River (Figure 8.1). This rock contains remarkable
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Figure 8.1. Outcrop map of the Lower, Middle, and Upper Devonian rock units in New York State. Notice that the Lower Devonian formations
do not extend into the western part of the State. An unconformity cuts across these formations, as you can see on Plate 3. Erosion removed the
Lower Devonian units from western New York before sediment was deposited there in Middle Devonian time.

and abundant fossil remains. Among the fossils are some
of the earth’s first forests, some fearsome fish, and many
brachiopods? and other invertebrate animals. The first
air-breathing fish, from which all other vertebrates have
evolved, appeared during the Devonian. However, we
have not yet found their remains in New York.

Layers of Lower Devonian rock crop out (that is, appear
at the land surface) in the eastern part of the Allegheny
Plateau from just east of the Hudson River to Cayuga
Lake. (The Helderberg and Tristates Groups are Lower
Devonian; Plate 3 gives you a more detailed picture of
where they are.) Middle Devonian rock makes up most
of the Catskill Mountains and extends west to Lake Erie.
We find some Upper Devonian units high in the central
Catskills, but most Upper Devonian rocks are found in

2See Figure A.3 for drawings of brachiopods.

the south-central and western parts of the State. The
youngest Devonian rocks in New York are found in the
western part of the State along the Pennsylvania border.
(See Figure 8.1 and Plate 3.)

Rock of Early, Middle, and Late Devonian age crops
out in belts that run east to west across central and west-
ern parts of the State The oldest belt is in the north and
the youngest in the south (Figure 8.1). This pattern arises
because the layers dip gently southward. As the erosion
surface of the land intersects the gently tilted layers, it
creates the east-west belts shown on the geologic map
(Plate 2).

The Devonian rock is about 2450 m thick near the east-
ern edge of the Catskill Mountains. It gradually decreas-
es to about 1000 m thick near Lake Erie. The Devonian



section is thickest in southeast New York, where it is
more than 3,050 m thick.

Much of the rock in the Catskill Mountains was
deposited by rivers near sea level rather than by sea
water. This rock commonly has reddish and greenish col-
ors. The remains of land plants, a few clams, and rare
mites, ticks, and spiders are the only fossils in this part of
the section. In the rest of New York, most of the Devoni-
an beds were deposited in a marine (or sea) environment.
They are remarkable for the fossils they contain. The fos-

sils are abundant, well preserved, and represent many

different kinds of living things.

The Devonian sequence contains many different kinds of
sedimentary rock in a complicated arrangement. (You can
get an idea of how complicated by looking at Plate 3. The
Devonian rock is represented by various shades of green.)
This complex rock record reflects a complex history.

EARLY DEVONIAN HISTORY

About 410 million years ago, at the beginning of the
Devonian Period, a shallow sea covered much of New
York. Indeed, most of the eastern edge of proto-North
America came to be flooded by sea water. This sea lay in
the Appalachian Basin (Figure 8.2). From the Late Ordovi-
cian through Middle Silurian, marine waters were limit-
ed to the western and central parts of New York. Their
record can be seen, for example, in the rocks that form
the Niagara Escarpment (see Chapter 7). The shoreline of
.this sea began to move eastward and reached the Helder-
berg Mountains in the very Late Silurian. The shoreline
crossed the area of the modern Hudson River and even-
tually extended east to the edge of the continent during
the Early Devonian. These sea waters merged with the
nearshore waters that formed the eastern edge of the
Iapetus Ocean. Later, in the Middle Devonian, the sea
expanded west to cover some of the central parts of the
continent as well.

We reconstruct the history of the Early Devonian from
evidence in the oldest Devonian rock. The earliest Devo-
nian rock is a limestone and shale unit called the Helder-
berg Group. It appears at the surface in eastern and
southeastern New York, where it reaches a thickness of
135 m. It can be seen especially well in the impressive
cliffs along the north and east edges of the Helderberg
Mountains southwest of Albany. These cliffs, called the
Helderberg Escarpment, run from Albany west to Auburn.
They form the northern boundary of the Allegheny
Plateau in this area and overlie uppermost Silurian strata
(Figures 8.3 and 8.4).
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Figure 8.2. Map of the northern part of the Appalachian Basin during
Middle and Late Devonian time. Sediment eroded from the mountains
on the east was deposited in the Basin as the “Catskill Delta.” (See Fig-
ure 8.14 for the location of these deposits.)

Early Devonian sedimentary rock probably once cov-
ered northeastern New York, but erosion has removed it
from this region. Early Devonian rock occurs at great
depths in southern New York State, where it is buried by
younger deposits.

The Helderberg Group includes many types of lime-
stones. They were deposited in a shallow sea surrounded
by a low, flat landscape. How do we know what the land-
scape was like? Highlands tend to erode quickly and pro-
duce large amounts of mud, sand, and gravel. We don’t
find much of this kind of sediment in the Helderberg
limestones, so we conclude that there were no highlands
nearby. In other words, the landscape was low and flat.

The sea in the Appalachian Basin began to deepen in
the Late Silurian; as a result, its eastern shoreline moved
farther east, and its western shoreline moved farther
west. This movement of the shorelines continued in the
Early Devonian. As the sea very slowly spread over the
land, it deposited the calcareous sediments? that later
became an important part of the Helderberg Group.

3Calcareous sediments are composed of calcium carbonate (chemical composition CaCQO,) and often made up largely from the hard parts of animals and plants—for
example, shells. Limestone, a kind of carbonate rock, is formed from calcareous sediments.
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sediment eroded from the land (mud, sand, or gravel), or
sediment formed in the sea (commonly calcium carbon-
ate), or a mixture of both. The layers may be thick or thin.
The sedimentary structures (features formed as the sedi-
ment was deposited, such as wave or current ripples and
cross-bedding (see Figure 7.1)) are different in different
environments. When we study the deposits in different
modern environments and compare them with layers of
sedimentary rock, we often find striking similarities.
When a layer of rock looks like a modern layer of sedi-
ment, the similarity can be used as evidence that both
were deposited in similar environments. Therefore, we
can deduce what the environment was like from the
appearance of a rock layer.

The fossils in the rock also give us valuable clues to the
environment. We can tell the difference between animals
and plants that lived on the sea bottom and animals that
swam or floated in the waters above. Many creatures that
are at home near the shoreline cannot venture into deep-
er water. By looking at the fossils of the animals and
plants that lived there, we find out more about what con-
ditions were like.5 '

Taken together, all the features of a sedimentary
deposit—the sediment, sedimentary structures, and fos-
sils—give it a distinctive character or appearance—called
its facies. Each facies reflects a particular depositional envi-
ronment (that is, an environment in which sediment is
deposited). Each environment has a particular water
depth, sediment size, and other distinctive characteris-
tics. Each environment is home to a distinct community
of plants and animals.

You can think of a facies as the combination of features
that identifies the environment of a deposit. In a similar
way, a combination of facial features lets us recognize a
person’s face. Just as closely related people can be similar
in appearance, closely related environments can produce
deposits with similar facies.

Now we come back to the question of how we know
that the shorelines moved and the sea deepened as the
Helderberg Group was being deposited. In general, here
is how we figured it out. We look at a single facies. We
notice that in younger layers it is farther east and west
than in the older layers. This arrangement tells us that
the shorelines were gradually creeping eastward and
westward over time. Then, we look at the rock at one
place. We notice that the facies reflect shallower water in
the older rock and deeper water in the younger rock.

This arrangement tells us that the sea was gradually get-
ting deeper through time. Because the rock of the Helder-
berg Group records a sea that was growing deeper and
shorelines that were creeping eastward and westward,
we know that it was deposited in an expanding sea.

Now let’s look at the rock in a bit more detail. The
Helderberg Group is a series of seven limestone-rich for-
mations.6 In these formations, we find five major facies;
each is named for the formation where it first occurs:
Lower Manlius, Upper Manlius, Coeymans, Kalkberg,
and New Scotland (Figure 8.5 and 8.6). The facies are list-
ed in Table 8.1. The environment represented by each
facies is described in the last column of the table. Notice
how the water gets deeper as time goes by.” The earliest
facies shown were deposited near the shore, just above
high tide or between high and low tide. Later facies were
deposited in deeper environments farther offshore, first
in shallow water, then in deeper.

The five facies of the Manlius, Coeymans, Kalkberg,
and New Scotland Formations are partly repeated in the
upper part of the Helderberg Group. The Becraft is like
the Coeymans, the Alsen is like the Kalkberg, and the
Port Ewen is like the New Scotland (Figure 8.6).

After the limestones of the Helderberg Group were
deposited, the sea withdrew from the State and exposed
the newly formed beds to erosion. How do we know?
The unconformity® above the Helderberg Group resulted
from this erosion. (The unconformity is represented by a
pale yellow area on Plate 3.) The sea withdrew first from
the northern and western parts of New York. Because the
rock there was exposed first and longest, it had the great-
est chance to be eroded. Thus, more of the early deposits
were removed north of Kingston and in the western part
of the State than elsewhere. At Cayuga Lake, only the
oldest of the Helderberg formations remain. Farther
west, we don’t find any at all. Either the Helderberg for-
mations were never deposited that far west or erosion
has destroyed them completely.

Later in the Early Devonian, the sea readvanced. The
sedimentary rocks formed in this sea are called the Tri-
states Group. We find the Tristates Group mainly in east-
ern and east-central New York, just like the Helderberg
Group that lies underneath it (see Plate 3). The only for-
mation of the Tristates Group in western New York is the
Bois Blanc Limestone. It is a thin layer, rarely more than
1.2 m thick. It does not form a continuous sheet but is
found in patches.

5We have to be careful when we interpret fossils, though. From time to time fossils don’t match the environment. For example, after a shallow water animal dies, ocean
currents may carry its remains into deeper water: If it became a fossil there, we would find it in an environment where it didn’t live.
6The limestones from the Manlius, Coeymans, and Becraft Formations are used to make portland cement. Portland cement is made by heating a mixture of certain rocks

and minerals together in a kiln. For more information, see Chapter 15.

7If the sequence is undisturbed, the bottom rock layer is the oldest. Therefore, this table lists the oldest formation at the bottom and the youngest at the top.
8When rocks are eroded and younger sediments are deposited on the eroded surface, it leaves a gap in the geologic record because some rocks have been destroyed by

erosion. The surface in the rock that represents this gap is called an unconformity.
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In eastern New York, the Tristates Group is 100 m
thick at Catskill and becomes thicker to the south (225 m
at Port Jervis). Except in southeastern New York, there
are unconformities above and below the Tristates Group.

Table 8.2 contains a description of the formations of the
Tristates Group. Some of these formations strongly
resemble some formations in the Helderberg Group.
These similarities are indicated in the facies column on
the table.

The Port Jervis Formation at the base of the group is
found only near Port Jervis. The rock of this formation is
similar to that of the New Scotland Formation of the
Helderberg Group. Above the Port Jervis is the Glenerie
limestone. To the west, the Glenerie becomes more and
more sandy until it gradually becomes a sandstone. This
sandstone unit is called the Oriskany Sandstone.

The Oriskany lies upon the eroded surface of the
Helderberg Group (see Plate 3). Remember that the sea
withdrew after depositing the Helderberg limestones and
exposed them to erosion. The farther west we go, the

longer the rock was exposed. Thus, as we move west, the
Oriskany lies on top of older and older layers of the
Helderberg Group.

The Oriskany Sandstone is found below the surface in
south-central New York State. Although it does not
appear at the surface, it is well known in this area
because it produces large quantities of natural gas. The
gas fills the pore spaces between the quartz sand grains
in the sandstone and is trapped there by an impermeable
rock layer above. People looking for oil and natural gas
frequently drill down into the Oriskany Sandstone.

The Esopus, Carlisle Center, and Schoharie Formations
form the bulk of the Tristates Group. The rock of these
units was formed largely from sand and mud eroded
from the land. These formations are as thick as 135 m and
occur only in eastern and southeastern New York.

The Esopus, Carlisle Center, and Schoharie Formations
are very different from the Glenerie and Oriskany forma-
tions beneath them. This abrupt change reflects a change
in the environment. The water in the Appalachian Basin



Table 8.1

Helderberg Group
Rock Types, Grain Size,
~ Formation Facies Sedimentary Structures Fossils Environments
Port Ewen New Scotland see New Scotland, below see New Scotland, below | see New Scotland,
) below
Alsen Kalkberg see Kalkberg, below see Kalkberg, below see Kalkberg, below
Becraft Coeymans see Coeymans, below see Coeymans, below see Coeymans, below

New Scotland

New Scotland

fine- to medium-grained limestone that
contains clay

high number & variety of
sea bottom dwellers,
trilobite-dominated

deepest water of the
Helderberg Sea; below
motion of fair-weather

(Fig. 8.7) shale that contains calcium carbonate faunas waves; bottom agitated
by storm waves
thin to medium layers of uniform thickness
medium-grained limestone rich in clay & high number & variety: deeper water at or near
silica bryozoans lowest point reached by
brachiopods fair-weather waves
- Kalkberg Kalkberg chert crinoids bottom occasionally
(Fig. 8.7) corals agitated
thin to medium layers trilobites
mollusks
ostracodes
clean medium- to coarse-grained limestone | moderate number
scattered small coral and stromatoporoid pelmatozoans shallow water shelf
Coeymans Coeymans reefs corals vigorous wave motion
(Fig. 8.8, 8.9) brachiopods well agitated bottom
uneven, medium to thick layers mollusks
trilobites
cross-bedding ostracodes
fine- to medium-grained limestone low to moderate number | shallow water near the
& variety shore & near low tide
upper Manlius Upper Manlius slightly uneven, medium to thick layers stromatoporoids
(Fig. 8.10) brachiopods moderate wave motion-
scour & fill, birdseye, ripple marks, cross- mollusks protected by a barrier
bedding ostracodes
trilobites

lower Manlius
(Fig. 8.11)

Lower Manlius

fine-grained limestone & dolostone,
medium to thin layers; some laminations

alternating layers of shale rich in carbonate
sediments

scour & fill, birdseye, desiccation cracks

low number & variety
stromatolites
oncolites
ostracodes
brachiopods
gastropods
tentaculites

between high & low
tides and shallow water
below low tide
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Table 8.2
Tristates Group

Rock Types, Grain Size,

Formation Facies Sedimentary Structures Fossils Environments
trace fossils with body below fair-weather wave

Schoharie New Scotland siltstone that contains calcium carbonate and :| fossils present only at top base, well oxygenated,
Formation fine quartz sandstone of formation bottom agitated by storm

brachiopods
cephalopods
corals

waves

Carlisle Center
Formation

siltstone that contains a small amount of
calcium carbonate :

rare body fossils
some trace fossils

moderately deep water,
soft bottom, little current
activity bottom rarely
agitated

Esopus Formation

dark gray shale rich in silica
chert

rare body fossils
some trace fossils

deep water, soft bottom,
little oxygen, little current
activity, bottom rarely
agitated

Glenerie Kalkberg limestone rich in silica, moderate number, similar deeper water near deepest
Limestone to those found in Kalkberg | level reached by fair-
Formation weather waves, bottom

occasionally agitated

Oriskany quartz sandstone that contains calcium large, thick-shelled shallow water near the

Sandstone* carbonate brachiopods shore, vigorous wave and
current motion, well
agitated bottom

Port Jervis New Scotland medium-grained limestone rich in clay & similar to those found in deep water below motion

Limestone**

silica

New Scotland Formation

of fair-weather waves

*The Oriskany lies to the west of the Port Jervis, not on top of it.
**Found only near Port Jervis, NY.

made from layers of ash spread by powerful volcanic
eruptions over eastern proto-North America. The clay
layers, called the Tioga ash beds, show us that there were
at least three large volcanic eruptions during the early
part of the Middle Devonian. We can trace these clay lay-
ers all the way to the Midwest, so we know the volcanic
eruptions spread ash over a very wide area. Because they
are so widespread, the ash layers are very useful in
matching the ages of rock bodies that are far apart. A vol-
canic eruption lasts for only an instant of geologic time.
Thus, if we can trace a volcanic ash into widely separated
areas of the country, we can use it for very precise time
correlations.

The Onondaga Limestone was the last thick,
widespread deposit of limestone in the Devonian of New
York. It is relatively resistant to erosion compared to the
rock above and below it, so it commonly stands above
the rest of the landscape as an escarpment that runs east
to west across the State. It is quarried extensively in New
York, mainly for crushed stone, which is used in concrete
and for other purposes.

An abrupt change in environment stopped deposition
of the Onondaga Limestone. Sometime in the early part
of the Middle Devonian, the continent of Avalon collided
with proto-North America (see Chapter 3). This collision
caused a great new mountain-building event called the
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Table 8.3
Onondaga Formation

Rock Types, Grain Size,

Member Facies Sedimentary Structures Fossils Environments
shale that contains calcium carbonate and fine- brachiopods, including deeper water, below
grained limestone that contains much clay some with pinkish shells motion of fair-weather

Seneca New Scotland shells, called Chonetes waves,
Member less pure (contains much clay) with several thin | lineatus bottom agitated by storm
volcanic ash beds (Tioga ash beds) waves

sea floor animals similar to
those found in New
Scotland Formation

fine- to medium-grained limestone
Moorehouse Kalkberg
Member thin to medium-thick layers
(Fig. 8.13)
varying amounts of chert

many fossils of sea floor shallow, quiet water at or - -
animals near lowest point reached
by motion of fair-weather
waves, bottom
occasionally agitated

Nedrow medium-grained limestone (upper) platyceratid gastropods and | similar to New Scotland
Member* New Scotland sparse fossils of sea floor facies

shale that contains calcium carbonate (lower) animals

medium- to coarse-grained limestone similar to those found in shallow water shelf,

Coeymans Formation vigorous wave motion,

Edgecliff Coeymans medium to thick layers rugose & tabulate well agitated bottom
Member corals

chert pelmatozoans

brachiopods
blanket-like layers built by corals, scattered trilobites
coral reefs mollusks

*The Nedrow Member occurs in central New York. To the east and west, it gradually becomes a cleaner limestone with chert in it. There, it is more

like the rest of the Onondaga Limestone and less like a separate member.

Acadian Orogeny. Mountains started to rise in New Eng-
land and the Canadian Maritime Provinces. As the colli-
sion went on, it caused faulting, folding, metamorphism,
and igneous intrusions.!? In the area where the Ononda-
. ga Limestone was being deposited, the orogeny caused
an abrupt deepening of the water. This deepening
brought about a drastic change in the environment of the
sea floor and, hence, an abrupt change in the kind of sed-
~iment deposited there.

The Acadian Orogeny eventually transformed the east-
ern part of proto-North America into the rugged, lofty
Acadian Mountain range. In some areas of southeastern
New York, we can see sedimentary layers that were
highly deformed and metamorphosed in the Acadian
Orogeny. Their twisted and contorted condition shows

us the intensity of the event. The indirect effects of the
Acadian Orogeny were even more widespread.

Erosion immediately attacked the newly built moun-
tains, and streams carried tremendous quantities of sedi-
ment from the mountains westward toward the sea. This .
process went on through the Middle and Late Devonian.

Figure 8.14 shows the general location of major river
systems that flowed from the mountains into the
Appalachian Basin in the Late Devonian. How do we
know where the rivers were? On their way to the sea, the
rivers dropped some of the sediment they carried. They
dropped the coarser particles first, at the foothills; they
continued dropping finer and finer sediment along their
courses to the sea. These processes built an alluvial plain
between the hills and the shoreline. Where the streams

10Chapters 3 and 4 have more information about continental collisions and mountain-building.
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Figure 8.15. Diagram of the depositional environments of the “Catskill Delta” and the facies that were deposited in them. The arrangement of the facies (Genesee-Pocono) shows
that the environments have moved from right to left through time as the sediment has filled in the edge of the sea. This process could be reversed by a rise in sea level, which
would move the shore zone toward the right. (In this oversimplified diagram, the Pocono facies looks as if it were underneath the Acadian Mountains. It was actually deposited at
the foot of the mountains.)




Table 8.4

Middle Devonian Shales, Sandstones,

and Conglomerates

Group, Formation,

Member, Beds, or Facies Rock Types, Grain Size, Fossils Environments
Facies Sedimentary Structures
high number & variety
corals
Thin limestone units at New Scotland limestone rich in clay brachiopods deeper water below motion
several levels within the bryozoans of fair-weather waves

group

shale that contains calcium carbonate

all types of mollusks
crinoids

trilobites

ostracodes

well oxygenated

Pocono

(named after the
Pocono
Formation of

thick layers coarse at the bottom,
gradually become finer grained from
bottom to top:

top: silty shale

Skunnemunk northeast finer grained sandstone braided streams at foet.of
Conglomerate* Pennsylvania) very coarse pebbly sandstone growing mountain range
(purple or maroon)
bottom: conglomerate
pebbles in conglomerate are mainly
white quartz or quartzite; also include
red and green shale, greenish quartzite,
buff sandstone, pink sandstone
red, green, & gray shale, mudstone & relatively few overall
siltstone
in places, common
alternating layers of impure quartz plants and clams, and delta above sea level
sandstone and pebbly sandstone very rare fish fossils;
Catskill** facies Catskill land-dwelling flood plain and river
sandstone is medium to coarse grained arthropods: mites, channels
millipedes, spider-like
sandstone layers gradually become finer | forms
grained from bottom to top
cross-bedding, root traces, mud cracks,
scour & fill
gray shale, mudstone, siltstone high number & variety deep part of basin’
mudstone of shelled animals open shelf
siltstone brachiopods, underwater part of délta
fine- to medium-grained sandstone conodonts, bivalve channels dug by
Hamilton Group Hamilton flat-pebble conglomerate mollusks, trilobites underwater currents
concentrations of fossil shells tidal flats
offshore bars
laminations, cross-bedding, ripple
marks, flute & groove casts, convoluted
bedding
very thin layers of black or very dark low number & variety of
gray shale bottom-dwelling &
swimming animals
thin layers of limestone rich in clay ammonoids deep part of the basin far
Marcellus Formation Marcellus conodonts from land
shale splits eaily into thin sheets styliolinids poor circulation-
brachiopods limited oxygen

abundant calcareous nodules or
concretions

abundant pyrite

*Found in southeastern New York.
**Found only in eastern New York.

120




From time to time, the sediment supply was interrupt-
ed. At those times, the “delta” would stop growing, and
the sea water became less muddy for a time. This envi-
ronment permitted organisms that produced calcium car-
bonate to thrive. Their remains accumulated on the sea
floor as layers of calcareous sediment. And indeed in the
Hamilton Group, we find several thin but widespread
limestone layers. We use these limestone beds as markers
to separate the Hamilton Group into the formations
shown on Plate 3. As you can see in Table 8.4, these lime-
stones contain much clay, so we know that mud (clay)

West

was being washed in from the land. When less mud and
sand were deposited, we find limestone rich in clay.
When more mud and sand were deposited, it diluted the
calcareous sediments and formed limy shales or limy
sandstones.

Where the limestone disappears, we know that the sea
had again become so muddy that the organisms that pro-
duced calcium carbonate couldn’t survive or their
remains had been too diluted to form limestone. The
limestone of the Hamilton Group contains some of the
most magnificent Devonian fossils ever found. Here we
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Figure 8.16. Diagrammatic cross section of the “Catskill Delta” east-west across New York State. This diagram is a composite that uses information
from the outcrops in New York and in northern Pennsylvania. The cities listed across the top of the diagram generally are north of the main body
of the cross section. A line drawn south from a city will cross the facies shown below it, starting with those facies at the bottom of the diagram. The
“delta” deposits are divided into groups. Each group includes several facies. Figure 8.15 shows the environments where the different facies devel-
oped. Each group records an episode of the “delta’s” construction. For example, as the Genesee Group was deposited, the shore zone moved from
east to west as the sediment filled in the sea. An abrupt increase in the depth of the water moved the shore zone back toward the east, and deposi-
tion of the Sonyea Group began. The opposing processes eventually built the complex of sedimentary rock we call the “Catskill Delta.” Notice that
this.diagram is distorted because the vertical scale is much larger than the horizontal scale. This vertical exaggeration is necessary to show details.
However, it gives a false impression because it exaggerates the thickness relative to the width of the units shown.



find a great number and a great variety of shelled ani-
mals that lived on or swam above the sea bottom.

The lower part of Figure 8.16 shows how the different
Hamilton facies (described in Table 8.4) are stacked up
across the State from east to west. You'll notice that this
figure shows no Pocono facies in the Hamilton Group.
That is because we find the Pocono only in southeastern
New York, which is off the line of this cross section.

Toward the end of the Middle Devonian, construction
of the “Catskill Delta” slowed down sharply. This slow-
ing marked the end of deposition of the Hamilton
Group. In western and central New York, the sea floor
was eroded. This erosion is marked by an unconformity.
Along this unconformity, we find many lens-shaped
deposits of the mineral pyrite. These deposits are shown
as the Leicester pyrite on Plate 3. Deposits of this kind
are very rare in the geologic record because they are
formed in water that lacked almost all oxygen. If oxygen
had been present, the pyrite (chemical composition FeS)
would have been oxidized into red iron-rich minerals
such as limonite. We conclude that the erosion of the
upper part of the Hamilton Group and the accumulation
of pyrite on the unconformity surface happened in deep-
er sea waters,

Calcareous sediments were later deposited on top of
the unconformity. These deposits eventually became the
Tully Limestone. The Tully Limestone is 9 m thick. Table
8.5 contains a description. This limestone shows us again
that little of the mud or sand eroded from the land
reached this area during the late part of Middle Devoni-
an time.

We are uncertain why the flow of sediments from the
land slowed down to allow deposition of the Tully Lime-

stone. However, an examination of the Tully Limestone
and other sedimentary rocks deposited at the same time
suggests an explanation.

The Tully Limestone is found only in western and cen-
tral New York. Farther east, between the Chenango and
Unadilla Rivers, the amount of mud and sand in the
limestone gradually increases until the limestone is
replaced by silty shale, siltstone, and sandstone. These
beds and their fossils represent environments like the
ones we saw in the Hamilton Group. They are called the
Gilboa Formation, a marine unit that is underlain and
overlain by sandstones laid down in fresh water or on
the land. Heading east from the Schoharie Valley, the
Gilboa Formation, in turn, gradually changes into a non-
marine facies—beds that were deposited above sea level.
Thus, we can.see that erosion of the land didn’t stop in
the late Middle Devonian, although shorelines moved
farther east during deposition of the Tully and Gilboa
formations. Enough sediment was washed from the
mountains to the eastern part of New York State to con-
tinue building the sedimentary apron. However, the
shoreline had moved farther east during this interval,-
and most of the land-derived sediments were deposited
farther east in the flooded river mouths and flooded sur-
face of the delta. This situation meant that calcareous
sediments, such as the Tully Limestone, could be
deposited farther offshore.

LATE DEVONIAN HISTORY

The Late Devonian lasted from about 375 to 360 mil-
lion years ago. The major part of the “Catskill Delta” was

Table 8.5
Tully Limestone

Rock Types, Grain Size,

Formation Facies Sedimentary Structures Fossils - Environments
moderate variety of sea depth below fair-weather
bottom dwellers waves

brachiopods well oxygenated
Tully* New Scotland medium to thick layers of limestone rich in corals
clay crinoids
pelecypods
cephalopods
trilobites

*The Tully is separated into two parts by an unconformity--the Upper Tully and the Lower Tully. Both parts represent similar environments.
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built during this time (Figure 8.16). The structure of the
Late Devonian part of the “delta” is similar to that of the
Middle Devonian Hamilton Group. The coarsest sedi-
ment is in the east, closest to the mountains that supplied
it. As we move farther west, the sediment becomes pro-
gressively finer.

When sediment is deposited, the water near shore
becomes shallower. Water depth controls the environ-
ment, so all the environments shift in a seaward direc-
tion, following their appropriate water depth.
Eventually, the sediment replaces the sea water and
builds the area above sea level.-

If we select a rock unit in the “Catskill Delta” and fol-
low it from east to west, we see the facies change from
non-marine to shallow marine water to deep water. The
change from non-marine (rivers) to marine (sea) is a
major one for plants and animals, because the chemistry
of sea water is very different from that of fresh water.
This change in facies shows us the various environments
that existed at the same time.

As we move from lower (older) layers to higher
(younger) layers, we see the facies change as well. For
example, they may change from- deep water to shallow
water to non-marine. These changes show us that differ-
ent environments existed in a particular place over time.
They show us the history of the growth of the “delta.”

The major facies of the Late Devonian and the environ-
ments they represent are described in Table 8.6. Figure
8.15 shows the geography for the Late Devonian from the
basin floor across the shore zone to the mountain front.
This diagram relates the environment where each of the
facies developed to the landscape and water depth.

Figure 8.16 is an east-west cross section of the “Catskill
Delta” that shows how the facies are distributed. Notice
how the non-marine facies—Cattaraugus, Catskill, and
Pocono—move westward over the marine facies
throughout the Middle and Late Devonian. This was a
slow, creeping, halting movement. Frequently the sea
would temporarily deepen and bring the shoreline and
marine environments back east. Marine facies then could
be depositedd on top of earlier non-marine facies.

As we saw earlier, a number of factors interact to make
the shoreline move back and forth: change in sediment
supply from the land; rise or fall in sea level; change in
the rate of sea floor sinking. Waves and currents might
become stronger or weaker, depending on variations in
geography, and move the sediments around in different
ways. We can see the effects of all these factors in the
overlapping, irregular shape of the facies.

In the Upper Devonian part of the “Catskill Delta,”
nearly all the rock was made from sediment deposited on
land or in fresh water. Geologists have divided this great
mass of sedimentary layers into six groups. From oldest
(bottom) to youngest (top), they are: Genesee, Sonyea,

West Falls, Canadaway, Conneaut, and Conewango (Fig-
ure 8.16 and Plate 3). The three oldest groups (Genesee,
Sonyea, and West Falls) extend completely across the
State. The younger ones are found only in the western
part of the State. Either they were never deposited in the
Catskills, or they were later worn away by erosion. As
you can see on Plate 2, the various groups crop out in the
Catskills, the Finger Lakes region, the Genesee River val-
ley, and along the shore of Lake Erie.

We’ll describe the lower four groups (Genesee, Sonyea,
West Falls, and Canadaway) together because they have
similar histories. They illustrate the way the “Catskill
Delta” developed. All are much thicker in the eastern
part of the State (Table 8.7).

The enormous size of the ”“Catskill Delta,” both in
thickness and in area, gives us a large problem. How can
we tell whether, for example, a reddish sandstone in the
eastern part was deposited at the same time as a black
clay shale in the western part? The fossil content is not
likely to help because the two units represent entirely dif-
ferent environments. In other words, we probably won’t
find the same kind of fossil in both units—the two envi-
ronments were home to two different sets of creatures.

One approach to the problem is to carefully examine
closely spaced outcrops all the way across the State.
Many different geologists have studied parts of the
“delta” in this way through the years. However, their
conclusions about it have not always fit together.

One feature of the “delta” that has helped sort out the
parts of the puzzle are layers of black shale that cross the
State in the marine facies. Black shale of this type is
deposited in the deeper parts of a marine basin. Only fine
mud reaches the area. Commonly, the deeper water in
the basin also had a low level of oxygen. Low oxygen
allows organic matter (the tissues of living things) to accu-
mulate in the sediment instead of breaking down into
simpler compounds. In addition, grains and nodules of
pyrite (or "fool’s gold,” chemical composition FeS) grow
in dark shales of this type. Organic matter is one of the
components that makes the shale black. The other com-
ponent is pyrite; interestingly, large pyrite grains are
golden in color, but very fine-grained pyrite is black in
color. When circulation of the bottom water is better, the
oxygen content increases and the shale deposited has a
lighter color—gray to greenish—because organic matter
and pyrite content are low.

There is a relatively uniform sequence of Upper Devo-
nian shale in the western part of the State; thus, we know
that a deeper basin environment persisted in this area.
Tongues of black shale extend eastward from this main
body. A number of black shale tongues lie right on top of
other, shallower marine facies in more eastern sites. The
upward change to black shale is sudden at these eastern
sites. Therefore, we believe that the deeper basin environ-



Table 8.6

Rocks of the Upper Devonian

Facies Rock Types, Grain Size,
Name Environment Sedimentary Structures Fossils Environments
conglomerate w/round white quartz pebbles braided streams near foot of
Pocono piedmont rare fossils mountain range
(Fig. 8.17) pebbly sandstone & siltstone (purple or maroon)
thick layers
red, green, & gray shale few fossils overall river floodplains with
green mudstone & siltstone meandering streams
medium to coarse-grained quartz sandstone in places, plant and fish
Catskill river flood plain _pebbly sandstone fossils are common shale, mudstone, & siltstone
sandstone beds coarser at base and become finer in the floodplains
going up
sandstone--in channels
| cross-bedding in sandstone; scouring, root
“traces, mud cracks
gray & green shale, siltstone & sandstone low number and variety | close to shore, alternately
above and below sea level
alternating layers of red shale, siltstone, &
Cattaraugus near shore marine- | sandstone green & gray rocks are
nonmarine cycles red rocks contain plant marine
gray & green rocks: winnowing, bioturbation, fossils
ripple marks red rocks are nonmarine
red rocks: root traces, mud cracks
gray shale, mudstone, & siltstone ' several shallow water
environments near shore and
fine- to medium-grained sandstone high number & variety in tidal zone: beach, channel,
nearshore marine, (except in a few tidal flat, lagoon, swamp,
Chemung diverse subtidal layers of fossil shells environments) of offshore bar, delta, near
shelf shelled sea animals shore, open shelf
. flat pebble conglomerate brachiopods
bivalve mollusks underwater: delta, near
laminations, cross-bedding, ripple marks, flute shore, open shelf
& groove casts, convoluted sedimentary
structures
Portage B open shelf, slope thin layers of siltstone, cross-laminated, graded low number & variety outer part of shelf below
of swimmers & sea motion of fair-weather waves
turbidities in gray shale bottom dwellers
slope
black and medium to dark gray shale, mudstone,
and siltstone
Portage A base of slope, a few layers of fine-grained sandstone in dark low number & variety deeper waters at base of slope
basin edge gray shale of swimmers and sea to basin margin
bottom dwellers
in siltstone: cross-laminatiaon; casts of grooves,
tracks, trails, & flutes convoluted bedding;
ripple marks
black shale low number & variety deep water part of-basin far
of swimmers & sea from land
a few thin layers of dark limestone rich in clay bottom dwellers:
Genesee central basin (like ammonoids very little oxygen near the
Marcellus) septarian nodules and concretions conodonts bottom
brachiopods
pyrite mollusks

shale splits easily into thin sheets
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be deposited farther east. This black shale was deposited
on top of older deposits that were made in shallower
water. These deposits had been formed earlier on the
shelf and on the slope between the shelf and the basin.
After the sea ceased expanding, deposition again began
filling in the edge of the sea and laid down shallower
water sediments onto the “delta.” _

The “delta” then grew until it reached the new sea
level, and shallower facies crept across the shelf toward
the slope that led down to the basin. When the shore
approached the edge of the shelf, sediments piled up
near the top of the slope and became unstable. Slumps
and storm waves churned them up, put them into sus-
pension, and formed turbidity currents.

Eventually, turbidity currents flowing down the slope
into the basin became frequent enough to form the tur-
bidite sequence mentioned above (Figure 8.15). In some
of the four groups, though, the shore zone did not reach
the top of the slope before the sea level rose again. In
those groups, we do not find the turbidites.

The thick black shale at the base of the Canadaway
Group represents the last major advance of the sea in the
Late Devonian.

The two groups at the top of the “Catskill Delta” com-
plex are the Conneaut and the Conewango. These last
two groups were deposited in water that continued to get
shallower. By the end of the Devonian, non-marine facies
extended almost completely across New York State.
Thus, we know that the “delta” had finally grown large
enough to push the sea almost entirely out of the State.
However, the marine facies were still found in the west.

The Conneaut and Connewango Groups together are
335 m thick in western New York. They are made of gray
shale, siltstone, mudstone, and fine sandstone. They con-
tain a moderate variety of fossil shells from marine ani-
mals. There are layers of conglomerate at several levels in
the Conewarigo. One is especially easy to see at Panama
Rock City in Chautauqua County. In westernmost New
York, these two groups form the Chemung facies.
Toward the east, the rock gradually changes facies to the
red and green Catskill facies in southern Cattaraugus
County.

Table 8.6 tells us that much of the Chemung facies, all
of the Cattaraugus facies, and much of the Catskill facies
were deposited near sea level, either slightly above or
slightly below. With this fact in mind, study Figure 8.16
and notice that these facies are hundreds of meters thick
in the east-central part of the “delta.” Notice also the
depositional environments generally moved slowly west
through time. What conclusions can we draw? The
arrangement of the facies suggests that for millions of
years the basin floor sank at about the same rate as sedi-
ment was delivered. Then, in the later part of the Late
Devonian, the basin was filled faster than its floor sank.

This apparent balance between sediment supply and
sediment sink is intriguing. It suggests some cause and
effect between the pulses of mountain-building and the
sinking of the basin floor. Indeed, some recent studies
conclude that it was sinking of the basin floor that caused
the sudden increases in water depth in the Appalachian
Basin. This sinking, in turn, caused the tongues of black
shale to extend eastward far from the central basin. The
great influx of sediment that buried the black shale
tongues ties this event to a pulse of mountain-building.

DEVONIAN PLANTS AND ANIMALS

There are many fossils in New York’s Devonian rock.
These fossils show a great variety of living things. This
abundance is remarkable when we remember how
unusual it is for an animal or plant to be preserved as a
fossil. -

Only a few of the plants and animals living at a partic-
ular time are ever preserved as fossils. It requires a long
string of coincidences for any one organism to be pre-
served. In fact, some kinds of living things may never be
preserved at all. They may be too soft or unsuitable in
some other way. If they were never fossilized, we will
never know that they existed.

New York’s Devonian rock contains a great variety
and abundance of well-preserved fossils. Clearly, the
land and the sea were swarming with life, and the condi-
ions for burial and preservation of plants and animals
were good.

Animal life had become much more varied since the
earlier parts of the Paleozoic. Corals were extremely
plentiful and often large. Broad “carpets” made of bry-
ozoans and crinoids covered the sea floor (Figure 8.18).
There were over 700 species of brachiopods (see Figure
A3). (Brachiopods had their greatest variety in the Devo-
ian.) Pelecypods (clams) multiplied on the muddy and
sandy sea bottoms (Figure 8.19) and developed a variety
of types.

The appearance of a new group of cephalopods—
called the ammonoids—was even more noteworthy. (Fig-
ure 8.15 shows an ammonoid swimming in the deep
water in the left-hand part of the drawing.) A series of
distinctive ammonoid species evolved through time, and
we have an unusually good fossil record of Middle and
Upper Devonian ammonoids in New York. Therefore,
we have been able to determine when a new species
developed. This knowledge helps us figure out which
Devonian rocks throughout the world are the same age—
by matching up the sequence of ammonoids species from
different areas.

Conodonts, an extinct group of swimming animals
known from tiny tooth-like fossils, also had their greatest
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variety in the Late Devonian. Rapid evolution and extinc-
tion produced many geologically short-lived species that
had worldwide distribution. Because many of the indi-
vidual conodont species were geologically short-lived,
and we can use their first occurrence and how long they
survived in different regions to match up rock units of
the same age. Because some conodonts had worldwide
distribution, they allow us to match up layers from wide-
ly separated areas. Thus, conodonts are an ideal group to
help us match up rock from different regions.

Devonian fish were especially interesting (Figure 8.20).
Several new kinds of fish appeared abruptly. The rapid
evolution, increase in diversity, and abundance of fish
allows the Devonian to be called The Age of Fishes. Shark-
like armored fish—some of them 6 m long—were abun-
dant. The first air-breathing fish appeared in the
Devonian, and all the higher vertebrates evolved from
these air-breathers. Among their evolutionary descen-
dants are the early types of amphibians that first
appeared in the Devonian. However, we have not found
their remains in New York.

Plant life also became much more varied. For the first
time, low-lying land areas were covered by plants. Many
of the plants were shrub-like or mosses. However, in
some places, forests of tree-like plants developed. The
remains of three of the oldest known forests are pre-
served in the Middle Devonian shale and sandstone near
Gilboa, New York (Figure 8.21). These primitive tree
ferns once lived on a swampy shore. Their stumps,
upright and rooted in the position that they grew, were
discovered during excavation for the dam at Gilboa
Reservoir.

These trees were the forerunners of a great variety of
plants, which would make up large swampy forests dur-
ing the Mississippian and Pennsylvanian Periods. The
remains of these later forests eventually became the
Pennsylvanian coal beds of the Appalachian Basin.

The forests that appeared on the “Catskill Delta”
changed the low-lying areas of eastern New York into a
jungle. The landscape may have looked like the modern
forests that grow along some low-lying coasts close to the
equator. _

Spiders, centipedes, and mites lived in these forests.
Their fossil remains were discovered recently in Middle
Devoriian rock near the Gilboa Reservoir at Blenheim,
Schoharie County. Primitive insects and amphibians
have been found elsewhere in rock from the Late Devoni-
an. They probably lived in the forests on the younger
parts of the “Catskill Delta.” The sound of wind in the
trees and insect calls first appeared in New York on the
“Catskill Delta.”

LATE PALEOZOIC HISTORY

The Allegheny Plateau contains the only Late Paleo-
zoic sedimentary rock in New York State. It is possible
that rocks of Mississippian, Pennsylvanian, and Permian
age once covered a large part of the State. However, only
scattered patches of Mississippian and Pennsylvanian
rock now remain along the western part of the New
York-Pennsylvania border. These layers are between 245
and 360 million years old.

Early Mississippian rock in New York is similar to the
Devonian sandstones and shales that lie beneath them,
and Late Devonian and Early Mississippian rocks can be
distinguished only by differences in the fossil species in
the rocks. There is no obvious change in facies between the
Devonian and Mississippian rocks. This fact tells us that
the sea in this region probably lasted from the Late Devo-
nian into the beginning of the Mississippian. There is no
rock in New York from later in the Mississippian Period.

The only Early Pennsylvanian rock in New York State
is a quartz pebble conglomerate. There are very few fos-
sils in it. This formation is our only clue that a sea existed
in New York during that time. The conglomerate, which
is well exposed at Olean Rock City, lies on top of Early
Mississippian and Late Devonian rock. Rock from the
time between the Early Mississippian and the Early
Pennsylvanian is missing here.

There is no Permian rock found in New York State.
The closest exposures of Permian rock lie to the south-
west, in Ohio and Pennsylvania.

During the Late Paleozoic, plant and animal life in the
Appalachian Basin changed significantly. Some inverte-
brates, such as the nautiloids and the crinoids, had many
fewer varieties than before. The end of the Permian is
marked by a major extinction event. Among the major
groups of marine animals, the tabulate and horn corals,
graptolites, some bryozoans, cystoids, eurypterids, and
trilobites (see Figure A.3) became extinct at this time.

The biggest geologic event in eastern proto-North
America in the Late Paleozoic was the Alleghanian
Orogeny in the Appalachian mountain belt. This orogeny
from the Canadian Maritime provinces south through
New York to Texas resulted from the collision of proto-
North America and proto-Africa along a transform mar-
gin. The collision was part of the formation of the
supercontinent of Pangea. (For more detail, see Chapter
3.) This great mountain-building event deformed and
uplifted the Appalachian Basin. The deformation during
the Alleghanian Orogeny was greatest in the southern
and central parts of the basin, where a high and rugged
mountain range formed.
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Editor’s note: The following supplement to Chapter 8 is for
students who are interested in a discussion of the subtle struc-
tures in the rocks of the Allegheny Plateau. It serves as a case
study of the kind of information we can get from close and care-
ful examination of outcrops. A review the Tectonic Map on
Plate 4 of the Geological Highway Map and the plate tecton-
ic history of New York in Chapter 3 may help you understand
this discussion. Also, the Glossary will provide definitions of
many unfamiliar terms.

DEFORMATION OF “UNDEFORMED” ROCKS:
STRUCTURES IN THE ALLEGHENY PLATEAU

Adapted from text furnished by Professor Terry Engelder,
Pennsylvania State University

The structure of rocks in the Allegheny Plateau looks
deceptively simple—nothing but nearly horizontal sedi-
mentary rock layers: “layer-cake geology.” Folds like
those commonly seen in the convoluted rocks of the
Adirondacks, the Taconic Mountains, and southeastern
New York are absent, and faults are rarely seen. Howev-
er, despite this simple layer-cake appearance of the rocks

of the region, subtle effects of the Alleghanian Orogeny

are present in most of the rock exposures in central and
western New York south of a line between Syracuse and
Buffalo (see mustard-colored area on the Tectonic Map
on Plate 4). These structures can be seen by the inquisi-
tive eye, and they yield a fascinating structural story.
Our goal in this section is to help the reader learn to see
these Alleghanian structures, to understand the ways in
which they were produced, and to learn what they tell us
about the structural history of the Plateau.

Rock Behavior When the Crust Is Squeezed
or Stretched

The way a rock deforms depends on the strength of the
rock. By strength, we mean a rock’s resistance to deforma-
tion. When “weak” rocks, such as shale or rock salt, are
slowly subjected to increasing stress!l, they deform by
flowing, like Silly Putty, modeling clay, or even tar. In con-
trast, “strong” rocks, such as limestone and sandstone,
withstand much greater stress, until finally they deform
by breaking. Strong rocks are more brittle.

In the Allegheny Plateau, we can see that the distribu-
tion of strong and weak rock layers played a very impor-
tant role in the way the Plateau deformed. Several basic
types of sedimentary rocks are exposed in outcrops of

the Plateau: limestone, dolostone, sandstone, shale, and
salt. Each of these rock types has a different strength.
Limestone, dolostone, and sandstone are strong, whereas
shale and salt are weak. It was a layer of salt, which is an
extraordinarily weak rock, that had the greatest influence
on the way the rocks deformed during the Alleghanian
Orogeny.

This salt layer divides the Allegheny Plateau horizontal-
ly, like the filling in a two-layer cake. The salt is found in
the lower part of the Salina Group of latest Silurian age
(see Plate 3). It separates youngest Silurian and Devonian
rocks above from lower Paleozoic rocks below. The salt
was deposited in a great inland sea that covered an area
larger than western New York and northwestern Pennsyl-
vania combined. Both shale and salt deform by flowing,
but salt flows much more easily than shale. If we think of
the shale behaving like Silly Putty, then we must visualize
salt as behaving like a thick split pea soup.

In the Late Paleozoic, the stresses that were produced
by the Alleghanian Orogeny pushed northwestward
against the rock of the Allegheny Plateau (see the Tecton-
ic Map on Plate 4). The layers below the Silurian salt
remained fixed, but the salt layer, which had almost no
strength, began to flow. This situation allowed the thick
upper layer of Devonian and Carboniferous!? rocks to
slide to the northwest, without folding, like a stiff rug
pushed across a slippery waxed floor. The upper section
of the Allegheny Plateau thus slid northwestward along
a large horizontal fault that developed in the salt layer.
This fault, separating the fixed and transported sections,
is called a décollement.

Within the layers that slid, which we call transported
layers, strong units include the Oriskany Sandstone, the
Onondaga Formation, and the Tully Limestone, whereas
weak units include the Upper Devonian siltstones and
shales (see Plate 3). Added together, the weak units are
much thicker than the strong units. It is this greater thick-
ness of the weak units that controls most of the structures
seen in outcrops of the Allegheny Plateau.

The thickness of the salt beds in the Salina Group
exceeds 100 m throughout much of western New York.
The salt beds thin out to zero thickness at the edge of the
ancient sea. The northern edge of the salt runs east-west
along a line south of Buffalo, Rochester, and Syracuse.
We find deformation from the Alleghanian Orogeny in
the transported layers everywhere above the salt layer.
Where the salt layer ends, so does evidence of Alleghani-
an deformation (see the Physiographic and Tectonic
Maps on Plate 4).

1154ress is the force that is applied per unit of area, such as grams of force per square centimeter or pounds of force per square inch.
12Cqarboniferous is another name for the Mississippian and Pennsylvanian Periods combined.



Layer_Parallel Shortening; The Way Rocks Layer-parallel shortening occurs in several different

; ; ways, depending on the strength of individual layers in
Can Def orm Without FOldlng the section. Weak shale and siltstone, the most abundant
As the transported rock section was forced to the north-  rock types in the Allegheny Plateau, were squeezed

west, it was pushed against the pinchout!? of the salt. At  together like modeling clay. At the same time, the strong,
the pinchout, with no salt to slide on, the upper slab of  brittle layers, including the Onondaga and Tully Lime-
rock rested directly on the lower slab. Lacking the lubrica-  stones and the Oriskany Sandstone, broke into giant
tion of salt, it was anchored there by friction. Despite this  slabs. These slabs piled up like shingles on a roof (Figure
fact, compression from the southeast continued to push 8.22).

the slab against the northwest side of the basin. This com- What evidence for layer-parallel shortening can we see
pression caused the slab to actually become shorter, but in individual rock exposures? We find the evidence in
without folding of the layers. Such deformation is called  several types of structures, to be explained below:
layer-parallel shortening (Figure 8.22). The amount of crustal  deformed fossils, pencil cleavage, spaced cleavage, blind thrust-
shortening on the Allegheny Plateau was considerable; an  ing, and drape folds. The first three are associated with
original width of 200 km was shortened by 20 km during flowing in the weak rock layers; the other two are con-
the Alleghanian Orogeny. nected with brittle breaks in the strong rock layers.

Styles of Deformation During Alleghanian Orogeny
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Figure 8.22. Greatly generalized diagram showing some of the ways in which rock on the Allegheny Plateau and the adjacent Valley and Ridge
Province deformed when the crust was compressed during the Alleghanian Orogeny. (These provinces are shown on the Physiographic and Tec-
tonic Maps on Plate 4.) In both provinces, the compressed crust became shorter. However, this shortening was accomplished in different ways, for
reasons that are still being studied.

The Allegheny Plateau, which is discussed in this chapter, deformed by layer-parallel shortening, without folding. As the weak shale was com-
pressed, pore water was squeezed upwards along thin vertical seams. As the water rose, it dissolved and carried away silica (chemical composi-
tion SiO;) and left behind an insoluble seam of clay. The shale tends to break easily, or cleave, along these seams, so it is said to possess cleavage.
(The seams are shown by thin vertical lines in the upper layer in (B).) This process, called pressure solution, shortened the layer by removing silica.

As the stronger limestone layers in the Allegheny Plateau were compressed, they, too, shortened by pressure solution. The water dissolved and
removed calcite (chemical composition CaCO,) along irregular seams, like those shown in the lower layer in (B). Insoluble clay was left behind in
widely spaced seams, producing spaced cleavage. These seams are called stylolites. The limestone shortened by another process as well: the rock
broke into blocks, and these blocks were thrust-faulted westward and stacked like roofing shingles. Arrows in the lower layer in (B) show this
westward movement.

The crust in the Valley and Ridge Province, which is not discussed in this book, shortened by folding and faulting, as shown in the right-hand
portion of (B), but in a much more complicated manner.

Field studies show that the Alleghanian Orogeny shortened the crust in the Allegheny Plateau by 10 percent and in the Valley and Ridge
Province by 55 percent (compare (A) and (B)).

13A pinchout is the place where a body of rock that has been getting progressively thinner reaches zero thickness.
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DINOSAUR COUNTRY

Only the northern part of the
Newark Lowlands is in New
York State; it lies between the
Hudson Highlands and the
Manhattan Prong. The region
has a gently rolling surface bro-
ken by ridges. The Newark Low-
lands lie within the Newark
Basin, which is filled with the
sedimentary rocks of the
Newark Group. The Newark
Group is divided into the Stock-
ton Formation, the Lockatong
Formation, the Brunswick For-
mation, and the Hammer Creek
Conglomerate. The Palisades
Sill, a thick layer of igneous rock,
intruded the Newark Group 195
million years ago. It forms an
impressive vertical cliff along the
west bank of the Hudson River.
When the Palisades diabase
cooled and shrank, vertical frac-
tures broke it into tall, six-sided
columns. Another occurrence of
igneous rock, the Ladentown

CHAPTER 9

Newark Lowlands’

Basalt, may have the same
source as the Palisades, but the
molten rock flowed out on the
surface as a lava. Layers of simi-
lar basalt probably once lay on
top of the Brunswick Formation
in New York, but erosion has
removed it here. Today, basalt
lava flows are well exposed in
New Jersey, where they form the
Watchung Mountains. The
Newark Group is wedge-shaped,
and the resistant igneous rocks
form ridges. It contains a number
of faults and folds. The Newark
Basin is the largest of 13 Meso-
zoic basins along the east coast of
North America; these basins
formed when the supercontinent
of Pangea rifted. The rocks of the
Newark Lowlands enable us to
reconstruct the Triassic-Jurassic
environment of the Newark
Basin. By analyzing the gray
rocks of the Lockatong Forma-
tion, we can tell that they were
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deposited in a lake that expand-
ed and contracted as the climate
became wetter and then drier;
we find many such cycles in the
rock. The brown rocks of the
Stockton and Brunswick Forma-
tions were deposited in stream
beds and on stream banks. From
the distribution of the sedimen-
tary rocks, we conclude that the
region consisted of a long, nar-
row basin with streams flowing
from all sides into a central lake.
The lake level rose and fell peri-
odically; many plants grew
along the shore, and dinosaurs
waded in the shallows. Based on
radiometric dating of the Pal-
isades Sill and on fossils, we
think that the rocks of the
Newark Group were deposited
over a 35 million-year period
during the Late Triassic and
Early Jurassic.

INTRODUCTION

The Newark Lowlands lie west of the Coastal Plain
and east of the Ridge and Valley Province and Reading
Prong? (see Figure 1.1 and the Physiographic Map on
Plate 4 of the Geological Highway Map). The Lowlands
extend from the Nyack, New York, area across northeast-
ern New Jersey into Pennsylvania. The New York por-
tion is bounded on the northwest by the Hudson
Highlands of the Reading Prong and on the southeast by

1Adapted from a manuscript by W.B. Rogers.

the Manhattan Prong.3 Farther south, the Coastal Plain
forms the eastern boundary (see Chapter 10).

The Newark Lowlands are lower and flatter than the
land to the west because the bedrock, which includes dis-
tinctive red sandstone and shale, erodes more easily. The
Lowlands have a gently rolling surface that slopes down
to the (!east. This surface is broken by ridges that are made

of an igneous rock type called diabase, which resists ero-

2The Hudson Highlands are part of the Reading Prong. See Chapter 5 for more information.
3The Manhattan Prong forms the lowlands of Westchester County and the New York City region. See Chapter 5 for more information.
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Figure 9.1. Topographic map showing the escarpment formed where
the Ramapo Mountains of the Hudson Highlands border the Newark
Lowlands on the west. The Newark Lowlands were down-dropped
along the Ramapo Fault. The fault lies along the base of this escarp-
ment.

sion. The ridges run northeast-southwest. Streams tend
to cut channels in the softer red sandstone and shale
between the ridges. Thus, the main valleys, especially in
the northern half of the region, also run northeast-south-
west and parallel to the ridges. These streams empty into
Raritan Bay.

Along the northwest border, the Hudson Highlands
rise along an abrupt escarpment, or cliff (Figure 9.1). The
Hudson River flows along the southeastern boundary,
bordered by the Manhattan Prong (Figure 9.2).

ROCKS OF THE NEWARK LOWLANDS

The rocks of the Newark Lowlands lie in a large basin
called the Newark Basin (Figure 9.2). We call the sedimen-
tary rocks in the basin the Newark Group. Also present are
several igneous intrusions and lava flows.

The Newark Group is divided into four units: the
Stockton Formation, the Lockatong Formation, the
Brunswick Formation, and the Hammer Creek Conglom-

erate (Figure 9.3). The lowest and oldest of these units is
the Stockton Formation. It contains thick layers of sand-
stone and conglomerate that are rich in feldspar. These
layers alternate with silty and shaley mudstone.

The Lockatong Formation, in the middle of the
Newark Group, is not exposed in New York. It contains
dark gray to black shales rich in organic materials* and
limy mudstone. These rocks were probably deposited as
sediments in a large lake. The Lockatong contains superb
freshwater fossils, especially of fish. The fossils are found
in the old Granton Quarry near North Bergen, New Jer-
sey.

The Brunswick Formation consists of reddish-brown
shaley mudstone. The mudstone alternates with layers of
red-brown sandstone. These rocks gradually merge with
the coarse-grained Hammer Creek Conglomerate. This
conglomerate contains blocks and boulders (called clasts)
of various older rocks, mainly Cambrian and Ordovician
limestones and dolostones. Some of these clasts are as
large as one meter across. We can see the conglomerate
best near the western edge of the Newark Basin along the
Ramapo Fault.

Of the igneous rocks in the Newark Lowlands, the
most prominent is the Palisades Sill. It consists of the
rock diabase; it is medium to dark gray when it is freshly
broken. Diabase is made mainly of the dark green miner-
al pyroxene and the light gray mineral feldspar. Togeth-
er, these two minerals give the rock a dark-colored
“salt-and-pepper” appearance. Within the diabase, about
12-15 m above the base, we find a nearly pure layer of the
mineral olivine, about 4.5 to 6 m thick.

The Palisades Sill was intruded into the Stockton,
Lockatong, and lower Brunswick Formations about 195
million years ago, in Early Jurassic time. The Sill forms an
east-facing cliff 120-300 m thick and more than 65 km
long, along the west bank of the Hudson River (see Plate
2). It extends from west-central Staten Island to High Tor
at Haverstraw, New York. Seen from across the river, the
cliff looks like a colonial log stockade (a palisade), hence
its name (Figure 9.4).

How did the Palisades Sill get its column-like struc-
ture? As the rock cooled, it shrank. The shrinkage caused
vertical breaks, or fractures, in the rock. The fractures run
through the rock from top to bottom and break it into
tall, six-sided columns. Seen from above, these fractures
have a honeycomb pattern.

Another occurrence of igneous rock is at Ladentown. It
is basalt, which has the same mineral composition as dia-
base but is much finer grained. The Ladentown Basalt
has a smooth, wavy-looking surface and contains gas
bubblesb. It cooled and hardened at the surface as a lava.

40rganic materials are carbon-bearing remains of living things, such as plant material that has been partially turned to coal.
5This structure is similar to the ancient Watchung lava flows in New Jersey and modern lava flows in Hawaii.
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As it did, it shrank and developed curved fractures. Such
curved fractures are commonly found in surface lava
flows. The Palisades diabase and Ladentown basalt prob-
ably came from the same magma. '

As the Brunswick Formation in New Jersey was
deposited, basalt lava flowed out on the surface several
times, each time to be buried by later sediments as the
basin subsided (Figure 9.5). These basalt flows are similar
to modern flows in Hawaii and older flows in the north-
western United States. The basalt and intervening sedi-
meéntary layers probably once extended over much of-the
Newark Basin. However, erosion has worn much of them
away; they are now found only in the western part of the
Newark Lowlands.

The basalt flows are much more resistant to erosion
than the sedimentary rocks. Thus, they form the ridges
called the Watchung Mountains (Figure 9.5).

STRUCTURE OF THE ROCKS

The Newark Group is wedge-shaped in cross section
(Figure 9.5). The layers slope 10°-15° toward the north-
west. Where the sedimentary rocks have been eroded,;

some of the more resistant igneous layers form ridges-
that slope to the west. An excellent example of such a.,

slope can be seen along Interstate 95 in the New Jersey
meadowlands west of Manhattan. New Jersey Route 3
runs up the west side of a ridge, over the top, and down
to the Lincoln Tunnel. The west side of the ridge is a gen-
tle slope up to the summit of the Palisades Sill. This gen-
tle slope is the upper surface of the igneous layer. On the
other side of the ridge, however, the highway drops
steeply across the Palisades cliff.

Faults bound the northwestern edge of the Newark
Basin. In addition, many short north-south faults cross

the northern part of the basin and intersect the border

. fault at angles of 30°-45°.-

Folds, usually perpendicular to the border faults,
stretch from the northwest edge of the basin about a
fourth of the way across it. Many such folds occur along
the border faults.

The Newark Basin is the largest of 13 large basins filled
with early Mesozoic rocks along the east coast of North
America (Figure 9.6). These basins are scattered through-
out the Piedmont, New England, and Canadian Maritime
Provinces. They are generally long and narrow, and run
parallel to the coast. From their shape and position, scien-
tists have concluded that they formed when the continen-
tal crust was stretched and broken. This rifting happened
when the supercontinent of Pangea broke apart and the
present Atlantic Ocean basin began to open and widen
during the early Mesozoic (see Chapter 3 and the Tecton-
ic Map on Plate 4).

WHAT WAS THE ENVIRONMENT LIKE?

The gray rocks of the Lockatong Formation tell us a lot
about the nature of the environment at the time they
were deposited. Most of the formation consists of a cycle
with three parts. From bottom up, these rocks are: 1) thin
to very thick layers of gray siltstone, 2) thin layers of
black to green-gray siltstone rich in calcium carbonate,
and 3) thick layers of gray to gray-red sandstone or silt-
stone with cross-bedding (see Figure 7.1), fossil dinosaur
footprints, and holes left by roots of plants. These cycles
occur over and over again.

Each of the three rock types matches the kinds of sedi-
ments we would find in a lake at three different stages of
its development. We would find the first kind in a lake
that is expanding as the climate becomes wetter, the sec-
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Figure 9.5. Generalized cross section of the Newark Basin. Notice the Ramapo Fault that forms the border between the Ramapo Mountains of the Hud-
son Highlands and the down-dropped Newark Basin. Intrusions of diabase are shown in black. The sedimentary rocks (shale and sandstone) were
deposited horizontally; they were later tilted by downward movement along the Ramapo Fault. (The Hudson Highlands and the Manhattan Prong are
discussed in Chapter 5; the Atlantic Coastal Plain and the Fall Zone Peneplain are discussed in Chapter 10.)
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Figure 9.6. Other Mesozoic basins of eastern North America, similar to
the Newark Basin. These basins formed when large blocks of crust were
dropped down along faults. The basins gradually became filled with
Triassic and Jurassic sedimentary rocks and were intruded by diabase.
The basins formed because of rifting of the supercontinent Pangea. The
Newark Basin is the largest exposed basin in the figure. Notice the
inferred basins offshore. The contour line shows where the ocean is
1000 m deep. (See also the Tectonic Map on Plate 4.)

ond kind in a lake that has grown to its largest size in a
very wet climate, and the third kind in a lake that had
become very shallow as it evaporated under a dry cli-
mate.

Many such cycles are found in the center of the basin,
where each is about 5 m thick. Toward the edges of the
basin, however, the cycles are thinner; their arrangement
suggests that they were deposited in shallow lake water
close to shore. The fossils we find here support this inter-
pretation. We find many more fossil footprints and
remains of land plants at these margins than in the cen-
ter. What does all this evidence mean? It suggests that
the water was shallow enough for animals to walk in.
Also, that the shore was nearby—close enough for land
plants to fall into the water and be preserved there as
organic remains in the sediments.

Most of the brown and reddish brown rocks in the
Newark Basin originated as stream sediments. How do we
know that? Some of the sandstones have cross bedding,

which indicates they were deposited by moving water. The
sandstone and the conglomerate are typical of the rocks
formed in the stream beds or at the mouths of streams. In
the mudstones of the Brunswick Formation, we find the
impressions of roots and dinosaur footprints (Figure 9.7).
The muds were not deposited in the stream beds, but on
nearby stream banks and at stream mouths. In such places,
the running water would not wash them away.

When we put all this information together, we can
make a good guess about the kind of environment in
which the Newark rocks were formed. It was a long, nar-
row low place in the landscape with streams flowing in
from all sides. These streams deposited the sediments
that later became the brown rocks in the area. In the cen-
tral part of the depression was a lake whose shoreline
expanded and contracted as the lake level rose and fell.
In this lake were deposited the sediments that became
the gray rocks of the Newark Basin. The fossils show us
that there were many plants along the lake shore and the
stream courses. From the footprints, we also know that
dinosaurs walked along the water’s edge and waded in
the shallows.

Radiometric dating tells us that the igneous rocks of
the Palisades Sill were intruded into the Newark Group
about 195 million years ago, during the Early Jurassic.
That age helps us to determine the age of the sedimenta-
ry rocks as well. This sill cuts through the lower sedimen-
tary rocks. These rocks must therefore have been
deposited before the sill intruded. The upper layers that
were not cut by the igneous rocks were deposited after
the intrusion took place.

The sedimentary rocks of the Newark Basin have
many different kinds of fossils, both plants and animals.
We find pollen, spores, and plant remains as well as
many holes in the sediments made by plant roots; plants
must have been abundant. We have found the footprints
and remains of dinosaurs and an early pterosaur, or flying
reptile. Many of these fossils have been found in New
Jersey. So far, the only dinosaur fossils found in New
York State are the footprints of the carnivorous dinosaur
Coelophysis (Figure 9.7). We have also found the remains
of clams, arthropods, and fish. From studies of plant and
animal evolution through geologic time, we know
approximately when these particular plant and animal
species lived. Using that information, we are able to con-
clude that the sediments of the Newark Group were
deposited over a 35 million-year period during Late Tri-
assic and Early Jurassic time. An artist’s reconstruction of
the environment at that time, drawn from information
found in rocks of the Newark Basin and rocks of the
same age found elsewhere, is shown in Figure 9.8.
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REVIEW QUESTIONS AND EXERCISES

Most of the bedrock in this region is which type—
igneous, sedimentary, or metamorphic?

There are four major rock formations in this region.
Describe them. In what kind of environments did they
form?

What was happening in geologic history as the
Newark Lowlands bedrock was formed? How did that
create the environment where it was formed?
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Atlantic Coastal Plain and

Along the eastern edge of the
continent is a very gently slop-
ing surface that includes the
Coastal Plain and the sub-
merged continental shelf. It lies
between higher land to the west
and north and the continental
slope to the east. The Coastal
Plain is generally a flat, low-
lying area that slopes very gen-
tly toward the sea. The inner
edge of the Coastal Plain is the
edge of a wedge of Cretaceous
and younger sedimentary rocks.
Underneath the wedge is an ero-
sion surface of much older
rocks—the Fall Zone Peneplain.
As the younger rocks wear
away, the Fall Zone Peneplain
becomes exposed to erosion. We
have used various techniques to
trace the boundary between the

softer sedimentary rocks of the

Coastal Plain and the underlying
basement rocks of the Fall Zone

CHAPTER 10
AT THE BEACH

Continental Shelf’

SUMMARY

Peneplain. The sedimentary
rocks thicken as we move away
from land, so we conclude that
the eastern edge of North Amer-
ica is slowly sinking. Of the
rocks in this wedge, some were
deposited slightly above sea
level, and others slightly below
sea level. Based on fossil evi-
dence, we think that older rocks
are found farther offshore; this
conclusion reinforces the idea
that the edge of the continent is
sinking and the shoreline is
creeping inland. The rocks of the
Fall Zone Peneplain, all older
than Middle Jurassic, have been
tilted seaward. The younger
rocks above the erosion surface
were deposited at a time when
the edge of the continent was
gradually sinking. The edge of
North America was heated and
uplifted when Pangea rifted; it
has been sinking gradually since
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then. Sediments eroded from
highlands to the west built the
wedge of sedimentary deposits
as the shoreline gradually crept
inland. This process began in the
Middle Jurassic and continues
today. The Coastal Plain slopes
gently toward the sea because
the edge of the continent has
been sinking. The eroded edges
of more resistant layers on this
tilted surface stand up as ridges.
On the continental shelf, we find
channels that were cut by rivers
when the shelf was above sea
level during the Pleistocene
Epoch. We also find broad
ridges that mark former posi-
tions of the shoreline. Great
canyons in the edge of the conti-
nental shelf and the continental
slope may have been cut by cur-
rents filled with churned-up sed-
iment when the shelf was above
sea level.

INTRODUCTION

The Atlantic Coastal Plain is a very gently sloping land
surface near the eastern edge of the continent. It is part of
a continuous surface that extends offshore. The underwa-
ter section is called the continental shelf. The section above
the shoreline is called the Coastal Plain (see Figure 1.1 and
the Physiographic Map on Plate 4 of the Geological High-
way Map).

The Atlantic Coastal Plain and continental shelf com-
bined run from Newfoundland to Florida (Figure 10.1;

1Adapted from a manuscript by W.B. Rogers.

see also the Physiographic Map and text on Plate 4). The
surface is about 300 km wide for that entire distance.
However, varying widths of it are underwater at differ-
ent places along the coast. North of Cape Cod, for exam-
ple, the entire surface is submerged. In New York, parts
of Long Island and Staten Island are the only parts above
water. '
The Coastal Plain is bounded by higher ground on the
landward side. The eroded Cretaceous rocks of the
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Figure 10.1. Map of eastern North America, showing the Coastal Plain
and the continental shelf. Notice that the combined width of the two is
fairly constant from Georgia to Nova Scotia. The contact between the
Coastal Plain sediments and the bedrock to the west is called the fall
zone.

Coastal Plain end at this change in topography. The conti-
nental shelf is bounded on the east by a gently inclined
underwater surface called the continental slope (Figure
10.2).

The Atlantic Coastal Plain slopes very gently toward
the sea: only about 35 to 85 cm per kilometer.2 As a
whole, it tends to be flat, with rounded, gentle land-
scapes. In places in New Jersey, the Coastal Plain is more
than 105 m above sea level. However, more than half of it
in New Jersey is less than 30 m above sea level.
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Figure 10.2. This map of the sea floor off the Atlantic coast of North
America shows, going seaward, the nearly flat continental shelf, the
continental slope, and the continental rise. Contour lines show the
depth below sea level in fathoms (1 fathom = 6 feet). The contours
reveal the location of the Hudson Shelf Valley on the continental shelf,
the Hudson Canyon, and the Hudson Fan-Valley on the continental
rise.

/
Contours in fathoms, 1 fathom=4§ feet.

ROCKS OF THE ATLANTIC COASTAL PLAIN

Cretaceous and Tertiary sediments are part of a wedge
of deposits that thins westward towards the inner edge
of the Atlantic Coastal Plain. These sediments were
deposited in or close to the ocean, some near sea level
and some at moderate depths.

Underneath the wedge are older rocks of Early Jurassic
to Proterozoic age. These older rocks were eroded to a
rather flat surface before the Middle Jurassic. This ero-
sion surface is called the Fall Zone Peneplain (see Figure
9.5). The younger and softer sedimentary rocks cover the
resistant erosion surface as far west as the edge of the
Coastal Plain (Figure 10.1). Beyond that, these older rocks
make up the bedrock. The streams that flow eastward
across this boundary pass from the resistant rocks of the

2The Coastal Plain slopes twice as steeply as the continental shelf. That is still a very gentle slope.



Fall Zone Peneplain to the easily eroded Cretaceous sedi-
mentary rocks of the Coastal Plain. As a result, waterfalls
develop there. This boundary of the Coastal Plain is
therefore called the fall zone.

As the Coastal Plain sediments wear away, the Fall
Zone Peneplain is gradually becoming exposed. As the
older rocks are exposed at the surface, they also are being
eroded. The older rocks slope toward the sea at about 6
m per kilometer. This slope is quite gentle, but the slope
of the rest of the Atlantic Coastal Plain is much more gen-
tle.

It was by using the techniques of geophysics that we
were able to trace the boundary between the softer sedi-
mentary rocks and the older, underlying basement rocks.
To find out more about this boundary, we have drilled
several holes out to sea beneath the continental shelf. The
drilling program, combined with geophysical studies,
discovered a large buried trough, the Baltimore Canyon
Trough (Figure 10.1). This trough is a long basin that lies
under the outer part of the continental shelf south of

Long Island. The sedimentary rock in the trough appears
to be 12 km thick. On the Long Island Platform at the
edge of the shelf, the sedimentary rock is about half that
thick. At Fire Island on the south shore of Long Island,
the sedimentary section has thinned to 600 m.

This information leads us to think that the continent’s
edge is sinking. As the edge sinks, the sea water reaches
farther and farther inland. Thus, it deposits sediments
farther and farther inland on the continent. Areas out to
sea have been underwater the longest. Thus, we would
expect the sedimentary rocks to be thicker as we move
away from the land.

Additional details come from deep wells near the edge
of the continental shelf. The COST B-3 well was drilled
130 km south of Long Island in the-Baltimore Canyon
Trough (Figure 10.3)3. At a depth of over 4,890 m, the
hole had still not reached the basement rock. It stopped
in rock of Jurassic age. The rocks from the Early Creta-
ceous are nearly 2000 m thick in this well, but at the New
York shore, they have already thinned to zero thickness.
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Figure 10.3. Diagram of a cross section of the Baltimore Canyon Trough. The vertical scale is greatly exaggerated. See Figure 10.1 for location of Balti-

more Canyon Trough.

3COST stands for Continental Offshore Stratigraphic Test.



Rocks from the Late Cretaceous are 1000 m thick in the
well and 500 m thick at the south shore of Long Island.

These drastic changes in thickness reinforce the idea
that the eastern edge of the North American continent is
slowly sinking beneath sea level.* But there are other rea-
sons for differences in thickness. For example, sediments
can, under some circumstances, pile up faster in one
place than another during the same time period. In addi-
tion, these sediments were deposited on an uneven sur-
face. It was warped and had low spots and high spots.
Areas with low basement rocks flooded first as the edge
of the sea crept inland, and they received a thicker
sequence of sediments. Meanwhile, areas with a higher
basement stayed above the water for a longer time. As a
result, sediments will be thicker in the areas with a deep
basement and thinner in areas with a shallow basement.

Most of the rocks in the sedimentary wedge are sand-
stone and shale. We also find some clay mixed with car-
bonate sediments (called marl) and a little limestone.
Most of these rocks may have been deposited near shore,
but slightly above sea level, in rivers and swamps. The
rest would have been deposited in shallow water near
the shore in an environment like the present continental
shelf. The sediments deposited on the shelf contain a
green mineral called glauconite, which is found only in
marine rocks.

The oldest rocks we have found offshore are Jurassic,
as shown by the fossils they contain. These fossils, espe-
cially pollen and spores, also tell us that sediments piled
up almost continuously from the Jurassic through the
Tertiary.

This fossil evidence further reinforces the idea that the
ocean water is slowly advancing over the edge of the
continent. The areas farther offshore have older rocks;
this fact shows that they have been underwater longer.
Areas closer to shore have younger rocks, which shows
that they were flooded more recently.

GEOLOGIC HISTORY

The rocks of the Fall Zone Peneplain that lie under the
Atlantic Coastal Plain are all older than Middle Jurassic.
They include rocks of a variety of ages and structures.
These older rocks have been warped downward, and this
warping makes for a steeper slope for the Fall Zone Pene-
plain than for the Atlantic Coastal Plain.

Above these basement rocks, we find Jurassic and
Early Cretaceous rocks. They were originally deposited
near sea level. Today, they are found at much greater
depths—5 km below sea level near the edge of the conti-

nental shelf. Thus, we deduce that the continental shelf
has been gradually sinking as the sediments accumulat-
ed. This sinking has allowed a huge wedge of sediment
to be deposited along the edge of the continent, a wedge
that gets thicker the farther offshore we go.

When Pangea began to break up in the Late Triassic
and Early Jurassic (see Chapter 3), eastern North America
began to separate from Africa. Convection cells in the
mantle transferred heat to the lithosphere in this great
area. As the lithosphere was heated, it expanded slightly
in volume and floated higher on the mantle as a broad
upland. As this upland began to rise, it cracked, and
molten rock (magma) was injected into the cracks. The
convection cells flowed in opposite directions and
worked to pull this part of Pangea apart. The Atlantic
Ocean began to develop in a rift between eastern North
America and Africa. As the edge of the North American
continent got farther and farther from the magma that
continues, even today, to rise at the rift zone, it cooled,
became denser, and gradually sank. As it got lower, the
sea crept over its edge.

Sediments were eroded from the highlands in the west
and deposited along the seashore. They gradually built
up into a wedge of sedimentary deposits. The location of
the shoreline varied through time. It depended on how
fast the land was sinking, as well as the rate that sedi-
ments were deposited. However, more important, proba-
bly, was the spreading rate of the growing Atlantic
Ocean. During rapid spreading, more lavas were intrud-
ed along the rift in the center of the mid-oceanic ridge.
This activity increased the size of the ridge and caused
sea level to rise. The effect would be the same as piling a
ridge of rocks, for example, along the bottom of a bathtub
filled with water. The final effect of all these factors was
that, slowly but surely, the shoreline crept inland until it
reached its present position.

At times, the shoreline was out along the edge of the
continental shelf. At those times, sediments poured down
canyons on the continental slope to form great sedimen-
tary aprons at its base.

As the shoreline crept landward past the edge of the
continental shelf, the shelf began to become covered by
sedimentary deposits. These deposits included deltas
laid down by streams that flowed into the ocean. They
also included near-shore marine sediments. These
deposits continued to accumulate through the Middle
and Late Jurassic, the Cretaceous, and the Tertiary. This
process continues today.

The sedimentary layers that make up the Atlantic
Coastal Plain were once horizontal. They now dip gently
(between 1/3° and 1°) seaward. This slope was created

4According to geophysics, the edge of the continent is on the continental slope. It is there that the crust changes from continental crust to oceanic crust.



by the gradual sinking of the edge of the continent. Some
of the sedimentary layers resist erosion better than oth-
ers."The eroded edges of the harder layers form ridges.
They stand up above the softer rocks that have been
worn away around them. The ridges and valleys we see
on the Atlantic Coastal Plain were formed in this way.

Fifteen thousand years ago, during the Pleistocene
Epoch, sea level was 100 m lower than it is today (see
Chapter 12). With sea level so much lower, the shoreline
was-out near the present shelf edge. Rivers flowed to this
distant shoreline across what is now the submerged con-
tinental shelf. The channels of these rivers were partly
filled with sediments as the sea level rose again. Howev-
er, we can still see them on the shelf. They are called shelf
valleys. One good example is the Hudson Shelf Valley
(Figure 10.2 and the Physiographic Map on Plate 4). It
extends from New York Bay across the shelf to the shelf
edge, where it merges with the Hudson Canyon.

On the continental shelf, we also find broad ridges.
They run generally parallel to the present shoreline. We
believe that these ridges are old barrier islands that mark
former positions of the shoreline. These islands were
flooded as the sea level rose rapidly. Modern currents are
gradually wearing them away.

The edge of the continental shelf and the continental
slope are cut by great canyons eroded into the sedimen-
tary apron. We don’t know exactly how these canyons
were formed. However, when the shoreline was close to
the present edge of the continental shelf, rivers occupied
shelf valleys and flowed to the shelf edge. We think that
sediments may have been dumped at the points where
the rivers reached the sea near the top of the continental
slope. This accumulation caused giant slumps and sedi-

‘ment-laden currents to careen down the continental

slope, eroding the underwater canyons on the way.

REVIEW QUESTIONS AND EXERCISES

Most of the bedrock near the land surface in this region
is which type—igneous, sedimentary, or metamorphic?

How does the thickness of the bedrock in this region
vary? How does the age of the bedrock vary?

The variations in age and thickness tell us about a pro-
cess that is still going on today. What is that process?
Why is it happening?
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CHAPTER 11

THE MISSING RECORD

During the Tertiary Period,
uplift and erosion of eastern
North America carved most of
the major features of the State’s
modern topography. Very few
rocks or sediments from the Ter-
tiary are found in New York,
although they are important
units in the coastal plains of the

Tertiary Period’

SUMMARY

southeastern U.S. From plant
remains and tiny fossils in these
Tertiary sediments, we learn that
the climate was warm during
the early Tertiary but began to
cool gradually 22 million years
ago. The warm climate of the
early Tertiary encouraged chem-
ical weathering in the shaping of

New York’s landscape. By look-
ing at the modern landscape, we
can reconstruct where major
rivers were during the Tertiary,
before the drainage was changed
dramatically by the glaciers of
the Pleistocene.

INTRODUCTION

The most recent geologic era—the one we're still living
in today—is the Cenozoic. It began 66 million years ago,
when -the extinctions of the dinosaurs and many other
species brought the Mesozoic Era to an end. The Ceno-
zoic Era includes the Tertiary Period, plus the Quater-
nary Period, which is the-most recent 1.6 million years.

When the Cenozoic began, New York’s bedrock had
been formed. But the land surface looked very different
from what we see today.

CARVING THE LANDSCAPE

By the Middle Jurassic, New York’s bedrock had been
eroded down to a flat plain. This erosion surface is called
the Fall Zone Peneplain. During the middle part of the
Cretaceous, the Fall Zone Peneplain was uplifted, and
running water began to cut into it. To the east, the Pene-
plain dipped beneath the widening Atlantic Ocean.
There, it.was covered by Coastal Plain deposits and is
still preserved deep beneath the surface. However, wher-
ever the Fall Zone Peneplain was exposed in New York
State, it was destroyed by erosion that accompanied slow
uplift along the eastern seaboard.

The modern landscapes of New York developed in the
Cenozoic Era. During that time, most of eastern North

lAdapted from a manuscript by W.B. Rogers.

America continued to be uplifted, weathered, and erod-
ed. As the land was uplifted, water flowed from the high
areas down to the seas. The rush of water over millions
of years sculpted the features of the landscape.

By the end of the Tertiary, the major features of our
modern topography had already been formed. (The cir-
cular Adirondack Mountain dome may be an exception.
It may have only begun rising at that time.) These fea-
tures, and especially drainage, were later modified by ice
sheets during the Pleistocene Epoch. We'll discuss glacial
effects in the next chapter.

TERTIARY ROCK—
MISSING ON THE MAINLAND

The sediments from the erosion of eastern North
America were deposited during the Tertiary Period. In
some western states, sedimentary rocks and igneous
intrusions from the Tertiary Period are extensive. How-
ever, very little rock of that age remains in New York
State. Some exists in nearby areas, though. We find a
small Oligocene deposit of a kind of brownish-black coal
called lignite in western Vermont near Brandon. Some
Tertiary rock exists in the Coastal Plain deposits of states
to the south and offshore on the continental shelf. From



the amount of sediment on the shelf today, we deduce
that several kilometers of rock were eroded from New
York and New England during the Cretaceous and early
Tertiary.

RECONSTRUCTING THE TERTIARY CLIMATE

With no Tertiary rock exposed in New York State, can
we still figure out what happened in our region during
that time? Yes, we can, with a little geological detective
work. For evidence, we look at the Tertiary sediments on
the continental shelf and slope off our shore.

Deep holes have been drilled near the coastline of cen-
tral New Jersey and on the outer part of the continental
shelf south of Long Island to sample to rock there. These
samples show us that the Tertiary deposits are about 130
m thick along the shore but much thicker—1500 m—near
the shelf edge. Much of this increased thickness was
- deposited during the middle Miocene Epoch.

We know the age of these deposits by studying the fos-
sils found in them. The fossils are small and unspectacu-
lar looking, but they give us a great deal of useful
information. They include microscopic plants and pollen
as well as one-celled animals. These fossils tell us the age
of the sediments and whether they were deposited on sea
or on land. They also tell us what the climate was at the
time. '

Where we find tiny one-celled animals called
foraminifera, we know that the sediment was deposited in
the ocean. In contrast, where we find abundant plant
pollen, we know that the sediment was deposited on
land.

By identifying the pollen found in the sediments, we
can see how the climate changed over time. Each type of
plant produces its-own kind of pollen. Suppose, for
example, we found pollen from spruce and fir trees in
one layer and pollen from pine and oak trees in a
younger layer. Spruce and fir trees live in subarctic to
cool temperate climates, which are warmer than arctic
climates, but still fairly cold. Pine and oak trees live in
temperate climates that are still warmer and more hos-
pitable. A plant succession like the one described in this
paragraph would show that the climate gradually
became warmer.

We can find similar climate clues in the foraminifera.
The various species change, depending on the tempera-
ture and depth of the water at the time.

In a manner like that described above, we have assem-
bled the evidence provided by fossil pollen and
foraminifera from the Tertiary Period. From this evi-
dence, we have concluded that the Tertiary climate in
northeastern North America varied from humid subtrop-
ical to arid and cold.

In most of the early Tertiary, New York was much
warmer than it is today—it was between warm temper-
ate and subtropical. The average annual temperature was
about 5 degrees higher than today’s annual average of
8°C. Frosty mornings were rare, even during the winter.
About 22 million years ago, the climate began to cool
gradually. At the end of the Tertiary, about 1.6 million
years ago, a cool temperate climate was established. This
climate was interrupted by four long “cold snaps,” which
will be discussed in the next chapter.

TERTIARY WEATHERING AND EROSION

Temperature and precipitation strongly influenced the
shaping of New York State’s landscapes during the Ter-
tiary. In warm moist climates, chemical weathering is rel-
atively rapid. Rocks are changed chemically by being
exposed to water, oxygen, carbon dioxide, and acids
derived from the decay of plants.

'In the warm climate of most of the Tertiary, New York
experienced deep chemical weathering. Water carried
away the dissolved and fine-grained products of the
weathering. Saprolites were left behind—deeply weath-
ered rock material composed of the resistant grains that
did not dissolve. Saprolite disintegrates easily and is
eroded quickly by runoff, landslides, and the steady pull
of materials downslope- by gravity. It also becomes hid-
den by plant growth. Scattered remains of saprolites
have been uncovered during highway construction in the
Adirondacks, the Catskills, and the New York City area.
These remnants are all that is left of the deep soils formed
during the Tertiary.

Almost all of the Tertiary soil was carried away by
glacial ice during the Pleistocene Epoch—the subject of
the next chapter. However, scientists now believe that the
worldwide cooling that produced the Ice Age began in
late Tertiary time, at least 10 million years before the
advance of the glaciers.

Different kinds of rock erode more or less easily. Gran-
ite and some conglomerates and sandstones resist both
chemical and mechanical weathering. Because they are
not easily eroded, they tend to form uplands. On the
other hand, shales and limestones are easily altered or
dissolved by weathering processes. They are eroded to
form lowlands. Thus, the different kinds of bedrock in
New York determined how the landscape was shaped by
erosion in the Tertiary.

TERTIARY RIVER SYSTEMS

The shape of the modern landscape gives us clues to
how that erosion happened. Careful study of New York’s
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Figure 11.1. The map in (A) is a hypothetical reconstruction of the location of New York State rivers during the Tertiary. The reconstruction is based
on the remains we have found of former stream valleys. Compare these rivers with the modern, postglacial rivers in (B). Notice how the drainage
divides differ. Notice also that the Great Lakes and Finger Lakes were stream valleys, not lakes, during the Tertiary.

present landscapes lets us deduce earlier drainage pat-
terns. In some places there are V-shaped cuts through
upland areas that must have been made by major rivers.
However, today these cuts are dry or occupied only by
small streams. In other places deep valleys cut in bedrock
were later completely filled with sand and gravel. These
valleys have been discovered by well drillers.

From information of this kind, we have deduced the
locations of major river valleys during the late Tertiary.
The reconstructed Tertiary drainage patterns in New
York State are shown in Figure 11.1A. For comparison,
Figure 11.1B shows New York’s modern drainage pat-
tern.

The river that eroded the soft Middle Devonian shales
of the Erie Basin has been named the Erian. The river that
eroded the weak Ordovician shales of the Ontario Basin
has been named the Ontarian. The preglacial Allegheny
River flowed into the Erian River, which in turn flowed
west into the Mississippi Basin. The Ontarian River
drained northwest into Hudson Bay. The preglacial west-
ern St. Lawrence and Black Rivers and streams from the
western Adirondacks flowed into the Ontarian. So did
the rivers that flowed north through valleys in central
New York. Today, these latter valleys hold the Finger
Lakes.

The preglacial Hudson, Delaware, and Susquehanna
Rivers generally flowed south toward the Atlantic Ocean.
An eastward-flowing stream, the Sound River, flowed
where we find Long Island Sound today.

These ancestral river systems carved the landmasses of
New York into the broad outlines of the present land-
scape. The major hills and valleys were all in place. But if
we went back in time, we would not recognize much of
the landscape. There was still one large event needed to
finish the job. The Ice Age was coming,.

REVIEW QUESTIONS AND EXERCISES

Where do we find Tertiary sediments in New York? In
nearby areas?

What clues tell us about the climate in the Tertiary?
What conclusions have we reached about New York’s
Tertiary climate?

How do we know where rivers flowed during the Ter-
tiary?



From the digital collections of the New York State Library.



During the Pleistocene Epoch,
which began 1.6 million years
ago, climates grew colder
around the world for reasons
that are not yet clear. Huge ice
sheets advanced and retreated
several times in the northern
hemisphere. The last advance of
these ice sheets, which occurred
during the Wisconsinan Stage,
reached its maximum in New
York State about 21,750 years
ago. The glacier accomplished
spectacular erosion, scraping
away soil and loose sediments,
wearing away bedrock, and

CHAPTER 12
THE BiG CHILL

The Pleistocene Epoch’

SUMMARY

troughs. It also deposited the
rock debris it carried in a variety
of distinctive landforms. Glacial
debris dammed many rivers and
changed the State’s drainage
profoundly. The Wisconsinan ice
sheet retreated from New York
about 10,000 years ago. As it
melted, it released huge volumes
of meltwater. Where glacial
debris had dammed valleys, vast
temporary lakes were formed.
Many of these glacial lakes have
long since drained, although
small remnants, including the
Great Lakes and the Finger
Lakes, still exist. At the close of

the Pleistocene, meltwater from
glaciers around the northern
hemisphere raised sea level. The
ocean flooded low-lying areas
that had been depressed by the
weight of the ice. Since then, the
land has rebounded, causing the
shorelines to shift to their pre-
sent positions. In spite of the
harsh climate during ice ad-
vance, a rich variety of plants
and animals thrived south of the
ice front. Many of the species
still exist, but many others have
become extinct.

gouging river valleys into deep

INTRODUCTION

Soils form by chemical and physical breakdown of the
underlying bedrock. However, in much of the northern
hemisphere, including New York State, the composition of
the soil is different from that of the bedrock beneath. The
soil, therefore, could not have formed in place. How did
New York’s soil come to be where it is? How can we
explain unusual features of New York’s rivers and
streams? What unusual landforms do we find, and how
did they get here? Why is Whiteface Mountain such a
steep-sided peak? Why do ocean tides flow up the Hud-
son River halfway to Canada? How did the Finger Lakes
.and the many other lakes in the State come to be? What do
the remains of the wooly mammoth and other animals tell
us about the past? These questions may seem very differ-
ent, but the answers are all related. They all have to do
with the Pleistocene Epoch—also called the Ice Age.

In this chapter we will discuss what we know about
the Ice Age. Why do we think that a continental ice sheet

]Adapted from a manuscript by D.H. Cadwell.

once covered nearly all of New York State? When was
the ice here? How do we know which way the ice sheet
moved, how thick it was, or how it affected the land-
scape? These questions and others were asked by geolo-
gists in the past, and we continue to seek answers today.
From the answers we have so far, we can reconstruct a
geologic history of the Pleistocene Epoch.

Nearly all of New York State is covered by a variety of
loose rock debris carried southward by glaciers. The
glaciers formed in the arctic regions, grew, and merged
into large ice sheets that slowly flowed southward into
normally temperate zones. Eventually, immense blankets
of ice, perhaps 2 km thick, covered much of the northern
hemisphere (Figure 12.1). The glaciers changed the land-
scape at an amazing speed compared to other geologic
processes. We see their effects everywhere across New
York.



From the digital collections of the New York State Library.



How DID THE ICE AGE BEGIN?

The Pleistocene Epoch was a very recent chapter in the
earth’s history. It began about 1.6 million years ago; it
ended only about 10,000 years ago, when the last glaciers
melted northward. Or did it end? Some scientists believe
that the Ice Age isn’t over yet. During the Pleistocene, the
ice advanced and retreated several times. Today’s
warmer climates may be just another interglacial lull; the
glaciers could return someday. After all, ice sheets still
occupy Greenland and Antarctica. We have no sure way
of predicting a future ice age, but it is a real possibility.

About 10 million years ago, during the last part of the
Tertiary Period, temperatures around the world began to
drop. (We can trace the changes in climate by studying
fossil plants and their pollen.) Tropical areas became sub-
tropical. In turn, subtropical areas became temperate.
Cooling continued. Eventually, the temperatures in the
northern hemisphere became low enough to produce the
icy climates of the Pleistocene.

In Pleistocene North America, snow remained on the
ground all year long as far south as central New Jersey.
This year-round winter happened not just on the cold
mountain tops, but even at sea level.

During the Pleistocene Epoch, glaciers expanded dra-
matically in the northern hemisphere around the world.
As the depth of the snow cover increased, vast ice sheets
called continental glaciers began to flow south from arctic
and subarctic regions. As they advanced, they merged
with smaller mountain glaciers that had formed earlier.
These mountain glaciers were streams of ice that flowed
down the valleys in mountainous regions. The continen-
tal ice sheets that spread across northern North America
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and Eurasia (Figure 12.1) eventually reached 1 to 2 km in
thickness. How do we know? We find, for example,
scratches and grooves left by glaciers on the highest
peaks in the Adirondacks—1.6 km high. This fact tells us
that the ice was thicker than 1.6 km. At the height of the
Ice Age, almost one third of the earth’s land surface was
covered by ice.

How low did the temperature have to drop to produce
the Ice Age? Surprisingly, average temperatures world-
wide were probably only about 5°C lower than today!

THE ADVANCE

Continental ice sheets began to flow south from the
arctic and subarctic regions 1.6 million years ago. Once
the glaciers started to move, a chain of events sustained
the frigid new conditions.

When warm air from the south reached the glacier, it
rose over the surface of the ice and cooled abruptly. As
the air cooled, the moisture in it condensed and fell as
snow. More and more snow piled up. The weight of new
snow continuously compacted the snow beneath into ice.
The pressure continued to build up and forced the ice to
flow out in all directions (Figure 12.2). Centimeter by
centimeter, kilometer by kilometer, the glacier crept
along. How fast did it move? Some modern glaciers
advance a meter or so each day. We can guess that the
Pleistocene glaciers behaved in the same way.

Eventually the ice front reached a warmer area—either
at a lower elevation or farther to the south. When the
average temperature was high enough, the ice along the
front melted as fast as the ice behind it pushed forward.

Figure 12.2. This diagram is a simplified cross section of an ice sheet. Notice the snow feeding the glacier behind the ice front and the ice flowing,

even riding over low hills. (The vertical scale is highly exaggerated.)




As long as melting balanced forward flow, the glacier’s
front remained in one place.

The ice sheet that invaded New York is called the Lau-
rentide Ice Sheet (Figure 12.3). It started in the Laurentian
Mountains of Quebec and the uplands of eastern Quebec
and Labrador. Almost all of New York State, nearly
130,000 km2, was covered by the ice. Even so, that was
only about one percent of the total area covered by the
ice sheets in North America. About 21,750 years ago, the
Laurentide Ice Sheet covered nearly 13 million km?2.
Northeast North America looked something like Antarc-
tica does today.

The enormous quantity of water frozen into snow and
ice during the Ice Age lowered sea level by about 100 m
worldwide. What evidence do we find in New York State
for this drop? With sea level that low, much-of the conti-
nental shelf offshore of New York would have been dry
land. Today, we can find channels on the shelf that were
cut by rivers. However, the channels are now under the
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Figure 12.3. This map shows the part of the Laurentide Ice Sheet that
covered almost all of New York State. The Terminal Moraine shows the
maximum advance of the last ice sheet. Long Island contains two
moraines. The island as we see it above sea level is a large dumping
ground of glacial clay, sand, gravel, and boulders. The pile of glacial
material that forms the Valley Heads Moraine has created a drainage
divide across the middle of the State (see Figure 16.1).

The glacier flowed across New York State in connected ice streams,
or lobes. The Erie Lobe flowed southeast, out of the Erie Basin. The
Ontario Lobe flowed southwest across the St. Lawrence and Ontario
Lowlands, then changed direction to flow south and southeast into the
Appalachian and Tug Hill Uplands. The Salamanca Re-entrant of
southwestern New York, where two lobes joined, escaped being cov-
ered by the last ice advance. The Hudson-Champlain Lobe advanced
through the Champlain and Hudson Lowlands and eventually reached
Long Island. Parts of the Hudson-Champlain Lobe spread into the
Adirondack Mountains, Mohawk Valley, Catskill Mountains, and
Taconic Mountains. It also covered northern Long Island, west of Lake
Ronkonkoma. The Connecticut Valley Lobe covered northern Long
Island east of Lake Ronkonkoma.

sea and partly filled with sediment (see Chapter 10).
Rooted tree stumps have also been found underwater on
the continental shelf.

After the continental ice sheet melted, the meltwater
raised sea level again—about 100 m. Today ocean tides
move up the Hudson River as far north as Albany and
Troy. (The salt water does not extend north of Pough-
keepsie, though, because the river flow pushes it back.)
The Hudson River south of Troy is therefore actually an
estuary, or arm of the sea. Where it flows through the
Hudson Highlands, the Hudson is a fjord—a long, nar-
row bay with cliffs on either side. The water in the lower
Hudson is deep enough to accommodate large ships. It
was the Ice Age that deepened the Hudson River and
enabled Albany to become a port for ocean-going vessels.

How do we reconstruct what the ice sheets did in New
York? We look at the many clues they left behind (Figure
12.4). As the glacier advanced, it scratched and grooved
the bedrock and streamlined the landscape. Then as it
melted, it left great quantities of rock debris in a wide
variety of deposits. By examining such clues, we can
deduce the directions of ice movement across the State.
We find that the ice sheet flowed across New York in “ice
streams,” or lobes (Figure 12.3).

During the Pleistocene Epoch, the Laurentide Ice Sheet
made four major advances into the northern United
States. Between advances, warm stages caused the ice
sheet to retreat back into Canada. During these inter-
glacial lulls, temperatures were probably even a bit
warmer than today! How do we know that there were
four separate advances? The best evidence for multiple
advances comes from glacial deposits in the Midwest. In
New York State, however, nearly all traces of earlier
glacial stages were removed by the last advance, which
happened during the last part of the Pleistocene Epoch,
called the Wisconsinan Stage. It covered almost the entire
State and left almost all the glacial deposits we find here
today. The only exception is an area called the Salamarnca
Re-entrant (Figure 12.3), which is part of Allegany State
Park. It was ice-free during the Wisconsinan Stage,
although scattered evidence suggests that it was covered
during an earlier advance.

The oldest Pleistocene deposits in New York are marine
gravels found in deep wells on Long Island, soils pre-
served in a ravine near Cayuga Lake, sediments unearthed
in excavations near Otto, Cattaraugus County, and buried
soils in wells in the Schoharie Valley. These materials may
have been deposited during any of the warm interglacial
periods before the Wisconsinan Stage. They may also have
been deposited during a temporary retreat of the glacier in
the middle of the Wisconsinan Stage.

The glacier affected the landscape through two pro-
cesses—erosion and deposition. We consider these pro-
cesses next.
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Figure 12.4. This map of New York State and surrounding areas shows the locations of moraine deposits; it also includes features like drumlins and striations that indicate the direction
of glacial flow. It was by looking at such evidence that scientists reconstructed the history of the Pleistocene Epoch in New York. The map also indicates position of the edge of the ice
sheet at various times.
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Figure 12.7. These diagrams show various types of landforms and glacial deposits left behind by continental glaciers. We study such features of
New York’s landscape and compare them with features of areas bemg glaciated today. With this information, we are able to deduce the glacial his-
tory of our State. (From Geomorphalogy by A.K. Lobeck. Copyright® 1939. Published by McGraw-Hill, Inc., New York, NY. Reproduced by permis-

sion of McGraw-Hill.)

buried pre-glacial river channel that once drained the
Lake George valley. That channel, now filled with glacial
debris, passes southward beneath Saratoga Lake and
Round Lake. The postglacial Hudson River has cut a new
channel to the east.

The most widespread type of glacial debris is till. Till is
a dense, unsorted mixture of clay, sand, gravel, and boul-
ders (Figure 12.13).

In places, after depositing till, the ice continued to
move over it, molding it. In such areas, till deposits are
usually streamlined or gently rounded. Cigar-shaped
hills of till are called drumlins. These hills are steeper on
the upstream end—the direction from which the ice
flowed (Figure 12.14). Hill Cumorah near Palmyra,

where Joseph Smith reported seeing a vision that led him
to found the Mormon church, is a drumlin. (It is shown
in the lower left corner of Figure 12.15.) Some drumlins
have a bedrock core with till plastered on the outside.
They are called rock drumlins.

The lowland between Rochester and Syracuse is stud-
ded with drumlins—some 10,000 of them. (Figure 12.16
shows their general location; see also Figure 12.15 and
Plate 1 of the Geological Highway Map.) It is one of the
greatest drumlin fields in the world.

As glacial ice melted, streams of meltwater flowed
over, under, through, and beside the glacial ice. These
streams deposited sand and gravel in a variety of forms.
Because these deposits were laid down by running
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CHAPTER 13
ICE SCULPTING

Glacial Features of New York State’

Almost all of the glacial
deposits in New York State were
made during the last advance of
the Wisconsinan ice sheet, which
occurred during the Woodfor-
dian Substage. The glacier creat-
ed different kinds of features in
regions with different bedrock
and physiography. This chapter
lists some important glacial fea-

SUMMARY

tures found in each of nine
regions across New York State.
The regions discussed are the
Adirondack Mountains, the
Hudson-Mohawk Lowlands, the
St. Lawrence-Champlain Low-
lands, the Erie and Ontario Low-
lands, the Tug Hill Plateau, the
Appalachian Plateaus (which
include the Allegheny Plateau

and the Catskill Mountains in
New York), the New England
Province (which includes the
Hudson Highlands, the Manhat-
tan Prong, and the Taconic
Mountains), the Newark Low-
lands, and the Atlantic Coastal
Plain (including Long Island).

INTRODUCTION

The Pleistocene Epoch was marked by four major
intervals of glaciation; some of these intervals had multi-
ple advances of ice. The glacial features we see today in
New York State were made by the advances and retreats
of the last ice sheet, the Laurentide, during the Wisconsi-
nan Stage. Its last advance occurred during the last part
of the Wisconsinan Stage, called the Woodfordian Substage.
It destroyed nearly all of the signs left by earlier glaciers
in our State. .

In a few sheltered places in New York we still find evi-
dence of earlier Pleistocene deposits that underlie the
deposits of the Woodfordian Substage. Two examples are
soils preserved in a ravine near Cayuga Lake and soils
near Otto in western New York. These soils are 35,000-
60,000 years old and probably formed during a warm
interglacial episode. (The last glacier retreated between
8,000 and 15,000 years ago.) We do radiocarbon dating of
the plant and animal remains in the soils to find these
ages.

As it retreated, the ice sheet of the Woodfordian Sub-
stage did not melt uniformly. Sometimes the melting was
balanced by the forward flow of the ice; at those times,
deposits piled up alongside the stationary front of the ice
sheet. Other times the ice readvanced and disrupted ear-
lier deposits and mixed them into new ones. Thus, we

lAdapted from a manuscript by D.H. Cadwell.

have to study each glacial deposit carefully. We need to
figure out whether a deposit was formed when the
glacier was retreating, when it was standing still, or
when it was advancing,.

A great variety of glacial deposits are found in New
York State. The ice sheets advanced and retreated in dif-
ferent ways and times in different areas. The kind of
bedrock and the shape of the landscape in a region
strongly influenced the formation of glacial features. For
example, the Adirondack Mountains, made up of con-
torted, hard, metamorphic rocks, have different glacial
features than the Allegheny Plateau, with its softer, flat-
lying, sedimentary rocks. Because of such differences, we
have divided the State into regions (see Figure 1.1) and
will look at each region separately.

A list of all the glacial features in each region would be
very long. We will discuss only the most important. For
an explanation of unfamiliar terms for glacial features,
see Chapter 12 or the Glossary.

ADIRONDACK MOUNTAINS

The last glacier moved southwest across the Adiron-
dack Mountains. How do we know the direction? The
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port was deposited by water flowing down the Fulton-
Chain-of-Lakes and through the Plains area of the Moose
River. Glacial Lake Elizabethtown spilled through
Underwood Gap into Glacial Lake Warrensburg,.

Glacial Lake Warrensburg filled what is now the
Schroon River valley. It also stretched from Deadwater
Pond to Corinth in the Hudson River valley. The water in
this lake was held in by a wall of ice that extended from
Glens Falls to Saratoga Springs.

Glacial Lake Warrensburg may have been fed by melt-
water from small glaciers that remained behind in the
mountains. Why do we infer that? We can still see the
cirques formed by these glaciers west of Piseco Lake and
on Giant and Whiteface Mountains (see Figure 12.12).

Some ranges in the Adirondack Mountains were at an
angle to the direction of ice flow and formed an obstruc-
tion to the ice sheet’s flow. Such obstructions locally
shielded some fragile preglacial soils from glacial ero-
sion. We have found Tertiary soils and deeply weathered
bedrock dating from before the Wisconsinan Stage in a
number of places where road cuts have been blasted.
These Tertiary soils are soft, commonly rust-colored,
completely decomposed rock. These exposures therefore
quickly deteriorate, but some can be see along Route 9
and the Northway north of Lake George. Others occur
near Honnedaga Lake and near Lake Pleasant.

At Tahawus in the Adirondacks also, there are Pleis-
tocene deposits older than the Woodfordian Substage.
Here, we have found wood fragments and plant debris
more than 40,000 years old in nonglacial lake sediments
preserved between two layers of till. This site therefore
provides evidence for two episodes of glaciation in the
central Adirondack Mountains.

Review Questions and Exercises

How can we tell what direction the glacier moved in
this region?

What sort of clues tell us about the locations of glacial
lakes?

What is the till like in this region? Why is it different
from other regions in the State?

HupsON-MOBAWK LOWLANDS

Between 20,000 and 13,000 years ago, a large lake,
Glacial Lake Albany, filled the Hudson Valley (see Figure
12.23). Glacial Lake Albany was 50 km wide at Schenec-
tady, its widest point.‘ It was 320 km long, extending from
Glens Falls to New York City. At Albany, it was 120 m
deep. Its southern end was dammed by the Terminal

Moraine of the Wisconsinan ice sheet, in the New York
City area (see Figure 12.3). Its northern end was blocked
by the front of the retreating glacier.

At first, the Terminal Moraine extended as a ridge
across New York Bay from Long Island to Staten Island
(see Figure 12.3). Exactly how Lake Albany drained is
still an unanswered question. 