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Preface

Geology is an inherently local subject. No two places share exactly the same
sequence of geological events that led to the way they are today. In this sense,
geology is a subject to be explored in one’s own neighborhood, examining the detailed
sequence of rocks for the history that has gone on under our feet. What is not
possible from only one location is making sense of why this particular sequence of
rocks formed when and where it did, particularly relative to sequences in other

places around it.

The distribution of rocks and landforms can be explained by processes that
shape areas covering thousands of kilometers, such as the volcanism, mountain
building, and sedimentary basins that accompany converging tectonic plates. These

processes link widely separated sequences in a common history.

Earth science educators at the Faleontological Research Institution, in
working with teachers, have noted that ho single source for educators exists that
attempts to make sense of the disparate local features of the Northeastern United
States in terms of a basic sequence of historical events and processes. Nationally
distributed textbooks make few references specifically to the Northeast region.
While a humber of reasonably good resources exist for individual states, these do
not take enough geographic scope into account to show how, say, the coals of
Pennsyvlania are related to the Late Ordovician limestones of Upstate New York, or
how the igneous intrusions into Maine are related to the dinosaur-footprint bearing
rocks of the Connecticut River Valley. Further, these resources are not necessarily
“teacher-friendly,” or written with an eye toward the kind of information and graphice
that a secondary school teachers might need in their classrooms. This guide is
intended to fill this need for teachers.

Explaining w#y geological features occur when and where they do is the most
effective way of providing students with a tool to remember and predict the nature
of local geology. The ‘Northeast’ is of the right scale to discuss the evolution of
signficant portions of mountain ranges and sedimentary basins, and to be illustra-
tive of a wide spectrum of geological processes. The size of the region is, however,
sufficiently limited that the distance between any two points is within a day’s drive,

and geological phenomena can be illustrated with examples in areas students and



vi

teachers are likely to have been to or at least heard of. Since regional rocks and
landforms are relatively accessible, geology at this scale is an excellent subject for
hands-on, inquiry-based teaching using real materials and examples. A transect
across the Northeast in several places will reveal most major rock types that
students need to know and will come into contact with over the course of their
lifetimes.

The chapters chosen are by no means an exhaustive list of possible topics,
but reflect especially the historical side of “solid Earth” geosciences. Each chap-
ter starts with a Big Picture overview, then (in most chapters) a brief review,
followed by a description of the geology of four natural geological regions within
the Northeast. The activities at the end of each chapter are open-ended; they
should be treated as suggestions in need of modification according to student
background and curricular goals. Some activities depend on extra materials, but
most can be done with appropriate geologic and topographic maps and a copy of
the American Association of Petroleum Geologists Geological Highway Map of the
Northeastern U.S. (see General Resources). There is a resource list at the end of
each chapter, as well as a detailed list of specific resources for each state at the
beginning of The Guide.

The second Saturday of each month in the exhibit epace at PRl is a day
the public brings fossils for identification by a paleontologist. When someone
brings a fossil the first question we ask is “Where did you find it?” Knowing re-
gional geology enables us to put the specimen in context. If the fossil-bringer said
the specimen was from around Ithaca, perhaps slightly south, our response might
be “ahh, so this must be Upper Devonian. It formed in a shallow delta-like setting...
No, that couldn’t be a feather — there were no birds around in the Upper Devonian.
| think it must be a fairly rare fossil cnidarian called Flumalina” The reason we can
take these estimations based on the locality is that many hundreds of geolo-
gists have helped piece together a coherent story of the geological history of the
region. It is our hope that this book might present to teachers, and their stu-
dents, a coherent “big picture” story that enables them to understand more
deeply the meaning of their local geology and apply more easily theoretical con-

cepts to the geology of their region.
Robert M. Ross
Director of Education
The Faleontological Research Institution



Preface for the 2016 reprint

In 2000, The Teacher-Friendly Guide to the Geology of the Northeastern U.S. was published by
the Paleontological Research Institution (PRI), to help teachers better integrate local and regional
geology into their Earth science curriculum. The Guide was published with “seed” funds from the
Arthur Vining Davis Foundations, under the commitment that PRI would use the published Guide
to seek additional funding to develop six similar Guides for other regions of the country. The
“Northeast Guide,” as it became known internally, was produced over the course of a year with
substantial input from teachers and geoscientists. At the suggestion of teachers, it was printed in a
yellow three-ring binder to make it easy to photocopy pages or add new ones. Soon afterward,
PDF copies of chapters were posted on PRI’s website.

In the early 2000s funds were raised for a “Southeast Guide” from the Atlantic Philanthropies,
Georgia Pacific, the River Branch Foundation, and the Childress Foundation. The Southeast
Guide incorporated more content from authors outside PRI than had the Northeast Guide.
Individual chapters were made available as PDFs on the website, and a limited number of
internally printed copies in orange three-ring binders were made for workshops.

In 2005, PRI received “proof-of-concept” funds from the National Science Foundation to develop
a new pedagogical model by which teachers could engage students in inquiry-based learning
using real-world geology. This model became known as “Virtual Fieldwork Experiences.” New
online chapters on Virtual Fieldwork and Big Ideas in Earth Science were added to the Northeast
Guide.

In 2007 PRI received a $1.8 M grant from NSF to create Teacher-Friendly Guides™ for the
remaining five regions of the country and to offer teacher professional development on
implementation of virtual fieldwork experiences in each of those regions. This grant funded the
online versions of the new Guides and approaches, including new dedicated PRI websites,
teacherfriendlyguide.org and virtualfieldwork.org. The Northeast and Southeast Guides were the
first to be added to teacherfriendlyguide.org. In 2012 the Southeast Guide was redesigned for a
bound printed version, inspired by but slightly different from the original Guide, and a glossary
was added; this became a prototype for printed and PDF versions of the five new Guides.

To the new Guides we added chapters on energy, climate, soils, and Earth hazards, and expanded
the lists of other printed and online resources useful to teachers. In the title we replaced
“Geology” with “Earth science” to reflect the broader scope of the Guides and to acknowledge
that the focal audience is Earth science teachers. The five new Guides were written by a
combination of PRI staff and external writers with special knowledge of the regions and topics,
and almost every chapter was reviewed by at least two external reviewers. The Guides were
heavily edited to provide uniform treatment and writing style across the chapters and volumes,
many new illustrations were added, and photographs were incorporated. A new cover design and
logotype were created for the series. A 2" edition of the Southeast Guide, with many revisions
and additions, was also published. Six Guides -- five new regional Guides and the revised
Southeast Guide -- were printed between October 2013 and September 2016.

As we undertook the national series of Earth science Guides, it became evident that the concept
for Teacher-Friendly Guides — incorporating familiar, real-world examples into curricula — can be
applied to other important topics in the natural sciences. Several new online Teacher-Friendly
Guides were written as part of the outreach associated with colleagues’ NSF research grants,



including Evolution using Bivalves as a Model Organism (2011), Evolution of Maize (2011), and
Climate Change (in preparation).

Though now 16 years old, the quality of the original Northeastern Guide has withstood well the
test of time. While it does not contain all of the topics of the new Guides, and parts need
updating, the original Northeast Guide remains a useful resource. Thus, as a symbol of
completing the national series of regional Earth science Guides, we have produced a small
number of reprints of the original Northeast Guide, with Big Ideas and Fieldwork chapters
incorporated, bound in the manner of other volumes of the series.

Robert M. Ross,
Associate Director for Outreach, PRI
September 2016
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How To Use the Guide

The guide uses four broad regions You do not have to read th“’;
based on natural geological divisions: guide from front to back!
: Each chapter is written to
g Inland Ba,sm ) stand alorf)e; there is built-in
Appalachians &Piedmont repetition of main concepts be-
© Coastal Plain tween chapters and regions to
O Exotic Terrane Each Chapter Includes: facilitate concentrating on a
o the BIG picture: specific region or using differ-
a brief summary of ent parts of the guide through-
each region out the year. The chapters are
o a brief review: conveniently cross-referenced
an overview of to find more information about
basic concepts a concept or region.
o the four regions:
in-depth
O actwities  The first and last chapters have a
O resources slightly different format. Geologic His-

tory gives you the big picture of geologi-
cal processes in the Northeast region as a
whole. Environmental Issues also looks
at the entire Northeast, as these issues are
not as closely tied to the bedrock geology
of specific regions.

Use the color Geologic Map
and time scale (found in the
front pocket) as a reference tool
while you read the guide.

General Philosophy of the Guide

e This is not a curriculum; incorporate ideas from the guide into your own existing cur-
riculum.

e Introduce geologic history into your curriculum early. This guide is organized histori-
cally because regional history is responsible for and makes sense of rocks at the surface,
topography and other regional geologic patterns.

e Try to understand your local geology in the context of the geologic history of the North-
east. The guide is intended to make sense of the detail of regional geology and provide
the tools to understand your local geology.

e Using real geology is inherently open-ended; don’t be intimidated by rocks that you
don’t recognize or the detail and language of geology.

The Paleontological Research Institution X




National Science Standards Matrix

based on National Science Education Standards, 1996, National Academy Press: Washington, D.C.

Content Standards
Chapter 4| 8| c| 2| 2| F| ¢| A
Geologic History | NI [N | o
Rocks Il -
Glaciers || NI E
Fossils I N ..
Topography ||| |
Mineral Resources || | | N0
Non-Mineral
Resources - - . - . . -
M HHE N N
Issues
Content Standards k-4th grade 5-8th grade 9-12th grade
A | Unifying Concepts | o Systems, order and organization e Systems, order and organization o Systems, order and organization
& Processes o Evidence, models, explanation e Evidence, models, explanation e Evidence, models, explanation
e Change, constancy and measurement | e Change, constancy and measurement o Change, constancy and measurement|
e Evolution and equilibrium e Evolution and equilibrium o Evolution and equilibrium
e Form and function e Form and function o Form and function
B Science o Abilities necessary to do scientific o Abilities necessary to do scientific o Abilities necessary to do scientific
As Inquiry inquiry inquiry ’ inquiry
o Understanding about scientific inquiry | e Understanding about scientific inquiry | e Understanding about scientific
inquiry
C Physical e Properties and changes of properties in | e Properties and changes of properties in e Structure of atoms
Science matter matter o Structure and properties of matter
e Motions and forces * Motions and forces o Chemical reactions
o Transfer of energy o Transfer of energy o Motions and forces
o Conservation of energy and
increase in disorder
o Interactions of energy and matter
D ‘ Life o Characteristics of organisms e Structure and function in living systems| e The cell
Science e Life cycles of organisms o Reproduction and heredity o Molecular basis of heredity
e Organisms and environments o Regulation and behavior e Biological evolution
o Populations and ecosystens o Interdependence of organisms in
o Diversity and adaptation of organisms living systems
© Behavior of organisms
e Properties of Earth materials e Structure of Earth system o Energy in the Earth system
E Earth & o Objects in the sky e LEarth’s history o Geochemical cycles
space science | ® Changes in Earth and sky o Earth in the solar system o Origin & evolution of the Earth
e Origin & evolution of the universe
o Abilities of technological design e Abilities of technological design o Abilities of technological design
F Science o Understandings about science and o Understandings about science and o Understandings about science and
& Technology technology technology technology
e Abilities to distinguish between
natural objects and objects made by
humans
o Personal health o Personal health e Personal and community health
G Science in o Characteristics and changes in o Populations, resources and o Population growth
Personal & Social populations environments o Natural resources
Perspective o Tipes of resources o Natural hazards e Environmental quality
o Changes in environments e Risks and benefits e Natural and human induced hazards
» Science and technology in local e Science and technology in society e Science and technology in local,
challenges national and global challenges
H |History & Nature | ® Science as a human endeavor e Science as a human endeavor e Science as a human endeavor
of Science o Nature of science e Nature of scientific knowledge
o History of science e Historical perspectives
X

The Paleontological Research Institution




Resources by State

CONNECTICUT

CT Geological and Natural History Survey
The Department of Environmental Protection

79 Elm Street
Hartford, CT 06106-5127.
http:/dep.state.ct.us/cgnhs/

Bell, Michael, 1997, The Face of Connecticut:
People, Geology and the Land, The State

Geological and Natural History Survey of

Connecticut: Hartford, Connecticut.

Connecticut Geology
http://www.wesleyan.edu/ctgeology/

Colby College Field Trip to Hartford Basin of CT

http://colby.edu/geology/Hartford. html

Newark Basin and Connecticut River Basin

http://everest. hunter.cuny.edu/bight/newark.html

The Geology of Litchfield County, CT with a
Terrane Map of Connecticut
http://www.angelfire.com/ct/litchfield/
geology.html

DELAWARE

Delaware Geological Survey
University of Delaware, Delaware Geological
Survey Building
Newark, DE 19716-7501
(302) 831-2833, fax (302)831-3579
http://www.udel.edu/dgs/dgs.html
delgeosurvey@udel.edu

Plank, Margaret O. and William S. Schenck, 1998,
Delaware Piedmont Geology, Delaware
Geological Survey: University of Delaware,
Delaware.

Sporljaric, Nedad, 1979, The Geology of the
Delaware Coastal Plain, in eds., Kraft, J. C.
and W. Carey. Selected Papers on the -
Geology of Delaware, Volume 1, p. 115-134.
Transactions of the Delaware Academy of
Science: Delaware.

MAINE
Maine Geological Survey
22 State House Station
Augusta, Maine, 04333
207-287-2801
httpy//www.state.me.us/doc/nrime/mgs/
mgs.htm
mgs@state.me.us

Caldwell, D.W, 1998, Roadside Geology of Maine,
Mountain Press Publishing Company:
Missoula, Montana.

Loiselle, M.C. and W. B. Thompson, 1987, The
Geology of Maine, Rocks and Minerals,
Volume 62, p.386-389.

Osberg, P, A. M. Hussey and G.M. Boon, eds.,
1985, Bedrock Geologic Map of Maine (Scale
1:500,000), Maine Geological Survey:
Augusta, Maine.

Thompson, W. B, D. L. Joyner, R. G. Woodman,

and V. T King, 1998, A Collector’s Guide to

Maine Mineral localities, 3rd ed. Maine
Geological Survey: Augusta, Maine.

Generalized Bedrock Map of Maine
http://www.state.me.us/doe/nrimc/pubedin{/
factsht/bedrock/bedmap.gif

Generalized Surficial Geologic Map of Maine
http://www.state.me.us/doc/nrimc/pubedinf/
factsht/surfical/surfmap.gif

The Geology of Maine
http://www.state.me.us/doc/nrimc/pubedinf/
factsht/bedrock/megeol. htm

MARYLAND
Maryland Geological Survey
2300 St. Paul St.
Baltimore, MD 21218
(410) 554-5500
http://mgs.dnr.md.gov/

Kent, B.W,, 1994, Fossil Sharks of the Chesapeake Bay
Region, Egan Rees & Boyer: Columbia,
Maryland.

Kranz, Peter M., 1989, Dinosaurs in Maryland.
Educational Series No. 6, p.34. Maryland
Geological Survey: Baltimore, Maryland.

Reger, James P, 1987, Earthquakes and Maryland.
Maryland Geological Survey; Baltimore,
Maryland.

Schmidt, Martin E, Jr., 1993 Maryland’s Geology.
Tidewaters Publishers: Centerville, Maryland.

Vokes, H.E., 1957, Miocene Fossils of Maryland,
Maryland Geological Survey Bulletin 20.

1999, Highest and Lowest Elevations in
Maryland’s Counties, Fact Sheet No. 1,
Maryland Geological Survey, Baltimore, MD.

1988, The River and the Rocks: the geological story
of Great Falls and the Potomac River Gorge,
Geological Survey Bulletin 1471, United States
Geological Survey: Reston, Virginia.

Brezinski, David K., 1994, Geology of the Slideling
Hill Road Cut.
http://mgs.dnr.md.gov/esic/brochures/
sideling.html

Calvert Cliffs, Maryland
http://mgs.dnr.md.gov/esic/brochures/ccliffs.html

MASSACHUSETTS

MA Department of Environmental Affairs
251 Causeway Street, 9" Floor
Boston, MA 02114
(617) 626-1000, fax (617) 626-1181
http:/www.magnet.state.ma.us/envir/eoea.htm

Grabau, A\W. and J.E. Woodman, eds., 1898, Guide
to Localities Illustrating the Geology, Marine
Zoology, and Botany of Boston, Salem Press
Co.: Salem, MA.

Oldale, Robert N., 1992, Cape Cod and the Islands,
the Geological Story, Parnassus Imprints: East
Orleans, Massachusetts.

Skeehan, ], in press, Roadside Geology of
Massachusetts, Mountain Press Publishing
Company: Missoula, Montana.

NEW HAMPSHIRE

NH Department of Environmental Services
6 Hazen Drive
FP.O. Box 95
Concord, NH 03302-0095
(603) 271-3503
http;//www.des.state.nh.us/descoverhtm

Van Diver, Bradford B., 1987, Roadside Geology of
Vermont and New Hampshire, Mountain Press
Publishing Company: Missoula, Montana.

New Hampshire Geological Society
http:/nhgs.org/NHGS/

NEW JERSEY
New Jersey Geological Survey
29 Arctic Parkway, PO. Box 427
Trenton, NJ 08625
(609) 292-1185, fax (609) 633-1004
http://www.state.nj.us/dep/njgs/index.html

Dooley, John H. and David P Harper. 1996. New
Jersey Rocks and Sediments. New Jersey
Geological Survey; New Jersey.

Subitzkey, Semour, ed., 1969, Geology of Selected
Areas in New Jersey and Eastern Pennsylva-
nia, Rutgers University Press: New
Brunswick, New Jersey.

Sugarman, Peter, 1998, Sea Level Rise in New
Jersey, New Jersey Geological Survey:
New Jersey.

Wolfe, Peter E., 1977, Geology and Landscape of
New Jersey, Crane Russak: New York.

Yotton, James S., Brownstone Industry of New
Jersey, Educational Series, New Jersey
Geological Survey: Trenton, New Jersey.

Earthquake Risk in New Jersey
http://www.state.nj.us/dep/njgs/enviroed/
eqrisk.htm

Fossils of New Jersey
http://www.home.earthlink.net/~skurth/

Franklin Mineral Museum
www.geocities.com/CapeCanaveral/Lab/6347

Geology Field Trip: Hunterdon County, NJ
http://www.hcrhs.hunterdon.k12.nj.us/science/
geology/falltrip.html

Geologic Map of New Jersey
http://www.rci.rutgers.edu/%7Egeolweb/
geomap.html

Newark Basin and Connecticut River Basin

http://everest. hunter.cuny.edu/bight/newark.html

New Jersey Science Teachers Association
http://www.rain.org/~rcurtis/njsta.html

Sterling Hill Mining Museum
http://sterlinghill.org
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NEW YORK
New York State Geological Survey, NYS
Museum
State Education Department
Education Building
Albany, New York 12234
http://www.nysm.nysed.gov/geology.html

Isachsen, YW, E. Landings, ] M. Lauber, L.V.
Rickard, and W.B. Rogers, eds., 2000, Geology
of New York, A Simplified Account, New York

State Geological Survey, New York State
Museum Cultural Education Center: Albany,
New York.

Jensen, D.E., 1978, Minerals of New York State,
Ward press: Rochester, New York.

Schuberth, Christopher J., 1968, The Geology of
New York City and Environs, Natural History
Press: Garden City, New York.

Tesmer, L. H., ed., 1981, Colossal Cataract: The
Geological History of Niagara Falls, State
University of New York Press: Albany, New
York.

Titus, Robert, 1993, The Catskills: A Geological
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Mountain Press: Fleshmanns, New York.

Von Engeln, O.D., 1961, The Finger Lakes Region:
Its Origin and Nature, Cornell University
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Van Diver, Bradford B., 1985, Roadside Geology of
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Adirondacks
http://www.geo.wvu.edu/~tsattler/tectonics/
adirondack/mountains.html

Bedrock Geology of New York
http:/gretchen.geo.rpi.edu/roecker/nys/
nys_edu.pamphlet.html

Chimney Bluff
http://www.oswego.edu/Acad_Dept/a_and_s/
earth.sci/geo_geochem/geol/chimney.html

Deposition of the Catskill Clastic Wedge: Middle
and upper Devonian History
http://www.stepahead.net/~schneller/
devohist.htm

Earth Science Program Innovation/Resources
Team
http:/home.computer.net/~tmcguire/esprit.html

Geology of the Catskills
hitp://everest hunter.cuny.edu/bight/catskill.html

Geology and Geography of New York Bight
Beaches
http://www.geo.hunter.cuny.edwbight/

Geology of the Hudson Highlands
http://everest. hunter.cuny.edu/bight/
highland.html

Geology of Westchester County, New York
http//home.computer.net/~tmeguire/

Long Islands’s Natural Environment On-line
hitp://www.journey.sunysb.edu/longis/

New York State Academy of Mineralogy
http://www.nysm.nysed.gov/nysam/

New York State Museum Bulletins
http://www.columbia.edu/dlc/nysmb/mb95/

New York State Geological Association
http://www.library.csi.cuny.edu/dept/as/geo/
nysga.html

New York State Geological Survey (unofficial)
http://www.albany.net/~go/survey/

New York Paleontology
http://bingweb.binghamton.edu/~kwilson/
home.htm

New York Paleontological Society
http://www.nyps.org/

Overview: the Geology of Eastern New York
http://www.hartwick edu/geology/work/VFT-so-
far/overview.html

Overview of New York Geology
http://gretchen.geo.rpi.edu/roecker/nys/
nys_edu.pamphlet.html

The Rochester Academy of Science Fossil Section
http://www.ggw.org/ras/fossil/
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Pennsylvania Topographic and Geologic Survey
PO. Box 8453
Harrisburg, PA 17105-8453

(717) 787-2169
http://www.dcnr.state.pa.us/

Barns, John H., 1991, Rocks and Minerals of
Pennsylvania, Educational Series 1,
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Barns, John H., and W. D. Sevon. 1996, The
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www.dvess.org

RHODE ISLAND
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VERMONT
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Vermont Glaciers Virtual Field Trip
http:/geology.uvm.edu/geodept/ugradwww/
glacier/index.html

‘Vermont Historical and Geological Images
http://geology.uvm.edu/morphwww/vtimages/
index.html

Vermont Landforms Virtual Field Trip
http://geology.uvm.edu/vtlandforms/main.htm

Vermont State Rocks and Minerals
http://www.anr.state.vt.us/geology/news.htm
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General Resources

Maps
American Association of Petroleum Geologists, 1995, Geological Highway Map of the Northeastern
Region, Map no. 10.

Geologic Map of the United States, 1974, Scale 1:2500000, United States Geological Survey.

Topozone.com
http://www.topozone.com

National Geologic Maps Database
http://ngmdb.usgs.gov/ngmdb/ngm_catalog.ora.html

Internet

American Museum of Natural History Geology Link
http://www.amnh.org/ http://www.geologylink.com/
Ask-A-Geologist Learning From the Fossil Record
http://walrus.wr.usgs.gov/docs/ask-a-ge.html/ http://www.ucmp.berkeley.edu/fosrec/fosrec.html
Frank Potter’s Science Gems Learning Web: Careers in Geosciences, activities and lessons
http://www.sciencegems.com/ www.usgs.gov/education/index.html
Geology Labs On-Line The Virtual Geosciences Professor
http://vcourseware3.calstatela.edu/GeoLabs/index.html http://www.uh.edu/~jbutler/anon/anonfield.html

A Geologist's Lifetime Field List:
http://www.uc.edu/geology/geologylist/

Field Guides

Molitor, L. L., 1988, Classic Field Sites for Teaching Geology in the Northeast, Northeast Geology, Vol.10,
No.1.

Roy, D. C,, ed., 1987, Northeastern Section of the Geological Society of America: Centennial Field Guide,
Volume 5, Geological Society of America: Boulder, Colorado.

New England Intercollegiate Geological Conference field trip guidebooks
found in New England university and public libraries.

Geological Organizations

American Association of Petroleum Geologists (AAPG) National Earth Science Science Teachers
http://www.aapg.org/ Association (NESTA)

http://www.soe.csusb.edu/NESTA
American Geological Institute (AGI)

http://www.agiweb.org/
National Association of Geoscience Teachers
Association for Women Geoscientists (AWG) (NAGT)
http//www.awg.org/ http://www.nagt.org/
Geological Society of America (GSA) The Paleontological Research Institution (PRI)
http://www.geosociety.org/ http://www.priweb.org/

United States Geological Survey (USGS)
http://www.usgs.gov/
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Geologic History
of the Northeastern US:
the BIG picture

Geologic history is the key to this guide and to understanding the story recorded in
the rocks of the region. The subsequent topics revolve around this central chapter.
By understanding the historical context of the rocks and geologic processes observed
in the Northeast region, we can make sense of geology. The rocks in your backyard
fit into a much larger story of shifting plates and colliding continents. By knowing
more about the geologic history of our region, you can better understand the type of
rocks that are in your backyard and why they are there. Rather than focus on
specific periods in geologic time, we will look at the history of our region as it
unfolds: as a series of major events over the past one billion years and how those
events created and shaped the Northeast. These events will act as the framework for
the topics to follow and will shed light on why our region looks the way it does!

Present —
'§ Quaternary Geologic time
£ ) How did geologists come up with a timeline for
S| Tertlary = the history of the Earth? Over the course of many
2| Cretaceous years and through the combined work of geolo-
S| Jurassic gists around the szorld, the Geologzc. Time Scale
L[ e was developed (Figure 1.1). There is not a rock

record in any one place that has the complete se-
quence of rocks from Precambrian to the present.
Geology as a science grew as geologists studied
individual sections of rock. Gradually evolution-
ary successions of fossils were discovered that
helped distinguish the relative ages of groups of
rocks. Rock units were then correlated with simi-
larly-age rock units from around the world. The
names you see for the different periods on the
Geologic Time Scale have diverse origins. Time
periods were named after dominant rock types,
geography, mountain ranges and even ancient
4600 — tribes like the Silures of England and Wales, from

Figure 1.1: Geologic Time . P ol . .
Scale (not 10 scale). which the ‘Silurian’ Period was derived.

251

Millions of Years Ago

Paleozoic




Geologic History

Mountain Building Part I
the Grenville Mountains

North Americawas not awaysthe shapewe seetoday. The continent
wasformed over billionsof years, and geol ogic processes continueto shapeit
today. TheEarthisestimatedtobe4.5billionyearsold. Theoldest rocks
that weknow of arenearly 4 billionyearsold. Althoughtheseancient rocks
arefound on amost every continent, nonearefound at the Earth’s surfacein
theNortheast. In North America, these most ancient rocksarefound exposed
at the surfacein many partsof Canada. Theserocks make up the Precambrian
shield, astable continental landmassthat isthe core of North America. The
dynamic plates of the Earth are constantly in motion, made of rigid continental
and oceanic crust overlying the churning, plastically flowing asthenosphere
(Figure1.2). Platesarepulling apart, colliding into oneanother, or diding past
each other with great force, creating strings of volcanicislands, new ocean
floor, earthquakes, and mountains, melting rock and injecting magmainto the
overlying crust. Asthese platesmove, the continentsresting atopthemare
continuoudly shifting position. Thisnot only shapestheland, but dso affectsthe
typeof rocksand minerals, natura
resources, climateand life present.

A seriesof additionsof land
to North America, compressions
I from colliding plates, stretching from
ASTHENOSPHERE the pulling apart of plates, and
(FLASTICFLOW) erosion have combined to dowly
sculpt theform of the continent. The
earliest positioning and shapewe
can reconstruct of North America
datesback billionsof yearstothe
formation of continents. Narrow
stripsof land were smashed together
toformthebeginnings of North
Figure 1.2: The layers of the Earth include the rigid A mericaand what isnow the

crust of the lithosphere, which is constantly moving ) )
over the plastically flowing asthenosphere. Figure by J. Precambrian shield.

Houghton.

LITHOSPHERE (RIGID)

OUTER CORE

INNER CORE

The oldest rocks found on Earth
date back 3.9 billion years. An-
cient metamorphic gneiss from
this time is found in South Africa,
Antarctica, Greenland and North-
west Canada. Sedimentary rocks
of the same age have been found in
western Australia.

How do plates move?
The lithosphere is the outermost
layer of the Earth, arigid crust and
upper mantle broken up into
many plates. The heat and pres-
sure created by the overlying litho-
sphere, make the solid rock of the
asthenosphere bend and move
like metal when heated. The flow-
ing rock in the asthenosphere
moves with circular convection
currents, rising when hot and fall-
ing when cool. The plates of the
lithosphere move with the under-
lying asthenosphere, as much as
18 cm/yr (but normally much
less.)

The Precambrian shield has had
very little tectonic activity (fault-
ing, folding) for millions of years.
Shields are the stable cores of all
continents, often covered by lay-
ers of younger sediments.

Quaternary

Tertiary

Cretaceous
Jurassic
Triassic

Mesozoic | Cenozoic

R 201
Permian

Pennsylvanian
Mississippian

Devonian

Millions of Years Ago

Paleozoic

Silurian
Ordovician
Cambrian

543

Precambrian
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Geologic History

‘Proto-" North America refers
to the ancestral landmass which
gradually was shaped into the
North American continent that we
see today.

Many geologists believe that
North America collided with an-
cient Europe, also called Baltica
in the Precambrian.

Three types of rock

Minerals are the building blocks
of the three basic rock types: igne-
ous, metamorphic and sedimen-
tary. Igneous rocks form from cool-
ing molten rock. Metamorphic
rocks form by increasing the tem-
perature and pressures on a pre-
existing rock. Sedimentary rocks
form by the compaction and ce-
mentation of sediment particles
resulting from the breakup of pre-
existing igneous, metamorphic
and sedimentary rocks.

Present —
Quaternary

Tertiary

Cretaceous

Jurassic
Triassic

Mesozoic | Cenozoic

R 201
Permian

Pennsylvanian

Millions of Years Ago

Thisproto-North America had sediment eroding off of itscontinental mar-
gins, into the adjacent oceans. The sedimentsdeposited on the eastern margin
of proto-North Americaare called the Grenville belt.

Over 1 hillionyearsago, proto-North Americacollided with another
continent. The Grenvillebelt of margin sedimentswas caught in between the
colliding continentsand wasthrust up onto the side of proto-North America.
Thecollison crumpledthecrug, creating atall mountain rangethat stretched
from Canadato Mexico: the GrenvilleMountains. Thesemountainsarethe
earliest evidence of mountain buildingin our region, and therocksremaining
from that ancient mountain chain are the ol dest rocksthat we see exposed at
thesurfacein the Northeast today.

TheGrenvillerocksthemsalveshave quiteastory. Theintense heat
and pressure generated from the collision produced volcanic materid, injected
hot molten rock into the crust, and metamorphosed the sedimentsthat had
eroded from the margin of the Precambrian shield beforethe collision oc-
curred. Evidenceof thisviolent pastisclear inthe Grenvillerocks, whichare
usua ly metamorphosed sedimentary rockswith igneousintrusions (fromthe
hot molteninjections) that have been folded and overturned by thecollision-
induced compression.

Continental and oceanic crust:

The lithosphere has two types of crust: con-
tinental and oceanic. Continental crust is

less dense but significantly thicker than oce-

anic crust. The higher density of the oceanic
crust means that when continental crust
collides with oceanic crust, the more dense
oceanic crust will be dragged (or subducted)
under the buoyant continental crust. Al-
though mountains are created at these oce-
anic/continental crust collisions due to the
compression of the two plates, much taller

| CONTINENTAL CRUST |

ranges are produced by continental/conti-

—

nental collisions. When two buoyant conti-
nental crusts collide, there is nowhere for
the crust to go but up! The modern

4§ Mississippian . - . .
8| Devonian Himalayas, at the collision site of the Asian
£ Silurian and Indian plates, are a good example of very
Ordovician . ..
Cambrian tall mountains formed by a collision between
545 two continental crusts. Figuresby]. Houghton.
Precambrian
4600 —
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BURIED
GRENVILLE ROCKS

MEXPOSED
GRENVILLE ROCKS

Figure 1.3: Exposures of Grenville age rocks are found up and
down the East Coast and Canada. Figure byJ. Houghton.

Over time, the GrenvilleMountainser oded, just asthe Appa achians,
Rockiesand Himalayan Mountainsare constantly being eroded today. By 600
millionyearsago, wegathering and erosion had worn away themountains,
leaving exposed only their innermost cores. Theseancient coresarethe
Grenvillerocksthat we see exposed today inthe Northeast and eastern
Canada (Figure1.3). The Grenvillerocksare covered in many areasby
younger rocks; however, exposuresarefound where overlying rockshave
been worn away by erosion and the scraping action of glaciers. IntheNorth-
eadt, the Grenvillerocks are exposed in the Adirondacks, the Hudson and
Jersey Highlands, Manhattan and Westchester in New York, the Green Moun-
tainsof Vermont, the Reading Prong of Pennsylvania, and the BerkshireHillsof
M assachusetts.

During theerosion of the GrenvilleMountainsin thelate Precambrian,
the geography of theworldlooked nothing liketoday. North Americawas
positioned onitsside acrossthe Equator, with today’ seast coast facing south.
Sedimentswere eroding fromthe GrenvilleMountainson either sde. The
ocean breaking on the shores of the east coast was known asthe | apetusor
Proto-Atlantic Ocean. Giventheequatorial position of the continent, the

Weathering and erosion are
constants throughout the history
of time. Rocks are constantly be-
ing worn down and broken apart
into finer and finer grains by wind,
rivers, wave action, freezing and
thawing, and chemical break-
down. Owver millions of years,
weathering and erosion can reduce
a mighty mountain range to low
rolling hills.

Ifyou could travel back in time to
the Precambrian, you would not
recognize the Northeast region.
Parts of the Northeast were not
added on until later and North
America was not even in the same
spot on the Earth! The Northeast
region was just south of the Equa-
tor, making for much warmer
weather.

The Proto-Atlantic is also known
as the Iapetus Ocean. In Greek
Muythology, lapetus was the father

ﬁ‘ The Paleontological Research Institution
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Northeast was experiencing awarm climate. Thisistheearliest geography of the
: Northeast region that can bereconstructed. At thispointingeologictime, all of
. New England east of the Berkshiresand Green M ountainswas not yet part of
North America. New England was not assembled for severa million more
years.

Ancient B (Palted
North 5> <:21an
America o
RS
Q&
Y
Q)

Figure 1.4: Grenville Mountain Building
Baltica approaches and collides with North America
Grenuille belt pushed onto side of ancient North America
Grenville Mountains erode away, only roots remain
North America straddles the equator

Present —
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Geologic History

Mountain Building Part II:

the Taconic Mountains
| ERODING SEDZ?; ;»NLTES Thecontinental margin

of North Americawasbroad
andflat asthe GrenvilleMoun-
tainswerewearing down. Sea
leve at thistime, the Cambrian
period, wasvery highworld-
wide, and warm, shallow seas

Figure 1.5: The Grenville Mountains gradually eroded covered most of the Northeast.
over millions of years, depositing sediments on either
side of the range, becoming layered with carbonate rocks
that were forming in the proto Atlantic Ocean along the

margin of the continent. Figure by J. Houghton.

widenduringthistime. Sedi-

Mountainswere gtill being deposited onthe shorelineto the east, thoughinfar
lesser amounts (Figure 1.5). Inthe Northeast, near the end of the Cambrian,
sand depositswere gradually replaced by carbonatesin the lapetus Ocean.
Carbonateswerewidely deposited on abroad flat shelf aong the margin of
North America

Sometime during the middle of the Ordovician period, about 470
million yearsago, the lapetus Ocean began to close astwo platescame
together. Theplatecarrying Baltica
(proto-Europe) approached the North
American platefrom the southeast

NORTH -
(Figure1.6). Though Balticadid not AMERGE” L

Thelapetus Ocean continued to

mentsfromtheeroding Grenville

oo
BALT@

collidewith North Americauntil severd
million years|ater, the convergence of
thetwo plates created awhole new look
for the eastern margin of North America.
Asthe continents approached one
another, theoceanic crustinthemiddle
wasforced under the Balticaplate. Thefrictionand melting of the crust from
theintense pressure of the colliding platescreated astring of volcanicidands

Figure 1.6: Ordovician: 458 million years
ago. Shaded areas represent land that was

above water.

along theareawherethe plates converged (known asthe subduction zone).

Carbonates include limestone
and dolostone, formed by the ac-
cumulation of calcium carbonate
(CaCOs) shells and outer skel-
etons from aquatic organisms ,
such as corals, clams, snails, bryo-
zoans and brachiopods. These or-
ganisms thrive in warm, shallow
waters common to tropical areas.
It is not surprising that modern
carbonates are observed forming
in places such as the Florida Keys
and the Bahamas.

Ancient continents

It has taken millions of years for
the continents to take on the
shapes we see today. To simplify
ancient geography, geologists have
given names to the proto-conti-
nents to distinguish them from
their modern counterparts: proto-
Europe (Northern Europe with-
out Ireland and Scotland) is
known as Baltica; proto-North
America is known as Laurentia;
and Proto-Africa was part of a
group of continents known as
Gondwana.

Quaternary

Tertiary

| Cretaceous |
Jurassic
Triassic

Mesozoic | Cenozoic

Permian
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Geologic History

Volcanicislands are common at
subduction zones between collid-
ing oceanic plates. As the plates
smash together, one plate is pulled
under the other (or subducted).
The friction between the plates
generates enough heat and pres-
sure to melt some of the crust. The
molten rock rises upwards through
the crust and creates a string of
volcanoes along the edge of the
plate.

The Aleutian Islands are a mod-
ern example of volcanic islands
forming at a subduction zone.

An orogeny is a mountain-build-
ing event (like the formation of the
Taconic or Grenville Mountains)
caused by colliding plates and
compression of the edge of the con-
tinents. Orogeny is derived from
the Greek word, ‘oro,” meaning
mountain.

A delta forms as sediment is
eroded from mountains and trans-
ported downward by streams.
Deltas typically form a wedge-
shaped deposit as sediments fan
out across the lower elevations.

Present —

The carbonatesthat had been deposited in the | apetus Ocean were squeezed
and pushed ahead of the vol canicislands up onto the margin of the continent
along with deeper water silts, sandsand clays (Figure1.8). Thesevolcanic
remnantsmay befoundinathinband of rocksin northernmost Vermont that
extend through northern New Hampshire, and up thewestern and northern-
most section of Maine.
Asthelapetus Ocean closed, folding, thrust-faulting, uplift, and
intruson occurred along the
— margin of the continent from
“‘” theintense pressure of the
= colliding plates, causing
another mountainchainto
forminplaceof theworn-
away GrenvilleMountains.
Thismountain-building event
iscalled the Taconic Orog-
eny.

Figure 1.7: Volcanic islands formed where the plates were
forced together as the lapetus Ocean closed. The compression
crumpled the crust to form the Taconic Mountains and a

shallow inland sea. Figure by J. Houghton. .
Thecompression

induced by thecollision of the
two plates, caused adownwarp inthe crust to thewest of the Taconic Moun-
tains. Thissagging crust becameabasinfilled withabroad, shallow inland
ocean and sedimentsfrom the eroding Taconic Mountains. Assediment was
eroded from thewestern side of the Taconic M ountains, the Queenston Delta
depositsformed awedge of sediments spreading away from the Taconics
through New York and
Pennsylvania(Figure
1.8). Someof thedelta

QUEENSTON DELTA

'§ Quaternary
§  Tertiary sedimentssettledinthe INLAND "\
66
g Cretaceous | shallowinland sea, OCEAN s
S| Jurassic
S tsesic |, o gradudly filling the
Permian fg . T e
Penneylvanian] 8 basin. Sedimentswere
8| Mississippian E .
§ Devonian | 5 alsobeing eroded and
£ silurian s . Figure 1.8: The Queenston Delta formed as sediments eroded
Ordovician deposited east of the from the Taconic Highlands and were transported downward
Cambrian_lois Taconicsintothe by streams, forming the characteristic wedge shaped delta
Precambrian dEPOSitS. Figure by J. Houghton.
4600 —
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Geologic History

trench formed wheretheplatesconverged. Eventualy, the Taconic Mountains
eroded away to only theinner core, ashadthe GrenvilleMountainspreviously.  * The rounded Berkshire Moun-
The Taconic Mountainsthat we seetoday in eastern New York are  © fains of western Massachusetts

. . . . are the roots of the original
not theancestral Taconic Mountains. Further compressionof thecrustduring . Taconic Mountains. Large seg-

the Taconic and Acadian mountain-building eventsthrust hugeslabs of the . ments of the Taconic Mountain
. ) . mass (known as the Taconic
ancestral Taconic Mountainswestward from Vermont and M assachusetts. * Klippe) were thrust westward into

Thusolder, moreresistant rocksfrom the Taconicsended upontop of younger  +  eastern New York over younger
. . o . * rocks that had been deposited in

sedimentary rocksfromtheinland ocean. Thisisunusua ingeology; usudlythe . e inland ocean.

oldest sedimentsare on thebottom. Theresistant blocksfrom theancestral

Taconic Mountainsweathered much mores owly than surrounding rocks,

eventud ly forming the Taconic Mountainsof today.

Avalonia

Figure 1.9: Taconic Mountain Building
Baltica approaches North America after breaking away earlier
volcanic islands form over subduction trench
volcanic islands collide with North America, form Taconics
inland sea forms to the west of Taconics
Taconic Mountains erode
Queenston Delta deposited west of Taconics

Present —
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Geologic History

Due to their origin from far away,
‘exotic’ places, exotic terranes
have distinctly different geologic
characteristics than the surround-
ing rocks.

Exotic terranes are not exclusive
to New England. Floridaisa good
example of an exotic terrane, origi-
nating as part of Gondwana. Parts
of the West Coast of North
America (including Alaska) are
also considered to be exotic ter-
ranes, sutured on to the coast and
repositioned by strike-slip faults
(shearing of blocks of crust).
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Exotic Terranes:
the making of New England

Until the Ordovician period, North Americawas missing most of what
weknow of today asNew England. Formed over hundreds of millionsof
years, New England wasd owly pieced together by the addition of several tiny
stripsof land to the proto-North American continent. Thesestripsof land are
called‘exoticterranes,” smal
landmassesthat originated from
somewhere other than North
Americaand weretacked onto
the continent asplatescon-
verged. Cameron’sLinemarks
theancient sutureline between
proto-North Americaand the
exoticterranesof New England.
Over severd millionyears, two
exoticterraneswere added to
proto-North America the
lapetus Terraneand the
AvaoniaMicrocontinent
Terrane (Figure 1.10).

During the Taconic mountain-building event, volcanicid andshad
formed inthelapetus Ocean, at the subduction zone of the platescarrying
North Americaand Baltica. Asthe platesmerged, the dense oceanic crust of
the l gpetus Ocean was pulled down into the mantlewhereit melted. Some
magmafrom the melting, subducting oceanic crust, rose back up throughthe
plateto formthevolcanicidands. Weathering and erosion of thevolcanic
islands produced sedimentsthat were then deposited in the | apetus Ocean.
Thevolcanicidlandsdrew closer and closer to proto-North Americaasthe
oceanic crust was subducted. Eventually, thevol canicidandswere pushed
onto the eastern margin of North America, along with sedimentsthat had been
eroded into the ocean basin from proto-North Americaand thevolcanic
idands. Thelapetus Terrane, including the string of vol canoes and associated

VOLCANIC ISLANDS & AVAN
OCEAN FLOOR SEDIMENTS
<TACONIC - ACADIAN> NORUMBEGA

FAULT

Figure 1.10: New England was not always part of the
North American continent. Slices of land known as
exotic terranes, collided with North America during
the Taconic and Acadian orogenies. Figure by J. Houghton.

10
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Geologic History

ocean basi n sedimentsfrom the Taconi c mountai n-buil ding event, added most
of Vermont, New Hampshire, central M assachusetts, Connecticut and Maineto
the Northeast.
Theexotic terrane Ava oniawasamicrocontinent, originating fromthe
African plate (Gondwana) in the south and traveling northwards onthe moving
platesto collidewith North America. When the lapetus Ocean closed inthe
Devonian, Aval oniawas sutured to the East
Coast in between the colliding continents of
Bdticaand North America. Avaonia
e tacked onthelast main bitsof New En-
K&%%@LTICA = gland, including eastern Maine, Connecticut
and Massachusetts, and Rhodelsland.

Only Cape Cod, Long Island and smaller
Islandsoff the coast of New England were
yet to be part of the Northeast.

Thelapetusand Avalonia Terranesthat make up New England were
added to the Northeast over millionsof years during the Taconic orogeny and
thelater Acadian orogeny (when North Americacollided with Batica) fromthe
Ordovicianthrough the Devonian (Figure 1.11). Theterraneswere squeezed,
crumpled, deformed and intensely metamorphosed. Thishasmadefor some
rather complex geology intheNew England area. Theintensity of deformation
and metamorphism hasmadeit difficult for geologiststo distinguish theindi-
vidual volcanicidandsadded to themargin of North Americaor theexact
timing of exoticterranecollisons.

Figure 1.11: Silurian: 425 million years ago.

lapetus Terrane
(including volcanic islands)

The islands off the coast of New
England did not form until mil-
lions of years later during the
Cenozoic, as the Northeast was
in the grip of the Ice Age. The enor-
mous amounts of material dumped
by glaciers as they melted and re-
treated North created these island
landmasses.
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Geologic History

The Queenston Delta formed
from sediments eroding off of the
Taconic highlands. With the rise
of the Acadian Mountains, ero-
sion of sediments was renewed and
the Catskill Delta deposits cov-
ered over the Queenston delta.

The Mississippi Delta is a mod-
ern delta that is dumping sedi-
ment from the Mississippi River
into the Gulf of Mexico. Looking
at the Mississippi Delta from
above, the characteristic wedge
shape of a delta is evident.

The sediments of the Catskill
Delta are over 1.2 km thick in
some places, indicating intense
erosion and the enormity of the
Acadian Mountains. Close to the
source of erosion (the Acadian
highlands) the delta sediments are
coarser grained and thicker. As
the sediments spread west across
New York and Pennsylvania, they
became finer grained and thinner
deposits.

Mountain Building Part III:
the Acadian Mountains

When Bdltica(proto-Europe) finally collided with North America
around 380 millionyearsago inthemiddle Devonian, theexotic terranes
making up New England

CATSKILL DELTA | ERODING SEDIMENTs | werein between thecollid-
INLAND OCEAN pa NG ing continents. Theterranes
K ~ .
e (andthe eastern margin of
~ North America) were
ST
N AMER|CA é 4 squeezed, folded, metamor-
M e phosed andintruded by
TiCcA . . . .
ASTHEN Ospy magma. Thiscollisonwith
ER . .
£ Balticaand North America
‘ ‘ , - , formed yet another tall
Figure 1.13: North America and Baltica collided finally in ) . .
the mid Devonian, crumpling the crust to form the Acadian mountainchain, theAcadian
Mountains. Sediments eroded from the highlands formed Mountains, alongtheeastern

margin of North America
The Acadian mountainsweresimilar to the Taconic and Grenvillemountai ns of
the past which had since eroded (Figure 1.13). Just asin the Taconic mountain-
building period, compression from the Acadian continenta collisonwarpedthe
crust downward, reinforcing theinland ocean. The Queenston Deltawas
buried by new sedimentseroding from thewestern side of the Acadian moun-
tains. These sediments, known asthe Catskill Delta, created anew wedge
of sedimentssiretchingintoa
shallowinland sea.

" preser Duringthistime, North
K Quaternary . ©co o0
2 torviory Americagradually beganto move @
66
§|_Cretaceous | closer toitspresent geography and
g Jurassic p g gap y /m / % Dm
3| Triassic | o assumethenorth-south aignment NORTHAMERICAL .7/
Permian ‘; . & BALT]CA
Fennoylvarian|  § weseetoday. Atthetimeof the %
8| Mississippian “g‘ . . -
§ Devonian i Acadianmountain building and P A
& Silurian = . .
Ordovician subsequent erosion during the
S E Devonian, the Northeast was at the
’ Figure 1.14: Devonian: 390 million years ago.
Precambrian
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Geologic History

Equator and experiencing the associated tropical climate (Figure1.15). Batica
(proto-Europe) and North Americawere united asonelarger landmass.
Africa, South America, India, Austrdia, Antarcticaand Floridawereall
combined as one continent (Gondwana) in the southern hemisphere. The
continentswere gradually merging to becomeone.

Between mountain-building events:
deposition in the inland ocean

The Northeast was not continuously experiencing dynamic mountain-building
events. There were quieter times as well between the rise of great mountains and
crushing crusts of colliding plates. The quiet times were marked by erosion of the
highlands and very little plate movement and compression within the Northeast
region. The building of the Taconic Mountains was over by the late Ordovician.
Throughout the following Silurian period, the Northeast experienced a quiet time
in which erosion from the Taconic highlands and deposition in the inland sea were
the main events. Huge thicknesses of sedimentary rocks accumulated in and on
the margins of the inland sea during part of the Silurian. The inland ocean, which
spread across much of New York, Pennsylvania and western Maryland, was simi-
lar to the modern Persian Gulf, becoming very salty because of the shallow water,
high rates of evaporation and poor circulation.

L

Pangea, meaning ‘all Earth,’
formed over 250 million years ago
and lasted for almost 100 million
years. All of the Earth’s conti-
nents were literally joined as one
to form a giant super-continent.
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Figure 1.15: Acadian Mountain Building §
Baltica collides with North America §|  Tertiary 6
Acadian Mountains form (northern Appalachian §|_Cretaceous
Mountains) 8 Jurassic
.. . . o = Triassic
similar to Taconic mountain building — )
. . . ermian .
inland sea forn?s west of A'cadzan Mountains Formyvanian|  §
Acadian Mountains erode o[ Mississippian| s
Catskill Delta deposited west of Acadian Mountains S| Devonian 5
& Silurian s
Ordovician
Cambrian
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Geologic History

Why are the
Appalachians still here?

Although the Appalachian Moun-
tains were formed over 250 million
years ago, they are still around to-
day. The forces of erosion and weath-
ering have worn down the Appala-

chians over time; periodic uplift of -+

the range, however, has prevented
them from completely eroding away.
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Mountain Building Part IV:
the formation of Pangea and the
Appalachian Mountains

Today’sAppaachian Mountainchain
formed 470 millionyearsago at thetime
of the Taconic mountain-building
event, withtheinitial squeeze of
themargin of North America.
TheAcadian mountain-building,
380millionyearsago,
crunched the crust of North
Americaabit more. Findly,
gpproximately 250 million
yearsago, the Alleghanian
mountai n-building event occurred asancestral Africacollided with North
Americato createthe central and southern A ppal achiansduring the Permian
(Figure1.16, Figure 1.17). The Acadian orogeny helped to shapethe northern
Appaachian Mountains, but the Alleghanian orogeny gavethefina squeezeto
themargin of the continent to form today’s A ppa achian Mountain chain,
extending from Alabamato Maine and beyond into Canada. From thetime of
the Acadian mountain-building event until the Triassic, the Appa achianswere
continuouswith the Ca edonide M ountains of northwestern Europeand
Greenland.

| ErODING SEDIMENTS |

Figure 1.16: When ancestral Africa collided with North
America, the Appalachian mountains were formed. Figure
by J. Houghton.

TheAppaachian
Mountainsthat we seetoday, )
however, aremerely theworn Opﬁ%
down remnants of the Appala- {m %
EAMERICA

chianscreated millionsof years
ago. Atonetimethe Appaa

7y

2| Mississippian .
8 pevonian chianswereprobably astall as =
£ ilurian H ANA
o themodern Himalayas, but CONDWAN
Cambrian .
o today the Appaachiansarethe Figure1.17: Late Pennsylvanian: 306 million years ago.
Precambrian
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Geologic History

rounded, weathered and aged peaks of amore mature mountain rangethat has
seen millionsof yearsof erosionand uplift.

Thedirect cause of the creation of the A ppal achian Mountainswasthe
merging of al continentsinto the supercontinent Pangeaasthe lapetus Ocean
closed 290 million yearsago. Balticaand North Americahad mergedtoform
onecontinent during the Acadian mountain-building period inthe Devonian,
effectively creating theancestral northern Appaachians. Inthemeantime,
through the Missi ssippian and Pennsylvanian periods, ancestral Africa(aready
joined to other continents as Gondwana) drifted closer to North Americaand
Baltica. Thelapetus Ocean narrowed asthe oceanic crust was subducted
under the North American continental crust. When ancestral Africa finally
collided with North Americaduring the Permian, the continental crustswere
too bouyant to be subducted like dense oceanic crust. Instead, the crusts
crumpled together to createatall range of mountains. Sedimentsfromthe
proto-Atlantic ocean basin and the continental shelf and slope of North
America, were pushed upwards and squeezed along with the crust.

Evidence For Pangea

How do we know that Pangea existed 250 million years ago? Fossil evidence and
mountain belts provide some of the clues. The Permian-age fossil plant, Glossopteris
had seeds too heavy to be blown across an ocean. Yet Glossopteris fossils are found in
South America, Africa, Australia, India and Antarctica! The mountain belts along the
margins of North America, Africa and Europe line up as well and have similar rock
types, indicating that the continents at one time were joined as Pangea. The discovery of
Glossopteris and the evidence in the rocks helped geologists to formulate the theory of
Continental Drift, which, when the processes of continental movement were later dis-
covered, was reformulated under the modern theory of Plate Tectonics.

Figure 1.18: Alleghanian Mountain Building
Africa collides with North America
central/southern Appalachians form

Pangea assembled, one supercontinent on Earth

Though the Appalachian Moun-
tains do not look as tall and rug-
ged as the Himalayas of India, the
Appalachians formed through
esentially the same geologic pro-
cesses. The collision of the In-
dian and Asian plates that is tak-
ing place today is raising the
Himalaya Mountains, similar to
the collision over 250 million
years ago between Africa and
North America created the Ap-
palachian Mountains.
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Geologic History

Rifts are breaks or cracks in the
crust which can be caused by ten-
sional stress as a landmass breaks
apart into separate plates.

The same processes that are today
tearing apart East Africa, were
tearing apart Pangea 180 million
yearsago. In East Africa, the Af-
rican plate is pulling away from
the Arabian plate, stressing the
crust to the point of breaking apart.

I~
TSEDIMENT
@ FILLING BASIN
ii
3 ,‘ 7
DOWNDROPPE ’
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FAULTING
OF BASIN

The Breakup:
Pangea comes apart

The super-continent, Pangea, lasted 100 millionyears. But, aswe
have seen, the Earth’scrustisnot static. Thedirection of plate movement
shifted over time and the continents began to pull apart rather than converge.
Riftsdevelopedinthecrust, eventually breaking completely through the crust
and leading to the breakup of the supercontinent. Modern day rifting can be
observed inthe East African Rift Valley. Tension (twoforcespullingin
oppositedirections) dowly beganto pull North Americaaway from the other
merged continents. Asthe crust waspulled apart, it stretched, thinned and
upliftedto the point of breaking.

Theriftsoccurred dong aseriesof cracksinthe Earth’scrust roughly
paralle tothe present coastline. Alongaseriesof faults, blocksof crust did
down thefaultsto form down-dropped basinsbounded by tall cliffsthat came
tobeknownas Triassic rift basins(Figures1.19 and 1.20). Theeroding cliffs
filled the adjacent basinswith poorly sorted, red-colored sandstonesand
shales. Thesebasin depositsare part of asequence of rocksknown asthe
Newark Supergroup, with thicknessesreaching up to 6 kmin some places.

Figures 1.19 and 1.20: As rifting occurred,
blocks of crusts slid down faults to form a
basin. The basin was filled with sediments
and lava flows. Eventually, the entire basin
was tilted andfaulted. Figure by J. Houghton.

Depositsarefound inthe Connecticut Valley of Massachusetts and Connecti-
cut, and inthe Newark Basin, which stretchesfrom southeastern New York
across New Jersey, Pennsylvaniaand Maryland. TherearemoreTriassic Rift
Basinslocated off the east coast that are buried by continental shelf sediments
(Figure1.21). During the Jurassic, thefinal break between the plates of

North America, Africaand Balticaoccurred many

kilometersto the east of today’scoastline

The long, narrow Triassic rift
basins formed through the Trias-
sic and early Jurassic periods.

Present — . I i -
'§ Quaternary . a What ISnow the M Id CONNECTICUT VALLEY
2 Tortiary ©  AtlanticRidge. Other
66
8| Cretaceous : fr mmtSOf Pangea
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S| Triassi i GETTYSBURG
[ asee ], : gradually brokeintothe eiad R et
Pennsylvanian § mOdem Cont' nmts, g CNVIy Wadfington béf?ﬁ;;{%?ﬁ;a
8| Mississippian ‘E . . . ) e L 2
8 Devonian 2 movingintotheir present SV o ananmc
€ Silurian 3 ™. 750, BASIN
Ordovician positionsover thenext Figure1.21: The Triassic Rift Basins of the Northeast formed
Cambrian as North America broke away from Pangea during the

543 . severd hundred million e ‘
. Triassic and Jurassic. Figure by J. Houghton.
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Geologic History

PALISADES

years.
Thetensionreleased by

thepulling apart of plates, resulted ,

. Some rocks wear down relatively

innumerousfaultsandvolcanoes.  © guickly, while others can withstand

Alternatingwiththesandstoneand . the power of erosion for much
. longer. Softer, weaker rocks such

Rocks that form ridges

by J. Houghton.

COOLED LAVA [ oo oo shalebeing depositedinthebasins - gsshaleand poorly cemented sand-

SEDIMENTS weredepositsof ashand lava : stone md limestone are much

Figure: 1.22: The softer sediments of the Newark Rift C . | ore “L?Zly worn away than hard,
basin were quickly worn away, forming valleys between flowsoriginating from volcanoes . crystalline igneous and metamor-
the more resistant ridges of hardened lava flows. Figure dongtherift area. Theflat-lying phic rocks, or well cemented sand-

stone and limestone. Harder rocks
are often left standing alone as
ridges because surrounding softer,
less resistant rocks were quickly
worn away.

beds of the Newark and Con-

necticut Valey basinswereeventudly faulted again andtilted, exposingthe
edges of thelayersof sediment and cooled lava. The hardened lavawasmore
resistant to erosion than the sedimentsin thebasin, soridges of cooled lava
wereleft standing asthe sediments around them wore away (Figure1.22).

Asthe supercontinent gradually broke apart, the continents moved into
the geographic positionswe seetoday (Figures1.23and 1.24). The Atlantic
Ocean begantowiden. Theeast coast of North Americano longer
experienced the strong tectonic activity associated with the compression
andrifting of aplatemargin. Instead,
thetectonic activity gradualy moved
with the Mid-Atlantic Ridge hundreds of 0
kilometers off thecoastinthe Atlantic ' AMERICA SQ -
Ocean. TheNortheast, remaininga
‘passivemargin’ throughto the present,
began along period of erosion that
would continuethrough the Cretaceous
andintothe Tertiary.

GA‘MERICA
Q

AN
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v
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Figure 1.24: Cretaceous: 94
million years ago.

GONDWANA

Figure 1.23: Triassic: 237 million years ago.
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What happened between
the breakup of Pangea and
theice age?

The Northeast gradually rifted away from
the rest of Pangea during the Mesozoic.
Throughout the Tertiary period (which fol-
lowed the breakup of Pangea) a warm cli-
mate promoted chemical weathering and ero-
sion of rocks of the Northeast. Periodic up-
lift and significant erosion of the land shaped
much of the topography of the Northeast.
Though Tertiary deposits are thick along the
continental shelf and parts of the Coastal
Plain (evidence of significant erosion dur-
ing this time), there are very few lertiary
deposits on much of the Northeast coast.
This is because as the climate began to cool
and the ice age set in, glaciers scraped up
most of the sediments deposited during the
Tertiary and pushed them southward. Up-
lift during the Tertiary created the
Adirondack Mountains of New York.

Quaternary

Tertiary

Cretaceous
Jurassic
Triassic

Mesozoic | Cenozoic

Permian

Pennsylvanian

Millions of Years Ago

The Ice Age:
mountains of ice

Althoughtoday theplatesarestill drifting and the Atlantic Ocean
continuesto widen, the dynamic plate tectonic activity of the geologic past
hastemporarily quieted a ong the east coast. However, despitethe
minimal tectonic activity inthe Northeast throughout the Cenozoic (with
theexception of periodic uplift and movement of faults), theface of the
land continued to change dueto erosion and aseries of advancesand
retreatsof glacia ice.

A cooler climate contributesto the growth of continentd glaciers.
Thecontinental glacier that
repeatedly covered parts of
North Americaduringthe
Quaternary, haditsoriginin

in

~ L]TH =
T Ao 0SPHE
ASTHEN (E‘RE

PHERE

Figure 1.26: As dense glacial ice piles up, a glacier

northern Canada. Asthe
climate cooled, moresnow fell
inthewinter thanmdtedinthe

is formed. The ice begins to move under its own

weight and pressure. Figure by J. Houghton. sSumme, causing thesnow to

pack into denseglacial ice.
Asmore snow and ice accumulated onthe glacier (and lessmelted), the
ice began to move under itsown weight and pressure. Theolder iceon
the bottom was pushed out horizontally by theweight of the overlying younger
iceand snow. Glacia icethenradiated
out fromacentral point, flowing lateraly
inevery direction away fromtheorigin
(Figure1.26). And thus, acontinenta
glacier originatinginfar Northern Canada
began to move south towardsthe north-
eastern U.S (Figure1.27). Theice sheet
crept dowly forward, scraping off the

Figure by J. Houghton.

2| Mississippian - H
§ pevonian looserock materidsand gouging the
£ silurian . .
Ordovician bedrock beneath theiceasit advanced. Figure 1.27: The movement of the ice sheet
Cambrian " :
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Geologic History

Earth’sclimate shifted towardsice age conditions. Sincethat time, therehave
been severa dozenintervalsof glaciation separated by warmer intervalsnot
unlikethepresent. Themost recent glacial advancereached itsmaximum
extent 25-20,000 years ago and lasted until 10,000 years beforethe present.
Thoughtheglaciersarelong gonefrom the Northeast, they haveleft behind
evidenceof their advancesand retreats, smoothing over themountainsand
blanketing the surfacewith glacial deposits. The Northeast owesalarge share
of its present topography and drainage
patternstothelast glacial advance.

AlthoughtheentireNortheast
region was affected by thecooling
climateduring thelast advance of the
iceshest, theglaciersonly extended as
far south asnorthern Pennsylvaniaand
Longldand. Today, theEarthis
technicdly inaninterglacid time, asthe
ice sheetshaveretreated for now. Thereisevery reason to believe, however,
that the Earth will returnto aglacial maximum unlessglobal warming resulting
from human activitiespullsthe Earthfrom another iceage.

Figure 1.28: Modern geography.

Ice Sheet

VA

(7.
© Ridge

e,

Figure 1.29: Ice Age
Northern Canadian ice sheet forms
repeated advances and retreats of ice sheet over the Northeast
put the finishing touches on the topography of the Northeast

Throughout the Earth’s history, the
continents have been periodically
plunged into an ice age, dependent
upon the climate and position of
the continents. Over the last mil-
lion years, North America has ex-
perienced glaciation approxi-
mately once every 100,000 years
and once every 40,000 years dur-
ing the previous two million
years.

With the coming of the Industrial
Age and exponential increases in
human population, large amounts
of gases have been released to the
atmosphere (especially carbon di-
oxide) that contribute to global
warming,.

see Glaciers, p.57
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Geologic History

Activities

1. As part of an experimental program to bring together arts and sciences at your school, you are requested to create an art
piece that shows in three dimensions — through drawings, sculptures, computer animations, or other forms — the
sequence of geologic events that took place in the Northeast United States over the past billion years. It is thought that the
sequence of events, represented in different colors and changing shapes, may give an interesting art form as well as illus-
trating geologic history.

Create your own artistic piece, of the history of the Northeast, showing:
(1) the Grenville passive margin,
(2) the Taconic converge,
(3) the Acadian convergence,
(4) therifting apart of Pangea, and
(5) the Coastal Plain passive margin.

2. Your art piece is selected to go on display in your local art museum. The Director of Exhibits there asks if you could create
another three dimensional piece that represents a stack of rocks of various ages from just your own area. This will help
show people at alocal scale the influence of these geologic events on the rocks under their feet. You are asked to please use
colors consistent with the first piece, so that the two pieces are complementary.

Create a second artistic piece, representing local rocks through time, consistent with (1).

3. You have another creative idea. You apply for and receive a grant to create three more pieces forlocal geology as in (2),
each of them in a different place that, all together, can help tell the large-scale story of number (1).

(a) Create three more art pieces for areas of the Northeast that are each geologically different from each other, so that altogether they
represent how large scale geologic events have affected local rocks. You choose the locations. Create an artwork representing the series of
rocks present at each location.

You decide each piece of art should somehow include actual specimens of rocks representing each event or geological
period. Thoughitis clear that you can go to the three places and find rocks at the surface, the rocks under the surface from
previous geologic periods will be buried; you reason that you can find rocks of similar age and origin exposed at the
surface elsewhere. Fortunately you had the foresight to see that you'd need to do some field work, and have a modest travel
budget as part of your grant.

(b) Describe in highway travel the most efficient way to collect appropriate samples that represent the subsurface samples you need.
Create a travel report listing each segment of the trip, what you collected, how many miles you traveled, and what your travel costs were.

The Paleontological Research Institution . %




Geologic History

For More Information...
Books

Bain, George W. and Howard A. Meyerhoff, 1976, The Flow of Time in the Connecticut Valley, Connecticut Valley Historical
Museum: Springfield, Massachusetts.

McPhee, John, 1983, In Suspect Terrain, Farrar, Straus, Giroux: New York, New York.
Raymo, Chet and Maureen E. Raymo, 1989, Written in Stone, The Globe Pequot Press: Old Saybrook, Connecticut.

Redfern, Ron, 1983, The Making of a Continent, Times Books: New York, New York.

Internet
Basic Geology and Neotectonics of the Adirondacks Newark Basin and Connecticut River Basin
http://www.geo.wvu.edu/~tsattler/tectonics/adirondack/ http://everest.hunter.cuny.edu/bight/newark.html
mountains.html
Paleomap Project
Deposition of the Catskill Clastic Wedge http://www.scotese.com/

http://www.stepahead.net/~schneller/devohist.htm
USGS Information on Plate Tectonics
Geologic Time http://geology.er.usgs.gov/eastern/tectonic.html
http://www.ucmp.berkeley.edu/help/timeform.html
USGS The Story of Plate Tectonics
http://pubs.usgs.gov/publications/text/dynamic.html

Other Resources

used in compiling this chapter

Bally, Albert W. and Allison R. Palmer, eds., 1989, The Geology of North America: An
Overview, The Geological Society of America, Inc.: Boulder, Colorado.

Dott, R.H., Jr. and D.R. Prothero, 1994, Evolution of the Earth, 5 edition, McGraw-
Hill, Inc.: New York, New York.

Hatcher, R.D., Jr, WA. Thomas, and G.W. Viele, eds., 1989, The Decade of North
American Geology: The Appalachian-Ouachita Orogen in the United States, Volume F-2,
the Geological Society of America: Boulder, Colorado.

Rodgers, J., 1971, The Taconic Orogeny, The Geological Society of America, Volume 82,
p.1141-1178.

Roy, D.C,, ed., 1987, Northeastern Section of the Geological Society of America: Centennial
Field Guide, Volume 5, Geological Society of America: Boulder, Colorado.

Zen, White, Hadley and Thompson, eds., 1968, Studies of Appalachian Geology, Inter
Science Publishers: New York, New York.

Special thanks to Robert Hatcher, Bob Darling, and Bosiljka
Glumac for information and resources regarding geologic history.

ﬁ‘ The Paleontological Research Institution



Selected Figures

for overheads & handouts
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Figure 1.3: Exposures of Grenville age rocks are found up and
down the East Coast and Canada. Figure by J. Houghton.

Subducting plates.
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Figure 1.8: Volcanic islands formed where the plates were
forced together as the lapetus Ocean closed. The compression
crumpled the crust to form the Taconic Mountains and a
shallow inland sea. Figure byJ. Houghton.

Figure 1.11: New England was not always part of the
North American continent. Slices of land known as
exotic terranes, collided with North America during
the Taconic and Acadian orogenies. Figure by J. Houghton.
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Figure: 1.22: The softer sediments of the Newark Rift
basin were quickly worn away, forming valleys between
the more resistant ridges of hardened lava flows. Figure
by J. Houghton.
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CATORILLDELTA | | ERODING SEDIMENTS
INLAND OCEAN e
oM Figure 1.14: North America and Baltica collided
~— © finally in the mid Devonian, crumpling the
crust to form the Acadian Mountains.
‘ N Sediments eroded from the highlands formed
N. AMERICA H ‘ the Catskill delta. Figure by J. Houghton.
q ]
.
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/
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%\\)\
NEWARK BASIN [, 4oL
GETTYSBURG b5 V- =
BASIN Trenton < = Figure 1.21: The Triassic Rift Basins of the
%%ﬁ = ) Northeast formed as North America broke away
ﬁﬁf;gg?ﬁ; a from Pangea during the Triassic and Jurassic. Figure
Washington, @C by J. Houghton.
(]
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Rocks of the Northeastern US:

o Inland Basin

Sedimentary rocks are very abundant in the Inland Basin.
During the Silurian and Devonian, approximately 400 mil-
lion years ago, much of this area was a shallow inland sea,
the perfect environment for the deposition of thick layers of
sand, silt and clays to form sandstone, siltstone, and shale.
The shells of abundant sea life were deposited to form lime-
stone. Sediments eroded from the Taconic and Acadian high-
lands which lay to the east, and formed thick deltaic sequences
stretching toward the west across the basin. Precambrian
igneous and metamorphic Grenville rocks lie exposed in the
Adirondack region because of uplift and erosion of the over-
lying cover of younger sedimentary rocks.

tinent.

9 Appalachian/

Piedmont

Exposed in the Appalachian and Pied-
mont region are the remains of ancient
mountains that preceded the Appala-
chians (the Taconic, Acadian and un-
derlying Grenville Mountains), sedi-
mentary rocks formed by erosion of the
highlands, and igneous and metamor-
phic rocks formed during the crunch
caused by the Taconic, Acadian and
Alleghenian mountain building
events. In the Appalachian/Piedmont
area, Triassic Rift Basins filled with
sedimentary rock (red beds) and basalt
flows mark the break up of Pangea.

9 Coastal Plain

Loose sediments that have not solidified to become rock domi-
nate the geology of the Coastal Plain. Gravel, sand, silt and
clay transported from inland form a wedge that thickens
oceanward towards the continental slope at the edge of the con-

e Exotic Terrane

Igneous and metamorphic rocks dominate the Exotic Terrane region. New En-
gland was formed by the addition of small slices of land (exotic terranes) that
collided with North America millions of years ago during the Taconic and Acadian
orogenies. The intense heat and pressure of the collisions created large igneous
intrusions and metamorphosed the exotic terranes and adjacent crust.






Rocks of the Northeastern US:
a brief review

Thereisan amazing diversity of rocksexposed at the surfaceinthe
Northeast. Therocksrecordal billionyear history of colliding plates, inland
oceans, deposition, erosion, uplift, igneousintrusionsand extrusionsand glacia
activity. Thedifferent rock typesof theregion influencethetopography and
tell uswheretolook for certainfossilsand natural resources. Therocks
exposed on the surfacein the Northeast arethere because of the unique
geologic story of theregion. Each type of sedimentary, igneous and metamor-
phicrock formsin aparticular environment under particular conditions(Figure

2.1). Igneous Rocks of the Northeast

granite diorite
anorthosite diabase
basalt gabbro
pegmatite
CROOK
Weathering Solidification
Erosion
Magma
or
Lava
Sediments .
of the Melting
Northeast
(not SEDIMENTS METAMORPHIC
consolidated ROCK
into rocks)
gravel ~ sand ~ Deposition .
e clay Metamorphism
Burial. Heat
Compaction and/or
Cementing Pressure
SEDIMENTARY
ROCK
Sedimentary Rocks of the Northeast
limestone dolomite
sandstone siltstone
shale conglomerate
coal

Figure 2.1: The rock cycle.

Metamorphic Rocks

of the Northeast
slate phyllite
schist gheiss
marble quartzite
serpentinite
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Why do we see different kinds of rocks at the surface?

As you walk across the surface of the Earth, you will observe an amazing variety of rock types. If

Sedimentary rocks
form from the breakup of pre-
existingrocks. Westhering
and erosion by wind, water or
chemica action breaksup
sedimentary, igneousand
metamorphic rockstoform
loose sediments. Sediments
aretrangported downstream by rivers and dumped into the ocean or are
deposited somewhereaong theway. Compaction of the sedimentsusually
happensthrough buria by more sediments. Asfluidswork their way through
the spaces between the sediments, cementing-mineralsareleft behind toform

Sediments = Sedimentary Rocks

gravel ———— conglomerate
sand ———p sandstone
silt  ——— siltstone
clay ———» shale

calcium carbonate — limestone
calcium magnesium carb — dolostone

hardened sedimentary
rocks: sandstones,
sltstonesand shales.

all rocks were flat-lying layers and there was no erosion, then we would only see one type of rock Sedimentary rocks may
exposed on the surface. Often, though, rocks have been worn away (eroded) and now underlying
layers are exposed at the surface. Layers of rock may also be tilted, folded or faulted to reveal
underlying rocks at the surface. Figuresby]. Houghton.

When rocks are flat-lying layers
and there is no erosion, folding or
faulting, the person walking
across the surface sees only one
rock type.

When rocks are worn away (often
by streams), the person walking
across the surface sees the
underlying layers of rock
exposed.

alsoformby evaporation
of water, leaving behind
depositsof evaporites
suchashaliteand
gypsum. Depositsof
cacium carbonate,
usualy formedthrough

When rocks are folded or tilted, )
the person walking across the — theaccumulation of

surface sees several layers of rock

exposed.

calcium carbonate
skeleta materiad (suchas
clamsand coras), create

the sedimentary rockslimestone and dolostone.
I gneousrocksformfrom

the cooling of hot moltenrock. If 5
the molten rock isbelow the sur- Magma Lava
. (large crystals) (fine crystals) | &

face, itiscalledmagma. Rocks granite rhyolite =
withlargecrystalsindicatethere diorite  diabase andesite 5
) gabbro basalt N

wasplenty of timefor thecrystas anorthosite S

Igneous Rocks
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to grow asthe magmacooled slowly below the Earth’ssurface. Moltenrock
that breaksthrough the crust to the surface (usually through avolcano) islava.
Lavacoolsquickly asthe heat escapesto the atmosphere, producing igneous
volcanicrockswithvery tiny crystalsor no crystalsat all.

M etamorphic rocksform from pre-existing sedimentary, igneousand
metamorphic rocksthat are exposed to increasesin temperature and pressure.
Thiscan occur from plate movements, very deep burial, or contact with molten
rock. Themineradswithintherock recrystallizeand realign, formingamuch
harder rock. Some examplesof metamorphic rocksare given below:

Parent Rocks Metamorphic Rocks

shale — - slate

slate — - phyllite
phyllite ~————p» schist
peridotite. ———————m serpentinite
sandstone ———————® quartzite
limestone ——————— marble
anorthosite ——————— metanorthosite
gabbro ——————p» metagabbro
granite  ————p» gneISS
shale/sandstone ——p gneiss

Asyou read through this chapter, keep in mind that you should be able
to predict thetype of rocksin any given region by understanding theeventsin
geologic history that have affected thearea. Whentheplatescollided, the
compression and friction melted thecrust. Therising magmaformed igneous
intrusionsthat crystallized below the surface, producingigneousrockswith
largecrystalssuch asgranite. Therising magmamay have broken throughthe
surface asvol canoes, creating vol canic rockssuch asbasalt. Thecolliding
plates buckled the crust (creating metamorphic rocks), forming an ocean basin
to thewest of themountains. Thebasinfilled with shedding sediment fromthe
newly-formed mountains, producing thick sequencesof sedimentary rock.
Wherethe platesdiverged, asinthe Triass ¢ period when Pangea separated,
thecrust rifted in many places, creating basinsfilled with sediment that became
sedimentary rock. Therifting gaverisetovolcanic activity, creating volcanic
rocks.

Bedrock vs. Surficial
Sediments

The bedrock of the Northeast is
covered with a thin layer of re-
cently deposited sediments and
soil. This chapter deals mainly
with the older bedrock , formed over
the last billion years. The bed-
rock links more closely with the
events in geologic history dis-
cussed in the preceding chapter.
Surficial deposits are discussed in
more detail in the next chapter
(Glaciers).
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see Geologic History,
p. 7 and 12 for Taconic
and Acadian events.

Rocks of the Inland Basin
Region 1

Sedimentary rocksdominatethe Inland Basin becausethe areawas
covered by the ocean for tensof millionsof years: first inthe Cambrian when
global sealevel washigh and the ocean stretched far inland over most of the
Northeast, and later during the Taconic and Acadian mountain-building periods
(Ordovicianthrough Devonian) when aninland ocean existed west of thenew
mountain ranges. Thebasin of theinland seaformed by the buckling of the crust
from the compression of platesduring the mountain-building events. Conglomer-
ates, sandstones, siltstones, shales, limestones and dol ostonesare common
rocksformed in these oceans and the bordering environments such asdeltas,
swamps, mud flatsand tidal areas.

Why are there different sedimentary rocks in different environments?
As mountainous highlands erode, sediments are transported down the mountain by gravity and streams. The sediments that have only
been transported a short distance and have not undergone considerable weathering, form conglomerates when compacted and cemented.
Conglomerates are made of poorly sorted sediments, containing large pebbles of rock as well as finer sediments in between, typical for
a deposit that occurs close to the source of erosion. If the sediments are transported a bit farther before being deposited and undergo more

wearing down along the way, the sediments become rounded, smaller, and better sorted, as
all of the larger grains drop out of the slowing water. If you examine sediments from the
beach out to deep ocean, you will notice that beach deposits (and river deposits) are mainly
sandy, followed by finer grained silts in deeper water, and very fine-grained clay in the
deepest water above which currents may be slow enough to permit such small particles to
settle. Limestones tend to accumulate where the rate of sediment being eroded from the
highlands is low enough not to dilute accumulation of the calcium carbonate shell mate-
rial that forms limestone. Many organisms that secrete calcium carbonate shells thrive

ecologically in the clear water. In a shallow continental sea, low rates of sedimentation and clear water may be reached further from
shore where sediment derived from land has settled out. Thus, the typical sequence of rocks formed across a shallow continental basin
at any given time begins with conglomerate near the source, and sandstone, siltstone, shale and reefy limestone forming farther out. rigure

by J. Houghton.

Precambrian Adirondack Rocks:

| Precamb:iiri (!\ Paleozoic l\l)Mesozoicc Cenozoic |
The Adirondack region of New York iscomposed of many types of
billion-year-old rocks, al of whichwere metamorphosed asaresult of the
Grenville Orogeny. Theseancient metamorphosed rocksareananomaly inthe
basinregion, whichisdominated by sedimentary rocks. Grenville-aged rocks
that were originaly sandstones, limestonesand shalesdeposited inawarm,
shallow ocean at the eastern margin of proto-North America, make up the bulk

009%
quasaiyl
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of theresistant rocks of the Adirondacks (Figure2.2). Thesearethe oldest rocks
found at the surfaceinthe Northeast. AsBalticaapproached North Americafor
thefirst time (inthe Late Precambrian), the Grenville belt of sedimentary rocks
was squeezed and pushed up onto the margin of proto-North America, forming
theGrenvilleMountains. During theintensty of the squeeze, the sedimentary
rocksweremetamorphosed. Sandstone became quartzite, gneissor schist;
limestone became marble; and shalebecamegneissand schist.

There are other types of rocksexposed in the Adirondack region aswell.

During the Grenvillemountain-buil ding event, magmacrested by thefriction Figure 2.2: Precambrian

Adirondack rocks exposed in

between the converging plateswasrising upinto theoverlying crust. Theblobs the Inland Basin.
of magmarose higher, pushing through overlying sedimentary rocks. Theblobs o

) . ) . Anorthosite is an igneous rock
eventually cooled and crystallized, forming igneousrockssuch asgranite, an- - madealmost entirely of the min-
orthositeand, lesscommonly, gabbro. Asthe Grenville Orogeny continued, the . eralfeldspar.
cooled igneous blobsand the sedimentary rocks of the Grenville Belt were :
buri ed unda asmUCh %30 k| |OmeteI’S Of CTUSt! W'th that mUCh crust What l:lappens to a rock when

. 1 4
overhead, the pressureand temperatureon theburied rockswasextremely ::) d‘zsm ?’mifj(ﬁ;gggifkgém b

high, causing further metamor phism. Thegranitesbecamegneiss, gabbraos  jected to increased temperatures and pres-
became metagabbro; and the anorthosite became metanorthosite. The sures, they are altered to become metamor-
phic rocks and exhibit characteristic meta-

intengity of the Grenville mountain-building event al so sheared therock as morphic textures such as foliation and re-
. . o e crystallization. As pressure increases, usu-

blocksof crust did past each other in oppositedirections. Thisismost s R o oy B
evident inaband of rockscalled mylonitesinwhich mineralswere com- compression of colliding plates, foliation
: : occurs whereby minerals in the rock align

pressed and recrystallized upon shearing. themselves to the pressure, creating parallel

For millionsof yearsfollowing the Grenvillemountain-buildingevent,  layering. Foliation is obvious in rocks such
the Grenville Rocksthat stretch from Canadato Mexicowereworndown %S §71¢iss and schist. Recrystallization of
rocks is seen in marble and quartzite, as the
and buried by layersof sedimentary rock. Grenville-agerocksarepresentin  rock is heated to high temperatures. Indi-

: vidual grains of sediment making up the
many other partsof the Northeast, but are generally deeply buried by s e s o (i
younger overlying sedimentary rocks. Inthe Adirondack region, the solid rock with interlocking crystals.
Grenvillerocks are exposed because of an uplift of the crust that occurred only )
10-20 millionyearsago during the Tertiary period.

The Adirondacks, though composed of billion-year-old rocks, are
actudly relatively young asmountains. Their exact modeof formationistill
debated. Some geologiststhink that the crust was uplifted because of ahot spot
beneath the crust caused by plumes of magmarising fromthe asthenosphere. As

themagmarose, the crust was pushed upwards, forming adome. The softer
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Many of the Grenville igneous and
metamorphic rocks are resistant
and are being eroded very slowly.
In fact, the Adirondack region is
still being uplifted today about 2
mm/yr, a rate faster than the
mountains can erode in some
places.

Figure 2.3: The east-west stripes
of rocks in the Inland Basin occur
because of the shallow angle of the
rock layers. Regional compres-
sional stress from mountain
building tilted the layers of sedi-
mentary rock gently, less than five
degrees to the south. The tilting
exposes layers of rock that would
otherwise remain buried.

sedimentary rockson top of the domewere uplifted, fractured, and eroded away
quickly, exposing theunderlying Grenvillerocks.

Cambrian-Ordovician Rocks

Precambrian Paleozoic Mesozoic | Cenozoic

[
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Theremaining rocksexposed in the Inland Basin are sedimentary rocks.
Asyou movefrom north to south on the geol ogic map of thebasin, you will
noticethat the exposed surface rocks become younger (Figure2.3).

Cambrian and Ordovician rocksare exposed in northernmost New York
and in patches around the Adirondack dome, followed by athin stripe of Silurian
rocksto the south. Most of the southerntier of New York and northern Pennsyl-
vaniaexposes Devonian sedimentary rocks, followed by exposuresof Mississip-
pian, Pennsylvanian and Permian rocks continuing southinto
Maryland. Theserockswereat onetimeflat-lying layersof
sedimentary rock, with the Cambrian rockslying unseen
beneath overlying younger rocks. Thelayers, however, have
tilted very gently afew degreesto the south and eroded,
0sing the underlying older rocks.

WhentheGrenvillemountain building findly subsidedin
4e| ate Precambrian, aperiod of erosion followed that wore
wn theancient GrenvilleMountains, which stretched up the
margin of North America. During thisperiod, thelapetus
Ocean opened and widened as Baltica separated

onceagainfromNorth America. Riftsdevelopedinthe
crust during thisseparation, creating small basinsof down-
dropped blocksof crust. Cambrian sedimentary rocks SN 0%
fromtheeroding Grenvillehighlandsare pre-
sarvedintherift basins. Therift basins
appear in patchy areasaround the
Adirondack dome. Globaly, sealevel
roseduring thelate Cambrian, covering
most of the Northeast with ashallow
ocean (Figure2.4). Sedimentary rocks

Taconic
volcanic islands
approached from the
east  during  the
Cambrian. Figure by J.
Houghton, after Geological Highway Map
of the Northeastern Region, no. 10, American Association

of Petroleum Geologists, 1995.
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formed from the sedimentseroded from land to the west.

Most of the early Ordovician produced similar depositsto the Cambrian
(Figure2.5). Sealevel remained high and the rocksformed were predominantly
limestone and dolostone, common in warm, shallow, sediment-starved seas. As
sealevel dropped later in the Ordovician, these sedimentary rockswere sub-
jected to intenseerosion.

Towardsthe end of the Ordovician,
volcanicidandsthat had formed aong the
subduction zone between North America
and Baltica, moved towardsthe margin of

North America. Layersof ashresultingfrom
thevolcanic activity to the east were depos-
ited in the basin and can be seen today
preserved within therocksof thelnland
Basin. Thevolcanicidandscollided with
Figure 2.6: The Taconic volcanic islands  North Americato formthe Taconic Mountains
;ﬂf;‘fi?;’;ﬁﬁ;g;f;’;"{fﬂ"’ﬁ’;ﬁm;’;f " and buckled the crust to the west of the
after Geological Highway Map of the Northeastern Region, no- - mountains, forming an inland ocean.

e Sediment tumbled downthemountain
flankscarried by streamswestward into theinland ocean, forming the Queenston
Ddta(Figure2.6). Closetothe highlands, conglomeratesformed. Deltaic
streams brought sandy, muddy sediments downstream towardstheinland ocean
basintoform sandstone, siltstoneand shale. Settling within theinland ocean,
sedimentswere compacted and cemented to become sedimentary rocksthat
stretch acrossto the western border of New York and Pennsylvania.

INLAND.
OCEAN

Silurian Rocks
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The Silurian rocks exposed east to west acrossthe middle of New York
record the continuing story of theinland ocean. Sedimentary rockswerestill
formingwiththeriseandfall of sealevel intheinland ocean. Duringthelate
Silurian, the ocean becameextremely shalow intheNortheast. Sedimentsinthe
ocean were exposed as mudflats and rapid evaporation of the shallow seasled to

Figure 2.5: Cambrian and
Ordovician rocks exposed in the
Inland Basin.

For millions of years during the
Paleozoic, an inland ocean ex-
isted on the eastern half of North
America as an extension of the
lapetus Ocean, filling the basin
formed by the mountain-building
events with sea water. The inland
ocean was separated from the
lapetus Ocean by the Taconic and
Acadian Mountains.

Sealevel rose and fell in the inland
ocean during the Paleozoic, in part
because the convergence of the plates
carrying North America and Baltica
continued to buckle the inland basin,
deepening the ocean. Sediment
eroded from the mountains,
however, was also filling the

inland ocean.
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Figure 2.8: Silurian rocks exposed
in the Inland Basin.

Figure 2.9: Devonian rocks exposed
in the Inland Basin.

theformation of evaporites (Figure2.7).
Much of the sedimentsdeposited intheearlier

Silurianwere quickly eroded away when . //-\-2:('9
exposed above sealevel. Therateof

. , , /& VOLCANIC
deposition of sedimentswasaSOSOWEr g S ARCHIPELAGO

during the Silurian becausethemajor-
ity of the Taconic Mountainshad
aready beenworn down by this
time. Asareault, relaively little
sediment waspreserved asrock in Novthonstor Reaton, v, 10,
the Silurian, and they aretherefore 1995.

represented by only athin stripe on the geologic map (Figure

2.8).

Figure 2.7: Silurian
shallow seas resulted
in evaporite deposits.
Figure by J. Houghton, after
Geological Highway Map of the

Devonian Rocks
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Devonian-aged rocks are exposed across southern New York and
northern Pennsylvania(Figure2.9). These sedimentary rocksrecord the Acadian
mountain-building event asNorth Americacollided with Bdtica. Theformation of
the Acadian Mountainswassmilar to theformation of the Taconic Mountains.
Just asthe Taconic mountain building during the Ordovician had formed aninland
ocean and thewestward spreading Queenston Delta, Acadian mountain building
renewed theinland ocean by buckling the crust downward and forming
awestward spreading Catskill Delta (Figure2.10). Asonewould
expect, therocksof the Devonian period produced during the
Acadian orogeny aresimilar totherocksof the
earlier Ordovician period produced during
theTaconicorogeny. Conglomerates |« « « 2% ®
wereformed closetothe Acadian i
highlands, and finer grained sediments
spread westward to form sandstone,
sltstoneand shale. Attimes, whenthe Figure by . Houghton,after
amount of sediment being deposited from Geological Highony Map of the

Northeastern Region, no. 10,

Figure 2.10: The
Acadian Mountains
in the Devonian.

1995.
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the highlands decreased, limestone and dolostoneformed aswell. The Acadian
highlands eroded rapidly, providing huge amounts of sedimentsto be deposited
onthe Catskill deltaand into theinland ocean that were preserved asathick :
sequence of Devonian-age sedimentary rocks.

Sedimentary Structures
Upon close examination, the Devonian rocks of the Inland Basin often reveal the type of environment in which they formed by the
presence of sedimentary structures within the rock. Sedimentary structures include ripple marks, cross-beds, mud cracks, and even
rain drop impressions. Consider the type of environment in which you see these sedimentary structures today in the world around

YOU. Figuresby]. Houghton.
Cross-beds form as flowing water pushes sediment

= Ripple marks suggest downstream, creating thin beds that slope gently in

s the presence of the direction of the current as migrating ripples.
= WO water The downstream slope of the ripple may be preserved
~ (though wind can as a thin layer dipping in the direction of the current,
also create ripples and across the natural flat-lying repose of the beds.

even dunes). Mudcracks indicate that the sediment
was wet but exposed to the air to dry and crack.

Another migrating ripple will form another layer
on top of the previous.

Mississippian Rocks
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During theMississippian and Pennsylvanian period, thelnland Basin
regionwasstill aninland seaenvironment, with sediment being shed intothebasin
fromthe Acadian highlandsinthe east (Figure2.11). Gradually, theamount of
incoming sediment into thebasin declined. Theshordineof theinland seamoved
back and forth acrossthebasin assealevel roseand fell during thisperiod. The
fluctuating water levelscreated dternating
sequencesof marineand non-marine
sedimentary rocks, characterized by red
and gray colors(Figure2.12). Limestones
weredsoformingintheinland seain
areasreceiving very littlesediment. The
Northeast was till located dong the
equator at thistime, sothewarm climate
created lush vegetation. Largeswamps
covered theshorelineareasof theinland
Figure 2.11: Mississippian and Pennsylvanian sea. Plant material inthe swampsdied

Northeast landscape. Figure by J. Houghton, after

Geological Highway Map of the Northeastern Region, no. 10, 1995. and &Cumul ataj %thl Ck pl I Sof p%t

Figure 2.12: Mississippian
(dark) and Pennsylvanian
(light) rocks exposed in the
Inland Basin.
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Mississippian rocks are also
exposed in small patches at the sur-
face in the Inland Basin in south-
western New York.

see Non-Mineral
Resources, p.154
for more on the

formation of coal.

see Fossils, p.90
for more on the
composition of
coal.

Figure 2.13: Permian rocks exposed
in the Inland Basin.

Though Permian-age rocks have
some thin bands of coal, they have
nowhere near the abundance of
coal seen in the Mississippian and
Pennsylvanian rocks.

Buried by waves of sediment and more vegetation, the peat was compressed.
Over timeand continued burial, the peat wastransformed to layersof codl.
Thus, the Pennsylvanian and Mississippian rocksof thelnland Basinregion,
found primarily in Pennsylvania, arerepesting sequencesof dternating sedimen-
tary rock and bands of coal formed because shiftsin sealevelsalowed lush
vegetationto developin swampy aress.

Permian Rocks

Precambrian Paleozoic | Mesozoic | Cenozoic

|
 °
Exposed at the surfacein the Pennsylvaniaand Maryland Inland Basin
region are Permian-age sedimentary rocks (Figure2.13). Atthistimeingeologic
history, the continents had united to form one giant landmass known as Pangea.
North Americawas sutured to Pangeaby the collision of Africawith the east
coast of North Americaduring the Alleghanian mountain-building event, forming
the Appaachian Mountains. Theunification of Pangeasgna ed theclosing of the
| apetus Ocean aswell asthelast timetheinland seainvaded eastern North
America. Though sealevd fluctuated for atime, theinland ocean gradually
retreated, leaving behind river sediment depositsrather than marine deposits.
River sedimentsgenerally form coarser grained and more poorly sorted sedimen-
tary rocks. With theclosing of thel apetus, the climatein the Northeast became
significantly drier asthe Northeast was near the center of Pangea. Thelush codl
swampsof the Miss ssippian and Pennsylvanian periodsgradualy disappeared as
morearid conditionsdevelopedinthearea. With the absence of organic-rich
swampy aress, very
littlecoal could be
formed, accounting for
themuchsmdler
amountsof cod inthe
Permian rock record.

quasaiy
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Missing time in the Inland Basin
Where are the rocks representing the Triassic, Jurassic, Creta-
ceous and Tertiary periods in the Inland Basin? The absence
of rocks deposited during certain time periods in regions of a
geologic map does not mean that there were no rocks forming
during that time. It may mean, however, that very little sedi-
ment was deposited, that the sediment was eroded away, or that
the rocks are buried beneath the surface. There is no single
place on Earth that has a complete sequence of rocks from the
Precambrian to the Quaternary. Erosion and weathering over
time have removed many meters (and in some cases kilome-
ters) of rock from the surface of the Northeast.
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Rocks of the Appalachian/Piedmont
Region 2
Thefolded, deformed rocks of the A ppal achian/Piedmont region record
the success ve mountain-buil ding eventsthat folded theland into narrow ridgesin
thisarea. Therocksof thisregionwereoriginaly sandstone, siltstone, shaleand
limestone, formed as sedimentseroded from the Taconic and Acadian Mountains
into theinland ocean basin. Much of the Appal achian/Piedmont rocksaresimilar

tothose of the Inland Basin region because they were deposited inthe same
inland basin, though much closer to themountains. Many of the sedimentary
rocks, however, fromthe A ppal achian/Piedmont Region areno longer sedimen-
tary rocks. They have been squeezed, pushed, faulted and severely deformedin
many placesbecausethisregionwas, at varioustimesthrough geologic history,
either thesutureareafor converging platesor directly adjacent to theuplifting
mountains. The Appa achian/Piedmont Rockswerecloser to themountain

T e o S

g e e B

LA \
Figure 2.14: Shaded-relief map of the Appalachian-

Piedmont Valley and Ridge in Pennsylvania. Image
provided by Ray Sterner, Johns Hopkins University.

building than rocksfurther west, and
sofdttheeffectsof theimmense
pressuresof colliding platesmuch
more severely. Thenortheast-
southwest trending narrow ridgesand
valeys, andtherolling hillsof the
Piedmont arearesult of thestress
caused by theintense compression of
platesof crust (Figure2.14).

Precambrian Rocks
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The oldest rocks of the A ppal achian/Piedmont region record the deposi-
tion of sedimentson the ancient North American coastlinemorethan onebillion
yearsago as sedimentseroded from the GrenvilleMountains. Thereare severa
areasinwhich Precambrian rock isexposed within the A ppa achian/Piedmont
Region: the Green Mountainsof Vermont; the Berkshire M ountains of Massachu-
setts stretching south into northern Connecti cut; the Hudson Highlandsand

The rocks of both the Appalachian/
Piedmont Region and the Inland
Basin got their final squeeze during
the Alleghanian mountain-building
event. The rocks at the surface today
were once buried under kilometers
of sediment. They have been
exposed over time by erosion and
weathering.

: % The Paleontological Research Institution
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The Manhattan, Reading and
Trenton exposures of Precambrian
rock are called prongs because of
their elongated, narrow outcrops
that resemble a prong. In New
York City, the Manhattan Prong
is actually Precambrian
Grenville Fordham gneiss, and the
Cambrian Inwood Marble and
Manbhattan Schist.

see Geologic History,
p. 3, for more on the
Grenville rocks.

Recrystallization of
rocks

As temperature and pressure in-
creases during metamorphism, in-
dividual grains of sediment mak-
ing up the original rock are melted
slightly and recrystallize. The
crystals are more tightly inter-
locked than an unmetamorphosed
rock. The spaces between grains
(pore space) in a sedimentary rock
are easy paths for fractures and
splitting. Elimination of pore
space through recrystallization
during metamorphism strength-
ens the overall structure of the
rock. Thus, sedimentary rocks in
general are an easier target for ero-
sion and weathering than the more
resistant interlocking crystals of
metamorphic rocks.

Manhattan Prong of New York; the Reading

Prong; the Trenton Prong; the | reen
Bdtimore Gneiss, South

Mountainand the Catoctin
Mountains (Figure2.15). At
each exposure, metamor-
phosed sedimentary rocks
arevisble, includinggneiss,
quartzite, schistand marble.
Remember, though, that MC‘;tI:m )

these metamorphic rocks Gneies

wereonce sands, silts, muds F; qure 2.15: The Precambrian rocks of the Appalachian/Piedmont

. T occur in a nearly north-south line, forming the many ridges of the
andlimestonedepositedin Appalachian Mountains and revealing the location of the ancient
thewarm, tropical |apetus Grenville Mountains (though in some places the Precambrian
OceanfromtheGrenville

rock has been thrust westward from its original position).
Mountains. They wererepeatedly subjected to enormouspressuresand high
temperaturesfrom the colliding continents, recrystallizing to become metamor-
phicrocks. ThePrecambrianrock isvisibleat the surface only because of
intensefolding of the A ppal achian/Piedmont region, which hasuplifted layersof
rock that were once buried beneath kilometers of crust, and erosion.

Indeed, the erosion-resistant Precambrian rocks have becomethe
‘backbone’ of therange, hel ping the mountainsresi st being worn completely flat.
The Precambrian rock and overlying younger sedimentary rocks have been
compressed by the collisionsof the continentsinto agiant upwardfold. The
softer sedimentary rockswere eroded away at the peak of thefold, exposing the
resistant Precambrian rocksat the center. The Green Mountainsof Vermont
clearly expose thisbackbone of Precambrian gneissand quartzite. TheHudson
Highlands, extending into Pennsylvaniaaspart of the Reading Prong, the Berk-
shire M ountains, Manhattan Prong and the Trenton Prong, follow the sameline
of resistant ridgesof Precambrianrock.

The Precambrian Baltimore Gneiss, near Baltimore, Maryland, isactualy
aseriesof domes. The domeshave Precambrian gneissinthemiddle, sur-
rounded by ringsof quartziteand marble. Thesedomesarenot smple upwarps
of thecrust. Therocksof thisregion have been squeezed so tightly and have

} Berkshire
Mountains
\

HHu 02" ousatonic
'gyanag || Highlands

.

Manhattan

Trent: Prong
renton
=7

rong

Mountain
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been so complexly deformed, that thefol ds have overturned, folded again, and
later eroded to exposethe Precambrian gneiss. Thegneissisahard, resistant
metamorphic rock that hasremained ahighland, while surrounding softer rocks
haveworn away.

Basdlts, rhyolitesand other Precambrian volcanic rocks, aswell as
Precambrian gneissand quartzite, arefound stretching acrossthe Pennsylvania-
Maryland border a ong the north-south line of Precambrian rock. South Moun-
tain of Pennsylvaniaand Maryland’s Catoctin M ountainsrecord therifting of
North Americaand Balticain the Cambrian. AsNorth Americamoved away
from Balticaand the lapetus Ocean opened up, cracksin the crust occurred that
weresimilar totheyounger Triassicriftsfrom Pangea. Theriftsand fracturesin
the crust made pathwaysfor emerging lavato pour out acrossthe surface,
forming the vol canic rocks seen today.

Cambrian-Ordovician Rocks

Precambrian | Paleozoic

Mesozoic | Cenozoic
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The Cambrian and early Ordovician sedimentsrecord theancient North
American shelf and dope sediments. Sandstone and shale werethe dominant
rocksformed from the eroding sedimentsof the continenta highlandsand lime-
stonewasformed from the abundant shelled organismsintheinland ocean. With
thecollison of the Taconic volcanicidands, theorigina limestone, sasndstoneand
shaewere metamorphosed in many areas, forming themarble, quartziteand date
that make up the bulk of the A ppal achian/Piedmont region. The Cambrian and
Ordovicianrocksunderliethe Champlain Valley of Vermont, the Taconic Moun-
tainsand highlands of western New England and eastern New York, and the
prominent ridgesand valleysfurther south in Pennsylvania, New Jersey and
Maryland. Insomearess, particularly theMarble Valley of western Massachu-
setts, Connecticut and southern Vermont, thelessresistant marbleisextensively
exposed at the surface, forming awidevalley of fine marblethat wasonce
vigoroudy quarried for buildingsand monuments.

The Taconic Mountain rocks are unusual because older Cambrian rocks
(which should be beneath younger rocks) are overlying younger Ordovician
rocks. Thisunusua situation occurs because the sedimentsdeposited onthe

Gneiss is a metamorphic rock
that forms by subjecting rocks to
high degrees of metamorphism.
Gneiss can either form from gran-
ite or layered sedimentary rock
such as sandstone or siltstone. The
result is very similar: parallel
bands of light and dark minerals
give gneiss its foliated texture.

see Geologic History,
p. 7 and 16, for more
on the rifts.

These sediments were part of a
wide bank of carbonate rocks that

. formed along the margin of the

continent while the eroding sedi-
ment supply dwindled from the
nearly worn-down Grenuville
Mountains. As the Taconic vol-
canic islands approached North
America during the later Ordovi-
cian, sediments were also eroded

. from the uplifted crust into the

inland ocean to the west.

see Non-Mineral
Resources, p.161,
for more on
marble.
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Unless rock layers are overturned,
older rocks are found at the bot-
tom and younger rocks are found
at the top of a sedimentary se-
quence. This is known as the Law
of Superposition.

Figure 2.18: The Serpentine Belt
exposed in the Appalachian/
Piedmont.

continental shelf and dope of ancient North Americawere shoved and stacked
up onto the coast. Older rocksfrom the continental shelf and dopewerethrust
ontop of younger rocksfromthe Inland Basin, causing no small amount of
confusion when geologistsfirst tried to unravel the history of thearea. Theolder
Cambrianrocksareares stant cap atop the lessresistant Ordovician sedimen-
tary rocks, forming theridge of the Taconic Mountains (Figures2.16 and 2.17).

Figure 2.16: Cambrian rocks Figure 2.17: Ordovician rocks
exposed in the Appalachian/ exposed in the Appalachian/Piedmont.
Piedmont.

Alongalinefromthemiddle of Vermont throughwestern Mas-
sachusetts and Connecticut, southeastern New York, Pennsylvaniaand
Maryland are small exposures of very unusual dark rocksthat are part
of ophiolite sequences (Figure2.18). Ophiolitesare made of deep-sea
sediments, oceanic crust and upper mantlemateria that arerarely seen
a theEarth’'ssurface. Thelineof ophiolite exposuresislocated aong
theancient sutureline between North Americaand thevolcanicidand
terranes of the Taconic mountain building inthe Ordovician period.

Theseigneousrocks, known asthe Ultramafic Belt, arevery richin magnesium
andiron, but very low inslica, typically forming basats, gabbrosand peridotite.
The peridotite, derived from the upper mantle, isoften dtered dightly through
metamorphism to agreenish rock called serpentinite.

Ophiolitesarerecognized by their particular sequence of rocksthat are
not usually found at thesurface. The sequenceincludes sedimentary rock from
theocean floor underlain by flowsof pillow basalt. The pillow basatsformas
lavapoursout of cracksin the oceanic crust and coolsvery quickly inthe
seawater, creating apillow-shaped massof lava. Beneaththepillow lavasare
slIsof gabbro, adark igneousrock formed from cooling magmabeneath the

42
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surface. Thelowest
layer intheophiolite
seguenceiscom-
posed of peridotite, a
rock formed fromthe
upper mantlelayer of
theEarththatisrarely

Ophiolites
When North America was on its collision course with
Baltica, the oceanic crust in between the continents
was being pushed beneath the continental crust of the
approaching North America. As the oceanic crust
was subducted, some of the deep-sea sediments over-
lying the crust, the oceanic crust itself, and perhaps
rock from the upper mantle, were scraped off the de-
scending plate and did not get shoved back down into
the mantle. Instead, the scraped off ophiolite was left
stuck on the continental crust. Subsequent erosion

OPHIOLITE:
WEDGE OF OCEANIC CRUST AND
OCEAN FLOOR SEDIMENTS

CONTINENTAL CRUST

OCEANIC CRUST

ophiolites are significant in the geology of the Northeast because they record the subduction of the oceanic plate

a thesurface. exposed this odd group of rocks that is so unlike the
Thesubduction of the surrounding rock of the continental crust. The
oceanicplateaso
caused igneous

intrusonsbeneath thevolcanicidands.

During and after the Taconic mountain-building event,
sedimentswere deposited into the | apetus Ocean basin and the
inland ocean basin east and west of themountains, mixingwith
and then covering thelimestonesthat had been building up dong
themargin of North Americaprior to mountain building. Volca-
nic ashwithintheserock layersindicatesvolcanic activity
occurring asthevol canicidandscollided with the continent. The
sedimentsof the Queenston Deltarecord the deposition of
eroding sediment from the Taconic Highlandsaswell asthe
changing shorelineasthebasinfilled.

Silurian-Devonian Rocks
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Silurianand Devonian
rocksarefound primarily inthe

southwestern-most part of the Appalachian-

, . . the Inland
/ / Piedmont region (Figure2.19). Theserocksare Basin,
/ very smilar tothe Silurian and Devonian rocks of

Figure 2.19: Silurian and Devonian

Piedmont.

the adjacent | nland Basin. They record deposi-
tionintheinland ocean and thecollison of Baltica
rocks exposed in the Appalachian/  WithNorth America, which formedthe Acadian

beneath the Taconic volcanic islands as they collided with North America. Figureby]. Houghton.

Light-colored vs. dark-colored
igneous rocks

Dark-colored igneous rocks generally come from either
mantle magma or melting oceanic crust at a subduc-
tion zone. Oceanic crust is already dark, dense and rich
in iron and magnesium. The dark color originates from
the iron and magnesium as well as a relatively low
percentage of silica, and characterizes rocks such as ba-
salt and gabbro. Light-colored rocks are formed from
continental crust that is melted from the pressure of
overlying rock or friction from colliding plates. Conti-
nental crust-derived sediments may also form light-col-
ored rocks. Light-colored igneous rocks are very rich in
silica and lack significant amounts of iron and magne-
sium, and include rocks such as granite. The abun-
dance of silica also makes light-colored igneous rocks
less dense than oceanic crust. Thus, continental crust,
with a density of 2.7 g/cm?, is rarely subducted when
plates collide because it is too buoyant to be pulled un-
der another plate. Oceanic crust on the other hand, with
a density of 3.2 g/cm?, is very dense and more easily
pulled under an approaching plate.

see Rocks, p.35
for more on
similar rocks in
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Figure 2.20: Mississippian,
Pennsylvanian and Permian rocks
exposed in the Appalachian/
Piedmont.

2

see Rocks, p.37.

see Non-Mineral
Resources, p.162,
for more on the
- | formation of coal.

see Rocks, p.52, for
more on rift basin
rocks.

see Geologic History,
p. 16, for more on the
formation of rift basins.

Mountainsand renewed depositionintheinland ocean. Themaindistinction
between the Silurian and Devonian rocks of the A ppal achian/Piedmont region
and the Inland Basin region isthe compression and metamorphism of the Appala-
chian Piedmont rocks.

Mississippian-Pennsylvanian-Permian Rocks
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Therocksof the Mississippian, Pennsylvanian and Permian periodsof the
Appaachian/Piedmont are also only found in the southwestern areaof theregion
(Figure2.20). Again, theserocksarevery similar to exposures of thesameagein
theadjoining Inland Basin, recording the lush vegetation and svampy deposits of
thereceding inland ocean shoreline and deeper-water sediments. However, the
rocksof the A ppal achian/Piedmont were metamorphosed in many places. The
soft coa seeninthelnland Basinis present asvery hard anthracite coal inthe
Appaachian/Piedmont region.

Triassic-Jurassic Rocks
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Dissecting the southeastern tip of New York, northern New Jersey,
eastern Pennsylvaniaand Maryland, aretwo connecting basinsfilled with rocks
dating back tothe Triassic and Jurassic (Figure2.21). Thenorthernmost of the
twoiscalled theNewark Basin, and the southerniscalled the Gettysburg Basin.
Inthe adjoining Exotic Terraneregion, asmilar basin occursin M assachusetts
and Connecticut known asthe Connecticut Valey rift basin. 1n Connecticut,
thereareafew other mini-versonsof thelargerift basins, wheresmaller faults
formed tiny basinsthat preserved Triass ¢c- and Jurassic-aged sediments.

Thebasinsformed asblocksof crust did down thefault planes(rifts)
during thelate Triassic and early Jurassic when Pangeawas breaking apart. The
basinsthat formed expose characteristic reddish-brown sedimentary rocksand
ridge-forming basat, anigneousvolcanic rock asoknownlocally as*traprock’.
Periodically thebasinswerefilled with water, forming shallow lakesand deposit-
ing thin, dark layersof sediment typical of |ake deposits.
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Therift valey igneousrockswereformed when magmapushed up
through fracturesin the crust and either poured out on the surface of thebasin as
flowsof lava, or cooled and crystallized asigneousintrusionsbefore reaching the
surface (Figure2.22). Theigneousintrusions, typical withintherift basins, formed
rather shallow withinthecrust. Therelatively cold temperatures of the upper
crust forced the magmarto cool quickly.

The same magmathat formed the Palisades Sill continued torise
towardsthe surface. Therising magmacut through the overlyinglayersand burst
out onto the surface, spreading basaltic lavaover thebasin. Theselavaflowsare
recorded by the Wachtung Mountains of New Jersey, left standing because of the
resistance of thetilted lavabedsin comparison to theweaker sedimentary rocks
above and below.

PALISADES

Figure 2.22: The
Palisades Sill is an
igneous intrusion; the
Wachtung Mountains
are a volcanic extrusion
ofluva. Figure by . Houghton.

PRECAMBRIAN
ROCK PRECAMBRIAN

ROCK

RESISTANT
COOLED LAVA

LESS RESISTANT
SEDIMENTS

Colors of sedimentary rocks:
what do they tell us about the environment?

Color in rocks may be an important indicator of the type of environment in which the rocks were
formed. The red-brown color so common in the rift basins of the northeast is present because of iron
within the rock that has been oxidized (rusted!), which tells us that the rock formed in a seasonally
hot and dry climate on land, where the iron could be exposed to the air and oxidized. Red sedimen-
tary rock is also found in the Silurian rocks of the Inland Basin, reflecting a time of shallow seas in
which the ocean floor sediments were often exposed above water and allowed to oxidize. In some
marine environments, where iron is reduced rather than oxidized, rocks may take on a greenish
hue. However, in well-oxygenated, deep marine conditions, red clays may form.

In contrast, most shales are gray or black in color, reflecting the abundance of organic material that
can accumulate in quiet-water settings and preserve in fine-grained rocks that are relatively
impermeable to oxygen-rich pore water. Shales are most commonly formed in quiet waters where
tiny particles have time to settle out to the sea or lake floor, where there is very little oxygen to aid
in the decomposition of the organisms, so the sediments retain a black color from the carbon of
organic material. The darker the shale, the more organic material that is preserved within! The
presence of certain minerals may also affect the color and aid in the interpretation of the environ-
ment of deposition. Green sedimentary rocks may indicate the presence of the mineral glauconite,
found only in marine environments.

Figure 2.21: Triassic-Jurassic rift
basins exposed in the Appalachian/
Piedmont.

Magma cooled quickly has little
time to crystallize, and therefore
microscopically fine-grained igne-
ous rocks such as basalts are often
produced in rifts.

What is a sill?

A sill occurs when rising magma
forces its way between layers of
rock, spreading out parallel to the
layers and creating a flat intru-
sion like the Palisades along the
Hudson River in New York. The
Palisade Sill is composed of an
igneous rock called diabase. The
texture of diabase is a medium-
size crystalline texture, between
that of a basalt (finely crystalline)
and a gabbro (coarsely crystal-
line). Diabase cools more slowly
than basalt because it is not above
the surface, yet it cools more
quickly than gabbro because it is
closer to the surface.
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Rocks of the Coastal Plain
Region 3
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The Coastal Plainregion hasfairly straightforward geology. Therocks
hereareactually not yet rocks! Instead, thereare usually unconsolidated
sedimentsthat have not been cemented or compacted. The sedimentsare
geologicaly very young, ranging in age from the Cretaceousto the Quaternary.
Thesedimentsincludegravel, sand, and silt; it may taketensor hundreds of
millionsof yearsbeforethese sedimentsareturned torock. Overlyingthe
Paleozoicrocks, the Coastal Plain sedimentsform awedge of nearly flat-lying
layersof sediment that thicken eastward onto the continental shelf and dope
and thenthin again further tothe east.

Consider the geol ogic events between the Cretaceous and the Quater-
nary: the Northeast wasexperiencing areatively quiet timetectonically andthe
east coast of North Americahad becomeapassive margin (therewereno
longer converging or diverging platesright at the margin of the continent). In
Figure 2.23: Cretastous sediments - thistimeof tectonic quiet, significant erosion of the Appa achian highlands
exposed in the Coastal Plain. :occurred. The sediment depositsweresimilar to theformation of the
Queenston and Catskill Deltas of the Taconic and Acadian mountain build-
ingmillionsof yearsbefore. Riversdraining fromthe mountainsbrought sedi-

Unlike the Queenston and

Catskill Deltas, which havebeen -+ ment down to thecoast. Theoldest deposits seen on the Coastal Plain (Creta-
cemented and compacted to be- . .

come thick sequences of sedimen- - ©80US) record thestory of eroded sedimentstransported by riversto the coast
tary rock, the sediments being . and arefound along theinner edge of theregion (Figure2.23). Cretaceous
transported from the Appala- - . g . .

chians have not yet become sedi- +  Sedimentsareasofound onMarthasVineyard at Gay Head Cliff, upliftedand
mentary rocks. * pushedforward by theice sheet during the Quaternary .

Throughout the Tertiary and Quaternary periods, the Northeast repeat-
edly experienced risesand fall of sealevel, in part dueto the build-up and
melting of glaciers. Overlyingtheolder river deposits of the Cretaceous,
Tertiary marine sedimentsrecord theriseand fall of sealevel over greater than
sixty millionyears(Figure2.24). ‘ Greensand’ iscommonin marine Tertiary
sediments because marine deposits often contain the green minera, glauconite,
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lending the sediment agreenishtinge.

The Quaternary isrecorded in the youngest sedimentsof the Coastal
Plain (Figure2.25). Long Idand, Cape Cod and the severa smaller idands off
the coast of New England (Block Iland, Nantucket, Martha' s Vineyard) are
testamentsto the advance and retreat of an enormousice sheet over the conti-
nent. Theidandsareactualy formed from glacia outwash: gravel, ssndand silt
that piled upinfront of theglacier asit melted. Theidandsrepresent the
maximum extent of the most recent glacia advance over 20,000 yearsago.
Theglaciersnever advanced further south than Long Iland and northern
Pennsylvania. Wheretheglacier stood still (neither advancing nor retreating for
sometime) huge deposits of outwash built upinfront of theglacier. This
featureisknown asatermina moraine. Thereareaseriesof termina moraines
inthe Northeast that represent theretreat of the glacier toward the north.

Whilethe continental ice sheet never madeit asfar south asNew
Jersey, Delaware, Maryland, or southern Pennsylvania, theglacierstill Ieft their
mark onthearea. Melt water streaming off theretreating glaciersbrought
gravel, sand, silt and clay that had been carried d ong by the glacier downstream
tothe Coastal Plain. Quaternary deposits make up most of the sedimentsyou
seeimmediately adjacent to modern estuariesand streamsbecause they are
relatively recent deposits.

Figure 2.24: Tertiary sediments
exposed in the Coastal Plain.

see Glaciers, p. 61,
for more on glacial
deposits.

Figure 2.25: Quaternary sediments
exposed in the Coastal Plain.
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see Geologic History,
p. 10, for more on exotic
terranes.

Rocks of the Exotic Terrane
Region 4

Therearetwo basic divisionsof the Exotic Terraneregion of New
England: the |l apetus Rocks, recording the sediments deposited in the ancient
lapetus Ocean, and the Ava oniaRocks, recording the distinctive rocksof the
Avd oniamicrocontinent, which were caught inthemiddle of thecollision
between North Americaand Baltica. Thelapetusand AvaloniaRockswere
not originaly part of North America. Indeed, therockshavedistinctly different
geologic characteristicsthan the bulk of North America. The Exotic Terrane
regionisdominated by igneous and metamorphic rocks. Both thelapetus
Terranerocksand the Avalonia Terranerocksare cut through with igneous
intrusionsthat formed as magmacool ed within the compressed crust, and
volcanic rocksthat formed from vol canoes aslavabroke out of thecrust. The
remaining rocksof the Exotic Terrane region are metamorphosed sedimentary
rocksthat originated as sediments on the continental shelf of North America,

thefloor of theclosing | apetus

The origins of metamorphic rocks Ocean basin, and shed off of the

The type of rock produced during metamorphism depends on the composition of the original

rock as well as the degree of higher temperatures and pressure. For example, when the

sedimentary rock shale is weakly metamorphosed, it becomes slate. Though slate retains

much of the original character of the shale, the minerals within the slate have become aligned

as the original clays are changed to micas through the pressure of metamorphism. Increased

metamorphism produces a phyllite. Finally, with the highest degree of metamorphism, schist

is formed as the micas become large, easily observed crystals. Thus, the type of rock in a given

area can indicate the degree of metamorphism.

original rock weakly metamorphosed ———— p  strongly metamorphosed
shale slate phyllite schist gneiss

approaching volcanicidands. In
some places, especialy northern
Maine, the sedimentary rocks
wereonly weakly metamorphosed
and gill retain much of their
origind character.

Precambrian Rocks

Precambrian | Paleozoic

Mesozoic | Cenozoic
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Precambrian rock inthe Exotic Terraneregionisfoundin eastern
M assachusetts, Rhode 19 and, and Connecticut, and northwestern Maine

(Figure2.26). Eastern Massachusetts, Rhode Island and Connecticut werethe
Avaoniarocksthat collided with North Americaduring the Acadian mountain-
building event. Thoughitisgneiss, the Avaloniagneissisnot thesameasthe

Precambrian Grenvillegneiss. The Avaoniarockswerefar to the southeast of
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North Americaduring the Precambrian.

In northwestern Maine, the mountainous Chain LakesMassif gneiss
standsout asdistinctly different from the surrounding rocks. Geologistscon-
tinueto debatetheorigin of the Chain LakesMassif, whichispuzzling because
of theintensely metamorphosed rocks. Itispossiblethat thismassof gneiss
was part of the Grenvillebelt of sediments.

The Boston Basin

Near the close of the Precambrian, Avalonia was breaking away
from Africa, and on a collision course with North America. A rift
within the Avalonia rocks created a basin, similar to the rift basins
that formed in the Triassic when Pangea began to break apart. The
basin filled with Precambrian-and Cambrian-age volcanic and sedi-
mentary rocks. In the Devonian, millions of years later, Avalonia
collided with North America to form eastern Massachusetts, Rhode
Island, Connecticut and Maine. The rift basin created in the
Awalonia rocks during the Precambrian, known as the Boston Ba-
sin, is still visible today as the foundation of eastern Massachu-
setts. The basin may actually extend several kilometers farther east
under the Atlantic Ocean. Within the basin is the Braintree Slate,
famous for its preservation of an unusually large species of trilo-
bite, Paradoxites.

Cambrian-Ordovician Rocks

| Precambrian | Paleozoic |Mesozoic Cenozoic
» (&} N [ 3
A a a
3 & = ° g
[S) E

Closetothe Chain LakesMassif of Maineare several occurrencesof
ophiolites. Geologistsbelievethat the ophioliteswere scraped off asubducting
oceanic plate and wel ded onto the Chain LakesMassif sometimeduring the
Ordovician.

During thelate Ordovician, asthe Taconic volcanicidandsap-
proached North America, dicesof crust were stacked and squeezed likea
collgpsing telescope acrossthe Exotic Terrane and A ppa achian/Piedmont
regions. IntheExotic Terraneregion, we seetheremainsof thevolcanicidand
chainthat caused the stacking. Thoughitisdifficulttodistinguishindividual
volcanicidandsand dicesof crust, thereisevidenceof thevolcanicidandsand
sedimentsassociated with thevol canic activity of the Taconic mountain building
period. Ordovician-age metamorphosed sedimentary rock that originated

Figure 2.26: Precambrian rocks
exposed in the Exotic Terrane.

see Fossils, p.96,
for more on the
Boston Basin.

see Geologic History,
p. 7, for more on the
Taconic events.
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Rocks

These rocks are all part of the
lapetus Terrane.

2.27).

Figure 2.27: Cambrian and
Ordovician rocks exposed in the
Exotic Terrane.

Volcanic vs. intrusive rocks

What is the difference between volcanic igneous rocks and intrusive
igneous rocks? Hot, molten rock beneath the Earth’s crust is called
magma. As magma rises, pushing through overlying layers of rock,
it will begin to cool. The cooling magma may crystallize and harden
to become an intrusive igneous rock. If, however, the magma rises
to the surface without cooling enough to crystallize, the magma
may be able to break through the crust at the surface forming a
volcano or basalt flow. Geologists call volcanic magma ‘lava’. Lava
cools much more quickly than magma because it is at the surface
and exposed to the atmosphere or ocean water where temperatures
are much cooler. Lava thus has less time to crystallize than magma.
Though the composition of a magma may be the same as a lava, the
texture (mineral crystal size) of the rocks will be quite different. It
is because of this difference in genesis that geologists are able to
make the distinction between volcanic and intrusive igneous rocks
when encountered at an outcrop at the Earth’s surface.

high iron & low iron &

magnesium magnesium
Volcanic: basalt rhyolite
Intrusive: gabbro granite

Ordovician-ageigneousintrusions, generaly
granites, arelocated up and down thevolcanicidand
suture areain and around the sedimentary and volcanic
rocks (Figure2.28). Theseintrusionsarethe cooled
remainsof the magmachambersthat formed the
Taconic volcanicidandsaswel asmagmaformed as
the crust compressed during thecollision.

from the Taconic vol canicidandsareinterwoven with volcanic
rocks, including basat and rhyalite, which form many of the
ridges up and down the central New England area (Figure

Figure 2.28: Ordovician-age
igneous intrusions exposed in
the Exotic Terrane.

Silurian-Devonian Rocks

Precambrian | Paleozoic Mesozoic
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Central New England ispredominantly com-
posed of the remnants of the sedimentsdeposited during
the Silurian and Devonian in the | apetus Ocean (Figure
2.29). Theserockswereoriginaly sand, silt and mud
deposited on thefloor of the lapetus Ocean following
the Taconic mountain-building event. Thesedimentary
rockswerelater squeezed tight, folded and metamor-
phosed during the Acadian and Alleghanian mountain-
building events. The metamorphosed sedimentary rocks
arenow the schistsand gneissof central Vermont, New
Hampshire and southern Maine, theregion wherethe

Cenozoic
.

S
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temperature and pressurewere highest.

Though the degree of metamorphism variesthroughout New England, in
generd therocksinthewest experienced lower degrees of metamorphismthan
rocksintheeast. Likewise, rocksin Northern Maine experienced far less
metamorphism becausethey werenot directly affected by thelater Alleghanian
mountain-building event. Mild metamorphismintheless-stressed areasformed
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datesand phyllites. Central Maineisknown asthe Slate Belt because of the
weak metamorphism that affected the Silurian and Devonian sedimentary rocks
of thearea, whichweremainly shales. Intrusionsof magmapushing up through
thecrust during the A cadian mountain-building event al'so played arolein
metamorphosing rocks.

Regional and contact — CooL — ]
. metamorphism METAMORPHOSED | - SEDIMENTARY
The intense heat of intruding magmas often AREA : __ROCK
metamorphoses the rocks into which they ———=5 —_

are intruded. This is known as contact meta- . , o .
morphism. Shale, rather than becoming slate — - 2N HOT S Ng —-— : F lglz”e 2.29: ;’.IM;WE”"‘Z'D;UO"W”
or phyllite or schist (in which the minerals — o G\'NEOUS‘/'" —_ . rocks exposed in tne Lxotic lerrane.
become aligned through pressure), is often _ INTRUSION, >

simply baked by an intrusion to become PRSI A

hardened shale known as hornfels. Regional

metamorphism, on the other hand, refers to metamorphism induced through increased pressure

as the crust is squeezed together and folded when plates collide. The Taconic, Acadian and

Alleghanian mountain-building events all produced regional stress on the rocks surrounding

the collision zones. In this way, the sedimentary rocks of the Exotic Terrane region and parts

of the Appalachian/Piedmont region have been regionally metamorphosed. Figureby]. Houghton.

<

The eastern section of the Exotic Terrane Region consists of therocks
of the Avaloniamicrocontinent. They includemost of coastal Maineaswell as
Rhode |dand, eastern Massachusetts and Connecticut (Figure2.30). Inthelate

. . . . ) ) «  Figure 2.30: Avalonia rocks exposed
Devonian, when the microcontinent Aval oniawas caught in themiddle of the *in the Exotic Terrane.
collision between North Americaand Baltica, numerousigneousintrusions :
occurred throughout Vermont, New Hampshire, Maine, Massachusettsandthe . Plutonisanother name for alarge

. Ksth . hesei . K h < intrusion. The term is derived
AvaloniaRocksthemsealves (Figure2.31). Theseintrusonsareknown asthe * from Pluto (Hades), the ancient
New Hampshire Plutonic Series. Greek god of the underworld.

Intrusionsrelated to thisseries occur

; . see Non-Mineral
throughout New England and are r_&spons blefor : Resourecs, p.166,
severa high peaksasthehard granitegenerally . for more on Barre

. . , . Granite.

resistserosion better than sedimentary rocks. ranite
Thefamed Barre Granite of Vermont, commer-
cidly vauablefor building and monument stone,
isa so part of the New Hampshire Plutonic

Saries.

Figure 2.31: Devonian igneous
intrusions in the Exotic Terrane.
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see Minerals, p. 144,
for more on
pegmatites.

arragansett
Basin
Figure 2.32: Pennsylvanian-age

basins in the Exotic Terrane.

see Geologic History,
p. 16, for more on rift

Eé :I% basins.
&

see Rocks, p.44, for
more on rift basins.

Pegmatites
Pegmatite dikes are frequently found near the Taconic and Acadian igneous intru-
sions. Hot, molten magma rising through the crust from deep magma chambers
(which eventually formed igneous intrusions) put significant pressure on the
overlying rocks. The pressure caused the crust to crack in many places, creating
additional pathways for magma to intrude and crystallize in dikes. The heat from
the rising magma also partially melted some of the overlying crust. Partial melt-
ing and the escape of volatiles from slow cooling of continental crust created a
unique rock type rich in rare elements: a pegmatite. Their very large crystals,
which range anywhere from 2 cm to as much as 5 meters across, easily distinguish

pegmatites!
Pennsylvanian Rocks

Precambrian | Paleozoic Mesozoic | Cenozoic

N
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Theyoungest rocks of the Paleozoic erain the Exotic Terrane Region,

009¥
quasaiy

approximately 315 millionyearsold, arefound in basin deposits of Massachu-
settsand Rhodeldand. Thebasinsformed asAvaloniacollided with North
Americaand thecompression downwarped the crust dightly. Thebasins
preserve Pennsylvanian-age sedimentary rocksincluding sandstone, conglomer-
ate, and siltstone, all of which have experienced varying degrees of metamor-
phism. They dso havelayersof coal, whichwereminedinthepast for steam
enginesand heating homes. The Narragansett Basin, thelargest of the Pennsyl-
vanian basins, haslayersof anthracite coal up to 12 metersthick and the
greatest number of plant fossil speciesthan any other coa basinworldwide.
Severa smaller basinsarefound close by, including the Norfolk, Woonsocket,
and Northern Scituate Basins(Figure2.32).

Triassic-Jurassic Rocks
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|Precambrian | Paleozoic |Mesozoic Cenozoic |
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Similar tothe Triassicrift basin of the Appal achian/Piedmont, thereis
arift basinthat cutsthrough the Exotic Terrane Region aswell, known asthe
Connecticut Valley Rift Basin. Thisbasin, which cutsthroughthe lapetus
Terrane of the Exotic Terraneregion, may have once been continuouswiththe
Newark Rift Basin. The processof formation of thetwo basinswasthe same,
occurring asthe continents of Pangea separated and North Americapulled
gpart from Africa. Likewise, therocksof thebasinsaresimilar, consisting of
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ridges of basalt and reddish-brown sedimentary rocks (Figure 2.33).

In New Hampshireand southern Maine, late Triassi c through Creta-
ceousigneousintrusionsare exposed inacuriousarc that extendsupinto
Canada(Figure2.34). Known asthe White Mountain Series, theseintrusions
arenot related to the Rift Basin lavaflows, which produced quickly cooled
basalts. Rather, theseintrusionsformed deep within the crust as plumes of
magmarosefromthe mantle. Themagmaoriginated at what somegeologists
think may have been ahot spot. Asthe plate moved over the hot spot, magma
pushed upwardsthrough the crust to form the string of plutonsvisibleat the
surfacetoday through erosion. Theintrusionsform the coreof certain moun-

tainsin central New Hampshire. . Figure 2.33: Triassic rift basin in
the Exotic Terrane.

Hot Spots

Hot spots form from plumes of magma rising off the mantle. Though the hot spot
remains fixed, the plates of the lithosphere are moving above it. Magma from the hot
spot pushes its way up through the crust, creating an igneous intrusion and sometimes
avolcano. As the plate continues to move over the hot spot, magma pushes up next to the
previous volcano to form another intrusion or volcano. This gradually produces a
chain of volcanic islands such as the Hawaiian Islands or a series of plutons as in New
Hampshire (Figure A). Erosion of the volcanoes may eventually wear down the crust to
reveal the igneous intrusions that were the magma chamber of the volcano (Figure B).
This is one of the proposed explanations for the exposures of the White Mountain Series.
Figures by J. Houghton.

SHIFTING
CONTINENTAL CRUST

EROSION EXPOSES
HARDER IGNEOUS
INTRUSIONS

IGNEOUS
INTRUSIONS

Figure 2.34: The White Mountain
Series intrusions in New Hampshire
and Maine.

Figure A Figure B
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Activities

As part of a new program to give students work experience, the school district has hired you to run the Geological Heritage
Project for your school district. The “GHP” as it is known, will become the basis for an Earth science exhibit that will rotate
among district schools.

1. You decide the thing to do is describe the variety of rock types that give evidence to the sequence of events in plate
tectonic history of the Northeastern U.S. You realize that you must be sure you know what kinds of rocks are found in
various parts of any average place where two plates meet each other, before you go looking for rocks that represent histori-
cal plate tectonic events in the Northeast. You also realize that you will need to learn where to find the most important
rocks that represent the history of plate tectonic events.

a) Draw a cross-section of an area in which two tectonic plates are converging, and another in which there is a passive margin west of a
mid-ocean ridge. Label all the rocks (for example, granite, basalt, rhyolite or andesite, schist, gneiss, shale, sandstone, conglomerate, and
limestone) and sediment types (mud, sand, gravel) one might expect to find across these settings.

b) Now that you've done (a), you decide to document the existence of as many of these rock types as possible from past
geologic events in the northeast. You ambitiously get funding from a local supermarket to send out an expeditionary team
of fellow students to collect sets of geological samples from each historical event (but you need to keep costs down).

Naming the rocks, ages, and localities, find the shortest highway route your fellow students should take to collect rocks from the
sedimentary basins associated with:
(1) Greenville passive margin
(2) Taconic convergence
(3) Acadian convergence
(4) rifting apart of Pangea
(5) Coastal Plain passive margin

2. The Discovery Channel hears about the incredible work you've done with the exhibit, and decides that making a
rockumentary — in this case the history of the rocks at some particular point— would make a fascinating television
special. What better, they suggest, than to feature the history of the rocks in your area. You will be the star of the show.
Although you've learned the sequence of events in the Northeast, you realize that you don’t know the detailed sequence of
rock types right in your own neighborhood.

Draw a likely geologic section of the types and ages of rocks under your home down to the Precambrian basement and associate them
with the major events in the geologic history of the northeast.

3. A tour developer watching the Discovery program realizes that there’s a new business opportunity for her. Instead of
human history tours, take advantage of the growing popularity of nature tourism and give geological history tours.

She'll let you in on the profits if you'll get her started — choose three different areas with rather different geological histories
and describe the history of each of them, and what evidence in rock types can be seen of that history at the surface. These will
become the tour destinations.

Teacher tip: The American Association of Petroleum Geologists has a map for the Northeast United States with
both cross sections and geological map that may suit your needs. Students may be able to find some informa-
tion on the Web that gives geological maps and cross sections.

Also see General Resources at the front of the guide.
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For More Information...

Books
Caldwell, D.W, 1998, Roadside Geology of Maine, Mountain Press Publishing Company:
Missoula, Montana.

Isachsen, YW, E. Landings, ]. M. Lauber, L.V. Rickard, and W.B. Rogers, eds., 2000, Geology
of New York, A Simplified Account, New York State Geological Survey, New York State
Museum Cultural Education Center: Albany, New York. '

New England Intercollegiate Geological Conference field trip guidebooks, found in New
England public and university libraries.

Schmidt, Martin E, Jx., 1993 Maryland’s Geology. Tidewaters Publishers: Centerville,
Maryland.

Van Diver, Bradford B., 1990, Roadside Geology of Pennsylvania, Mountain Press Publishing
Company: Missoula, Montana.

Van Diver, Bradford B., 1987, Roadside Geology of Vermont and New Hampshire, Mountain
Press Publishing Company: Missoula, Montana.

Van Diver, Bradford B., 1985, Roadside Geology of New York, Mountain Press Publishing
Company: Missoula, Montana.

Internet

Atlas of Igneous and Metamorphic Rocks, Minerals and Textures
http://www.geolab.unc.edu/Petunia/IlgMetAtlas/mainmenu.html

State Geologic Maps
http://geology.er.usgs.gov/eastern/stgeomap.html

Videos and Maps

Allmon, Warren D., 1998, Round Rocks: Teaching Earth Science as a Process of Discovery, video and teacher
guide, The Paleontological Research Institution: Ithaca, New York.

Reusch, Douglas N., 1993, In Search of the Missing Iapetus Ocean: a Geotraverse Across New England, video
study guide, Department of Conservation, Maine Geological Survey: Augusta, Maine.

American Association of Petroleum Geologists, 1995, Geological Highway Map of the Northeastern Region,
Mapno. 10.

Geologic Map of the United States, 1974, Scale 1:2500000, United States Geological Survey.
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Selected Figures

for overheads & handouts

When rocks are flat-lying layers and there is
no erosion, folding or faulting, the person
walking across the surface sees only one rock

type.

When rocks are worn away (often by streams),
the person walking across the surface sees
the underlying layers of rock exposed.

When rocks are folded or tilted, the person
walking across the surface sees several layers
of rock exposed.

Figure2.3: The east-west stripes
of rocks in the Inland Basin oc-
cur because of the shallow angle
of the rock layers. Regional
compressional stress from
mountain building tilted the
layers of sedimentary rock gen-
tly, less than five degrees to the
south. The tilting exposes lay-
ers of rock that would otherwise
remain buried. Cambrian

and
Ordovician

Silurian

Devonian
Mississippian
Pennsylvanian |

Permian

Precambrian
Adirondacks

Catoctin
Mountains

Baltimore
neiss

Green
Mountains

5 Berkshire
Mountains

ousatonic
Highlands

Prong

Figure 2.15: The Precambrian rocks of the
Appalachian/Piedmont occur in a nearly north-south
line, forming the many ridges of the Appalachian
Mountains and revealing the location of the ancient
Grenville Mountains (though in some places the
Precambrian rock has been thrust westward from its
original position).
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Glaciers of the Northeastern US:
the BIG picture

OInland Basin

There are several significant and spectacular examples
of glacial features in the Inland Basin, though only New
York and northern Pennsylvania were covered by the
ice sheet. Glacial scour features in the Inland Basin
include the Great Lakes and Finger Lakes. Glacial
deposits include lake bottom sediments and drumlins,
and moraines that drastically affected the drainage
patterns of the region. Periglacial features, found in
Pennsylvania and Maryland, include solifluction,
patterned ground and boulder fields. Post-glacial
erosion features include gorges where streams flowing
over waterfalls into glacially cut basins (such as the
Finger Lakes of central New York) eroded back up their
valleys.

e Exotic Terrane

9 Appalachian/

Piedmont

Glacial scouring in the Appalachian/
Piedmont region is evident in potholes,
and the deepening and widening of lake
basins such as Lake Champlain and
glacial Lake Albany. Significant glacial
deposits include the moraines that
stretch across Pennsylvania and New
Jersey. Periglacial features in the
Appalachian/Piedmont region include
numerous boulder fields, ice wedge
casts and solifluction.

9 Coastal Plain

Though the glaciers did not cover the Coastal Plain, several

features of the region are closely linked to the most recent
ice age. The northern Coastal Plain, including Long Island
and Cape Cod, was formed entirely by the moraine deposits
of the melting ice sheet. Periglacial features include
deformation of the Coastal Plain sediments by frost action.
Sea level changes caused by the forming and melting glaciers
affected the Coastal Plain exposure and thus erosion and
sedimentation.

The entire Exotic Terrane region was covered by the ice sheet during the most recent ice age, leaving a
variety of glacial scour and deposit features. Scour features include the erosion of the highlands and
cirques still seen on many New England peaks. Glacial deposits include moraines, wind deposits on
drained lake bottoms, kettle lakes, drumlin fields, and eskers; marine clay deposits occur in Maine from
the post-glacial rise of sea level. There are no periglacial features in the Exotic Terrane region because the

whole area was under ice.






Glaciers

Glaciers of the Northeastern US:

a brief review

The Quaternary period began 1.8 million yearsago and wasmarked by a
seriesof advancesand retreats of successive enormousice sheetsthat originated
intheHudson Bay areaof Canada. The Quaternary periodisdividedintotwo
epochs: the Pleistocene and Holocene (Figure3.1). The Pleistoceneissimply the
equivaent of the Quaternary minusthe most recent (and current) interglacia
interval, theHolocene. |ce age conditionsexisted when theice sheet advanced
over theNorth American continent; interglacia or warming periodsexisted when
theice sheet retreated north. Advancesof theice sheet over the northern United
Statesoccurred several dozen timesover the course of the Plei stocene epoch of
the Quaternary.

Themost recent glacia advancereached its maximum extent 25-20,000
years ago and had an enormousimpact onthe Northeast. Theglaciersblanketed
much of theregionwith glacia deposits, chalenging agriculturewithrrocky fidds;
limestoneridges, however, wereground and spread, increasing soil quality south
of limestone outcrops. Thetopography was scul pted and drainage patterns
shifted by the scouring action and deposits of theglacier. Abundant and easily
mined sand and gravel a soresulted from glacial deposits. Marksleft behind by
theglacierson the high peaksof the Adirondacksand New England mountains
tell usthat the glaci er sreached athickness of between 1 and 2 kilometers,
covering thetallest peaksinthe Northeast. By 10,000 yearsago, theicehad fully
retreated fromthe Northeast. Thisice-freeinterva, whichweareincurrently, is
called theHoloceneor Recent. Although all glacial advanceshad impactsonthe
surface of the Northeast, the effects of only thelast ice sheet arewell docu-
mented, since each succeeding glacial advance erodesand smearstherecord of
the previousadvance.

Theicesheetsareaform of glacial ice. Assnow fallsand iscompacted,
individua snowflakesbecome smadller, rounder and thicker, changing to granular
snow. Upon further buria, compaction and cementation from recrystallized
meltwater, thegranular iceischangedtofirn. Whenthefirn hasbeenburiedtoa
depth greater than 30 meters, iceflow occurs, causing subsequent deformation.
Thefirnrecrystdizestoglacia ice, forming interlockingicecrystas, just as

Quaternary

Tertiary

Cretaceous
Jurassic
Triassic

Mesozoic | Cenozoic

Permian

Pennsylvanian

Mississippian
Devonian

Millions of Years Ago

Paleozoic

Silurian
Ordovician

Cambrian

543

Precambrian

4600 —

Figure 3.1: Geologic Time
Scale (not to scale).

Glaciers are a build-up of snow,

firn and ice, partially or wholly
on land, which move downhill
under their own weight.

Firn is a transitional form be-
tween granular and glacial ice.

ﬁ‘ The Paleontological Research Institution

59



Glacdiers

see Rocks, p.29, for
the rock cycle.

The Greenland and Antarctica
ice sheets make up 95% of all the
current glacial ice on the planet.

Very fine sediments and clay re-
sulting from the grinding action
of glaciers is called rock flour.

Meltwater from the glacier enters
cracks in bedrock beneath the ice
sheet and freezes, expanding the
cracks and breaking up the bedrock.
The glacier then plucks the sedi-
ments from the bedrock.

Long, parallel scratch marks that
look like pinstripes on a rock are
called striations. Striations re-
sult from the grinding sediments
in glacial ice sliding across the
rock surface.

sedimentary rocksarerecrystalized to form metamorphic rocks. Assnow
accumulates, packsdown, andisconverted to glacial ice, theweight of the
accumul ating snow causestheunderlying glacid icetoflow outinal directions
fromthecenter. Likewater, iceflow isdriven by gravity, and movesdownhill.

Therearetwotypesof glaciers: smaller-scaevalley glaciersand large-
scaeicesheets. Foundin mountainousregionsat high dtitudes, valey glaciers
form by erosive action in bowl-shaped scourscalled cirques and flow down pre-
existing valeysonhigh atitudemountains. 1ce sheetsoccur onamuch larger
scale, spreading from acentra point outward in al directionsacrossacontinent.
Greenland and Antar ctica currently haveice sheetssimilar to the onethat
stretched over North America 20,000 yearsago.

Glacierswill only formin specific environments. They requireadequate
snowfal sothat each year more snow isaccumulating than melting. Thisallows
for the build-up and compaction of snow that will gradually becomeglacid ice.
Thus, cold climate and sufficient moisturein theair for the precipitation of snow
are both necessary for theformation of aglacier. Cold climate conditionsexist at
high atitudesand high latitudes. Itisnot surprising that theice sheetsof today
areinthehighlatitude polar regionsof Greenland and Antarctica, wheretem-
peraturesarelow. For continental ice sheetsto occur, there must belandmasses
over thehighlatitudes, sinceflowingicewill not form over open water.

Glacial Scouring

Theice sheet left itsmark in many waysonthe Northeast, resultingin
many noticeabletopographic features. Asthe 1-2 kilometer thick glacier ad-
vanced forward, flowing under itsown weight from the center of accumulation, it
scraped and scoured the crust beneath. Boulder- to clay-sized sedimentswere
plucked from the underlying bedrock and soil. Theglaciersincorporated this
sediment into theglacia iceor bulldozed it forward in front of theadvancingice.
Sedimentsintheglacia iceacted like coarse sand paper, scouring and scraping
thebedrock beneath. Sedimentsand |essres stant sedimentary rocksover which
the glacier moved were often eroded and ground-up into very fine sediment and
clay (caledrock flour). Moreresstant igneousand metamorphic rock was
often polished and scratched by the grinding action of the sedimentsintheglacia
ice. Knobsof resistant rocks, polished by theglaciers, are commoninthe
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Glaciers

Northeast. Streamsof meltwater from theglacier, frequently gushing and full of
sediment, caused significant amounts of scour aswell. Theabrasive sedimentsin
theflowing water created potholesin the bedrock and plunge pools at the base
of waterfalls.

Valey glaciers, flowing from the high mountainsinthe Adirondacks,
Catskillsand New England, originated near the peaksin bowl-shaped scours
caled cirques. Thoughthemountainsarenow freeof glacia ice, thedistinctive
scoop-likecirquesare till visiblein some peaksinthe Northeast. (Tuckerman's
ravinein New Hampshireisacirque.) Scouring by thevalley glaciersandtheice
sheet that covered the mountainseroded agreat deal of bedrock, rounding out
and shortening the mountains, sometimes by hundreds of meters.

How do we know the mark of glaciers?
How do we know that striations, polish, scoured basins, U-shaped valleys and the
variety of deposits attributed to glaciers are in fact a result of glacial action?
Before the modern understanding of the ice ages, many believed that the features
now attributed to glaciers were the result of a great flood similar to the story of
Noah and the Ark in the Bible. By studying modern glaciers, howevet, geologists
have come to understand the resulting features of glacial scour and deposition that
are readily identified in much of the Northeast. Modern glaciers include the large-
scale ice sheets in Greenland and Antarctica as well as the small-scale valley
glaciers found in mountain ranges in places such as Alaska, Canada and the Alps.

Glacial Deposits

Inan action similar to abulldozer, theglacier plowed over theland. Asit
moved forward, the glaciers scraped up earth and pushed ahead piles of sand,
gravel and broken rock to form characteristic glacial deposits(Figure3.2). The
unsorted mixture of boulders, gravel, sand, silt and clay picked up and | ater
deposited by glaciersiscalledtill. Wherethebulldozing glacier stopped its
advancefor atimeand then melted back, theridge of till that had been pushedin
front of the glacier wasleft behind, marking theend or terminusof theglacial
advance. Theridgeof till iscalled amoraine and rangesin length from hundreds
tothousands of meters. Till that has been molded and reshaped by theunderside
of anadvancing glacier into astreamlined, el ongated hill iscalled adrumlin. This

istill that has been trapped underneath the glaci er, and hasthus been deformed by

theiceflowing above. Theedongated shapeof adrumlinisparalld tothedirec-
tion of iceflow, and thusan excellent clueto determinetheflow of theice sheet

When sediment-laden water wears
away bedrock in swirling eddies
it forms potholes and plunge
pools at the base of waterfalls.

Valley shapes

A river cutting through bedrock
tends to make a V-shaped valley,
as it erodes deeper and deeper to-
wards sea level. A glacier, on the
other hand, makes a U-shaped val-
ley as a tongue of ice cuts through
bedrock. Often, glaciers flow
down pre-existing river valleys,
reshaping them to broader, deeper,
U-shape valleys. Unlike a river
that erodes to sea level, a glacier
may form valleys that are deeper
than sea level.

The term till originated with farm-
ers living in glaciated areas who
were constantly removing rocks
from their fields (and building the
famous stone walls of New En-
gland.) The rocks are deposits of
cobbles and gravel left by the gla-
ciers that made it more difficult to
farm parts of the Northeast.

Many moraines mark the termi-
nus or edge of the glacier. Lateral
moraines may also occur in be-
tween and at the sides of glaciers
or ice lobes.
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Well-sorted deposits have rela-
tively uniform grain size.

A braided stream carries more
sediment than a typical stream,
causing the formation of sandbars
and a network of crisscrossing
streams.

Eskers are sinuous, elongated
ridges of sand and gravel. They
are found in many parts of the gla-
ciated Northeast, and are often
mined for their well-sorted sand
and gravel.

Erratics are often distinctive be-
cause they are a different type of
rock than the bedrock in the area
to which they ve been transported.
For example, boulders and pebbles
of igneous and metamorphic rocks
are often found in areas where the
bedrock is sedimentary; it is some-
times possible to locate the origin
of an erratic if its composition and
textures are highly distinctive.

during itsmost recent advance.

Méltwater flowing off theglacier also left behind deposits. Unliketill
deposits, meltwater depositsare well sorted, just asother riversand streams
havewd | sorted layersof sediment. Astheglacier melted, streamsof sediment-
laden meltwater poured off theice, often creating networksof braided streams
infront of theglacier. Streamsof meltwater flowing under theglacier deposited
sand and gravel. Whentheice sheet retreated, theseridges of meltwater stream
deposits, known asesker's, wereleft standing.

Other glacid featuresincludekettles, kamesand erratics. Kettlesare
pondsor depressions|eft behind by themelting glacier. Blocksof ice broken off
from the glacier often were buried or surrounded by meltwater sediments (Figure
3.3). Whentheiceeventually melted, the overlying sedimentshad no support,
collapsing to form adepression that often filled with water to becomealake.
Many kettlelakesand pondsarefound throughout the glaciated Northeast.
Kamesare mound-like depositsof sediment fromthemelting glacier. Erratics
arerocksthat theice sheet picked up and transported further south asit moved
over the continents.

BRAIDED STREAM

Figure 3.2: Glacial deposits. Figure by J. Houghton.
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Figure 3.3: Formation of a kettle lake. Figuresby]. Houghton.
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Periglacial Environments

Though not all of the Northeast was covered by theice sheet, theentire
regionfeltitseffects. Theregion covered by theice sheet was scoured and
covered with glacia deposits; theregion south of theice sheet hasitsown distinc-
tivelandscape and features becauseit wasnext totheicemargin. This
unglaciated but still affected zone south of theice sheet iscalled the periglacial
zone.

Thereareavariety of features associated with aperiglacial zonethat also
provide cluesto the extent of themost recent ice sheet. Inthetundralike envi-
ronment of aperiglacia zone, eolian depositsare common. Sand dunesand
wind-transported sedimentsarefoundinformer periglacia areasandinglacial
lake bottomsof the Northeast. The permafrost associated with the periglacia
area, inwhich theground isfrozen much of theyear, can cause massmovement
of sediment. Whenthesurfacelayer of the permafrost ground thaws, itisfull of
moisture. Thiswater-heavy layer of soil may moverapidly downabhillina
process called solifluction. Physical weathering of the bedrock ismagnified
intheperiglacia environment because of thefreeze-thaw cyclesassociated with
permafrost. When water entersthe cracks and fissuresin the ground and subse-
quently freezes, theicewedgesthe cracksfurther and further apart (Figure3.4).
Becauseicetakes up more space than water, the pre-existing cracksand frac-
turesarewidened whenthewater freezes. Along ridges, rocksareeventualy
broken off asicewedges continueto expand in jointsand fractures. Theboul-
dersand blocks of bedrock roll downhill and are deposited along the slope or as
fieldsof talus. Especialy inthe Appalachian/Piedmont region, talusblocksare
carried far down dopeand arefound asfields of boulders. Frost action aso
brings cobbles and pebblesto the surfaceto form nets, circles, polygonsand
garlandsof rocks. Theseunusual patternsof sorted rock are known as pat-
terned ground. Solifluction andicewedging arefound exclusively wherethe
ground remainsperennidly frozen, yet isnot insulated by anicesheet. Such

conditionsonly
FRACTURE FILLS ICE OPENS WEDGE
WITH WATER IN FRACTURE occur inaress
adjacenttoice
shests.
Figure  3.4:

CyClCS. Figures by ]. Houghton.

. frost).

Physical
weathering from freeze-thaw

The average annual air tempera-
ture in a periglacial area is be-

«  tween—12°and 3°C. Though the
. surface of the ground may melt in

the summer, it refreezes in the win-
ter. When the ground surface has

- remained frozen to a certain depth
. for most of the year, it is called
«  permafrost.

Eolian means wind. Sediments
that have been wind transported
are often polished, giving them a

‘frosty’ appearance.

Solifluction is similar to a land-
slide or mudslide (which are trig-
gered by things other than perma-

Physical weathering is the
break-up of rock due to physical
processes (such as erosion by
wind, water and ice) rather than
chemical processes.

Talus, or block-fields found on the
sides of steep slopes, are common
in periglacial environments.

As the ground freezes and thaws,
the rocks and pebbles in the soil
are repeatedly heaved upwards
and then settled. This movement
of the material in the soil causes
sorting and patterns to occur.
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Why was there

an ice age?
Scientists continue to debate the
causes of the glacial advances and
retreats in North America over the
last 2 million years. Movement
of the Earth’s plates may have been
a direct or indirect cause of the gla-
ciation. As plates shifted, conti-
nents moved together and apart,
changing the size and shape of the
ocean basins. This altered the oce-
anic currents and subsequent wind
currents. Mountain building, oc-
curring when continents collided,
put up obstacles to prevailing
winds and changed moisture con-
ditions.

Anice dome is the spreading cen-
ter for an ice sheet. Glacial ice
flows outward from the ice dome,
where snow continues to accumu-
late, like pouring pancake batter

into a frying pan.

Calving refers to the breaking of
chunks of ice from the ice sheet into
the ocean.

The Pleistocene

Whatever itscause, acooling climatetriggered the start of aseriesof ice
agesshortly beforethe Pleistocene began. Themost recent ice age beforethe
present interglacial period began 65,000 years ago and affected the Northeast
until 10,000 yearsbeforethe present. Initialy, theicewasspreading froma
singledomelocated in northern Canadaover the Hudson Bay. Twenty thousand
yearsago, thisice sheet reached its
maximum extent, asfar southasL.ong
Idand and northern Pennsylvaniainthe
Northeast.

Theformation of glacierscomes
from preci pitation of water originating
from evaporation of ocean water. Thus,
significant glacid build-up tiesup water
inice sheets, causing asealevel drop.
During the Pleistoceneglacial advances,
sealeve dropped an estimated 110
meters! Thecoastlineof theeastcoast ¢ igure 3.5: The approximate position of the ice sheet
wasan estimated 100 kilometers east 20,000 years ago. Atter Hughes, T, et al, 1985.
of itspresent location 20,000 years ago (Figure 3.5).

By 18,000 yearsago, theice sheet wasin retreat because of adlight
warming of theclimate (Figure3.6). Métingice caused theice sheet to begin
calvingintothe St. Lawrence River
andthe Gulf of Maine, raisng sea
level. Thoughtheicesheet dternately
moved forward and melted back-
ward, overall it wasontheretreat.
Evenduringfull glacid times, the
glacier wasawaysmeting at its
fringes. Duringtimesof glacia
retreat, theice sheet wasnot flowing
backwards. Theglacier continuedto |
flow forward, but it wasmelting faster
than it wasadvancing.

I:I Ice sheet (20,000 years ago)
I:I Glacial deposits from
earlier ice sheets

- - - - Extent of the ice sheet
(20,000 years ago)

[ ] ice sheet
direction
of foe lf"fow

Bl s'acial lake

D ice dome

18,000 years ago

Figure 3.6: The approximate position of the ice
sheet 18,000 years ago. After Hughes, T, et al, 1985.
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By 14,000 years ago, sealevel had risen so high that the ocean flooded the .
St. LawrenceRiver. Theformation of the St. Lawrence Seaway cut off theglacial -
icethat covered much of Maine. Continued melting left the Northeast freefrom the
ice sheet 10,000 yearsago. Though the crust wasrebounding now that the heavy

glacia icewasgone, continued melting of theice sheet caused sealevel torise
faster thanthecrust.

Sealeve riseandthedowly
rebounding crust caused the Northeast
coastlineandinland lakesto be
flooded. Lake Champlain, many times
larger than it isnow, wasflooded by
ocean water to becomethe Champlain
Seaway. Thebasinsscoured by the
glacierstoformthe Great Lakes
wereflooded by meltwater and
formed |akeswith boundariesmuch
larger than today (Figure3.7).

Marine
submergence
Glacial
lake deposits

Extentof the
ice sheet

Figure 3.7: The approximate position of the ice
sheet 12,000 years ago. Atter Hughes, T, et al, 1985.

Glacial Scouring
Rebounding of the crust

A 2 kilometer thick ice sheet can weigh quite a bit. The enormous weight of the ice
sheet over the continent depressed the crust into the asthenosphere just as the weight
of a person in a canoe causes the boat to ride lower in the water. When the person
steps out of the canoe, the buoyancy of the canoe allows it to once again rise. When
the ice sheet retreated from the Northeast during the most recent ice age, the crust
rebounded and continues to do so today. However, the crust could not rebound as
fast as sea level was rising from the melting glaciers. The result was flooding of the
coast and glacial lakes. The rebound of the crust when it is freed from overlying ice
is known as isostasy. FiguresbyJ. Houghton.

CRUST GLACIER
REBOUNDS RECEDES

When the melting ice sheet uncov-
ered the St. Lawrence River, the
river valley was flooded with
ocean water from rising sea level
and became the St. Lawrence
Seaway. Maine was left with its
own local icecap and spreading
center from which ice flowed in
all directions (even, strange as it
may seem, north!). Though the
ice sheet continued to radiate from
the Hudson Bay ice dome, there
were several other smaller ice
domes throughout the ice sheet
from which glacial ice flowed as
well.

Prior to glaciation, the Great
Lakes were river valleys that had
been scoured and deepened repeat-
edly by the many ice advances dur-
ing the Quaternary period. Many
sizable glacial lakes were formed
at the edge of the melting glacier
that no longer exist today or have
significantly shrunk in size.
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The bottoms of Seneca (193 meters
deep) and Cayuga (132 meters
deep) Lakes are deeper than sea
level.

Glacial Features of the Inland Basin
Region 1

Excellent examplesof glacia scouring arefoundinthelnland Basin
region of theNortheast. LakesOntario and Eriewereformed by the scouring
action of glaciers. Thebroad, deep basinsof LakesOntario and Erie, former
river valleys, were scooped out by tonguesof ice asthe glacier advanced over
North America Whentheglacier beganitsretreat, meltwater flooded lake
basins. LakesOntario and Eriewere both much larger thantoday. Glacia
meltwater poured into these basins, and theice blocked drainage that would
eventually flow to thenortheast viathe St. LawrenceRiver. TheErieand
Ontario Lowlands, aswell asthe once-flooded M ohawk River Valey south of
the Adirondacks, aretheremainsof themuch larger lakes. Flat, lowland topog-
raphy and characteristic lake bottom sedimentsarefound inthe areaswherethe
lakes oncereached.

TheFinger Lakesregion of

New York wasa so formed by glacial
scouring (Figure3.8). TheFinger

Lakeswerepre-existingriver valeys
beforethetonguesof ice covered the

areaand widened and deepened the
valeys. Thestreamvaleyswere
dammed at their southern end by
glacid till andflooded toformthe :
o
Finger Lakeswhentheice sheet 'y
retreated. Whereas streamsonly : o
erodeasfar down assealeve, gla- Figure 3.8: A view of the Finger Lakes region
. ' glacially carved lakes from the Space Shuttle.
clersare abl etO erOde more d@l y Image courtesy of Alan Spraggins, NASA, JPL, Houston.

Thebottoms of two of the Finger
Lakes(Lakes Senecaand Cayuga) areactualy below sealevel.

TheFinger Lakesregionisfamousfor itsnumerousgorges, which also
resulted indirectly fromtheglaciersof the Laurentideice sheet. After theglaciers
retreated, or began retreating, tributary streamsbegan runninginto the Finger
LakeVadleys. Theerosiveforce of theglaciers, however, considerably deep-
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ened thesevalleys. Thus, tributary streamswereleft hanging far abovethe . The tributary streams rapidly
. ) . « eroded the valley trying to reach
lake surface, forming aseriesof waterfallsand cascadesall along the Finger the new base level in the Finger
Lake Valleys. Thesestream valleysare called hanging valleys (Figure3.9). »  Lake Valleys. Resistant rock units
. ) . have temporarily slowed the
Inamatter of only several thousand years, deep erosion by thetributary stream erosion, and the waterfalls
streamshas moved many of thewaterfallshundreds of metersback away from . remain.
theedgeof theFinger Lake Valleysand created beautiful long, narrow gorges
(Figure3.10). Itispossible, though not dways
easy, to document that some
gorgeswereformed during oneor RETREATING
more previousglacia advances
and smply re-excavated and
further eroded sincethelast
glacid event; somegorgesformed
during previousglacid advances
wereburied by sediment (till) in ‘ ,
. Figure 3.9: Development of a hanging valley
themost recent glacial advance following glacial retreat. Figure byJ. Houghton.
and have not been re-excavated.

RECEDING
WATERFALL

ERODED
GORGE

FLOODED
TRIBUTARIES

HANGING
VALLEY

STEEP DROP
TO LAKE LEVEL

Figure 3.10: Development of a
post-glacial gorge as in the Finger
Lakes of central New York. Figure
by J. Houghton.

Glacial Deposits
Inadditionto ablanket of till over the =
region, glacia depositsinthelnland Basin Region ;f,{
include abundant drumlinsand morainessouth of W

theFinger Lakes(Figure3.11). Between :E

Rochester and Syracusein the Ontario Lowlands ML N
aremorethan 10,000 drumlins. Thedrumlinsare Cﬁ ALV R o BEEWE T
animportant cluein determining thedirection of Figure 3.11: Drumlins on the topographic map of Chimney Bluffs

State Park, New York. Image provided by Topozone.com: www.topozone.com.

flow of the most recent advance of theice sheet.
The Ontario Lowland drumlinsareall generaly oriented north to south, providing
solid evidencethat the glaciersflowed south over thelandscape.

Theterminal morainesinthelnland Basinincludethe Kent and Olean
Morainesin Pennsylvaniaand the Valley HeadsMorainein New York (Figure
3.12). TheValley HeadsMoraineissignificant becauseit dividesthe St.
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L awrenceand Susquehannadrainage basins. Beforethe most recent
iceage, many streamsof thelnland Basinregion (especialy in New
York and Pennsylvania) flowed south into the SusquehannaRiver.
However, the Valey HeadsMoraine, blocked theflow of water to
the south, damming the Finger Lakesand forcing streamstodrain
northinto the St. Lawrence River Valley (Figure3.12).

—=

50 Miles

Varves:
glacial lake deposits
Thinly bedded, very fine-grained sediments or clay characterize the
deposits of glacial lakes that have shrunken considerably or disap-
peared. Coupled laminations of light and dark sediments, called varve
deposits, are common lake-bottom features. The light bands represent
summer deposits in the lake, whereas the dark layers represent winter
deposits. The dark color in varved layers is attributed to an abun-
dance of organic material.

Periglacial Features
‘ ‘ . Inthelnland Basin, asmall areaof southern New York, most of Penn-
Figure 3.12: Terminal moraines of the ) . . .
Inland Basin. Light blue represents .  Sylvaniaand al of Maryland wereleftice-free. Much of thisregion not covered
fff e extentofthemostrecent » -, thej ce sheet was periglacial, showing characteristic features of permafrost
(Figure3.13). Throughout Pennsylvaniaand partsof Maryland are evidence of
solifluction (permafrost-areamuddides), patterned ground and boul der fields.

I:l ice sheet
I:I Permafrost Zone

@ Patterned ground

[l Block streams/
fields & talus

@ Solifluction

Figure 3.13: Periglacial
features of the Inland
Basin. Atter Pewe, TL., 1983.
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Glacial Features of the

Appalachian/Piedmont
Region 2
Glacial Scouring

Glacid scouring, resulting from the scraping action of theglacia sedi-
ments, haveformed two classic glacia featuresin the Appa achian/Piedmont
region: potholesand lake basins. Archbald Pothole State Park near Scranton, ~ Inorderto form such an enormous
Pennsylvaniaisoneof thelargest glacier-scoured pothol esin theworld, mea- . pothole, scouring conditions
suring approximately 13 meterswideand 12 metersdeep. Whilenot aways st last for quite some time.
caused by glacia runoff, smaller potholes arefound throughout the once glaci-
ated areas of the A ppal achian/Piedmont aswell as other regions of the North-

east.
Inthe Appal achian/Piedmont, the glaciersof the Laurentideice sheet

scoured and the meltwater flooded two major lake basins: Lake Champlainand
theformer glacial Lake Albany. Theedge of Lake Champlainwas 15-30 kilome-
terseast of itspresent shorelineduring theiceage. The shoreline once extended
asfar east asthe Green Mountains (and in someareas even beyond). Examina-
tion of theancient shordinesleft by theglacia Lake Champlain showsclear
evidencefor rebound of theland after theremoval of theice sheet. Morethan
150 metersof rebound isevident by looking at the once horizontal shorelinesof
glacia Lake Champlain. TheChamplain Lowlands, withtheir low elevationand
minimal relief, show theextent of theglacia Lake Champlain. Fourteen thousand
yearsago, thereceding glacierscaused arisein ocean levels. Because northern

New England wasjust becomingice-free, the crust wastill depressed, not having see Fossils, p.98, for

. other ice age
had enough timeto rebound. Asaresult, the St. Lawrence Seaway and Lake . fossils.
Champlain wereflooded with encroaching oceanwaters. Thus, itisnot surprising :
that marinefossi|swerefound inthelakebed sediments, suchasVermont'sstate  + Afjord isadeep and narrow, gla-
. . cially scoured valley that is
fossil, the Charlotte Whale. - flooded by ocean water.

TheHudson River Valley, also degpened and broadened by theice sheet
advance, waslikewiseflooded when theglaciersbeganto melt. Glacia Lake
Albany wasformed when thelowlandsflooded, though thelake doesnot exist
today. Evidenceof thelakedoesexist, however. Theglacially scoured, narrow
and deep Hudson River isafjord, similar to thefjordsof the Netherlands. Ocean
water extendsup theriver valley with thetidesasfar north asPoughkeepsie, New
York.
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Glacial Deposits
Themost sgnificant glacia depositsinthe Appaachian/
Piedmont region arethe morainesthat stretch acrossnorthern
Pennsylvaniaand New Jersey (Figure3.14).
Periglacial Features
The stegp, mountai noustopography of the

Appaachian/Piedmont aided theglaciersin speeding up

physica weathering of therocksinthe periglacia region

(Figure3.15). Boulder fields, some deeper than 3 meters,

formed when blocks of rock from nearby ridgeswere

loosened by freezing and thawing water infracturesand

cracks. Theboulderstumbled down dope and wereleft

asfieldsof rocks. Themagjority of boulder fieldsoccur in

periglacid Appaachian/Piedmont region of Pennsylvania
and Maryland. Some of the best examplesof boulder fieldsin Pennsylvania

Figure 3.14: Terminal moraines

of the Appalachian/Piedmont. = jncydeHickory Runin Carbon County; Blue Rocksin Berks County; Ringing
Light blue represents the . ] ) ) )

maximum extent of the most « Rocksin Bucks County; and DevilsRace Coursein Dauphin County. Thereare
recent ice shect. many smaller boulder fieldsaswell throughout the

Appaachian/Piedmont in Maryland and Pennsylvania.
Another periglacial featurefoundinthe Appaa
chian/Piedmont region areicewedges. Innorthern New
Jersey, icewedge casts created polygonal patternsinthe
ground. Thepolygonsrangein diameter from 3-30
meters. Whentheice melted, thewedgesfilled with
sediment from glacial meltwater. The sedimentsinthe
[ Jice sheet cracksare ableto hold moremoisture, and thusarea
Fermafrost Zone  hetter medium for plant growth. Thepolygon patterns
Pavterned ground  \verefirst recognizedin agricultural fieldsbecausethe

[}
| i g . .
cropsgrew much better in the wedge sedimentsthan

¥ ice wedge
@ Solifluction the surrounding sediments.
: The Appaachian/Piedmont periglacia region
Jf; ;gtz:; jf fhi " AI; ;Zg i;f;ﬁ; asohasevidenceof solifluction. Becomingincress-
. Piedmont. afterPewe,TL, 1983, ingly heavier withwater from thawing inthe periglacia
: environment, soilsbeganto flow rapidly down dopein
many aress.
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Glacial Features of the Coastal Plain
Region 3
Glacial Deposits
Long Idand, Cape Cod, Martha sVine-

yard, Block Idand and other idands off the
New England coast areend moraines
deposited during the most recent
iceagethat mark themaximum
extent of theice sheet 20,000
yearsago. Whentheice sheet
paused initsadvanceover the
Northeast, themeltingice
deposited massive quantitiesof
sand and grave at itsterminus
(Figure3.16). Long Island servesto buffer the
Connecticut coastlinefrom storms, creating calmer
water behindtheidand. The RonkonkomaM orainerunsthelength of Long
Idand and forms many of thesmaller idandsoff thecoast. TheHarbor Hill
Moraine stretches across northern Long | land and upwardsto form the coast of
Rhodeldand and Cape Cod. Asthereisno bufferingisland for the Rhodelsland
coast, itismore severdly affected by ssormsand high wavesthan the coast of
Connecticut. Thereareno skyscraperson Long Idand because of theloose,
unconsolidated glacial till that makesuptheidand. Till isnot stableenoughfor
very tal buildings. Not far away, however, tower the skyscrapersof Manhattan,
such asthe Empire State Building, built onthe very resistant, metamorphosed
Precambrian and Cambrian rocks of the Manhattan Prong.

W2
kot
Mo

0o

—
O 50Km

Periglacial Features
Theunconsolidated, |oose nature of the Coastal Plain sedimentsmade
them particularly susceptibleto movement during thefreezeand thaw cyclesof the
periglacia environment. Asthesurfacethawedinthesummer andthenrefrozein
thewinter, the sedimentsin some areaswererepeatedly settled and heaved
upward. Though not covered by theice sheet, somesurficia layersof periglacial
Coastal Plain sediment werethustill affected by theiceage.

)
(l)-\(\"' Harbor Hill

50 Miles

Which Moraine
szi';rd's Bay Moraine

Martha's
Vineyard

woucke?

i anvye
Moraine V\‘Aom‘”e

Moraine

Figure 3.16: Terminal
moraines of the Coastal
Plain. Light blue represents
the maximum extent of the
most recent ice sheet.

Sea level changes

At the beginning of the ice age,
sea level dropped about 100
meters because of the formation
of the vast ice sheets. The drop in
sea level caused rivers and
streams to incise deep channels
into the Coastal Plain sediments,
eroding to the new sea level. These
deep channels and canyons are
now underwater because the melt-
ing of the glaciers caused sea level
torise. Flooding of river valleys
such as the Chesapeake Bay re-
sulted from the rising sea level.

ﬁ‘ The Paleontological Research Institution

71



Glacdiers

Glacial Features of the Exotic Terrane

Region 4

Glacial Scouring

Themost evident glacial scour featuresinthe Exotic Terraneregionare
cirques, scoop-shapebowlswherevalley glaciershaveoriginated at high alti-
tudes. At Mt. Washingtonin New Hampshire, and Sugarloaf Mountain, Mt.
Katahdin and other Baxter Park peaksin Maine, cirquesarevisibletoday. The
intense erosion by the glaciersremoved many metersof bedrock fromthe New
England mountains.

Figure 3.17: Terminal
moraines of the Exotic
Terrane.
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Glacial Deposits

On average, themorainesfound in the Exotic Terrane
region show approximately 30 metersof relief. Southeastern
Mainein particular hashundreds of morainesformed wherethe
ice sheet met the Atlantic Ocean (Figure3.17). The Connecticut
Valley becamealakewhen an end morainedammed thevalley
and blocked drainage. When the moraine-dam was broken, the
160-milelong lake drained away. Thelakebottom sediments
dried up and blew around, forming thick dune deposits of blown
sand. Eventually thesewind-blown depositsbecamevegetated
toformthefloor of thevaley.

Common throughout the Northeast arekettlelakesor the
|akebed deposits of kettlelakes. Thoreau’' sWalden Pondin
Cambridge, Massachusettsisactually akettle pond, formed when
aburied block of glacia icemelted and overlying sediments

collapsed toform adepressionthat filled with |akewater.

Anenormousfied of drumlinsisfoundin southern New

Hampshire and northern Massachusetts. Theseelongated, glacialy sculpted
hillsof till wereformed astheice sheet moved over moundsof glacia sand and
gravel. Theorientation of drumlinsisan excellent cluein deciphering thedirection
inwhichtheicesheet flowed. AlsocommonintheExotic Terraneregion,
particularly in Maine, areeskers. Thesefeatureswere deposited by streams of
meltwater flowing under theglacier. Well-sorted sand and gravel wereleft
behind assinuousridges, or eskers, when theice sheet receded. The abundance
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Glaciers

of sand and gravel that formseskers has made them an easy target for mining.
Many eskersno longer exist because the sand and gravel hasbeen removed and
sold. Asitturnsout, Maine hasthelongest eskersintheworld.

Sealeve risedueto the melting ice sheet grestly affected the Exotic
Terraneregion. Astheice sheet began to retreat northwards, sealevel rosefaster
than the crust was ableto rebound from theweight of theglaciers. Theresult was
adramatic changein the shoreline of the Northeast, from onein which the conti-
nental shelf wasexposed or ice covered to oneinwhich the shelf wasunder
water, with the coast even more covered by seawater in some placesthanitis
presently. Coastal river valleys, such asRhode ldand’ sNarragansett Bay. The
wholecoast of Maine, however, wasflooded beyond its present shoreline, leaving
ablanket of clay deposited by the ocean watersinland and a ong the present day
coast. Theclaysareknown asthe Presumpscot Formation, filled with avariety
of foss| marineorganismsthat are clear evidence of the marine submergence.

see Non-Mineral
Resources, p.167,
for more on glacial
deposit resources.

see Fossils, p.98,
for more on ice age
fossils.
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Activities

1. Discussion with some of your school friends who are not taking Earth science reveals that they cannotimagine a2
kilometer-thick sheet of ice, nor do they see evidence that such ice sheets covered the northern Northeast. The school
newspaper editor suggests you write a persuasion piece, showing the evidence for glaciation. You bring this topic up with
your teacher, who explains that Louis Agassiz, a Harvard professor originally from Europe, had to undertake a similar
challenge in the mid-19th century when he suggested that features left behind by glaciers he’d seen in Europe caused
features he saw in New York State. ‘

Compile evidence for glaciation in the Northeastern United States. How do glacial features vary from place to place? Suggest a travel
route for interested individuals to see glacial features in the northeast.

2. Someone from the local newspaper, seeing your article, was sufficiently intrigued to suggest that you write an article for
their newspaper. He suggested that you focus your article on features that can be seen relatively locally, within about an
hour’s drive of your home.

Write another article, this time to the local newspaper referring to specific local evidence.
3. USA Today, taking note of your fine article, asks that you write an article with national appeal.

They suggest you contrast three areas of the northeast: northern areas that have been “flattened” by lake sediments, features along the
margin of the glacier, and areas south of the glacier. Choose three localities and write an article describing what is going on in each of
the three localities through time, starting with

(1) the maximum extent of the last glaciation,
(2) the receding of the glacier and what it leaves behind, and
(3) what influences we see at the surface today (especially as
they relate to the settlement and economy of people living there.)
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For More Information...

Books

Allmon, WD., and Robert M. Ross, 1999, Ithaca is Gorges, The Paleontological
Research Institution: Ithaca, New York.

Oldale, Robert N., 1992, Cape Cod and the Islands, the Geological Story, Parnassus
Imprints: East Orleans, Massachusetts.

Von Engeln, O. D., 1961, The Finger Lakes Region: Its Origin and Nature, Cornell
University Press: Ithaca, New York.

Internet
All About Glaciers
http://nsidc.org/glaciers/

Vermont Glaciers Virtual Field Trip
http://geology.uvm.edu/geodept/ugradwwwy/glacier/index.html

Other Resources

used in compiling this chapter

Pewe, TL., 1983, The Periglacial Environment in North America During Wisconsin Glacial Time in Porter, S.C., ed., Late-Quater-
nary Environments of the United States, vol. 1, University of Minnesota Press: Minneapolis, Minnesota.

Hughes, T, H.W. Borns, Jr., ].L. Fastook, M.R. Hyland, J.S. Kite, TV. Lowell, 1985, Models of Glacial Reconstruction and
Deglaciation Applied to Maritime Canada and New England, Geological Society of America Special Paper 197.

Spedal thanks to Pete Nester for providing additional content on this chapter.
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Selected Figures

for overheads & handouts

D Ice sheet (20,000 years ago)

Glacial deposits from
earlier ice sheets

- - — - Extent of the ice sheet
(20,000 years ago)

Figure 3.7: The 12,000 years
ago, After Hughes, T, et al, 1985.

Figure 3.5: The approximate
position of the ice sheet 20,000
yBuTS ago. After Hughes, T, et al, 1985.

Marine
submergence

Glacial
lake deposits

Extentof the
ice sheet
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CRUST
REBOUNDS

GLACIER
RECEDES

The weight of glacial ice
depresses the crust.

When the weight of the ice sheet
is gone, the crust is uplifted..

FLOODED
TRIBUTARIES
RETREATING ‘
HANGING
GLACIER VALLEY

RECEDING
WATERFALL

4

ERODED
GORGE

STEEP DROP
TO LAKE LEVEL

Figure 3.9: Development of a hanging valley
following glacial retreat. Figure byJ. Houghton.

Figure 3.10: Development of a
post-glacial gorge as in the Finger
Lakes of central New York. Figure
by J. Houghton.
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MORAINE

KETTLES

BRAIDED STREAM

Figure 3.2: Glacial deposits. Figure by ]. Houghton.

MORE GLACIAL

Figure 3.3: Formation of a kettle lake. Figures by J. Houghton.
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Fossils of the Northeastern US:

o Inland Basin

The Inland Basin has many fossil-rich rocks, par-
ticularly in the Cambrian through Pennsylva-
nian. These rocks preserve shallow marine or-
ganisms characteristic of the diversification of
marine life that occurred in the early and mid-
Paleozoic. Some of the most common fossils in-
clude brachiopods, trilobites, bivalves, crinoids,
and corals. In the vicinity of the coal layers found
in Pennsylvania and Maryland, there is an ex-
cellent record of Pennsylvanian-age plants.

eAppalachian/Piedmont

Similar to the Inland Basin, the Appalachian/
Piedmont also contains a rich fossil record of
Paleozoic sea life. However, in most cases, the
fossils are not as well preserved because of the
deformation and alteration of the Appalachian/
Piedmont rocks by stress from the mountain-
building events. Additionally, the Triassic and
Jurassic rift basins that formed in this region
during the breakup of Pangea preserve land
animals such as dinosaurs, and freshwater or-
ganisms from lakes within the basins.

9 Coastal Plain

The Coastal Plain sediments contain a rich record of Creta-
ceous and Tertiary continental shelf marine life. These ma-
rine organisms are an interesting contrast to the Paleozoic
marine fossils of the Inland Basin and are evidence of the
significant changes in sea life over the last several hundred
million years. The most common fossils include mollusks
(clams, snails and cephalopods), corals, barnacles, and sharks’
teeth. The degree of preservation of Coastal Plain fossils
varies widely, with many looking much like modern shells.

e Exotic Terrane

The Exotic Terrane region is generally not fossil-rich because of the deformation and extent of
igneous and metamorphic rocks caused by mountain-building events in the Paleozoic. There are,
however, early Paleozoic fossil animals strikingly different from those found elsewhere in the
Northeast. These fossils are quite similar to organisms found on the north coast of Africa, and are
among the kinds of evidence that this area is a chunk removed from land on or near Africa.






Fossils

Fossils of the Northeastern US:
a brief review

FossIsarefound almost exclusively in sediment and sedimentary rocks.
Igneousrocks, which form from cooling magmaor lava, would not normally be
expected to preservefossil material or belikely to haveany. Thedevated
temperature and pressure necessary to form ametamorphic rock likewisewould
destroy any fossil materia withintherock, unlessitisonly weakly metamor-
phosed. Fossilsusualy arethemineral skeleton of an organism, such astheshell,
bonesor somekind of impression. Most shellsand bones never becomefossils,
but instead are brokento tiny bitsor dissolved. Inorder to becomeafossil, the
skeletal material must be buried beforeit isdestroyed. Often, the shellsor bones
leavefossil impressionsor castsof their shapeinthesediment inwhichthey are
buried. Recordsof themovement of animalsintherock area sofossls; these
areknown astracefossils.

Fossilsareespecialy useful in geology because of wherethey occur.
Particular kinds of rocksareformed asaresult of processesthat are not unique
totimeor space. A sandstoneformed inthe Devonianinthe Northeast, for
example, may look very similar to asandstoneformed in another time period or
another region. Fossils, ontheother hand, are uniqueto particular timesand
places becausethe organisms preserved asfossiIshave evolved through time, and
livein specific geologic areasand environments. Thereare, however, important
generalities about the distribution of groupsof organismsinthe Northeast with
respect to age and types of rocks inwhich they arefound.

The Northeast preserves an excellent record of:

@t/ shallow marine realm of the inland ocean that existed in the
early and mid-Paleozoic. Brachiopods, trilobites, corals and sea
lilies are especially numerous.

®Devonian, Mississippian and Pennsylvanian plants that
accumulated in swampy coastal wetlands bordering the inland ocean.

O®organisms that lived in the lakes that existed in parts of the Triassic/
Jurassic rift basins and on the land during the same period.

®Cretaceous and Tertiary shallow marine organisms, mmostly
clams and snails, in Coastal Plain sediments.

©@.11d late Pleistocene land, freshwater, and marine animals that
lived during the most recent ice age.

see Rocks, p.5

. The soft parts of an organism, in-
- cluding the skin and internal or-
. gans, tend to rot away and are not
- normally preserved in the fossil
. record. The exceptions to the rule
« occur when minerals replace soft
. parts before they rot away, such as
«  petrified wood, or where the oxygen
. content is low enough that rotting
« is slowed down to near zero, such
. as leaves in swamp sediments or
: insects preserved in amber.

Trace fossils do not preserve shell
or bone material. Rather, they pre-
serve the evidence of the movement
of an organism, such as a foot-
print, burrow, trail or trackway.
Trace fossils cannot always be
linked to a particular species, but
they can often be associated at least
with a group of organisms or way
of life. The first trace fossils ap-
pear a couple hundred million
years before the first animal fos-
sils, and burrows through sedi-
ment seem to become deeper from
the Paleozoic through the Ceno-
zoic.
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Mass Extinctions
Most species have a lifetime of sev- . ) o
eral million years before going - Northeast because differently aged rocksoccur at the surfacein different arees.

Different plant and animal fosssarefoundin different placesinthe

extinct; rarely do species live . . i . . . . .
D e, T Further, particular fossil organismslived only in certain environmentsand these

extinction of a speciesisanormal . environmentsdid not exist continuoudy through time, nor werethese environ-

cvent within the history of life. - \ents necessarily preserved in therock record. Thusthefossil recordisvery
There are, however, intervals of . _ ] i ] o
time inwhich extinction rates (the  + closely tied to the historical geologic eventsover thelast billionyears, therock

S G e GG Rt record formed through those events, and the rocks exposed at the surface today
within a given time interval) are  +
relatively high, in some casesata . intheNortheast (Figure4.1).
rate 10 or 100 times the normal

rate. These intervals are known GEOLOGIC
as ‘mass extinctions’. There were « GLOBAL CHANGES FOSSIL RECORD EVENTS

jve particularly notabl - (N THE OF THE OF THE
five particularly notablemassex- . y570RY OF LIFE NORTHEAST NORTHEAST

tinctions in geologic history.

% ng . Present
These largest mass extinction

Late Pleistocene ice age = most recent

* animals & plants in lake ice age
events, probably due to unusual o| Quaternary | sediments& marine
. . S deposits
ecological events, have helped to N
shape life through time. Thelarg-  + S ‘I
. . . Q .
est known extinction occurred at Mammals & birds | Tertiary

the Permian-Triassic boundary, in =~ + diversify Rich clam and snail

. . . Mass _ assemblages (COASTAL PLAIN)
which over 90% of the species  , "z, Extinction >66 Ammonites &
worldwide became extinct. Trilo- 15t flowering plants |.2 Cretaceous belemnites common
bites, rugose and tabulate corals, ot bird S
: st birds | O i
and most o.ther tuxonomz.c groups - % Q Jurassic Lake organisms and Pangea
prevalent in the Paleozoic disap- = dinosaur trackways breaks up

peared. Clams, snails, am- 1st mammals & dinosaurs Triassic preserved (RIFT BASINS)

monoids, a new group of corals . Mass 251 . Alleghanian
(scleractinians), crustaceans, and - Permian Mt. Building
bony fish became the dominant . \ of Pangea

Penn sylva hian Significant quantities

ocean animals during the Meso-

: g coal b lowland Pk
: W 2| Mississippian | **" )
: *—> S
: Fish diversify S Devonian Plant material first M’;“’gdi&'}
1st land vertebrates (amphibians) © € !7300”"35 common - pullding
o in rocks (INLAND BASIN)
ist vascl,(lgl‘a;;‘l,aepge 13222 Silurian Mostly marine rocks
rich in"brachiopods, .
Mass > corals, crinoids and Tagonic
Extinction Ordovician | trilobites (INLAND BASIN) Mt. Building
Marine life diversifies
Organisms with hard parts Cambrian
skeletons, shells) evolve 543 Y Grenville
1st animals Unfossilif Mt. Building
19t protiste— > 1400 rfpesiiferous

Precambrian

Oldest fossils (bacteria)

(million years ago)

Figure 4.1: The history of life in relation to global and regional geologic
events and the fossil record of the Northeast. (Time scale is not to scale.)
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Fossils

Thehistory of lifeinthe Northeast has been pieced together from fossil
recordsinmany different areas. AsisevidentintheNortheast, acomplete
record of rocksfrom every period isnot preserved. Not all sedimentsend up as
rocks, and likewise, not all rocksthat haveformed arestill preserved. Many
have been weathered and eroded away completely. Itisthesamewith thefossl
record. Not al organismsare preserved asfossilsand rocksthat have contained
fossilshave not necessarily been preserved (or may bewell below the surface,
out of sight from paleontologists). Themagjority of thefossil record inthe
Northeast iscomprised of marineinvertebrate organismssuch asbrachiopods,
bivalvesand gastropods. Therearereatively few fossi| remainsfrom dinosaurs
and other land-dwelling vertebrate organisms. However, thisdoesnot mean that
dinosaursand other vertebratesdid not livein the Northeast! They probably did
but weresmply not preserved. Thefossil recordisonly asmall window tothe
past, reflecting thetypeand diversity of organismsthat oncelived and theenvi-
ronmentsthey inhabited. The primary opportunity for sedimentary deposition
over alarge part of the Northeast has been aninland ocean that existed for many
millionsof years. Thusit should not be surprising that marine organismsdominate
thefossil record of much of the Northeast.

Determining the environment
The kind of animals and plants living in a particular place depend on the local environment. The
fossil record preserves not only a fossil organism, but also elements of the local environment in
which the organism lived. By looking at the geological and biological information recorded in a
rock that preserves a fossil, you can often determine the type of environment that a fossil organism
lived in:
@ Grain size and composition of the rock tells you the type of surface the animals and
plants lived on (unless they have been transported).

O@Sedimentary structures such as ripples and cross-beds indicate the organism lived in
moving water. Mud cracks and wave ripples are characteristic of shoreline environments.

®Broken shells or concentrated layers of shells may indicate pounding waves or
storms.

@ Clarity of the water in the environment can be determined by the type of rock. Fine
grained shales are made of tiny clay particles that easily remain suspended in water.
Thus a fossil found in a shale might have lived in muddy water. Filter feeding organisms
such as corals and sea lilies are not usually found in muddy water because the suspended
clays clog their filters!

©® Amount of oxygen in the water can be determined indirectly from the rock. If there is
not enough oxygen in the water, organic material in sediments will not decompose and the
rock formed will be dark gray to black in color.

Not only is the history of life
recorded in rocks of the Northeast,
life has had a direct influence on
the type of rocks formed in the
Northeast. For example, lime-
stones are formed from an accu-
mulation of skeletons of sea life,
which in turn affect soil composi-
tion, agriculture and topography.
Pennsylvanian-age forests and
swampy, wetland vegetation are
responsible for the coal and dark-
colored, fine grained rocks formed
in the Inland Basin and Appala-
chian/Piedmont regions.

Paleontology is the study of fos-
sils. The field of paleontology grew
quickly in the 19" and early 20"
centuries because fossils could be
applied to determine the relative
age of a rock and something about
the environment in which a sedi-
mentary rock was created. This
information was (and is) helpful
in tracking down energy re-
sources such as petroleum and
coal.

ﬁ‘ The Paleontological Research Institution
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see Fossils, p.91
for more on
stromatolites

Quaternary

Tertiary

Mesozoic | Cenozoic

Cretaceous

Jurassic

Triassic

Permian

Pennsylvanian

Mississippian

Devonian

Paleozoic

Silurian

Ordovician

Cambrian

Millions of Years Ago

543

Precambrian

4600 —

Fossils of the Inland Basin
Region 1

Thelnland Basinregion primarily containsthestory of theevol ution of
marineand coasta plant life superimposed onthe story of mountain-building
events, associated sedimentsdeposited in theinland ocean, and changesin
relativesealevel. Theearliest fossisinthelnland Basinregion arestromato-
lites, formed from cyanobacteriain thewarm shallow | apetus Ocean. Stromato-
litesare preserved inlate Cambrian rocks, found to the southwest and southeast
of theAdirondacks. Abundant marinefossilsarefoundin Ordovician through
Mississippianrocksformed in theinland ocean that existed through most of the
Paeozoic. Pennsylvanian-agerockspreservean excellent record of plant
meaterid.

Ordovician to Mississippian

Ordovician, Silurian and Devonian marinefossilsof thelnland Basin,
especially in New York, areworld-famousfor their quantity and quality. Ordovi-
cian-to-Devonianfossi| assemblagesare nearly dwaysdominated numerically by
brachiopods, and may aso containtrilobites, sealilies, corals, clamsand other
mollusks, and many other lesscommon organisms. What is perhapsthe most
griking isthedifferencesinfoss| assemblagesfrom different typesof
paleoenvironments. Thetype of environment determined thetypesof organisms
that lived there, and thusthefossi|sthat are preserved intherock.

Clear, shallow marineenvironments, generaly preserved aslimestones, often

have abundant corals (Figure 4.3), bryozoans (Figure 4.2) and sea lilies (Figure
4.4). Cords, bryozoansand sealiliesareadl filter feeders, collecting fine particles
fromthewater. Theseenvironmentsformin placesand at timeswhenthereis
little sediment settling inthewater. Western New York and Pennsylvania, far
from the Taconic and A cadian highlandswhere sediment was being eroded into
theinland ocean, preserverocksrecording thisenvironment. Also, throughout
thelnland Basin, and rel ativel y undeformed sections of the Appa achian/Pied-
mont, rocksformed in-between mountain-building eventsrecord clear, shalow
marine conditions becausetherewas no highland to erode sediment into the
basin.
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BRYOZOANS

zoic varieties looks like fine mesh cloth with numerous tiny
holes in which the individual animals in the colony lived. Small
tentacles on the animals captured food particles from the water.

T A %S °
Many animals that are not easy to study, and in some cases v .
even recognize without the aid of a microscope, have a long and
exemplary fossil record. One such group is the bryozoans, & .
colonial marine animals that have evolved a wide variety of s A : < J
skeletal shapes and textures. One of the more common Paleo- GRS .

Figure 4.3: Corals were
abundant in clear,
shallow marine Paleozoic
seas. ABOVE: tabulate
coral, mid-Devonian
Favosites, cross-section
(11.5 cm wide); BELOW:
rugose coral,
mid-Devonian

Figure 4.2: Bryozoan, mid-
Devonian fenestellid (4 cm wide). .

CORALS

Corals have been important and common el-
ements of clear, shallow marine waters since
the Ordovician. Ordovician, Silurian and
Devonian rocks of the Inland Basin region
have numerous examples of reefs or other
shallow environments in which colonial
‘tabulate’ corals are common. Even more
abundant in these rocks is the solitary ‘rug-
ose’ or horn coral. Both tabulate and rugose
corals became extinct at the end of the Per-
mian. Soon after, a new type of coral had
appeared which are present today: the
scleractinians. Though scleractinians look
somewhat similar to rugose and tabulate cor-
als, each group possesses distinctive features

Heliophyllum halli in the shape of the skeletal cup holding the
(7 cm long). individual animals.
SEALILIES
BLASTOIDS & CYSTOIDS

Several groups of stemmed echinoderms appeared in the early Paleozoic, including crinoids, blastoids
and cystoids. All have in common 5-fold symmetry and a head (calyx) held off the sea floor by a
stem, where it collected organic particles from the water. The stems, which are the most often
preserved part, are made of a series of stacked discs that look like Cheerios. Upon the death of the
organism, the stems often fall apart and the individual disks are seen separated in the rock. Feath-
ery arms radiated from the head of crinoids, looking something like a lily flower on a stem. Thus,

crinoids are commonly called ‘sea lilies’, though they are not actually plants.

crinoid cup,
mid-Devonian
Dolatocrinus
(4 cm diameter)

crinoid stems, mid-Devonian
(largest is 4 cm long)

blastoid theca,

mid-Devonian ¥

Devonoblastus B
(2 cm wide)

N cystoid theca,
Silurian
Caryocrinites
ornatus (5 cm
diameter)

Figure 4.4: Stalked echinoderms, common in clear, shallow marine environments.

Though functioning somewhat
like a coral, and often found in
similar environments, bryozoans
are more closely related to bra-
chiopods.

Corals have been an important
creator of limestone and also, as
reef-builders, an important part
of building homes for a diverse
number of different organisms.

see Fossils, p.93
for more on
scleractinian
corals

The head and arms of crinoids are

. rarely found preserved, while the
* heads of blastoids and cystoids, on

the other hand, are commonly

* found whole. Though blastoids
. and cystoids went extinct at the
*end of the Paleozoic, crinoids still
. exist today,.
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Rocks that preserve muddy, well-
oxygenated environments are es-
pecially common in the middle of
the Inland Basin, away from the
shoreline, such as the late Ordovi-
cian and the middle Devonian
rocks in central to western New
York and western Pennsylvania.

see Fossils, p.94
and 95,

to learn about
cephalopods
and clams

Brachiopods have a special
structure formed by tissue with
thousands of tiny hair-like ten-
tacles stretched along a coiled piece
of internal shell material. These
tentacles catch and move small
particles towards their mouth.
This body plan is very different
from that of bivalves, which have
a larger fleshy body and collect
particles with their gills.

Figure 4.6: Brachiopods (top) are
symmetrical and clams (bivalves,
below) are asymmetrical.

M uddy, well-oxygenated environments, generally preserved asgray shales,

often have abundant br achiopods, trilobites (Figure4.8), cephal opodsand
small clams(Figure4.7). Small or flattened brachiopodsthat are not likely to sink
into the mud, such asMucrospirifer, arecommonin thisenvironment.

Figure 4.5: LEFT: brachiopod, BRACHIOPODS
Mid Devonian Mucrospirifer

5 ¥ Brachiopods look somewhat similar to clams you might find at the
cm wide). .
RIGHT: brachiopod, Ordovician beach today. However, from the soft parts of modern brqchlopods,
we know that they are completely unrelated to the animals that
make ‘shells’ that are common today (bivalves); brachiopods are
rare today and are unlikely to wash up on shore. Brachiopods are
the most common fossil in Paleozoic sedimentary rocks and are
therefore very common in the Inland Basin region where these
rocks are preserved.

Rafinesquina (2.5 cm wide).

Brachiopod or bivalve?
Brachiopods and bivalves both have a pair of hinged shells (‘valves’) to
protect themselves while feeding. To tell the difference between a brachiopod
and a bivalve, look for symmetry on the surface of the shells. Brachiopods
are symmetrical across the shell, like your face. Bivalves are asymmetrical
(Figure 4.6). The exception would be a deformed brachiopod, which might
be found in the relatively more compressed rocks of the Appalachian/Pied-
mont. The size of the valves also helps to identify to which organism the
shell belongs. Bivalve valves are of equal size and mirror image shapes.
Brachiopods bottom valves, however, are slightly bigger and often have a
different shape.

bivalve (clam)

Figure 4.7: Mollusks found in
muddy,well-oxygenated environments:
(clockwise) bivalve, mid Devonian
i Modiomorpha (5.5 cm); gastropod,
¥ mid Devonian, Platyceras (4 cm); }J
¥ nautiloid cephalopod, early-mid
Devonian (20.5 cm long); ammonoid, mid
Devonian, Tornoceras (5.5 cm).

ammonoid
(cephalopod)

(snail)

nautiloid
(cephalopod)
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Figure 4.8: Trilobites were
abundant in muddy, well-
oxygenated environments in the
early to mid Paleozoic.

Dalmanites, Silurian (6 cm long).

TRILOBITES

These marine organisms were bottom dwellers, present ina
variety of environments and in Paleozoic rocks in the In-
land Basin, Appalachian/Piedmont, and a few locations in
the Exotic Terrane. Trilobites had a well-defined head, often
with large eyes that had multiple lenses usually visible with
the naked eye. A primitive arthropod distantly related to
horseshoe crabs, trilobites have been extinct since the end of
the Paleozoic.

M uddy, oxygen-poor marineenvironmentsare preserved asblack shales,

which often are completely lacking fossils, though plankton such asgraptolites
may befound (Figure4.9). Thisenvironment formsin stagnant basinsand areas
wherethereisabundant organic materid settling to the bottom; sometimesitis
apparently associated with basin degpening dueto down-warping crust duri ng

stagesof rapid mountain building.

GRAPTOLITES

Graptolites are a group of extinct, puzzling plank-
tonic organisms found in dark shales. No clear
soft parts have been found, though they appear to
be related to a minor group of modern colonial
invertebrate organisms known as pterobranchs.
They are relatively common fossils in the Ordovi-

cian rocks of the Inland Basin.

Figure 4.9: graptolites, Ordovician
Didymograptus (2 cm long).

Phacops, mid-
Devonian (7 cm

Cryptolithus,
T, Ordovician
W (1.5cm).

Like crabs and lobsters, trilobites
molted their exoskeleton when
they grew. Most fossils of trilo-
bites are actually molts, often bro-
ken as they were shed off the trilo-
bite. Thus, it is common to find
only parts of trilobites, such as the
head, mid-section or tail.

Inland Basin rocks preserving
muddy, oxygen-poor environ-
ments include especially some late
Ordovician and mid Devonian
rocks, formed at the beginning of
the Taconic and Acadian moun-
tain-building events.
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Silty to sandy marineenvir onments, preserved assitstone and sandstones,
mayy contain abundant rugose corals, largethick-shelled brachiopods, sealilies,
and bryozoans and | esser amountsof many other organismssuch assponges
(Figure4.10). Theseorganismswererobust filter feeders.

High energy, silty or sandy en-
vironments were common near

the eastern shoreline of the inland

sea, and are preserved in places
such as the mid-Devonian rocks .
of the Catskills. As the inland ba-
sin gradually filled over time, the
shoreline moved westward. Thus, — *
fossil-rich siltstones and sand- .
stones are also found in the late
Devonian rocks of southern New
York and the late Devonian and
Mississippian rocks of northern
Pennsylvania.

SPONGES

Technically known as poriferans, sponges come in a vari-
ety of shapes and body forms, and have been around at least
since the Cambrian. Entire sponges are rarely preserved,
but their tiny skeletal pieces, called “spicules,” are common
in sedimentary rocks. Glass sponges (with skeletons made
of silica) are a particular group of sponges that existed from
the Cambrian to the present. Though now largely found in
deep water environments, they were sometimes part of shal-
low marine environments in the Paleozoic. The best-known
glass sponge fossils are from New York Devonian sedi-
mentary rocks of the Inland Basin.

see Rocks, p.35, for more *
on rocks preserving
hypersaline
environments.

Figure 4.10: Glass sponge, upper
Devonian Hydnoceras (16 cm long).

Evaporites are sedimentary rocks
created by the precipitation of min-
erals directly from seawater, in-
cluding gypsum, carbonate and
halite.

Hyper salinemarineenvironmentsare preserved asevaporite deposits.
Because hyper saline environments have higher than
normal levelsof sat, most organismscannot survive.

' Unusually tolerant organismsgenerdly inhabit
S+ theseenvironments. Eurypterids, or sea
scorpions, were ableto withstand the salty water
andarew |l-preservedfosslsinrocksof thisenvironment
(Figure 4.11).

Rocks preserving hypersaline ma-
rine environments are found in
the Silurian dolostones of central
and western New York, associated
with large salt deposits precipi-

tated in the inland ocean. Euryp-
terids are preserved more com-
monly in New York Silurian sedi-
mentary rocks than
any other locality
in the world.

Figure 4.11: Eurypterid,
SilurianEurypterus
remipes (13 cm long).

EURYPTERIDS

Eurypterids are an extinct group of arthropods, the group that
also includes horseshoe crabs. Though known by the name
‘sea scorpions’, they were not actually scorpions. Eurypterids
were apparently one of the great predators of their time, reach-
ing as much as 3 meters in length. The largest complete eu-
rypterid in the world, about 1.3 meters long, was found in
New York State and is on display at the Paleontological Re-
search Institution in Ithaca, New York. Paleontologists be-
lieve that eurypterids lived in near shore environments, in-
cluding salty, shallow sea environments like the Silurian in-
land ocean.
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Fossils

|ntertidal and river environmentsare often preserved as coarse grained . Rocks preserving intertidal,
. . « land, or river environments

sandstonesand conglomerates. Rockspreserving theseenvironmentscommonly — + tend to be found close to the moun-
contain plant fossils. Whenland plantsfirst evolvedinthe Silurian, they were + tainrange that existed on the east-
. ) . Lo . . ernside of the inland ocean or as-

non-vascular, relatively smal plantswith only very tiny, hair-likeroots, if any. +  sociated with the deltas that formed
Gradually plantsbeganto evolve and diversify. Vascular plantsbecame more . ’lls Sgdlmenfs eroded off the high-

e lanas.

common, leading totaller plantsand larger, more extensiveroot systems. By the
Vascular plants have stiffer tis-

Early forests were composed of Devonian, woody matter fromvascular plantsis sues that help support them and

quite different types of plants than  commonly foundin thefossi| record of the . transport nutrients and water to
b ot e onpors Theibostore i Devnian S ki s
plants with spores rather than true  Shales of Scoharie Creek Forest in central New * further fromwater.

seeds; those with two different o4 oontainsfosslized treestumpsandisthe

forms of spores probably were the
ancestors to gymnosperms. An  oldest preserved forest. Morecommonly,
important progymmnosperm was : oy .
Archaeopteris, a leafy tree of the though, Devonian plant material isrestricted to
late Devonian. thin carbonized sticks.

PROBLEMATICA

There exists a formal Latin name even for enigmatic fossil
groups: problematica. Most Problematica are late Pre-
cambrian or Paleozoic organisms, all of which have be-
come extinct and so provide no modern organism that would
enable us to clarify their anatomy and genetics. Two com-
monly seen Problematica fossils in the Inland Basin sedi-
mentary rocks are hyolithids (Figure 4.12), conical tubes
with a shell covering; and tentaculitids (Figure4.13), small,
cone-shaped, ribbed shells. Both have been considered mol-
lusks in the past, though hyolithids are believed by some to
be a distinct phylum.

Figure 4.12: Hyolithid,
mid-Ordovician (2 cm).

Figure 4.13: Tentaculites
lower Devonian (2 cm).
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Plants can be tricky to reconstruct
because their parts (wood, leaves,
seeds) tend to break apart and are
found separately. Usually each
plant part gets its own Latin
name. Careful analysis may en-
able putting a species back to-
gether, but there have been many
cases in which several plant parts
assumed to belong to very differ-
ent groups of plants turned out to  §

be the same species.

see
Non-Mineral
Resources, p.156,
or more on the

Stigmaria, Pennsylvanian (14 cm long);
RIGHT: Lycopod Lepidodendron, bark
with leaf scars, Pennsylvanian (10.5 cm Seed ferns (pteridosperms)
wide). lived from the Mississip-

Figure 4.15: LEFT ABOVE: Plant root, ground pines (Figure 4.15).

Mississippian and Pennsylvanian

Pennsylvaniapreserves one of the best-known Pennsylvanian-age plant
communitiesintheworld (Figures4.14-4.17). Largeamountsof sediment were
being rapidly eroded from the Acadian Mountainsto the east, quickly burying
plant material in coasta floodplain environmentsand creating oxygen-poor
conditionsthat prevented the decomposition of organic matter. Plant and other
non-marinefosslsfrom the Mississppian and the early Permian areal so present
inPennsylvania, but arefar lessextensive. Common Mississippian and Pennsyl-
vanian plantsinclude horsetails, ferns, seed ferns, and scaletrees. Theseplants
formed extensiveforestsin swampy areasalong the edge of theinland ocean that
led to theformation of coal depositsfoundin Pennsylvaniaand Maryland. Plants
arenot theonly fossilsrecorded in the Pennsylvanian and Mississippian rocks of
thelnland Basin, astheinland ocean still existed in much of thebasin at thistime.
Theplant fossisrepresent typical ferns, seed ferns, and horsetails, whilethe
marinefossiisrepresent typical Inland Basin brachiopods, cephal opods, clams,
corals, and snails.

Pennsylvanian-age horsetails reached over 30
meters high. Their stems are known as Ca-
lamites and their leaves are called Annularia.
The modern horsetail equivalents are known
as sphenopsids (Figure 4.14).

Scale trees (lycopsids) grew
up to45 meters high in Mis-
sissippian and Pennsylva-
nian forests. The roots of a
scale tree are called
Stigmaria. The entire tree
is known as
Lepidodendron. The mod-
ern scale tree equivalents
are known as lubmosses or

Figure 4.14: Annularia leaf
Pennsylvanian (specimen 9.5
cm wide).

pian to the Jurassic. The
leaves (Neuropteris) re-
semble ferns, but have
seeds instead of spores j

(Figures4.16 and 4.17). Figure 4.17: Seed fern plant,
Lo . Alethopteris, Pennsylvanian
Figure4.16: Seed fern plant, Neuropteris, (8 cm long).

Pennsylvanian (5.5 cm long).
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Fossils of the Appalachian/Piedmont

Region 2

ThePdeozoicfosslsinthe Appaachian/Piedmont regionaregenerdly
thesameasthose of the Inland Basin becausetherockswereoriginally sediments -

deposited along the sameinland ocean. Therocksof the Appa achian/Piedmont,
however, arein general more deformed structurally becausethey werecloser to
or part of the Taconic, Acadian and Alleghanian mountain-building events.
Because of thedeformation, thefossilsinthisregion arelesswell preserved. The
Triassicand Jurassic ageRift Basinfossils, however, areonly found inthe Appa

lachian/Piedmont and the Exotic Terraneregion.

Cambrian

Cambrian rocksin the A ppal achian/Piedmont record the erosion of
sediment from the Grenville M ountainsinto the lapetus Ocean. Early Cambrian
fosslsnear Lancaster, Pennsylvaniaareamong the earliest fossilsfound in Paleo-
zoicrocksandintheentire Northeast (See LAGERSTATTEN below,) Western
Vermont and northern New Jersey a so have early Cambrian shale containing the

trilobite Olenellus. Late Cambrian stromato-
litesarefound in Washington County, Maryland
and Bucks County, Pennsylvania(Figure4.18).

Figure 4.18:
Stromatolite,
Cambrian (14.5

LAGERSTATTE
A locality of Cambrian fossils near Lancaster, Pennsylvania, is an example of a lagerstatten.
Lagerstatten are deposits containing animals or plants that are preserved unusually well, some-
times even including the soft organic tissues. Lagerstatten are important for the information they
provide about soft-bodied organisms that we otherwise would know nothing about. Lagerstatten
form in chemical environments that slow decay of organic tissues or enhance preservation through
mineralization. Also, quick burial of the organism leaves no opportunity for disturbance of the

fossils.

STROMATOLITES

Stromatolites are layers of millimeter thick
laminations that were once bacterial mats
(full of photosynthetic cyanobacteria) at the
surface of very shallow water. Cyanobacteria
emit a sticky substance that binds settling
clay grains and creates a chemical environ-
ment leading to the precipitation of calcium
carbonate. The calcium carbonate then hard-
ens the underlying layers of bacterial mats,
while the living bacteria move upward so
that they are not buried. There are still stro-
matolites today, but they form thick layers
only in ‘stressful environments’, such as very
salty water, that exclude animal grazers.

see Fossils, p.84, P
for fossils of the

When fossils are

Inland Basin.

deformed:

* @ the carbonate in the shell mate-

rial may recrystallize, often oblit-
erating the original shape of the

shell;

®:hiey are often deformed in shape,

which can be used by structural
geologists to determine the
amount and direction of stress;

. @the sediments surrounding the
fossil are sometimes altered so that

it is more difficult to discern the
type of environment in which the
organism lived.

see Geologic
History, p. 7,
for more on the
Cambrian.
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see Fossils, p.85
for more on fossils
that lived in
shallow marine
environments

see Fossils, p.97,
for more on rift
basin fossils.

Trace fossils receive Latin names
independent of the species name of
the organism that created them,
largely because the species is not
known with certainty. Apparent
Coelophysis tracks in Nyack,
New York, near New York City,
are the only dinosaur fossils
known from New York State.
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Ordovician to Devonian

Therearesomefossil-rich Ordovician and Silurian (and afew Devonian)
stesinthe Appa achian/Piedmont region, in spite of the deformation of therocks
fromthevarious Paleozoic mountain-building events. For example, eastern
Pennsylvaniaand western Vermont both preserve assemblages of brachiopods,
trilobites, corals, bryozoans, clams, and other organismstypical of shalow marine
environments.

Triassic to Jurassic

The Appa achian/Piedmont has extensive outcrops of Mesozoic rocks,
preserved intherift basinsthat formed during the Age of Regptiles, when Pangea
was breaking apart (Figure4.19). The sedimentary rocks preserved intherift
basinsrecord the presence of dinosaursintheNortheast. In particular, the
extensvedinosaur trackwaysfound intheserockshave becomeamongthe
most publicly knownfossilsinthe Northeast. Many of thesmall three-toed
dinosaur footprintsare known as Grallator, and were probably made by thelate
Triassic dinosaur known from the southwestern United Statesas Coel ophysis.

Someareas contain not only footprints, but a so abundant freshwater fish,
mollusks, and plant fossilssuch ascycads, ferns, conifers, and
ginkos. A locality in Princeton, New Jersey, for example,
contained hundreds of coel ocanth (knowninthe
fossl record as’ lobe-finned’ fish) and small b
bony fish. Ingeneral, however, the Northeast J}
rift valley deposits havereatively few verte-

8/
r#[?igure 4.19:
brate bonefossils compared to footprints. e Z;“ZZ’:ZJSWO;S;Z
Northeast.

The Age of Reptiles

The Mesozoic Era is commonly known as the Age of Reptiles, a time dominated both on land
and in the sea by large reptiles. ‘Dinosaur’ technically refers to the group of land reptiles
with a common ancestor and thus certain anatomical similarities, including long ankle-
bones and erect limbs. At the same time as the dinosaurs, other reptile groups also became
important: the pterosaurs, flying reptiles with wingspans up to 15 meters, and plesiosaurs,
mosasaurs and ichthyosaurs, marine reptiles that were probably similar in size and habitat
to toothed whales, dolphins and large sharks of today. Mammals, evolving from a group
known as the ‘mammal-like reptiles’ that were a dominant land animal in the Permian and
Triassic. Mammals appeared at roughly the same time as the dinosaurs in the mid-Triassic.
Mammals, however, occupied only rodent-like niches until the dinosaurs went extinct. All
the large reptile groups disappeared at or before the mass extinction at the end of the Creta-
ceouss.

92
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Fossils of the Coastal Plain - o | N
Region 3 S

The Coagtal Plainisunderlain by awedge of flat-lying Cretaceousand

Cenozoic unconsolidated sediments. Thesesedimentspreservedtrikingevidence . see b j’jb‘ilsf p-85,
. Or nmore on
of how much sealife has changed from the Paleozoic to the Cenozoic. Fossils . corals.

fromthe Coastal Plain arevery different from the Paleozoic marinefossilsfoundin
theInland Basin and A ppa achian/Piedmont regions. The Coastal Plain sediments
areespecialy richin mollusks (bivalvesand gastr opods, and, in Cretaceous
sediments, cephalopods). Shark teeth, scleractinian corals (Figure4.20), bar-
nacles, and sand dollarsare also found in the Coastal Plain but arerare or absent
inPaleozoicrocks. Brachiopods, so common in Paleozoic sedimentary rocks, are
al but absentinthe Coastal Plain.

Cretaceous

Figure 4.20: Scleractinian
o coral, Tertiary

Good outcrops of marineand non-marine Cretaceousfossilsarefoundin
New Jersey and famous outcrops a ong the Chesapeake and Delaware canalsin & s
Ddaware. Outcropswith clamsarecommon, especially including oysterssuch as &%*‘% ¥ Figure 4.21: Oyster,
Gryphaea (Figure4.21), in Some cases creating small oyster ‘reefs.” Snails, ; ;;‘; 3?:’4 grz’nf;)}‘aea Cretaceous
ammonoids, belemnites(Figure4.23), and clawsof the shrimp Calianassa are P
common.

Present —

Quaternary

Tertiary

Cretaceous

Rareremainsof dinosaursand other terrestrial vertebrate organismshave
aso been foundin the Cretaceous sediments of the Coastal Plain. Partsof marine N
reptiles, such asmosasaurs, giant crocodiles, plesiosaurs, bony fishes, turtles, ??;5;
lizards, snakes, and even awing and neck bone from apterosaur havebeenfound Pennsylvanian
in sedimentsin the Chesapeake and Delaware canals. Perhapsthe most . M'S:Ji:::’f =
celebrated discovery wasthat of aduck-billed dinosaur known

asHadrosaurusin Haddonfield, New Jersey (Figure
4.22). Discovered by John Hopkinsin 1835,
the bonesdid not receive much atten-
tionuntil pieceswere
sentto JosephLeidyin
Philade phia, who determined
that they werefrom adinosaur that stood
onitshindlegs. ThiswasAmerica sfirs

dinosaur skdetonfind.

Mesozoic | Cenozoic

Millions of Years Ago

Paleozoic

Silurian
Ordovician

Cambrian

543

Precambrian

. Figure 4.22:
Hadrosaurus,
Cretaceous.
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Figure 4.23: Belemnite @
cephalopod, Cretaceous 48%
(7 cm long). R
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see Fossils, p.85,
for more on
bryozoans and
brachiopods

Mollusks are characterized by a
muscular foot, calcareous shell,
and rough, tongue-like organ
called a radula. The group in-
cludes creatures as widely varied
as bivalves (clams), gas-
tropods (snails), and
cephalopods (octo-
puses, squids,
Nautilus.)

CEPHALOPODS

Cephalopods are swimming predators with tentacles and a beak-shaped mouth that
move using a jet of water. The group includes belemnites, nautiloids, ammonoids,
squid and octopi. A mass extinction between the Cretaceous and Tertiary eliminated
many varieties of cephalopods. The shells of cephalopods range from long straight
cones to spirals, but some have internal shells or no significant shell at all, like the
octopus. Early to mid-Paleozoic rocks of the Inland Basin preserve cephalopods, mostly
nautiloids, but they are generally neither abundant nor well preserved. The Nautilus
is the only living member of this group. Belemnites, bullet-shaped fossils related to
squids, were common in the Cretaceous seas. Though belemnites are commonly found
in Cretaceous sediments of the Coastal Plain, they did not survive past the Cretaceous.
Ammonoids, with somewhat more complex chambering than nautiloids, first appear
in Devonian-age rocks. They were especially successful in the Mesozoic, and went
extinct at the end of the Cretaceous with the dinosaurs.

Tertiary

The best-known fossil-rich sections of the Tertiary Coastal Plain deposits
inthe Northeast areat Calvert Cliffsin Maryland. Barnacles(Figures4.24),
crab claws, sand dollarsand bryozoansare present in rel atively small amounts,
inaddition to themollusksthat characterize depositsin the Coastd Plainregion
(Figures4.25and 4.26). Among the vertebratesfound at Calvert Cliffshave
been inner ear bones, teeth, and vertebrae of many species of whalesand por-
poises, shark teeth (Figures4.27), ribs, jaws, crocodil e teeth, turtleremains,
stingray spinesand teeth, and skeletal elementsof bony fish. Thereisonly one
speciesof brachiopod at Calvert Cliffs, an organism that had dominated the
Pdeozoicsea

BARNACLES

Barnacles are filter-feeding crustaceans,
something like shrimps living upside down
ina box. They are surrounded by calcare-
ous plates and live attached to shells, such
as the large Chesapecten shells found in
Tertiary sediments of the Coastal Plain. It
is sometimes possible to find them whole,
often still attached to other shells.

Figure 4.24: Barnacles, Balanus,
Tertiary (5 cm wide).
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GASTROPODS

Gastropods are known popularly as ‘snails’. Un-
like bivalves, gastropods have only one shell. The
soft parts of gastropods are anatomically similar
to bivalves, but the foot is made to crawl along the
surface and the shell is usually coiled. Gastro-
pods are only sometimes found in early and mid-
Paleozoic sedimentary rocks of the Inland Basin,
but are extremely common in the Cenozoic rocks
of the Coastal Plain, and in Late Pleistocene glacial lake
deposits and marine deposits in the Northeast.

Perfectly round holes of only a few
millimeters in size can often be
found in Cenozoic shells. Though
the holes can be so regular in
shape and position that they seem
human-made, they are actually
. predatory bore holes. The most
: common bores are made by moon
Figure 4.25:  Gastropods. . snails, which use both acid and
ABOVE: Ecphora, Tertiary (6cm + their rough, tongue-like organ
ZO”S)? FAR LEFT: Turritella, ] (radula) to drill their holes. The
Tertiary (3.5 cm long). * snails then extend their radula
BIVALVES - into the hole and suck out the soft
Bivalves are often called clams, but they also  Figure 4.26: Bivalves of the Coastal Plain. . tissues of their prey.
include scallops, mussels, cockles and oys-  BELOW: Chesapecten, Tertiary (9.5 cm wide);
ters. Bivalves have a protective pair of hinged ~ BOTTOM LEFT: Mercenaria, Tertiary (7 cm
valves and feed off particles in the water by ~ wide). AT
collecting them with their gills. Bivalves are
known as ‘filter feeders’. During the Paleo-
zoic, bivalves lived mostly on the surface of
the ocean floor. In the Mesozoic, bivalves
became extremely diverse and some evolved
the ability to burrow into ocean floor sedi-
ments. Bivalves are the dominant fossils in
the Cretaceous and Cenozoic Coastal Plain
sediments. They are also common in late
Pleistocene marine sediments, for example
along the St. Lawrence Seaway and and sub-
merged the coast of Maine and in smaller
numbers in Paleozoic rocks of the Inland Ba-
sin and freshwater deposits of the Triassic
rift basins.

. Preservation of fossils in Coastal
. Plain sediments is also very dif-
. ferent from that in Paleozoic
. rocks. The sediments range from
- well consolidated and cemented
. Cretaceous layers to unconsoli-
« dated sands in the Tertiary. Shells
. areoften very well preserved, and
«  except for the absence of color, look
. much like modern shells. In some
- cases, especially for fossils in the
. late Tertiary, the species are the
« same as modern species. In fact,
. along cliff faces near the ocean,
« modern and ancient shells are of-
. ten found together. Coastal Plain
+ assemblages of fossils, however,
. tend to be different than modern
» shells in the same latitude, be-
SHARK TEETH " cause many Cenozoic deposits
contain species that lived in rela-

Shark teeth are one of the more common and prized fossils to - tively warm water.

come from Coastal Plain deposits. A good knowledge of how .
shark teeth vary both among sharks and in position within
the mouth can often aid in identification. Among the shark .
teeth found in Tertiary Coastal Plain sediments in Mary-
land are teeth of the requiem, tiger, mako, angel and great .
white sharks. The fossil great white shark, or Carcharocles
megalodon, is most famous for its enormous size, having .
teeth over 15 cm long. Since shark skeletons are cartilagi-
nous, except for teeth and vertebrae, there has been consider- -
Figure 4.27: Shark teeth from Tertiary  able debate over the actual body size of Carcharocles. Even
sediments at Calvert Cliffs. TOP:  conservative estimates, though, suggest a body size well over -

Carcharodocles (7cmlong); BOTTOM: 17 meters long, nearly twice the size of the living great white
Tiger and sand shark teeth (~3cm long).  gp oo
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see Geologic History,
p.12, for more on the
New England basins.

see Rocks, p.49
for more on the
Boston Basin

Some species of trilobites
(Paradoxides) found in the Bos-
ton Basin rocks of Braintree,
Massachusetts are significantly
larger than Inland Basin trilobites
of the same age, averaging 30 cm
long.

see Fossils, p.5,
for more on these
organisms; for
Bivalves, see
p.96.

Fossils of the Exotic Terrane
Region 4
Rocksof the Exotic Terraneregionin genera do not have preserved
foss| communities because either they are metamorphosed sedimentary rocksor
they areigneousrockswithout fossil communities. Interesting exceptionsoccur in
Paleozoic rocks, which include both fossilsfrom the Ordovician onward, fossils
fromthe accreted terranes, and fossiIs of organismsthat lived in the | apetus
Ocean. Fossilsafter accretion of theterranesto the Northeast contain organisms
that actudly lived in theregion and were not transported on theterrane.

Paleozoic

Fossilsasold asthe Cambrian are known from the eastern Massachu-
settsBoston Basin and are preserved in rocks of the exotic terrane Avalonia.
Theserocksare believed to have originally been part of northern Africa, sutured
to theside of North Americaduring the Acadian mountain-building event. The
foss| assemblagesarelikethosein northern Africabut different from equivalent-
agedfosslsinNorth America. Thesefossil assemblageswereamong theearliest
evidencefor continental plate movement and exotic terranes.

Graptoliteshave been foundin Ordovicianrocksin Maine, possibly
exigting within thelapetusOcean. Silurianand Devonianfossils(whichaso
existed inthe Paleozoic inland ocean) arefound in limestonesfrom Maineand
New Hampshire, including corals, crinoids, brachio-

pods, trilobites, bryozoans, bivalves, and
tentaculids. Devonianfossilsin New
Hampshire, though badly preservedin
schigt, includebrachiopods. The
Devonianplant fossil, Pertica
quadrifaria, (Figure: 4.28) is
preservedin partsof northern
Maine, an areaof the Exotic
Terranethat experienced only
weak metamorphism.
Pennsylvanianbasinsfoundin

Figure 4.28: Maine state fossil:
Pertica quadrifaria, Devonian.

The Paleontological Research Institution . %



Fossils

Rhode | dand and M assachusetts contain arich record of plant fossils, and rarer
amphibian tracks, insects, and arachnids. Thesefossiisaresimilar tothose
preserved in Pennsylvanian-agerocksintheInland Basin,
thoughinlessextensive deposits.

Triassic to Jurassic

Thewestern M assachusetts Connecticut
River Vdley, part of aTriasscrift basin (Figure
4.29), isthesite of Pliny Moody’s 1800 description
of three-toed dinosaur footprints, which hethought
weremade by araven from Noah’s Ark (Figure
4.30). Thiswasalsotheareaof Edward Figure 4.29: Triassic-Jurassic rift
Hitchcock’s early to mid-1800' sinterpretation of basin in the Exotic Terrane.
hundreds of dinosaur tracksashird footprints. At onelocality in Connecticut,
thefootprintsare so numerousthat amuseum hasbeen built over them. Insome
localitiesthere have a so been discoveries of dinosaur bones, fish (Figure4.31)
crocodiles, and other vertebrates. Onewell-known discovery by ateenagefossil
collector wasof an unusual gliding reptile. However, asinthe Newark and
Gettysburg rift basinsin the Appa achian/Piedmont, vertebrate bonefossiisare
rare compared to the numerousfootprints.

i{.@f e it . - Figure 4.30: Three-toed dinosaur track from
A P _HHolyoke, Massachusetts (13 cm long).

Jurassic, Massachusetts (5.5 cm long).

see Fossils, p.92
for more on fossils
found in
Pennsylvanian-
age rocks.

see Fossils, p.92,
for more on rift
basin fossils.

Many three-toed footprints
named Grallator are thought to
have been made by the dinosaur
Coelophysis.

Dinosaur State Park in Rocky
Hill, Connecticut was estab-
lished where the rift basin dino-
saur trackways are particularly
NUMerous.

Where did the

dinosaurs go?
Based on considerable geochemi-
cal and mineralogical evidence,
many scientists have concluded
that the Cretaceous-Tertiary
boundary extinction was caused
by a meteorite impact leading to
the demise of the dinosaurs. In
this scenario, a worldwide layer
of dust was created by the impact,
blocking out sunlight long enough
to destroy the food chain and caus-
ing other ecological problems.
The large reptiles disappeared, as
well as significant numbers of ma-
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see Glaciers, p.57

One Maryland cave contained
Pleistocene remains of verte-
brates from a spectrum of
climates:
Pleistocene mammals represent-
ing northern climates included
wolverine, lemming, long-tailed
shrew, mink, red sqirrel, muskrat,
porcupine, jumping mouse, pika,

hare, and elk.

Pleistocene animals representing
southern climates included
bats, peccaries, tapirs, crocodiles.

Pleistocene animals representing
an intermediate climate in-
cluded: horses, coyotes, badgers,
several species of bears, otters, pu-
mas, beavers, smaller rodents,
mastodons, and deers.

see Glaciers, p.61,
for more on ice-
) margin deposits.

Ovwer 100 mastodons have been
recovered from Orange County,
NY, which sits on the west side of
the Hudson in southeastern
New York.

Ice Age Fossils
in Pleistocene deposits of the Northeast

Pleistocenedepositsarelikefrosting over therest of thegeological
layer cake. They follow mostly from Pleistocene climate and topography, so are
ingenera lesstightly controlled by bedrock than some other phenomena. Most
terrestrial foss| remainsarefound either in ponds dating from the receding of
previousglaciersor isolated teeth or bonefragmentsin glacid till. Someimpor-
tant faunas, however, are preserved in Pleistocene caves.

Terrestrial and Lake Fossils

Cavesarean exampleinwhich theunderlying geology, generdly
limestone, influencesthe Plei stocenerecord. Cavefaunasarenot terribly
common intheNortheast, but are very important in some other areas of the
country where caves are numerous. |mportant examplesin the Northeast
includeacavein Montgomery County, southeast PA, which produced alarge
number of glacial age mammal's, described by Edward Drinker Cope (more
famousfor hisdinosaur descriptions), inluding aspecies saber tooth cat, asmall
speciesof black bear, and the loth Megalonyx. Another Pleistocene cave
formed from Devonian limestonein Allegheny County, Maryland, included a
wide range of mammalsrepresenting both northern and southern climates,
aswell asthose of moreintermediate climates, suggesting abiogeographic
trangitional zoneinwhichtheclimatehad fluctuated.

Important and extensive freshwater and terrestrial remainsoccur inthe
innumerable pond sediments(not intheleast lithifiedinto rocks) left behind after
retreat of thelast glaciers. These pondsarewell known from areasthat were
coveredwithiceand glacial sediment, especidly kettlesthat formed along
morainesand other ice-margin deposits. The pondswith large vertebrate
remainsare not randomly distributed, but can be clustered around well-known
drainage systems, such asalong the Hudson River Valey. Sincesuch pond
sedimentsare not surface outcrops, and since thereisno fool proof technol ogy
for searching for bones under the sediment, most skeletonsturn up during
construction or pond ateration rather than through systematic searchesfor
remains. Large vertebrate remainsinclude mastodons, mammoths, giant bea-
Vers, peccaries, tapirs, foxes, bears, seal's, deer, caribou, bison, and horses.
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Fossils

Nearly dl glacia-age ponds contain arich fossi| record beyond verte-
brates. Inatypical pond, thefirst sediment tofill up the pondisfine-grained
clays, followed later by organic-rich claysdueto sedimentation of plant fragments -
asplant communities started to colonizethe areaafter theglaciershad retreated.  ©
Theseclaysoften haveplentiful late Pleistocenesmall freshwater mollusks, small .
piecesof foss| wood, and pollen, increasing asthe plant community increased.
Thetopmost sediment isoften very late Pleistocene or Holocene pest, essentially
pure plant matter made of innumerabletiny sticksand larger branches, leaves,
cones, and other plant material. Since pollen shapesareindicative of thekinds of
plantsthey comefrom, the pollen record can give arather detailed account of
how vegetation moved into the areaas climate changed.

One of the most complete and best

preserved mastodons recovered
to date in the Northeast was exca-
vated by the Paleontological Re-
search Institution in late summer,
2000. 1t was found when a family
in a suburban neighborhood, in
Hyde Park near Poughkeepsie,
NY, was deepening their backyard
(glacial-age) pond. Other mast-
odons have been found near Roch-
ester, Buffalo, and Albany, New
York, and Amherst and Cam-
bridge, Massachusetts (just to
name a few.)

MASTODONS & MAMMOTHS

Among the most common Pleistocene vertebrate fossils in the Northeast are those of mast-
odons and mammoths. People frequently confuse these two kinds of ancient elephants (or,
more technically, proboscideans). Both were common in the Northeast in the Pleistocene,
but they had different ecological preferences and are usually found separately; mastodons
(Figure 4.32) are by far the more common of the two in most areas of the Northeast. Mam-
moths are from the same line of proboscideans that gave rise to African and Asian elephants;
mastodons are from a separate line of proboscideans that branched off from the modern
elephant line in the Miocene. In body proportions mastodons have a shorter, stockier build
and longer body; mammoths are taller and thinner, with a
rather high “domed” skull. In skeletal details, the quickest
way to tell the difference is with the teeth: mastodons have
teeth with conical ridges, a bit like the bottom of an egg car-
ton; mammoths, in contrast, have teeth with numerous par-
allel rows of ridges. The teeth are indicative of the ecological
differences: Mastodons preferred to bite off twigs of brush
and trees, for example from spruce trees, while mammoths
preferred tough siliceous grasses, thus mastodon teeth are
more suitable for cutting, while mammoth teeth are more
suitable for grinding (Figure4.33).

Figure 4.33: A mastodon tooth,
suited for cutting twigs of spruce
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see Glaciers, p.65,
for more on
X rebounding crust.

The Charlotte beluga whale

can be seen in the University of
Vermont's Perkins Museum of .

Geology. Today about 500 beluga
whales live in the Gulf of the St.
Lawrence.

Other common fossils in the
Champlain Sea include marine
clams that today can be found liv-
ing in cool Atlantic and Arctic
Ocean waters. Other invertebrates
include barnacles, gastropods, and

sponges. A number of species of

marine fish have been found as fos-
sils, such as the Atlantic cod, which
on the whole are most similar to
fish in the southern coast of La-

brador today. Several species of .

seals that breed on sea ice have
been found, such as the harp seal,
bearded seal, and ringed seal.

Marine Fossils

Onecanvisit placesinthe Northeast where sealevel rise outpaced the
rebounding continental crust after meltback of theglaciers, flooding lowlands
such asareas of Massachusettsand along the St. Lawrence Seaway. The
Champlain Searefersto an ocean bay that filled most of the Ottawa-St.
Lawrence-Lake Champlain basin about 11,000 to 8,000 yearsago. Thefossils
from these sedimentsare so recent that most or all arerepresented by living
popul ationstoday, but mostly in more northerly, cooler locations. Lowland
areasof the coastlinein southern Maineare covered with glacial marineclay
dating to about 11,000 years ago that a so contain marine bivalvesand other
marineinvertebrates.

Themost celebrated fossil from the Champlain Sea deposits hasbeen
the*Charlottewhale,” aspecimen of themodern belugawhale, foundin
Chittendon County, Vermont in 1849 by workersdigging arailroad. Though
initialy shocked tofind whaleremainssofar inland, it eventually became appar-
ent that thewhale had come down the St. Lawrence Seaway at atimethat this
areahad been flooded with seawater. The Champlain Seaextended into New
York, whereafossi| belugawhal ewasalso discovered in 1987. Other whale
remainsfound haveincluded the harbor porpoise, humpback whale, finback
whale, and bowhead whale.

How old does it have to be?

Fossils are any evidence of ancient life, whether shell, its imprint, or the trace made
by a moving animal. Dictionary definitions often suggest that fossils are such
remains greater than 10,000 years old. Popular conception holds that some process,
such as permineralization (infilling of cavities and replacement by minerals), must
occur for an object to be considered a fossil. The latter is not true — Pleistocene
shells and bone materials are frequently nearly indistinguishable from modern
material, except in some cases through color changes, such as by leaching of color or
staining from tannins and iron in the sediment. The former (10,000 years) may be
true by definition, but is only a practical guideline. Those studying successions of
plant or animal remains since the last glaciation, from 20,000 years ago to the
present, would not recognize any sudden change in the material at 10,000 years,
and would typically refer to all material buried in sediments as fossil material. A
compromise is to call younger material “subfossils,” especially if they are in sedi-
ment that is still prone to movement by currents and burrowing organisms (as in
surface sediment in shallow aquatic environments).
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State Fossils
of the Northeast

Thestatefossilstell the geologic history of the Northeast intheir own way (Figure4.34). New York and
Pennsylvaniaare dominated by Paleozoic sedimentary rocksfrom theinland ocean and their statefossils, aeuryp-
terid andtrilobite, reflect thishistory. Because of itspreservation in only the salty shallow seadepositsof the
Silurian, theeurypteridin particular istestimony to theriseandfall of sealevel intheinland ocean during thistime.
Northern Maine, whichwas only weakly metamorphosed during the mountain-buil ding events of the Paleozoic,
preservesthe Devonianfossi| plant, Perticaquadrifaria. Thisrarefossil wasfirst discoveredin Maineand reflects
thevascularization and diversification of plantsduring thisperiod in geologic history. New Jersey, Connecticut and
Massachusettsall have dinosaur footprintsastheir statefossil. Not surprisingly, therift basins of the Northeast that
preserve M esozoi ¢ sedimentary rock inwhich onemight be ableto find dinosaur fossilsor traces, cut through each
of these states. Cretaceousbelemnites, the statefossil of Delaware, are preserved in abundancein Delaware
Cretaceous sediments, indicative of the changein sealifesincethe Paleozoic. Gastropodsfrom the Tertiary, found
at thefamousfossil-collecting location, Calvert Cliffs, Maryland, arethe statefossil of Maryland. Thebelugawhae
fromlate Pleistocene depositsof the Champlain seaway isthe statefossi| of Vermont. Buried in sediment whenthe
ice sheet retreated and L ake Champlain wasflooded by ocean water, thewhaleisaspectacular reminder of the
relatively recent iceage history of the Northeast.

New Hampshire:
no state fossil because there
are no sedimentary rocks in

which to preserve fossils.

Charlotte, the Yermont Whale (beluga)
Delphinapterus leucas, Pleistocene
Found in deposits from glacial

) Early vascular
Lake Champlain.

land plant
Pertica quadrifarfa, Devonian

inosaur tracks
Q Late Triassic
d
b Rhode Island:
» No state fossil
Gigantic, three-toed
dinosaur track
Eubrontes giganteus

Figure 4.34: State fossils of the
Northeast reflect the geology
of the region.

Eurypterid
Eurypterus remipes, Silurian
Sea scorpian; more common

in NY than any other state.

Trilobite

Phacops rana, Devonian

Dinosaur: Hadrosaur
Hadrosaurus foulki, Cretaceous

Belemnite (cephalopod)

Belemnite americana, Cretaceous

Gastropod (shail)

Ecphora gardnerae gardnerae, Tertiary

ﬁ‘ The Paleontological Research Institution 101



Fossils

Activities

1. A bizarre new competition among avocational paleontologists involves racing to collect representative fossils of a set
taxonomic groups. You can start anywhere in the northeast, you can collect the fossils in rocks of any age, and you mustn’t
exceed the speed limit. This means to win you have to be efficient about your route and know where to go. You must find
the following;:

100 bivalves 100 trilobites 5 crinoids 5 stromatolites
100 gastropods 100 brachiopods 5blastoids 5barnacles
100 cephalopods 100 bryozoans 5 cystoids 5shark teeth

A local natural history museum sponsors you with a driver and travel funding. Make a plan to enter the race. Give the route you would
take that would make it likely you could find enough of each of these organisms quickly. Given highway speed limits, collecting 10
hours/day, how much time do you think it would take to collect these fossils? Explain your assumptions and calculations. What factors
would influence this time?

2. Nova, the Public Broadcasting System science documentary specialists, hear that you won the race. They like the action
of the race, but had been planning to create a movie on the history of life. Thus they wish to sponsor another race, this time
collecting the organisms sequentially through geologic time rather than solely by kind of animal.

Explain how you would change your route to collect fossils from oldest to youngest. In this race, one must find just one specimen of each
of 3 kinds of fossils from the list in part (1) for each geological period in order from the Cambrian to the Quaternary.
How fast could you do it?
How do these fossils fit into the following geologic events?

(1) the Grenville passive margin
(2) the Taconic converge,
(2a) interval (Silurian-Early Devonian) between Taconic and Acadian
(3) the Acadian convergence,
(3a) interval (Mississippian-Early Permian) between Acadian and Alleghenian
(4) the Alleghenian convergence,
(4a) interval (Early-mid Triassic) between Alleghanian and rifting
(5) therifting apart of Pangea, and
(5a) interval (mid-Jurassic-late Jurassic) between rifting and creation of Coastal Plain
(6) the Coastal Plain passive margin and shaping by erosion of many of current land-forms
(7) Pleistocene glaciation and Holocene post-glacial

3. Given your new celebrity status, the local fossil club calls you to give a talk on the history of life from the local area, based

on fossils. You patiently explain that this isn’t possible with fossils, because no one place has anywhere near a complete

record. However, you can guess what happened, since missing rock sometimes indicates the presence of land environ-

ments, and these land organisms may have been recorded elsewhere. You promise to give them a presentation about
this.

Write a script for a nontechnical talk, giving your estimation of the history of life (the land and sea) in your neighborhood.
Point out what we know from local fossils and what we know from elsewhere. Choose illustrations for your talk.
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Topography of the Northeastern US:
the BIG picture

o Inland Basin

The Allegheny Plateau dominates the
Inland Basin topographically. The Pla-
teau is deeply dissected by many streams,
eroding through the bedrock to create re-
lief throughout the area. The rugged
peaks of the Adirondacks, composed of
uplifted Precambrian rock, tower above
the surrounding Lowlands of Lakes
Ontario and Erie, and the St. Lawrence
and Mohawk Rivers.

gAppalachian/Piedmont

Traditionally, the Appalachian/Piedmont region is di-
vided into the Valley and Ridge Province, characterized
by distinctive long, narrow ridges and valleys; the Pre-
cambrian ridges, which make up the rugged Precambrian
rock core of the Appalachians and includes the Blue Ridge
province of Pennsylvania and Maryland; the Triassic Rift
Basins, formed as Pangea ripped apart; and the Piedmont,
an area of rolling hills at the foot of the Appalachians.
Within these divisions lie other distinctive topographic
features, such as the Great Valley that extends nearly the
entire length of the region, and the Taconic Mountains,
pushed to their present position from the east when a
volcanic island arc collided with the continent in the early
Paleozoic.

9 Coastal Plain

Topographically, the Coastal Plain is a relatively flat re-
gion. Underlain by a wedge of unconsolidated sediments
deposited over the last 100 million years (which is recent in
geologic time), the Coastal Plain is easily eroded and re-
mains fairly level, with a slope of less than one degree.

e Exotic Terrane

The Exotic Terrane region is known as the New England Uplands because of the dominance of north-
northeast trending mountainous and hilly terrain in the region. Resistant metamorphic Silurian and
Devonian rocks dominate the region, cross cut by intrusions and volcanic rocks from the Taconic and
Acadian mountain-building events. There are a few notable exceptions to the general highland nature of
the region, including the Boston and Narragansett Basins, the Connecticut Valley Rift Basin and the

New England Coastal Lowlands.






Topography

Topography of the Northeastern US:
a brief review

Doesyour region haverolling hills? Mountainousareas? Flat land where
you never haveto bike up ahill? Topography isthe changein elevation over an

area. Thetopography of the Northeast isintimately tied to weathering and
erosional forces, and thetype and structure of the underlying bedrock.

Weathering includes both mechanical and chemical processesthat - Weathering is the break down of
, . , : . rocks; erosion is the transport of
break downarock. Wind andwater inal forms, including streams, the ocean, L weathered materials.

andice, areal mediaby which physical weathering and erosion occur.
Streamsare constantly trying to erodetheir way down through bedrock to sea
level, creating valleysinthe process. With sufficient time, streamscan cut
deeply and develop wideflat floodplainson thevalley floor.

The pounding action of ocean waves on the coastline contributesto the
erosion of coastal rocks and sediments. |ce playsamajor roleintheweather-
ing and erosion of the Northeast |andscape because of the frequent episodes of
freezing and thawing in temperatelatitudes. Onasmall scale, aswater ,

. see Glaciers, p.60
trapped infractureswithin therock freezesand thaws, thefractureswiden . for more on
further and further. Thisalonecaninducesignificant bresk downof largerock - fr;faz ;;22;
bodies. Onalarger scae, iceintheform of glaciersin mountain valleysand
continental ice sheets can reshapethe surface of acontinent.

Working in conjunctionwith mechanica weathering, chemical westher-
ing also helpsto break down rocks. Some minerasof igneous and metamor-
phic rocksthat areformed at high temperaturesand pressures, far below the
surface of the Earth, become unstable when they are exposed at the surface
wherethetemperature and pressure are considerably lower, especialy in
contact withwater. Unstablemineralsare altered to morestableminerals,
whichinthe processresultsin the breakup of rock. Weak acids, such as
carbonic acid found in rainwater, promotethe disintegration of certain typesof
rocks. Limestone and marble may berapidly broken down chemically as
carbonic acid reactswith the carbonate mineral composition of theserocks,
forming cavitiesand cavernsintherock. Other sedimentary rocksheld to-
gether by carbonate cement area so particularly senstive.

Rock typeat the surface has an important i nfluence on thetopography
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Recrystallization refers to the
change in mineral crystals that
make up rocks. When rocks are
metamorphosed, recrystallization
often occurs as the pressure allows
crystals to grow larger into a
tighter, interlocking arrangement.

Topography

of aregion. Certainrocksareableto resist weathering and erosion moreeasily
than others; resistant rocksthat overlieweaker layersact ascapsand form
ridges. Theinland ocean basinsof the Ordovician Taconic and the Devonian
Acadian mountain-building events coll ected and preserved sedimentsthat became
sedimentary rocks. Sedimentary rocksweather and erode differently than
crystaline, generally harder igneous and metamorphic rocksthat are more com-
mon inthe Exotic Terraneand A ppal achian/Piedmont region. Silica-richigneous
rockshaveacrystalline nature and mineral compositionthat res stsweethering far
better than the cemented grains of asedimentary rock. The metamorphic equiva-
lentsof sedimentary and igneousrocksare often moreresstant dueto recrystal-
lization. However, there are exceptions, such asschist, which ismuch weaker
than its pre-metamorphism limestone or sandstone state. Theunconsolidated
sedimentsof the Coastal Plain region, which are not even yet considered rocks,
aretheleast resstant to erosion. The Coastal Plain sedimentshavelittle cement,
compaction, or interlocking crystalsto stand up to the effects of wind, oxygen,
and water.

Theunderlying structure of therock layersalso playsanimportant rolein
thetopography at the surface. Sedimentary rocksareoriginally depositedinflat-
lying layerson top of each other. Movement of the plates createsstressand
tensonwithinthe crust, especidly at plate boundaries, which often deformtheflat
layersby folding, faulting, intruding or overturning. Thesetermsarecollectively
used to describerock structure and can be used to interpret what forceshave
affected rocksinthepast. Thefolding of horizontal rock bedsfollowed by
erosionand uplift exposelayersof rock to the surface. Faulting likewiseexposes
layersat the surfaceto erosion, due to movement and tilting of blocksof crust
alongthefault plane. Tilted rocksexposeunderlying layers. Resistant layersstick
out and remain asridges, while surrounding layersof lessresistant rock erode
away.

Theglacia icesheet of themost recent ice age covered part of theregion,
leavingits mark onthetopography of the Northeast. Glacierscarved away at
theland' ssurface asthey advanced generally southward, creating many classic
glacial U-shaped valleysand characteristic glacial depositional festuressuch as
drumlinsand moraines. Mountainswere scul pted, |eaving high peaksand bowl-
likecirques. Astheicesheet melted, other characteristic glacial featureswereleft
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behind to mark itsformer presence, including glacid lakesand eskers.
. . see Glaciers,
Just aswewere ableto make senseof thetypeof rocksinanareaby — + 60, for more on

knowing the geologic history of theregion, we are ableto make sense of the : the SC(’;‘;’;;?Z. t‘;”ofjf
topography of the Northeast based on the rocks and structuresresulting from . glaciers.

past geologic events.

Topography of the Inland Basin
Region 1

Thelnland Basin hasthreemaintopographic divisions: theAllegheny -

Plateau, the Adirondacks and the Lowlands (Figure5.1). Theexistenceof the ~ « ‘Allegheny” refers to the plateau

o ] . . orfront; Alleghanian’ refers to the
basinitsalf isdueto the downward buckling of the crust at the onset of the - mountain-building event.
Taconic and Acadian mountai n-building events. What makesthelnland Basin
distinct from the other regions of the Northeast arethe structure and nature of
the sedimentary rocksthat fill thebasin. Unlikethe A ppa achian/Piedmont
region or the complexly deformed Exotic Terraneregion, the surfacerocks of
thelnland Basin have been gently tilted and
folded, and werefar enough removed from
themountain-building eventsto havees- .
caped being metamorphosed. The exception ;Sf Egilgsénpﬁ
tothispatternisthe Adirondack region, : rocks of the
where upliftindependent of the Paleozoic Adir‘r’:gdiﬁf
mountai n-building eventsraised bedrock
metamorphosed during thelate Precambrian
tothe surface aserosion removed the

overlying Inland Basin sedimentary layers.

St. Lawrence Lowlands

Erie-Ontario Lowlands

Figure 5.1: Generalized topographic
divisions of the Inland Basin.

Allegheny Plateau

The Allegheny Plateau dominatesmuch of thelnland Basinregion,
extending from the southerntier of New York through Pennsylvaniaand
Marylandto Alabama (Figure5.1). Thelayersof rock within the plateau have
been only gently folded andtilted dightly to the south during thefinal mountain-
building event during the Permian. A drivethroughthe Allegheny Plateau
region revealsalandscape contrary to the common concept of aplateau asan
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Topography

The Shawangunks, or ‘Gunks’
as they are locally known, are
famed for being the best rock
climbing spot in the Eastern
United States.

The Catskills are not considered
by some to be technically “‘moun-
tains’ because of the underlying
layers of rock lack deformation.

The highest point in the Catskills
is over 914 m above sea level.

see Geologic History,
p. 14, for more on the
Alleghanian event.

elevated flat-topped region. The Allegheny Plateau wasprobably flat, but since
itsuplift 400 million yearsago it hasbeen deeply dissected by streams, making
theareaquitehilly and in some places even mountainousin appearance. The
Plateau isbounded on the eastern side by the Allegheny Front, ascarp separating
itfromthe Appalachian Mountains.

Thescarpincludesthewhite cliffsof the Shawangunk Ridgethat extend
southwest from the Hudson River into New Jersey and Pennsylvania, whereitis
known asKittatinny Mountain. The Catskill Mountainsform the eastern bound-
ary of the Allegheny Frontin New York. They areoften called one-sided moun-
tainsbecausethereisasteep scarp on the eastern side, but thewest sidehasa
gentled opethat gradesmoregradually into the surrounding provinces. The
layersof rocksforming the Catskillsare the Devonian sedimentary bedsof the
Catskill Delta, created during the A cadian mountain-building event as sediment
eroded fromthe Acadian highlands. The mountainsarethusunusua, astherocks
areflat lying and therdlief over the areacomesfrom deep erosion of theflat-lying
layers. Theeevationinthe Catskillsismuch higher than other partsof the
Allegheny Plateau because of thethicker sequencesof sedimentsdeposited on
the eastern side of the Catskill Delta(closer to the Acadian highlands) and
erosiond differencesby glaciersduring thelasticeage.

The Pa eozoic sedimentary rock layersof thebasin, tilted just afew
degreesto the south, form many of the east-west ridgesthat stretch acrossNew
York. Thesegentleridgesare called cuestas, formed from the moreresistant
layersof tilted rocks, whilethe softer surrounding rocks have eroded away
(Figure5.2). Thetilting most likely occurred during the Permian Alleghanian
mountain-building event, thefina crunch onthe east coast of North America

MORE RESISANT
ROCK LAYER

SOFTER
SHALES

Figure 5.2: A cuesta ridge is formed from a resistant
layer of gently tilted rock. Figure by]. Houghton.
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The different looks of different mountains
A mountain may be formed from any rock type and a variety of underlying structures.
The type of mountain that we see today all depends on the amount of erosion, the
resistance of the rock, the structure of the rock layers and the events occurring in
geologic history that formed the mountains. There is a wide variety of mountains
throughout the Northeast that formed in diverse geologic situations relating to the
geologic history of the region (Figure 5.3).

@

Mt. K;tahdin

Mountains Location Origin

The Catskills New York erosion of flat-lying rock layers

Kittatinny Mountain/| PA, NJ, NY hogback/cuesta formed from

(Shawangunks) resistant conglomerate

Green Mountains Vermont resistant Precambrian gneiss

White Mountains New Hampshire igheous intrusions

Mt. Katahdin Maine exposed volcano magma chamber

Taconics NY VT MA, CT slices of resistant metamorphosed
Cambrian rocks, stacked on top of
each other and moved west

Bolton Range Connecticut resistant Ordovician volcanic
rocks originating fromTaconic
volcanic islands

Adirondacks New York Precambrian resistant rock,
uplifted during the Tertiary

Adirondacks

The Adirondacksloom high over the surrounding lowlands(Figure5.4).

Uplifted during thelate M esozoic and Tertiary, much of thismassof crystalline
metamorphic Precambrian rock isextremely resistant
toerosion. Thesurrounding lowland rocksare consid-
erably lessres stant and are made of much younger
sedimentary rocks. Boththerelatively recent uplift of
the areaand theresi stant metamorphic rocks contrib-
uted to the height of the Adirondacks. Additional
scouring by glaciersduring theiceagehelpedto carve

the Adirondack pesaks.

Figure 5.4: The Adirondack
region of the Inland Basin.

Shawangunks

Figure 5.3: The
mountains of the
Northeast have
very  diverse
origins.

Not all Precambrian metamor-
phic rock is extremely resistant
or uniformly resistant to erosion.
Precambrian schists, for example,
are not as resistant as harder sedi-
mentary rock found in other parts
of the Inland Basin.
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St. Lawrence Lowlands

Tug Hill Plateau
Erie-Ontario Lowlands

Topography

Mohawk
Valley

Figure 5.5: The Lowlands of the
Inland Basin.

see Glaciers,
p.67, for glacial

& features of the
lowland areas.

Lowlands

TheLowlandsof thelnland Basin surround the Adirondack regionon all
sides, including theErie, Ontario, St. Lawrenceand Mohawk Valley lowlands
(Figure5.5). Many of thetopographic features of the Lowlandsregionwere
formed during the most recent Ice Age. The L owlands preserveremnants of
largeglacia lakesscoured by glaciersand filled with glacia meltwater asthe
continental ice sheet advanced and retreated over the Northeast. Theregion of
L ake Ontario wasformerly occupied by aseriesof glacia lakes, including Glacid
Lakelroquois. TheTugHill Plateau, whichisactually apart of the Allegheny
Plateau has been isolated through erosion by meltwater escaping through the
present Mohawk Valley fromformer Lakelroquois. Astheglacial lakesshrunk,
or atogether disappeared, characteristic glacia lakedepositswereleft behind:
sand, silt and clay, and other evidence of ancient shorelines. Many striking
glacia featuresareevident withinthe L owlands, including thousandsof drumlins
intheOntario Lowlands.

The Paleontological Research Institution . %



Topography

|€*‘T'

Topography of the Appalachian/Piedmont

Region 2

The dominance of northeast-southwest trending ridgesand valleys
throughout the A ppal achian/Piedmont region ischaracteristic of the Northeast,
reflecting the compression of the crust during the mountain-building eventsof the
past. Nowhereisthisdistinctivetopography seen better thanin the Valley and
Ridgeregion of Pennsylvaniaand Maryland (Figure5.6). The Greet Valley runs
lengthwisethrough thewhol eregion, defining the eastern edge of the Valley and
Ridge province. Theridgesof the Blue Ridge, Reading Prong, Hudson High-
lands, Berkshiresand Green M ountains, made of resistant Precambrian gneiss,

Taconic Mountains i -
Champlain [raconic Mounta form the spine of the Appa
lachian Mountains. The

Taconic Mountains, made of

stacked dlicesof Cambrian
and Ordovician-agerock,
stretch acrossthe north-
south border between New
York and Vermont, Massa-
chusettsand Connecticut.
They were pushed westward
totheir present position
during the Taconic mountain-
building period.

Great Valley

Figure 5.6: Generalized topographic regions in the
Appalachian/Piedmont.

Valley and Ridge

TheValley and Ridgeregionisbounded by the Great Valley tothe east
and the Allegheny Plateau of the Inland Basinto thewest (Figure5.7). Tight,
narrow foldsinthelayersof rock fromthefina Alleghanian mountain-building
event, created thelong thinridgesand valleysthroughout the province, with relief
between 300 and 1000 metersor more (Figure5.8). Thesefoldsare much tighter
than the broad bends of the adjacent Allegheny Plateau of theInland Basinregion.
Sandstone and quartzite make up theridges of the Valley and Ridgeregion; more
eadly eroded shale, limestone and dolostonefloor thevalleys. Thevalleysare

The Appalachian Mountains
include many (but not all) ranges
within the Appalachian/Piedmont
region. The term Appalachian
Mountains’ denotes the chain of
mountains that stretch from north
to south parallel to the east coast
that were compressed during the
last two mountain-building
events. The Appalachian Moun-
tains proper include the moun-
tains of New England, and the
Precambrian ridges (with the ex-
ception of the Green Mountains
of Vermont, considered an exten-
sion of the Appalachian Moun-
tains.)

Figure 5.7: Valley and Ridge region
of the Inland Basin.

ﬁ‘ The Paleontological Research Institution

113



IF'

One of the great debates concern-
ing the Valley and Ridge region is
the reason for the even heights of
ridge tops in the area over long
distances. Are the ridges all capped
by equally resistant beds? Orwas
the region eroded flat and subse-
quently uplifted, to be eroded to
its present topography by dissect-
ing streams?

7.1 Topograph
L) pogtapily

commonly formed from rock layersthat have been folded upward and eroded in
the center; ridgesin theregion often form from rock layersthat have beenfolded
downward, with resistant centers. Thisisknown astopographicinversion,
because onewould expect ridgesto form from upfoldsand valeysto formfrom
downfolds.

Figure 5.8: Topographic map of the Valley and Ridge region of the Appalachian/Piedmont.
Topographic map provided by Topozone.com: http:/www.topozone.com.

Topographic inversions

Common sense would have us believe that more often than not, synclines (U-shape folds) form
valleys and anticlines (A-shape folds) form ridges. However, we often see ‘topographic inver-
sions’, especially in the Appalachian/Piedmont region. Topographic lows (valleys) form from
the structural high (top of an anticline), where the term ‘structure’ refers to the form of the rock
layers. At the top of the anticline, a layer may erode away because of cracks at the top of the fold
caused by bending of the rock. Fracturing at the top of the fold allows increased water penetra-
tion, and topographic highs are subjected to more severe weather. Thus, the less resistant layers
below the eroded top quickly erode away to form a valley. The limbs of the resistant layer,
however, are generally still intact. This leaves two ridges of resistant rock on either side of a
valley floored by softer, less resistant layers. Figuresby). Houghton.

ANTICLINE
(A-SHAPED
FOLD)

ANTICLINE
(A-SHAPED

SYNCLINE
(U-SHAPED

SYNCLINE
(U-SHAPED

Normal erosion of a fold. Topographic inversion.
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Water gaps

Generally, streams move along the path of least resistance, carving valleys into the softest, least
resistant rock units following weak layers along structure. The majority of streams and rivers
have cut valleys between pre-existing ridges. There are exceptions, however, in which streams are
constrained to cut through resistant ridges. One of the most spectacular examples is the Delaware
Water Gap. Water gaps are an unusual topographic feature found in the Appalachian/Piedmont,
where the elongate ridges are made of resistant rock and are otherwise generally continuous. The
rivers bisect the ridges in places where the structure of the rock is weak (at faults, folds or changes
in rock type), often cutting across at an angle perpendicular to the ridge. Although the formation
of water gaps is not well understood, it is thought that runoff on opposite sides of a ridge cuts
ravines that drain to their respective sides. As the ravines develop, becoming larger streams, the
headwaters on either side erode further up the ridge. Eventually a notch is formed when the two
headwaters meet and become one stream, flowing through the ridge.

: | o : i A r
Topographic map of the Delaware Water Gap, Pennsylvania. Topographic map provided
by Topozone.com: http://www.topozone.com.

The Great Valley

The Great Valley isadjacent to the Valley and Ridge region extending
from New York asfar south as Georgia(Figure5.9). Floored by Cambrian and
Ordovician limestone and dolostone, thewide valley formsatopographiclow
because of theless-resistant nature of therock. Thelocal namesof the Great

Valley vary throughout the Northeast. InMaryland
theGresat Valey istheHagerstown Valley; in
Pennsylvaniait isthe Cumberland, L ebanonand
LehighValey respectively from south to north.

The Great Valley cutsacrossnorthern New Jersey
and up into New York asthe Hudson Lowlands.
Findly, in Vermont, the Valley isknown asthe
Champlain Lowlands. TheHudsonand Champlain

Figure 5.9: The Great Valley of the ) 1 ands exist because of theweak Cambrian and

Appalachian/Piedmont.

e o o o o

Interstate 81

Just like the rivers which seek to
erode through the least resistant
layers of rock, early road-builders
chose the path of least resistance.
Interstate 81 is a classic example
of a roadway built in a valley
floored by less resistant rocks, fol-
lowing a prominent geologic fea-
ture of the east coast: the Great
Valley. Rather than build mul-
tiple interstates across the rugged
and resistant Appalachian Moun-
tains, we have one long highway
that runs the length of the Great
Valley.
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Green Mountains

Ordovicianrocksthat linethe Valey, whichwereeasily eroded by glaciers
during themost recent ice age.

Precambrian Ridges
Extending up and down the A ppal achian/Piedmont regionisarigid
spineof Precambrian rock (Figure5.10). The crystalline, metamorphic rock has
Nuabe.s allowed the spineto resist erosion to someextent over thelast several hundred
million years, whilethe overlying younger sedimentary rocks have eroded away.
Theresistant nature of the Precambrian rock isresponsiblefor the mountainous
topography of the Green Mountains, the Berkshires, Hudson and Housatonic

Berkshires
Housatonic Highlands.

Hudson Highlgnds

Reading Prong’
South Mountainr

Catoctin
Mountains

Figure 5.10: Precambrian ridges of

the Appalachian/Piedmont. - Highlands, Reading Prong, Ramapo Mountains, South Mountain and the Catoctin
* Mountains
Mt. Mansfield, the tallest of the - At the southern end of the Precambrian Ridgesregion, Pennsylvania's

Green Mountains, is 1339
meters above sea level.

South M ountain marksthe northern extent of the Blue Ridge physiographic
province. TheBlueRidgerefersto the Precambrian rock making up the spine of
the southern Appal achian M ountainsfrom Pennsylvaniato Georgia. Therocksof
the BlueRidgearebent into alargeupwardfold. Theupward fold hasmany
smdler foldssuperimposed uponit. Thewrinkles causetherolling topography
of much of the mountainous Precambrian Ridgeregion. InMaryland, the
Catoctin Mountainsare part of the Blue Ridgeregionaswell.

Taconic Mountains

The Taconic mountain-building event during the Ordovician created the
modern Taconic Mountainsof the A ppal achian/Piedmont region, located be-

Figure 5.11: The Taconic Mountains . tween New York, Vermont, M assachusetts and Connecticut (Figure5.11). The
of the Appalachian/Piedmont. . Taconicvolcanicisiands, formed over the subduction zoneof the North America
see Geologic History,  *  and Balticaplates, wereonacollision coursewithNorth America. Asthe

p. 7 for more on Taconic .
events.

volcanicidandsdrew nearer to the continent, they pushed ahead of themlikea
bulldozer the Cambrian and Ordovician sedimentary rocks of the seefloor. The
crust continued to compressuntil thevol canicidandswere sutured to the side of
North America. The compression stacked slicesof the seafloor ontop of one
another, likeacollapsed telescope, and pushed the dicesagood distanceto the
west. The Cambrian sedimentary rock resisted erosion, protecting theless-
resistant underlying layersof rock. Today’s Taconic Mountains are asection of
the stacked dicesthat have beenisolated by erosion.
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Piedmont

The Piedmont region abutsthe Triassc Rift Basinsof Pennsylvaniaand
extends south through Maryland to the Coastal Plain boundary (Figure5.12).

Thetopography of the Pledmont isprimarily rolling hills, composed mostly
of metamorphicrock that isuniforminitsresistanceto erosion. Thereforeno
ridgesstand out in particular from differential weathering. Thereareafew notable
exceptions, however, dueto the presence of highly resistant rockssuch asthe
quartzite of Sugarloaf Mountain. Near Baltimore, thereareaseriesof ‘domes
that have Precambrian gneissin themiddle, surrounded by ringsof quartziteand
marble. The Piedmont rocks have been squeezed so tightly and are so complexly
deformed, that the foldshave been overturned and folded, and later eroded to
exposetheresistant Precambrian gneissthat stand out in relief asdomes.

Rift Basins

Two connected rift basins, the Gettysburg and Newark Basins, form
lowlandsin the A ppal achian/Piedmont region (Figure5.13). Thebasinsbegin at
the southeastern tip of New York and continue through New Jersey, Pennsylva
nia, and Maryland. Thebasinsexist becauseof therifting of Pangeaduringthe
Triassicand Jurassic. Asthecontinentstoreapart, cracksinthe crust acted as
fault planesonwhich blocksof crust dipped downwardtoformbasins. The
basinswerefilled with layersof |ess-res stant sedimentary rock aswell layersof
cooling lavaonthe surface, which formed basalt. Occasiondly, themagmadid
not makeit tothesurface. Instead, it squeezed itsway between therock layers
and cooled toform diabase. Over time, thebasinsweretilted and eroded,
exposing theaternating layersof sedimentary andigneousrock. Thelayersof
basalt and diabase arefar moreresistant to erosion than the sedimentary rock, so
they stick out inrelief asridgeswhilethe surrounding sedimentary rock iseroded
away.

The Palisades, along thewest side of the Hudson River inNew York and
New Jersey, areres stant exposures of diabase. The Wachtung M ountains of
New Jersey aretilted remnantsof threebasalticlavaflows. Thebasnremainsa
topographic low today, bounded on the west by the up-faulted Precambrian
Ramapo Mountains.

2

Figure 5.12: The Piedmont region

of the Appalachian/Piedmont.

These domes are not technically
domes, but rather, overturned

+  folds.

-

Figure 5.13: The Triassic Rift Basins

of the Appalachian/Piedmont.

see Geologic History,
p. 16 for more on the
rift basins.
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The Marble Valley
A narrow valley bounded by steep wallsrunsfrom southern Vermont
through western M assachusetts and Connecticut (Figure5.14). Thevalleyis
floored with Cambrian and Ordovician limestone that has been metamorphosed
tomarble. Duetotheless-resistant nature of marble, avalley was scoured out by
weathering and eros on, separating the Green Mountainsfrom the Taconic
Mountains

Figure 5.14: The Marble Valley of the
Appalachian/Piedmont.
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Topography of the Coastal Plain
Region 3

Generaly, theland surface of the Coastal Plainrisesonly about 30 meters
above sealevel and dipslessthan onedegree. The primary reason for theflat
nature of the Coastal Plain isthe unconsolidated sedimentsthat arethe bedrock’
of theregion. The sedimentsinthe Coastal Plain have not been significantly
compacted or cemented and have certainly not becomerock. Thereislittle
resi stanceto erosion because of the nature of the sediments, and thereforeridges
do notforminthe Coastal Plain. Thereissomemoderatedifferenceinrelief
between thewestern Coastal Plain and the eastern Coastal Plain dueto the ages
of thedeposits. Cretaceousand Tertiary depositsdominating the western Coastal
Plain show morerdief than the younger Quaternary depositsthat are closetothe
shorelineand constantly pounded by wave action and flooding.

LongIdand, Cape Cod and the smaller idands off the New England
Coadt, though formed from glacia deposits, havethe sameflat natureasthe
topography of therest of the Coastal Plain. Theglacia depositsare unconsoli-
dated sedimentsthat erode aseasily asthe sedimentsof the Coastal Plain further
south.

Thewedge of sedimentsthat formsthe bulk of the Coastal Plain eroded
from thetopographically higher Appd achian/Piedmont regiontothewest. The
hard bedrock of the A ppal achian/Piedmont region liesbeneath the Coastal Plain,
but isdeeply buried by thewedge of sediments. The boundary between the
exposed A ppal achian/Piedmont rocks and thewedge of Coastal Plain sediments
iscaledtheFall Zone. At numerousplacesaongthisboundary linearecas-
cadesand small waterfalls, such
asthe Great Fallsof the

APPALACHIAN/
PIEDMONT REGION

FALL ZONE

i COASTAL PLAIN
Potomac. Rivershaveeroded & o IErTS
very dowly throughthe Appaa ) %
chian/Piedmont bedrock and

then very quickly through the soft
Coastal Plain sedimentsto create
asharpdropin stream elevation

: Figure 5.15: The location of the Fall Zone between the
at the Fall Zone (Figure5.15). Appalachian/Piedmont and Coastal Plain regions. Figureby].

Houghton.

Cities along the Fall

Zone
Follow the boundary between the
Coastal Plain and the Appala-
chian Piedmont regions and count
the number of cities that you find
there: Washington, D.C., Balti-
more, Wilmington, Philadelphia
and Trenton. When settlers first
came to America, they found that
they were unable to navigate their
ships past the Fall Zone, where the
relief of the land was considerably
greater than the flat Coastal
Plain. Thus, many of the large
cities of the East Coast, sprung up
along the Fall Zone where ship-
ping was still viable and cheap
water power for mills was avail-
able.
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see Rocks, p.50
for more on
Ordovician

igneous
intrusions.

Topography of the Exotic Terrane
Region 4

New England Uplands
Much of the Exotic Terraneregionissimply classified asthe New
England Uplands. Theregionischaracterized by rolling hillsand valleys, and
mountainousterrain. The Uplandsincludethe mountainousterrain of the
mountainsof Maine, the White Mountains, the Bolton Range and the M ohegan
Range (Figure5.16). The mountainsof the Exotic Terraneregion
wereformed over thelast billionyearsfrom avariety

of rock types: Ordovician-age
igneousintrusionsrelated to Maine mountains
the Taconic mountain-building White Mountains

event; Ordovicianvolcanicrocks

fromthe Taconicvolcanicidands;
Devonian-ageintrusonsrelated to

the Acadian mountain-building

event; Jurassic-ageintrusions, and
metamorphosed Slurianand Ordovician

. . Ranges
Devoniansedimentary rockthat .. 0,
originated asseafloor sediments  2"9°¢
) Mohegan Range
inthelapetus Ocean.
. . Figure5.16: New England Uplands

Themountainsof Maine P mountains found in the Exotic
gretchinabetfromthehigh Terrane region.
peaks of the southwest to central

Maine. Themountainsare generdly higher inthe southwestern part of the
sate. Mt. Katahdinin central Maineisan exception; made of anunusualy

res stant granitefroman Acadian mountain-buildingigneousintrusion, itisthe
highest peak in Maineat 1605 metersabove sealevel. Duringthe Acadian
mountain-building event, intense metamorphism of therocksin southeastern
Maine and the highly resistant vol canic rocks of the areacreated the Maine
mountains. Further north in Maine, therockswere subjected to less metamor-
phism. Therearefewer ridgesinthisregion becausetherocksarelessresis-
tant to weathering and erosion.
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TheWhiteMountainsof New Hampshireincludethe Presidential
Range, the FranconiaM ountains, and the hillsof northern New Hampshireand
northeastern Vermont. Igneousintrusionsfrom the Taconic and Acadian
mountain-building event, aswell asvolcanicsfrom apossible hot spot during
the Jurassic, form many of the peaksof the White Mountains. Someof the
highest peaks of therange, however, areformed from Devonian schist, includ-
ing Mt. Washington, at nearly 1900 metersabove sealevel.

Ordovicianigneousintrusionsand vol canic rocksfromthe Taconic
mountai n-building event form anarrow range of resistant mountains. The
Ordovician rangesbeginin Connecticut asthe Bolton Range, and extend north
to New Hampshireand Maine, wherethe Ordovician-agerocksintermingle
with rocksof other agesto form the Maineand New Hampshire mountains.

The Mohegan Range, aseriesof north-northeast ridgesin Connecticut
and Rhodeldland, was carved from one of the Exotic Terranes of the Exotic
Terraneregion. Themicrocontinent Avalonia, whichwassutured to North
Americaduring the Devonian, had Precambrian bedrock exposedin certain
placesat the surface. Thisresistant, Precambrian rock becamethe Mohegan
Rangethrough westhering and erosion of surrounding less-res stant rocks.

Unusual featuresof the Uplandstopography includeknobsof resistant
rock that stick out high abovetherelief of thelocal landscape. Theseare
known as monadnocks, the most famous exampl e of whichisMt. Monadnock
inNew Hampshire. Throughout New Hampshire and northern Vermont,

isolated mountains of resistant rock stick up abovethe
local landscape, left standing after erosion of less-resis-
tant surrounding rock.

New England Coastal Lowlands
The Coastdl Lowlandsof theNew England

Exotic Terraneregion areadiscontinuous swath of land
along the coastlinefrom Maineto Connecticut that hasa
Figrue 5.17: The New |OWer elevationthantherest of the Exotic Terraneregion
England Coastal Lowlands oy o5 17y Thelower elevations of the Coastal Low-
of the Exotic Terrane region.

lands areaare not dueto softer, less-resistant rock types

or thestructure of therocks. Theglaciersof thelast ice age depressed the

see Rocks, p.53,
for more on the
hot spot..

. Mt Washington is the highest
. peakin the Northeast.
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The wide beaches of New Jersey,
Delaware and Maryland do not
have rocky headlands like many
New England coasts. New Jersey,
Delaware and Maryland are all
in the Coastal Plain region, un-
derlain by a wedge of loose, un-
consolidated sediments that are
easily eroded flat by wind and
wave-action, allowing wide
beaches to develop.

see Geologic History,
p. 16, for more on rift
basins.

see Rocks, p.49
and 52 for more
on the
Naragansett and
Boston basins,

crust of the Northeast somewhat. When the continental ice sheet beganto
retreat back north and melt, the crust rebounded from theremoval of the heavy
weight of theglaciers. However, the crust could not rebound beforethe melting
glaciersraised sealevel high enough to flood much of the coastal portion of New
England. Submergenceand erosion by wave action arethe cause of lower
elevationsinthe Coastal Zoneareaof New England.

TheNew England coast isfamousfor itsrocky shoreline. Therocky
headlands are made of resi stant granites, igneousintrusionsthat occurred
through the Taconic, Acadian and Devonian mountain-building events. The
resistant nature of theserocks, and theinadequate supply of sediment delivered
tothecoast by local rivers, prevent the formation of wide beachesand aflat
coastal plain. Other sectionsof the New England coast haveless-resistant rocks.
Erosion of the bedrock createsagreater supply of sedimentinlocal riversto
formwider beachesintheseareas. Glacia sediment, dumped astheice sheet
retreated at the end of the most recent ice age also providesthe sand, silt and
clay making up the beachesin many partsof the Northeast.

New England Basins

The Connecticut Valley Rift Basin,
formed fromtherifting of Pangeaduringthe
Triassicand Jurassic, createsadistinctive
lowland areainthe New England Exotic Terrane
regionthat isvery similar to the Newark and
Gettysburg Basinsof the Valley and Ridge.

Asthebasintilted, layersof sedimentary

and igneousrockswereexposed. The soft Q Boston Basin
sedimentary rocksare easily eroded, forming
thebasinfloor, whiletheigneousbasaltsand 5. . Naragansett Basin

diabase stand out asridges. The Pennsylvanian-  Figrue 5.18: The New England Basins
ageNarragansett Basin in Rhodeldand, the & e Exotic Terrane region.
Precambrian Boston Basin in Massachusettsand severa other Pennsylvanian-
agesmall basinsin Massachusettsand Rhode | dand also form lowland areas of
the Exotic Terrane Region (Figure5.18).
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Activities

1. A college professor of history has become fascinated that ancient geologic events created our landscape and that land-
scapes have influenced human history, linking in interesting ways the history of our planet with the history of people.
You are hired part-time by to create for him a map of the Northeast, with topographic features colored according to the
geologic event(s) that had the most influence on the topography. In many cases two events were influential, since the type
of rock and structure in the rock combine (after erosion) to create landforms.

@)

Use the following events to create your map:

(1) the Grenville passive margin
(2) the Taconic converge,

(2a) interval (Silurian-Early Devonian) between Taconic and Acadian
(3) the Acadian convergence,

(3a) interval (Mississippian-Early Permian) between Acadian and Alleghenian
(4) the Alleghenian convergence,

(4a) interval (Early-mid Triassic) between Alleghanian and rifting
(5) the rifting apart of Pangea, and

(5a) interval (mid-Jurassic-late Jurassic) between rifting and creation of Coastal Plain
(6) the Coastal Plain passive margin and shaping by erosion of many of current land-forms
(7) Pleistocene glaciation and Holocene post-glacial

Create a map for the professor, using your creativity and judgment to make the map easy to read;
you will have to generalize some detail.

2. Your local Visitors Association hears about your project and recognizes that it may be interesting for them to describe the
history of the your area in terms of landforms and geologic events, in their dealings with tourists to your community. You
suggest that you may not be able to interpret every landform, but the Visitors Association representatives say that having a
few interesting examples is more important than completeness

Describe your local topography in terms of geologic history, underlying rock type, and erosion.
3. Seeing that the Visitors Association is creating business from your knowledge, you sense an entrepreneurial opportunity:
you could sell, to communities throughout the Northeast, interesting geological information about landforms to businesses

advertising about their geographic areas and tour guides wanting information about the local scenery.

To take a stab at starting your own business, you choose several widely separated locations to link topography to geological history.
Create a description like (2) for several locations. Create also a pricing sheet that indicates cost for your work.
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For More Information...

[

Book

Bloom, A.C., 1998, Geomorphology: A systematic analysis of late Cenozoic landforms,
3rd ed., Prentice Hall: Upper Saddle River, New Jersey.

Map

Landform Map of the Northeastern Region, modified from R. E. Harrison, 1969, Shaded Relief Map and E.
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Selected Figures
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Erie-Ontario Lowlands

Precambrian Ridges
Rift Basins
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Figure 5.3: The mountains of

the Northeast have very
diverse origins.

Figure 5.2: A cuesta ridge is formed from a resistant layer of gently
tilted rock. Figure by J. Houghton.
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Figure 5.15: The location of the Fall Zone between the Appalachian/
Piedmont and Coastal Plain regions. Figure by J. Houghton.
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Mineral Resources
of the Northeastern US:
the BIG picture

N2

L.

o Inland Baisn

The Inland Basin has two areas of mineral resources 9 . .
that produce very different mineral assemblages: the Appalachlan/P iedmont

Precambrian Grenville rocks ofthe Adirondacks, and The metallic and non-metallic mineral re-
the Paleozoic sedimentary rocks that make up the bulk sources of the Appalachian/Piedmont
of the region. The Adirondacks produce most of the originate from the Precambrian Grenville
metallic minerals as well as important non-metallic rocks, the Ordovician-age Ultramafic Belt,
minerals such as garnet and wollastonite. The sedi- and the Rift Basin rocks formed in the
mentary rocks to the southwest contain an abundance Triassic and Jurassic. Metallic mineral
of non-metallic minerals, including salt, gypsum, resources include zinc, aluminum, copper

beryl and tourmaline. and magnesium. Non-metallic minerals

include talc, mica, kaolin and asbestos.
There is also a wide variety of gemstones
found in the region.

9 Coastal Plain

Unlike the other regions of the Northeast, there are no igne-
ous and metamorphic rocks in the Coastal Plain. The rela-
tively young sediments of the Coastal Plain do not have the
proper conditions to produce the variety of minerals found
elsewhere. Gypsum and magnesium compounds are the only
mineral resources currently being produced.

@ Exotic Terrane

The addition of the exotic terranes to North America in the Paleozoic deformed the crust, providing
excellent conditions for the formation of a broad spectrum of metamorphic minerals and granite pegmatites.
Metallic minerals in the Exotic Terrane include pyrite, gold, lead, silver and copper. Non-metallics
include rare minerals derived from the pegmatites as well as metamorphic minerals that reflect the
varying degrees of metamorphism across the region. The pegmatites are also the source of many of the
region’s fine-quality gemstones.






Mineral Resources

Mineral Resources of the Northeastern US:
a brief review

A minera isanaturaly occurring solid with adefinite chemical compos-
tion and crystalline structurethat isformed through inorganic processes. Minerds
areliterally thefoundationsof our everyday world. Not only do mineralsmake
up therockswe see around usin the Northeast, they areused in nearly every
aspect of our lives. Thewidevariety of mineralsfound in therocksof theNorth-
east, areused inindustry, construction, machinery, technol ogy, food, makeup,
jewelry, and even the paper on which these
wordsare printed.

Luster refersto the appearance of the

Minerals provide the building
blocks for rocks. For example, gran-
ite, an igneous rock, is typically
made up of crystals of the miner-
als feldspar, quartz, mica and am-
phibole. Sandstone may be made
of cemented grains of feldspar,
quartz and mica. The minerals
and the connections among the
crystals define the color and resis-
tance to weathering of a rock.

Elements:
the building blocks of minerals

Elements are the building blocks of minerals. The mineral quartz, for example,

minerd surfaceinreflected light. Metalic
minerashavealuster likean aluminum panor

is made of the elements silicon and oxygen. Most minerals present in nature are
not composed of a single element, though there are exceptions such as gold (Au).

Eight elements make up (by weight) 99% of the Earth’s crust, with oxygen being

adull metd likearusty nail. Metalicminerals
arevital to themachinery and technology of

by far the most abundant (46.4%). The remaining elements in the Earth’s crust
occur in very small amounts, some in concentrations of only a fraction of one

percent (Figure 6.1). Since silicon (Si) and oxygen (O) are by far the most

modern civilization. Geologistsseek out ores
that contain S gnificantly moremetd thanis
normal inthecrust. Many metalic minerds
occur inextremely small amountsinthecrust.

and is found all over the Northeast.

A
. . . % :
Itisalmost dways necessary to processore minerasin order %, ftse
&

to get theuseful element. A mineral iscalled anorewhen Sy
e)

abundant elements in the crust by mass, it makes sense that quartz (5iO2,
silicon dioxide or silica) is one of the most common minerals in the Earth’s crust

Figure 6.1: Mineral
percentage by mass

>
)
3 ‘
Z in the Earth’s crust.
S

example, chal copyrite, which contains copper, iron and
sulfur, isreferred to asan ore when the copper can be profit-
ably extracted fromtheiron and sulfur.

Non-metallic mineralsdo not havetheflash of ametal,
though they may havethe brilliance of adiamond or the silky appearance of
gypsum. Generdly muchlighter incolor than metalic minerals, non-metdlic
mineralscantransmit light, at least through piecesor edges.

What distinguishesaregular mineral fromagem? Beauty, durability and
rarity of theminera qudify it asagemstone. Beauty refersto theluster, color,
transparency and brilliance of theminera, though to somedegreeit isdependent
ontheskillfulnessof thecut. Maost gems, including tourmaline, topaz and corun-
dum, aredurable becausethey arehard (scratch-resistant). OntheMohs Scale

chalcopyrite: CuFeS,

ﬁ‘ The Paleontological Research Institution
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Mohs Scale of Hardness
In 1824, the Austrian mineralogist, F.
Mohs, selected ten minerals to which
all other minerals could be compared to
determine relative hardness. The scale
became known as Mohs scale of hard-
ness, and is very useful as a means for
identifying minerals or quickly deter-
mining hardness. A piece of glass hasa
hardness of approximately 5 on the scale;
your fingernail is just over 2; and a pock-
etknife blade is just over 5.

calcite: CaCO,

of Hardness, themagjority of gemstonesaregreater than 7.

12 TG’*;;sum Hardnessisimportant becauseit hel psusunderstand
3 Calcite why somerocksare more or lessresi stant to weathering and
. i':::z: erosion. Quartz (7 onMohsscale) isarelatively hard min-
6 Feldspar erd, but calcite (3 on Mohsscale) issignificantly softer.

75 % ”:;:Z Therefore, it should be no surprisethat aquartz sandstoneis
190 ‘;T;;f,‘i,‘; m | dgnificantly moreresstant to erosion and westhering than a

limestone, the primary congtituent of whichistheminera
cacite. Quartzisavery commonminera inthe Earth’scrust
and very resistant dueto itshardnessand relativeinsol ubility. Thus, quartzgrains
arethedominant minera innearly al sands.

A gem’svaueisalso dependent ontherarity of theminerd. Withlimited
supply (commercialy or in nature), theva ue of agemincreasessignificantly, such
aswithrubiesor diamonds. Quartz may haveabrilliant luster and bequite
durable, butitishardly rare. Therefore, quartz hassignificantly lessvaueasa
gemstone, though somemicrocrystallineand colored varieties of quartz are of
moderatevalue.

Geologistslooking for particular mineralsdo not make haphazard
guessesasto thelocation of orebodies. The occurrenceof mineralsinthe
Earth’scrust isdueto the geol ogi ¢ processesthat formed certainrock typesina
givenarea. Anunderstanding of theenvironmentsinwhichminerasform, the
minera sthat make up different rocks, and the geol ogic history of anarea, helps
thegeologist to ascertain with ahigher probability where minerasof interest are
concentrated. Metallic minerasare often associated with igneousand metamor-
phicrocks, whichtypically occur in either very ancient rocks
(Precambrian) or in areasof severedeformation of the
crust (such aswhere continents have collided)
(Figure 6.2, 6.3).

Non-metallicmineradsare
found associ ated with sedimentary,
igneous and metamorphic rocks of
all ages, and in both deformed and [ | peformed Paleozoic
undeformed crust (Figure6.2, 6.4). Bl Frecambrian
The apparent concentration of non- Figure 6.2: Generalized geology of the Northeast.

Figure adapted from USGS 1998 Mineral Resource Evaluation of the

metallicminerasalongtheesast coast Northeastern Uss.

I:l Coastal Plain

I:l Undeformed Paleozoic
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of theUnited Statesreflectsthe high demand for non-metdlicmineralsina
densaly populated region that hasled to intense mining of theimmediate area. .

Common rock-forming
minerals

«  Thereare over 3,500 different min-
erals identified in the world, and
awide variety occur in the North-
east. However, the number of com-
mon rock-forming minerals is
much smaller. The most common
minerals that form igneous, meta-
morphic and sedimentary rocks
(and the ones that you will most
commonly see) include quartz,
feldspar, micas, pyroxenes and
amphiboles. Though quartz oc-
curs in several colors, it is most
commonly white, gray or clear.
Feldspar may be a variety of col-
ors, including pink, white, and
black or gray. Mica, a thinly
sheeted, flaky mineral, is most
commonly either light in color
(muscovite) or black (biotite).
Pyroxene and amphibole are dark
green to black, generally needle-
like crystals.

Figure 6.3: Distribution of
metallic mineral deposits
of the Northeast. No data
available for Maryland or
Delaware. Figures adapted
from USGS 1998 Mineral

Figure 6.4: Distribution
of non-metallic mineral
deposits of the Northeast.
No data available for
Maryland or
Delaware.

Resource Evaluation of the

Northeastern U.S.

Minera depositsmay beformed in one of severa ways: evaporation of
water; crystallization of magmaor lava; or the dissol ution and later preci pitation of
mineralsby hot water moving through cracksand openingsintherock well below
thesurface. A minera isnot necessarily restricted, however, to one method of
concentration or environment of formation. For example, gypsummay formasa
precipitate from evaporating water, but isal so associated with volcanic regions
wherelimestoneand sulfur gasesfrom the volcano haveinteracted.

In the discussions of each region to follow, the focus is on: currently mined and other significant miner-
als; where the minerals are most common (though they may occur in other places as well); and how the
minerals formed in each particular area relate to the surrounding rocks and geologic history.

What are hydrothermal solutions?
Hot water moving through rocks, also known as hydrothermal solutions, is always enriched in salts (such as sodium chloride NaCl,
potassium chloride KCI, and calcium chloride CaCl,) and thus is called a ‘brine’. The brine is as salty or even saltier than seawater. Salty
watet, surprisingly, may contain minute amounts of dissolved minerals such as gold, lead,
SOLUTIONS EXPAND copper and zinc. The presence of salt in the water suppresses the precipitation of the metallic

INTO CREVICE minerals from the brine because the chlorides in the salt preferentially bond with metals.
RAPID COOLING Aﬂdztlonally, because t}%e brine is hot, minerals are more e'asdy dissolved, just as holt tea
PRECIPITATES dissolves sugar more easily than cold tea. These hot water brines, or hydrothermal solutions,

MINERALS can have varying origins. As magma cools, hydrothermal solutions form because water is
HYDROTHERMAL |—=——— often released into the surrounding rock. The water is hot because the nearby magma is still
SOLUTIONS —— hot (though cooling). Rainwater becomes a hydrothermal solution by picking up salt as it
——_filters through rocks. And seawater (already enriched in salt) is often a hydrothermal solu-
— — tion in the vicinity of volcanic activity on the ocean floor where tectonic plates are pulling

apart. Rapid cooling of the hydrothermal solution over short distances allows concentrations
— of minerals to be deposited. Water moving quickly through fractures and openings in the rock,
‘ [ experiencing changes in pressure or composition, and dilution with groundwater can rapidly
RIS cool a hydrothermal solution. Figureby]. Houghton.
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Mineral Resources of the Inland Basin
Region 1

Al

CLINTON

Thelnland Basinisrichinavariety of mineras, though only afew are

mined commercialy (Figure6.6). Thesedimentary rocks, making up the Tl
alc
thick sequences of the Queenston and Catskill Deltas, formed from Zn

sediments eroded off of the Taconic and Acadian Mountainsinto the Ag
inland ocean during the Ordovician and Devonian. The

SAINT
LAWRENCE

FRANKLIN

Gar
zseex Wol

Adirondacks, strikingly different from the surrounding sedimen-
tary rock, aremade of billion-year-old Grenvillerocks.

producing localities of the Inland Houine

NIAGARA
Gyp ;
/ : . . ' GENESEE ONONDAGA ‘
Figure 6.6: Principal mineral- ONTARIO

Basin. Figure adapted from 1998 United States Salt

D
Geological Survey State Mineral Information, ﬁ 0
http://minerals.usgs.gov/minerals/pubs/state/ ALLEGANY STEUBEN 4 R A
CATTARAUGUS DELAWARE

CHAUTAUQUA CHEMUNG ) 110 BROOME
e |
SUSQUEHANNA
WARREN MCKEAN POTTER TI0GA SRADFORD WAYNE

CRAWFORD

iwh’ u ~ / '

MERCER ﬁ b ‘\y

70 w / Inland Basin
gAMBRIA Mineral Resources

Al----Aluminum Salt
WASHINGTON Ag----SiIver Talc
FAYETTE Fe----Iron Zn----Zinc
GREENE Gar----Garnet
(GARRETY) Gyp----Gypsum Region Boundary

Pb----Lead County Boundary
Wol----Wollastinite COUNTY NAME

Between the sedimentary rocks of the basin and theigneous and meta-
morphicrocksof the Adirondacks, thereisawidediversity inthe principal
minera resourcesfoundintheregion, including metallic mineralssuch asiron, zinc
andillmenite, and non-metallic mineralssuch asgypsumand sdlt.
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Metallic Minerals

in Grenville Rocks:

The Precambrian Grenvillerocksof the Adirondacks, formed asthe
Grenville marine sedimentswere compressed and tacked onto North America,
are seen poking through the younger sedimentary rock cover inthe Adirondack
region of New York (Figure6.7). The Grenvillerocks

include metamorphosed sedimentary rockssuch as
marble, gneiss, and quartzite, aswell asanorthosite, an
igneousrock crystalized from asthenosphere magma.
Withaminera assemblageuniqueinthelnland Basin,
the Adirondacksproduce most of themetal lic mineras
intheregion. Theprincipa metallic mineral resourcesof
the Adirondacksincludeiron, zinc, lead, Slver, duminum
andtitanium.

Ironinthe Adirondacksismined fromtheore magnetite. Though
geologistsdisagree ontheorigin of theiron, it may possibly haveformed as
depositsof ironin sedimentary rock that werelater metamorphosed, or from
concentration and later precipitation of magnetite crystalsby hydrothermal
solutions. Thoughiron may aso bemined from other mineralss, including
hematiteand siderite, and was at onetime or another mined from every statein
the Northeast, theonly profitable site currently being minedfor ironisinthe
Adirondack Precambrian gneiss.

Zinc, lead, and silver are often found in association with each other.
Sphdleriteisthemost important oreminera of zinc; galenaisnearly theonly
regiona sourcefor obtaining lead; and silver isfound insmall amountswith
gdena. Both sphaleriteand gdenaarefoundin commercial quantitiesinthe
Adirondacks. Theminerdswereinitialy concentrated by hydrothermal solutions
and recrystali zed through metamorphism whenthe Grenville sedimentswere
compressed abillionyearsago.

Until recently, illmenitewasmined in the northeastern section of the
Adirondackswhere anorthositerocksarefound. Illmeniteisan oreof titanium
and was produced for useasawhite pigment inpaint. Titaniumisalsoanimpor-
tant metal because of itslightweight nature, strength, and resistanceto corrosion.
Asthe Grenvillerockswere compressed and metamorphosed, magmafromthe

Figure 6.7: Precambrian
Grenville rocks of the
Adirondacks.

see Geologic History,
p. 3, for more on
Grenville Rocks.

see Rocks, p.32,

for more on %,
Grenville
rocks.

magnetite: Fe,O,
hematite: Fe,O,
siderite: FeCO,

see Minerals, p. 131
for more on |~
hydrothermal
solutions. Jk

sphalerite: ZnS
galena: PbS
silver: Ag

Zinc is typically used in metal
alloys and galvanized steel. Lead
is necessary for batteries, commu-
nication systems, and building
construction. Silver is used in
photographic film emulsions,
utensils and other tableware, and
electronic equipment.

illmenite: FeTiO,

ﬁ‘ The Paleontological Research Institution
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kyanite, sillimanite and an-
dalusite all have the same chemi-
cal composition: ALSiO,

The mineral name hematite has
its origins in the Greek word
haimatos, meaning blood. The
vivid red pigment that iron lends
to the mineral is valuable as a
commercial pigment. Iron from
hematite is also used in the manu-
facture of steel.

wollastonite: CaSO,

Wollastonite is primarily mined
for use in ceramic tiles, porcelain,
and paints. It is also used as a
replacement for asbestos in brake
linings.

Gore Mountain garnets are used
primarily as abrasives, not gem-
stones.

asthenospherewelled up through overlying rocks. Themagmacrystalizedto
formtheigneousrock, anorthosite. Crystallization, however, did not happenal
at onetime. Inaprocessknown ascrystal settling, the dense, heavy minerals
crystallized first and sank to the bottom. 1limenite, being aheavier minerd,
became concentrated at the bottom of the crystallizing magmato formthelarge
depositsof the orethat we seetoday.

Aluminumisasominedinthe

northernmost part of theInland Basin. The ready availability of iron at the surface
made iron one of the earliest mined mineral

Aluminumisacommon component of resources in the US. Iron by itself is ex-
high-grade metamorphic mineralssuchas tremely rare, usually only occurring in me-
teorites. Iron is more often found in combi-
nation with other elements to form ores of
iron, such as hematite, magnetite, siderite
and pyrite (FeS), among others.

kyanite, sillimanite and andalusite.

in Other Rocks

Iron isasofoundin Pennsylvaniaand other partsof New York besides
the Adirondacks. In particular, layersof limestoneinthe Clinton Group of
rocks, located in the Silurian deposits at the edge of the A ppal achian Plateau,
contain depositsof hematite and siderite. Theseiron-rich layersstretch asfar
south as Alabamaand areimportant indicatorsof sealevel riseandfall. Hema-
titeformsin shallow ocean water and sideriteformsin relatively deeper water.

Non-Metallic Minerals

Thelnland Basin also hasadiverse assemblage of non-metalic minerals,
fromthewollastonite, garnet, tourmaline, and beryl of the Adirondackstothe
sdt and gypsum of the sedimentary rocksfurther south.

in Grenville Rocks

Theminera wollastoniteiscurrently minedinthe Adirondacksin
Lewisand Essex County, New York. Wollastoniteformed in the Adirondacks
when the Grenvillelimestonewas metamorphosed and intruded by magma.
Ninety-nine percent of thewollastonite produced in the US comesfrom New
York.

The Adirondacks have also been aleading producer of garnets. Spec-
tacular crystals, aslargeas 1 macross (though typically 2-2.5 cm across) have
been found at thefamous Gore Mountain garnet mine. Though the Gore
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Mountain mineisnow closed, themineat nearby Ruby Mountain continuesto be
aleading producer of industrial garnet for useasan abrasive. Whenthe Grenville
sedimentswere compressed and metamorphosed over abillion yearsago, the
heat and pressure melted the deeply buried rocksto magma. Asthemagma
pushed up through the overlying Grenvillemarble, gneissand quartzite, it gradu-
ally crystalized to form anorthosite and other igneousrocks. When theseigneous
rockswere also metamorphosed, the heat and pressure recrystalized some of the
rock toformthefamousgarnets.

in Evaporite Rocks

Thelnland Basin was part of aninland ocean for hundreds of millions of
yearsasthe continents pulled apart and pushed together. A shallow restricted
seaistheideal environment for the evaporation of water and deposition of
evaporiteminerals. Halite (salt) and gypsum are examplesof evaporite
mineras. TheSilurian, inparticular, wasatime of especialy shallow seaswith
poor circulationintheregion. It makessense, therefore, that salt and gypsum are

both found in Silurian sedimentary rocks exposed
acrosscentral New York (Figure6.8). Thesaltisat
thesurface, asnaturd salt springs, around Syracuse,
New York. Thegentletilt of the Silurianrockstothe
south meansthat salt isal so found and mined under-
ground south of the exposed salt beds, buried benesth
Devonianrocks.
Figure 6.8: Silurian rocks of Salt has played akey rolein the economy of
the Intand Basi upstate New York, and wasthe reason for the found-
ing of citieslike Syracuse, NY. The Retsof Minenear Geneseo, NY wasthe
largest underground salt minein theworld beforeitscollapsein 1993.

Gemstones

In addition to the abundance of metalsand non-metallic mineraspro-
ducedfor industria useinthe Adirondacks, the Grenvillerocksa so containthe
mineralstourmalineand beryl, prized asgemstones. Further southin Herkimer
County, New York, in apatch of Cambrian rocks southwest of the Adirondacks,
gem collectorsseek out ‘ Herkimer diamonds.” Herkimer diamondsarenotin

garnet: A;B,(Si0O,), in which A
and B may be substituted by dif-
ferent elements to produce a given
variety of garnet.

salt: NaCl
gypsum: CaSO, H,0

see Rocks, p.35,
for more on the
formation of on
evaporite
minerals.

Saltis used throughout the North-
east for de-icing roads in winter
and is also an important part of
the chemical industry. Gypsum
is mined for use in plaster and
wallboard.
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factdiamondsat all. Rather, they arevery well formed, clear crystalsof quartz
- foundintheL.ittleFallsdolostone. Dolostoneismadein part of calcite, amineral
quartz: SiO, . thatishighly susceptibletoreacting chemically with acids. Theweskly acidic
. natureof rainwater and groundwater commonly dissolveaway partsof
dolostone, leaving open cavitiesintherock. Asgroundwater, richinsilica,
moved through the L ittle Fallsdolostone, quartz crystallized in the cavitiesto
formHerkimer diamonds.

The many faces of quartz

Quartz may be one of the most common minerals in the crust, but it does
not always appear in the same form. There are a wide variety of different
types of quartz, including coarsely crystalline and microcrystalline quartz.
Several common minerals, including chert, agate and jasper, are actually
varieties of quartz. Onyx, agate and petrified wood are fibrous, microcrys-
talline varieties of quartz known as chalcedony. Though agate is naturally
banded with layers of different colors and porosity, commercial varieties of
agate are often artificially colored. Flint, chert and jasper are granular
microcrystalline varieties of quartz, with the bright red color of jasper due
to the inclusion of small amounts of iron within the mineral structure.
The most common, coarsely crystalline varieties include massive quartz
veins, the distinct, well formed crystals of ‘rock crystal’, and an array of
colored quartz, including amethyst (purple), rose quartz (pink), smoky
quartz (gray), citrine (orange) and milky quartz (white).
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Mineral Resources of the
Appalachian/Piedmont —

ISLE

Region Z FRANKLIN

/
Though mogt of themineral mining inthe A ppal achian/Piedmont stopped before W)

theearly 1900's, therearestill severa principa mining localitiesintheregion producing
zinc, duminum, titanium, talc and mica(Figure6.9). Other important mineral resources
of the Appd achian/Piedmont (though not currently mined) include: thekaolin of the
Precambrian Grenvillerocks; the Ultramafic Belt chrome and asbestos, formed from Talc
metamorphosed serpentinitewhen the Taconic vol canicidandscollided with North
America; and copper and magnetite depositsof the Triassic Rift Basin.

ADDISON

WASHINGTON

. . . BENNI
Appalachian/Piedmont Region eAeATOGA
Mineral Resources L
Al----Aluminum Region Boundary ALBANYKENSSELAK
Zh----Zinc County Boundary BERKSHIRE
Mica COUNTY NAME oreene [ |
Talc Y State Capital
Pig----Titanium Dioxiode HICHFIELD
Pigments Plant DUTCHESS

Figure 6.9: Principal mineral-
producing localities of the Appalachian/
Piedmont. Figure adapted from 1998 United

States Geological Survey State Mineral Information,

http://minerals.usgs.gov/minerals/pubs/state/
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Metallic Minerals

in Grenville Rocks
e f:c"séfl'”' tf]fz The Precambrian Grenvillerocks of the Appal achian/Piedmont region,
Grenville rocks. . located a ong the spine of the A ppal achians, peek through the sedimentary rock
. cover suchasinthe Adirondacksof the Inland Basin region (Figure6.10). ASso-
ciated with the Grenvillerocksin Pennsylvaniaand Maryland aresignificant
depositsof zinc ore, initsmost common form, sphalerite. At Franklin Fur-
naceand Sterling Hill, New Jersey, zinc oreinthe Grenvillerocksisalso

found, though theoremineralsareunusud.

The Franklin-Sterling Hill mining district

The Franklin-Sterling Hill mining district of northern New Jersey has
yielded more than 340 different kinds of minerals, more than any other
known place in the world. Franklin is known as the fluorescent min-
. eral capital of the world because 80 of the 340 minerals fluoresce, or give
sphalerite: ZnS . off light, under ultra-violet light. The two large deposits of zinc, iron

. and manganese contain the ore minerals franklinite (Zn, Fe, Mn)(Fe,
Mn),0O,), unique to the area, willemite (Zn,SiO ), and zincite (ZnQO).
The ore deposits at Franklin are found in Precambrian Grenville marble.

Figure 6.10: Precambrian Grenville
rocks of the Appalachian/Piedmont
region.

Zinc is used in galvanized steel.

in Serpentine Rocks

The Ultramafic Belt that extendsthelength of the A ppal achian/Pied-
mont region from Vermont to Maryland containsavariety of mineralsuniqueto
the serpentiniterock found inthe belt (Figure6.11). Theserpentiniterock itselfis
unusual, produced from the ateration of peridotites by metamorphism. The
Figure 6.11: Ultramafic Belt rocks | peridotite, derived from magmafrom the upper mantle of the Earth, wasoriginaly
in the Appalachian/Piedmont. - partof theoceanic crust. However, asthe North American tectonic plateand the
Taconicvolcanicidandsgradually drew closer together, theintervening oceanic
crust was being pushed beneath the North American plate. Some of the oceanic
crust was scraped off and wel ded onto the side of North Americaastherest of
the oceanic crust was shoved down into the mantle. The peridotite of the oceanic
crust was metamorphosed to form serpentinite, arock rich in mineralsnot often
found aspart of the continenta crust. A metallic mineral of notein the serpentinite
rocksischromite. Theonly oreof chromium, chromitewasat onetimeminedin
the Ultramafic Belt serpentinite rocks of Pennsylvaniaand Maryland. A dense,

see Rocks, p.42, for
more on the
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heavy minera, chromiteisoneof thefirst minerasto crystallizeand settleto the
bottom of acooling magma. 1t wasthus concentrated in the serpentiniterocksin
quantitiessufficient to be profitably mined.

in Rift Basin Rocks
TheNewark and Gettysburg Triassicrift basinsof the Appalachian/
Piedmont region stretch through southeastern New
York, New Jersey, Pennsylvaniaand Maryland.
Formed during therifting of Pangeaaway from
’}b North America, therift basinscontain dternating
layersof igneousand sedimentary rocks (Figure
6.12). Theresstant, ridge-forming igneousrocks,
produced fromlavaflows (basalt) or igneous
Figure 6.12: Triassic rift basins in 1Ntrusions(diabase), contain mineral resources of
the Appalachian/Piedmont. economicimportanceto theregion.

In particular, magnetiteisanimportant mineral resourcein the Pennsyl-
vaniaand New Jersey diabaserocks, concentrated and subsequently precipitated
by hot flowing water through therocks. Magnetiteisone of the common ores of
iron. Copper depositsare aso associated with the basalt lavas of therift basins.

in Other Rocks

Other important metallic minerdsin the A ppal achian/Piedmont region
includenickel, molybdenum, titanium, manganese, cobalt, and graphite. In
northern Delaware, titanium isan important mineral resource associated withthe
igneousrocksof thearea, mined commercialy for useasapaint pigment. Inthe
Piedmont, gold isfound in smal quantitiesassociated with quartz veinsand fault
zonesin the metamorphic rocksof theregion. Sillimanite, Delaware’ sstate
minera, isfoundinthe A ppal achian/Piedmont region of northern Delaware as
large crystalsproduced from a uminum-rich rocksthat were deeply buried and
subjected tointense metamorphism. Though theminera isnot limitedto Dela
ware, theunusually large crystalsof sllimanitefound therearerareel sewhere.

Chromium is used as a compo-
nent of certain pigments; as a com-
ponent of steel, providing resis-
tance and hardness; and in the
production of chrome and stain-
less steel.

see Rocks, p.5

magnetite: Fe,O,

Copper is used extensively as
wiring in the electrical industry
as well as in alloys such as brass
and bronze. Brass is a combina-
tion of copper and zinc; bronze
combines copper, tin and small
amounts of zinc.

sillimanite: AL SiO,
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kaolinite: ALSi,0,(OH),

Brandon, Vermont is famous for
its large deposit of the white clay
kaolinite used in paint,
kaopectate, linoleum, porcelain
and fillers.

asbestos: Mg,Si,O(OH),

talc: Mg Si,0, (OH),
Asbestos is a very slow conduc-
tor of heat, and thus was com-
monly used as a fireproofing ma-
terial and electrical insulation.
Concerns over the health effects on
the lungs of this fibrous mineral
have led to its removal from most
COMmMOn uses.

Used in talcum powder, paint, ce-
ramics, rubber and paper, talc is
an economically valuable non-
metallic mineral.

prehnite: Ca AI(AISi,O,)(OH), -

Prehnite is used as a gem mineral. *

Non-Metallic Minerals
The Grenvilleand Serpentinerocksof the Ultramafic Bdlt, and the Rift
Basinsof the Appal achian/Piedmont, host aplethoraof non-metallic minera
resourcesin addition to the metallic mineral sdiscussed above.

in Grenville Rocks

Thereisan abundance of non-metallic minera resourcesin thebillion-
year-old Grenvillerocks, including mica, feldspar and quartz. Mica, acommon
mineral inigneous, metamorphic and sedimentary rocks, isminedin southern
Pennsylvaniain Adams County from the Precambrian Grenvillerocksthat form
South Mountain. Kaolinite, awhite clay formed from theweathering of feld-
gpar, isminedinVermont.

in Serpentinite Rocks

The Ultramafic Belt of serpentinite containsat |east two important associ-
ated non-metdlic mineras, which commonly form through the metamorphism of
themagnesium-rich rocks: asbestosand talc. At onetime, Vermont produced
the most asbestosinthe United States, thoughiitisnolonger mined there. Talc
continuesto beminedin Vermont today. Anextremely soft mineral, talc canbe
scratched easily with your fingernail and hasasoapy, greasy fedl typicd of very
softminerds.

in Rift Basin Rocks

TheTriassc Rift Basin of the Appal achian/Piedmont aso hasitsshare of
non-metallic minerals. Basalt, formed aslavabroke out of the crust and flowed
acrossthe surface of thebasin, cooled quickly, trapping gas bubbleswithinthe
rock that left small cavities. Later, aswater flowed through therock, minerals
were precipitated in the cavities, forming crystals such asthegreen mineral
prehnite. Paterson and Bergen Hill, New Jersey are known for thismineral.

Gemstones
In addition to the non-metallic mineral sdiscussed above, the Appal &
chian/Piedmont region produces several typesof gemstones. Thevery common
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beryl: Be,AL(Si O,,)

mineral feldspar hasseveral relatively rarevarietiesfoundin Pennsylvaniathat are -
sold asthe gemstones sunstone and moonstone. Amethyst, smoky quartz, agate, °  Though not found in the North-

; ; ; ; ; east, the precious stone emerald
garnet and beryl arealsofoundintheregion. Beryl iscommonin granitesand is the green variety of beryl.
pegmatitesand comesinavariety of colors.

Feldspars
Feldspar is an extremely common, rock-forming mineral found throughout the North- . :
east in igneous, metamorphic and sedimentary rocks. There are two groups of feld- . P eldspar.s iz comme'rczally used
spar: alkali feldspar (which ranges from potassium (K)-rich KAISi,O, to sodium (Na)- : inceramics and scouring powders.

rich NaAlSi,0,) and plagioclase feldspar (which ranges from sodium (Na)-rich
NaAlSi, O, to calcium (Ca)-rich CaAlSi,O,). Potassium feldspars of the alkali group
are commonly seen as pink crystals in igneous and metamorphic rocks, or pink grains
in sedimentary rocks. Plagioclase feldspars are even more abundant than the alkali
feldspars, ranging in color from light to dark. Sunstone and moonstone, gem varieties
of plagioclase feldspar, are found throughout the Appalachian/Piedmont region, par-
ticularly in Pennsylvania.

Mineral Resources of the Coastal Plain
Region 3 ;

The Coastal Plain region of the Northeast hasvery few mineral producing
locdlities. Gypsum and magnesium compounds arethe extent of the current

minera production, and kaolinwasproduced inthe past in Maryland. The . see Rocks, p.46,

. . . ° th
Coastal Plain, madeentirely of awedge of loose sediments (not cemented or : Jor more on the
compacted sufficiently to have become sedimentary rock), doesnot havethe : sediments.

abundance of valuable minerasand oresfound in igneousand metamorphic
rocks, nor the proper conditionsto create such mineras. Unliketheother re-
gions, minerasare concentrated inthe Coastal Plain only through density separa-
tion by streamsand wave action along the shoreline.
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Gold

Gold (Au) has been found through-
out the Exotic Terrane region as
well as the Appalachian/Pied-
mont. However, having an aver-
age abundance in the crust of only
0.004 parts per million, gold can
be profitably mined only where
hydrothermal solutions have con-
centrated it. Gold is not found in
high concentrations in the North-
east. Most often occurring in its
native state (not combined with
other elements), gold has been
found in stream sediments in very
small amounts.

pyrite: FeS

Manganese (Mn) is used in the
production of steel.

Mineral Resources of the Exotic Terrane
Region 4

Theformation of theigneousand metamorphic rocksthat dominatethe
Exotic Terraneregion provided the perfect conditionsfor spectacular concentra-
tionsof metdlicand non-metalicminerds. Thefirst chartered mining company in
the US started inthe Exotic Terraneregionin 1709 at the Simsbury Copper
Mine, Connecticut (now East Gransby, CT). Other very early mineswere
located inthe BlueHillsalong coastd Maine.

Metallic Minerals

Withthecollision of the Taconic volcanicidandsin the Ordovician,
Bdticaand Avaoniainthe Devonian, and thefind collisonwith Africaduringthe
Permian, thevariousdicesof the Exotic Terrane region have undergone signifi-
cant periods of compression, deformation, metamorphismand intrusion by
magmas. These dynamic geologic conditionsgaveriseto theformation of many
metallic minera s (often associated with igneous and metamorphic rocks). Gran-
itepegmatites, commoninthisarea, ofteninclude uranium, gold, antimony,
graphite, andiron. Gold, lead, silver and copper are associated with the meta-
morphic rocksin theregion and commonly found in association with one another.

Exceptiondly finequality crystalsof pyrite, ‘foolsgold,” arefoundin
Chester, Vermont. A very common and widespread mineral, pyriteformsin
igneous, metamorphic and sedimentary environmentsaswaell asthrough the
chemical alteration of other minerals. Other metalic mineralsand oresfoundin
the Exotic Terraneregioninclude molybdenum, cobalt, nicke, tin, and tungsten.

Thelargest manganese deposit onthe North American continent isfound
inMainein Silurian rocksof Aroostook County. Themildly metamorphosed
Silurian rockswere once sedimentsat the bottom of the I apetus Ocean. Con-
centrations of manganese commonly form on ocean bottomstoday.

Non-Metallic Minerals
The primary non-metallic minerasof theregion are metamorphic and
pegmatite mineras, which are so common in the Exotic Terrane areabecause of
thefoundation of igneousand metamorphic rock.
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in Metamorphic Rocks

The processof metamorphismrangesfrom|low grade (with only mild
increasesin pressure and temperature) to high grade (with severeincreasesin
pressure and temperature). Mildly deformed rocks may be subjected to very
low grades of metamorphism and outwardly exhibit little changein appearance.
Severely deformed rocks, on the other hand, have usually been subjected to
very high grades of metamorphism and appear distinctly different. Thehigher the
degree of metamorphism, the greater the changeistotheoriginal rock. The
changesinclude, to varying degrees, theaignment of mineralswithintherock,
recrystalization of minerds, and, inmany cases, thecrystalization of new
minerds.

Geologistshave determined that specific mineralswill form at specific
temperature and pressure conditionswhen agiven type of rock ismetamor-
phosed. Low-grade metamorphism of clay-rich rockssuch asshale, produce
theminera chlorite. Higher-gradeincreased metamorphism producesthe
minera skyaniteand sillimanite. Themineral sassociated with certain gradesof
metamorphism areknown asindex mineras, indicative of the combination of the
temperature and pressure conditionsarock hasundergone (Figure6.13).

METAMORPHIC | Clay-rich Limestone |Mafic ignheous
GRADE rocks rocks
low chlorite chlorite chlorite
* biotite garnet garnet
staurolite hornblende hornblende
high kyanite augite
sillimanite

resulting metamorphic minerals
Figure 6.13: Minerals formed through varying degrees of metamorphism in different types of rocks.

Thus, by examining theminerdsfound inthe Exotic Terraneregion, itis
clear that the rocks have been metamorphosed to varying degrees. Chloriteis
foundinnorthern Maine, indicating that therockswereonly mildly deformed
becausethey were not the center of the collision between continentsand have
fewer igneousintrusions. Eastern New Hampshire and southern Maine, how-
ever, clearly show evidence of high-grade metamorphism by the presence of
mineralssuch assllimaniteand kyanite.

Consdering the platetectonic history of the Exotic Terraneregion, the
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The Taconic, Acadian and
Alleghanian mountain-building
events repeatedly compressed and
deformed the rocks of the North-
east.

The grade of metamorphism gen-
erally decreases to the west, with
variation due in part to contact
metamorphism by intrusions of

magma.

see Minerals, p. 134
for more on garnet.

see Rocks, p.52
for more on
pegmatites.

Pegmatites often contain rarer
minerals such as lithium, beryl-
lium, uranium, lepidolite, spo-
dumene, apatite, and fluorite, in
addition to the more common
quartz, feldspar, and mica.

presence of high-grade metamorphismintherocksisno surprise. Therocks
with high-grade metamorphic mineralsindicatethe areaof greatest stressduring
the episodes of mountain building throughout the Paleozoic, aswell asareasthat
have beenintruded by magma.

Garnet, ametamorphic minera indicative of moderate metamorphism, is
found throughout the Exotic Terraneregion. Connecticut has spectacular garnets
inthe metamorphic rock, micaschist. Garnet isused asagemstoneand an
abrasivein sandpaper and polishing. Thesubstitution of different eementsinto
thecrystal structure produces several common types of garnets, all of which have
thesamebasic chemical composition: uvarovite, pyrope, andradite, almandite,
grossulariteand spesartite. Almanditeisparticularly commonin Connecticut.

Gemstones and Other Non-Metallic Minerals
The platetectonic history of the Exotic Terraneregion provided theright
conditionsto produce s ow-cooling magmasfar below the surface. Volatiles

escaping from those deep magma chambers, enriched in water and rare elements,
led to the creation of outstanding pegmatites: lithium pegmatitesin Massachusetts,
phosphate pegmatitesin New Hampshire; and thefamous gem-qudity tourma-
linesand beryl of Maine. Thefirst Mainetourmaline, and the start of gemstone
production inthe United States, wasmined at Mt. Mica, where crystalshave
beenfound aslargeas 39.4 cmlong, 17.8 cmwideand weighing 14.3kg. Many
mineralsin apegmatite are common and not gem quality, such asquartz, mica,
and feldspar. However, gemstonesfrequently arefound in associationwith
pegmatites. Other gemstonesfound inthe Exotic Terraneregioninclude garnet,
zircon, topaz, corundum, feldspar, and quartz varietiesincluding jasper, rock
crystal, amethyst, and smoky, roseand clear quartz.
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Activities

1. A family friend from Luxembourg, rich from generations of family-owned mining businesses, has an enormous collec-
tion of exotic mineral ores from countries worldwide. She takes an interest in the fact that you are studying northeast U.S.
geology and says she’d like to give you a summer job tracking down mineral resources for her collections from the North-
east U.S. She asks what it would take financially for her to be able to hire you for the job. Coming from a line of business
people, she wants your estimates written out and itemized.

Assuming you can collect your own examples of mineral resources, plot out a travel course to take you to as many sites as you could
visit during one summer and list the minerals you could collect. Find the shortest possible route to find as many minerals as possible.
Also explain, for her educational benefit, the age and geologic context in which each formed using the following events:

(1) the Grenville passive margin
(2) the Taconic converge,
(2a) interval (Silurian-Early Devonian) between Taconic and Acadian
(3) the Acadian convergence,
(3a) interval (Mississippian-Early Permian) between Acadian and Alleghenian
(4) the Alleghenian convergence,
(4a) interval (Early-mid Triassic) between Alleghanian and rifting
(5) the rifting apart of Pangea, and
(5a) interval (mid-Jurassic-late Jurassic) between rifting and creation of Coastal Plain
(6) the Coastal Plain passive margin and shaping by erosion of many of current land-forms
(7) Pleistocene glaciation and Holocene post-glacial

2. Your friend grows interested in the number of mineral resources in the Northeast, and wonders if there are any poten-
tially financially lucrative mining operations in your local area. Although you make it known that your community must
consider environmental implications of future mining, you do agree to look for some background information on the Web
and in the library.

Based on figures from the NE Guide or elsewhere, figure out (a) what has been mined in your area and (b) explain in a letter to your
friend how these minerals relate to your local geological history.

3. Through her connections, a European geographer grows interested in the amount of experience you have accumulated
tracking down mineral resources. He wonders if the northeast might be self-sufficient in mineral resources, which would
have implications for understanding the economy and human history of the Northeast. He says he will hire you for the
next summer to help him in his research.

Using an almanac or other resources and your creativity, estimate as best you can which minerals are abundant enough to supply the
Northeast and which are not. Predict if this has changed over the last 200 years. Describe how the varied geology contributed to the
variety of minerals, and similarly explain the absence of any prominent minerals from the area.
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For More Information...

Books

Grandy, James W.,, 1982, Guide to Eastern Rocks and Minerals, Hancock House Publishers,
Ltd: British Columbia, Canada.

Jensen, D.E., 1978, Minerals of New York State, Ward Press: Rochester, New York.

Miller, Clarence E., 1972, Minerals of Rhode Island, ed. Don Hermes, Department of Geol-
ogy, University of Rhode Island: Providence, Rhode Island.

Thompson, W. B., D. L. Joyner, R. G. Woodman, and V. T. King, 1998, A Collector’s Guide to
Maine Mineral Localities, 3 ed., Maine Geological Survey: Augusta, Maine.

Internet
Atlas of Igneous and Metamorphic Rocks, Minerals & Textures Mineral Resources for Teachers
http://www.geolab.unc.edu/Petunia/IgMetAtlas/ http://www.womeninmining.org/
mainmenu.html
National Mining Association
Franklin Minerals WWWw.nma.org

http:/simplethinking.com/franklinminerals/
' Smithsonian Gem and Mineral Page

International Colored Gemstone Association http;//www?2.galaxy.com/images/gems/gems-
http:/gemstone.org/index.html icons.html
The Mineral Gallery Sterling Hill Mining Museum
http://mineral.galleries.com/ http://sterlinghill.org
Mineral Industry Surveys State Gems and Minerals
http://www.liccini.com/Mining/Overview.htm www.jewelrymall.com/stategems.html
Mineral Information Institute State Mineral Statistics and Information
http://www.mii.org http:/minerals.usgs.gov/minerals/pubs/state/

Other Resources

used in compiling this chapter
Klein, C. and C.S. Hurlbut, Jr., 1993, Manual of Mineralogy, John Wiley and Sons, Inc.: New York, New York.

Skinner, Brian J., 1989, Mineral Resources of North America, vol. A, The Geological Society of America: Denver, CO.

Skinner, Brian J. and Stephen C. Porter, 1987, Physical Geology, John Wiley and Sons: New York, New York.

Mineral Information Institute
47517% St. #510
Denver, CO 80202
(303)297-3226
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Selected Figures

for overheads & handouts

Figure 6.2: Generalized geology of the Northeast.
Figure adapted from USGS 1998 Mineral Resource Evaluation of the
Northeastern U.S.

Coastal Plain

Undeformed Paleozoic

Deformed Paleozoic

- Precambrian

Figure 6.4: Distribution of non-metallic
mineral deposits of the Northeast. No data
available for Maryland or Delaware.

Figure 6.3: Distribution of metallic mineral
deposits of the Northeast. No data available for
Maryland or Delaware. Figures adapted from USGS
1998 Mineral Resource Evaluation of the Northeastern U.S.
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The process of mineral crystallization from hydrothermal solutions.
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Non-Mineral Resources
of the Northeastern US:
the BIG picture

o
'sl"e‘.

o Inland Basin 9 Appalachian/Piedmont

The sedimentary rocks of the Inland Basin provide . .
dimension stonrey, indust;’ial sand, cement, cfncrete, The Arfp alu;:hmn/P 1edn;ont has a Zurzety of
clay and carbonate rock, economically important re- non-nlzmem rejszl.trce}f coause (zi; variety
gional resources. The metamorphic rocks of the o r](ch by Zes wztl o tl.eregzon.h ; imentary
Adirondacks are quarried for use as dimension stone. ;OC tS P ;‘0 uccle c;g, e, tcrus Ae/I tstone, Zl-
The region also has sizeable fossil fuel resources, in- WSETLAL SAT ANG rOWNSIone. [VIetmorpiic
rock resources include marble, slate and ser-

cluding bituminous coal, oil and gas. pentine. The Triassic rift basins in the region
produce the igneous rock diabase for use as a
dimension stone. Anthracite, the hardest form
of coal, is also found in the folded rocks of the

region.

9 Coastal Plain

Sand and gravel, greensand, and soil are the most important
non-mineral resources of the Coastal Plain. Because a wedge
of unconsolidated sediments underlies the Coastal Plain, there
are no igneous, metamorphic or sedimentary rock resources
produced in the region.

9 Exotic Terrane

The primary non-mineral resources of the Exotic Terrane are very similar to the Appalachian/Piedmont
region because of similar rock types. Brownstone, clay, shale, cement and crushed rock are important
sedimentary rock resources. Granite, from numerous igneous intrusions during the Taconic and Acadian
mountain-building events, and quartzite, a metamorphic rock, are quarried throughout the region.

Glacial: Aau four regions of the Northeast have glacial deposits that pro-
vide important non-mineral resources, including clay, peat, soil,
sand and gravel.






Non-Mineral Resources

Non-Mineral Resources
of the Northeastern US:

Non-mineral resourcesinclude: the sedimentary, igneousand metamor-
phicrock that we quarry for buildings, monuments, construction and decoration,
depositsfrom the glaciersthat covered much of the Northeast over thelast two
millionyears, such asclay, peat, sand and gravel; and the soil, which providesthe
nutrientsand mineralsfor crops, forestsand grasdands. Non-mineral resources
also encompassthefossil fuels: cod, oil andgas. Just asminerdsarevita tothe
economy and functioning of modern civilization, sotoo arethe non-minera
resourcesfoundinthe Northeast. According totheMinera Information Institute,
every American bornwill needinalifetime, on average, 3.75 million pounds (1.7
million kilograms) of natural resources, including mineras(Figure7.1). Themaps
inthischapter depict the principal non-minera resourcescurrently beingminedin
each region of the Northeast.

Every American Born Will Need...

1,001 Ibs 1.7 million Ibs

25,408 Ibs 30,415 Ibs Stone, Sand & Gravel

Clays Salt $ Zinc /’

83,690 gallons
Petroleum

1.8 Troy oz 68,916 Ibs
Gold Cement
589,974 Ibs
Coal ©9,0685

Other Minerals & Metals

' e
2T T eo2ots T i0781s  425811bs  @milioncu fo
P Aluminum Lead lron Ore atural Gas

3.75 million pounds of minerals, metals and fuels in a lifetime.

Z. 2000 Mineral Information Institute Golden, Colorado

Figure 7.1: Mineral Information Institute mineral
and non-mineral resources statistics.
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Non-Mineral Resources of the
Inland Basin

Region 1

Thelnland Basin hasan enormouswedl th of non-mineral
resources. Thethick sequencesof sedimentary rocksthat dominatethe
basin areimportant for providing sandstone, carbonaterocks, shae
and cement that are used in buildingsand congtruction. Metamor-
phic gneissof the Adirondacks, commercialy caled
granite, isminedin Essex gy
County, NY. Thelnland Basin
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Inland Basin
Non-mineral Resources

S5G----Sand and Gravel
1S----Industrial Sand

Cem----Cement Plant
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CS----Crushed Stone
D-5
C/?RK D-G----Dimension Gneiss

D-5----Dimension Sandstone

D-L----Dimension Limestone

Clay
Peat
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County Boundary
% State Capital
COUNTY NAME

—— .
) ----Concentration of
- Mineral Operations

Ve

States Geological Survey State Mineral Information, http://minerals.usgs.gov/minerals/pubs/state/

Figure 7.2: Principal non-mineral resource-producing localities of the Inland Basin. Figure adapted from 1998 United

The Paleontological Research Institution . %




Non-Mineral Resources

Sedimentary Rock

The sandstone, siltstoneand shale of theInland Basin wereformed by
the Queenston and Catskill Deltasin the Ordovician and Devonian, and were
composed of sedimentseroding into theinland ocean from the successive
Taconic and Acadian Mountains. Asrelativesealevel roseandfell, different
sedimentsweredeposited inagiven area. The shalerepresentsdeeper, quieter
water; siltstone and sandstone represent shallower water and amore energetic
environment. During periodswhen less sediment wasbeing carried into the
inland ocean, limestone and dol ostone (carbonate rocks) formed.

Sandstoneisquarried throughout the Inland Basin region asadimen-
sion stone. Themost famous dimens on sandstone of theregionisbluestone,
foundin northeastern Pennsylvaniaand the Catskillsof New York. Thesewell-
laminated sandstoneswith distinct horizontal bedding are called* bluestone
becausethe minera feldspar lendsabluish-tint to therock, though avariety of
colored sandstonesare now commercially sold asbluestone. Thebluestone
industry dates back to the 1800's, and quickly grew until bluestone became
commonly used throughout the Northeast asflagstones, sdewalks, curbs,
building stonesand patios. Theindustry hasgradually declined sinceitspeakin
thelate 1800's, and now cement hastaken thelead economically.

Industria sand, though oncetaken from surficial deposts|eft by the
glaciers, isnow produced from crushed sandstone or quartzite. Industrial sand,
primarily composed of quartz (silica), isdistinguished fromglacia sandand
gravel deposits, which arelessuniformin compostion. Industria sandisimpor-
tant for sandblasting, filter sand, making bricksfor furnacesand ovens, mixing
with clay to makemeta castings, and manufacturing glass. Limestoneand
dolostone, usedin agriculture, the chemical industry, and construction, areaso
important components of cement and concrete. In someareas, limestoneis
also quarried asadimension stonefor buildingsand facings.

Usedinthesteel and glassindustriesand for pottery and bricks, clay has
alsolong been animportant natural resource of thelnland Basinregion. The

extremely fine-grained, smooth nature of pure clay, which makesitided for these

purposes, isaresult of itsenvironment of deposition. Clay-sized particlesdo not
settleunlessthewater isavery low energy environment. Thus, themain sources
of clay areglacial |ake bottomsand the marine sha es of the westward reaches of
the Paleozoicinland ocean.

see Geologic History,
p.7 and 12, for more on
deltas.

Dimension stone is the com-
mercial term applied to quarried
blocks of rock cut to specific di-
mensions and used for buildings,
monuments, facing and curbing.

There are two varieties of ce-
ment: natural and Portland ce-
ment. Both types incorporate lime-
stone. Natural cement uses lime-
stone with a particular amount of
clay that hardens into a cement.
Portland cement is made through
a heated combination of limestone
with other rocks and minerals.

Concrete consists of gravel,
pebbles and broken rock with a
cement matrix.
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Granite is an igneous rock and
gneiss is a metamorphic rock,
though they are often lumped to-
gether under the name ‘granite’ for
commercial uses.

1 |see Geologic
rj( ; History,
, | p. 4, 6and 10

Coal, oil and gas are all are made
of the remains of plants and ani-
mals, hence the term ‘fossil fu-

Figure 7.3: The formation of coal.
Figures by J. Houghton.

Metamorphic Rocks
Though sold commercidly as* granite,” Precambrian Grenvillegneissof
the Adirondacksisquarriedin Essex County, New York for useasdimension
stone. Thegneissformed from the metamorphism of Grenville sedimentary
rocks, deposited in the | apetus Ocean.

Fossil Fuels

Fossi| fuelsinclude codl, oil and natural gas; thelnland Basin produces
al three. Thesefossl fuelsare clearly important to our economy and standard of
living, providing thefuel weneed for heating, cooling, cooking, drivingand
operatingineveryday life.

The abundance of plant material in swamps, bogsand marshy areas
makesthese environmentsidesal for theformation of coal. Assediment isflushed
into the swamp by water, plant material isburied. Bacterial decay of large
quantitiesof plant materia usesup available oxygen, causing aerobic decay rates
todrop. Innon-swampy conditions, running water replenishes oxygento the
bacterial community, and plant materia rotsaway. Asorganic material gets
buried moreand moredeeply, pressureon it buildsfrom overlying sediments,
sgueezing and compressing the peat. Coa becomes successively moreenriched
in carbon aswater and other components are squeezed out: peat becomes
lignite, bituminousand eventually anthracite coa , which containsup to 95%
carbon. Foundindeformed rocks, anthraciteisthe cleanest burning of thefour
typesof coal, becauseit hasthe highest amount of pure carbon. By thetimea
peat bed hasbeen turned into alayer of anthracite, thelayer isone-tenthits
original thickness (Figure7.3).

Inthelnland Basin, only Pennsylvaniaand Maryland havelayersof cod.
However, theInland Basin coa isthe northernmost extent of along expanse of
coal that stretchesdown the Allegheny Plateau thelength of the Appalachians.
Theexistenceof coa intheregionisaresult of theinland ocean formed fromthe
Acadian mountain-building eventinthe Devonian period. Theinland seabecame
increasingly shalow as sediment from the Acadian Mountainsfilled in the ocean
basin and worldwide sealevel gradually dropped. Widespread coastal wet-
lands, river floodplains, and swampy areaswere perfect for the accumulation of
dead plant material, which waslater compressed enough to become bituminous
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Figure 7.4: Bituminous coal fields of the Inland Ba-
SiTl. Figure adapted from Isachsen, Y.W,, et al, 2000, Geology of New York,
A Simplified Account; Shultz, C., 1999, The Geology of Pennsylvania; and
Schmidt, Martin E, Jr.,, 1993, Maryland’s Geology.
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Non-Mineral Resources

see Fossils, p.5

Coal is not usually found as a
single bed. More often one sees
repeated cycles of coal layers and
sedimentary rock layers. These
cycles are called ‘cyclothems,” and
are evident in the coal-rich area
of the Inland Basin region.

see Non-Mineral
Resources, p.162,
for more on
anthracite.

Coal is used for more than just
heating and generating electric-
ity. Itisalso used in plastics, syn-
thetic rubber, fertilizer, cosmetics,
medicine, paint and dyes. Addi-
tionally, bituminous coal is im-
portant in the steel and glass in-
dustry coking process in which bi-
tuminous coal is heated to very
high temperatures in a low-oxy-
gen environment. The result is a
residue of fused carbon and ash
used in blast furnaces.

The sedimentary rock contain-
ing the organic material is known
as the ‘source rock’.

coal. Plantshad only just arrived on the scene during the Silurian period. Diver-
sification and evolution of plantswasrapid, leading to aproliferation of swvamp
loving land plants during the Pennsylvanian, when the coalsfrom theInland Basin
formed. During the Pennsylvanian, atropical climate prevailed becausethe
Northeast wasat the equator. Globally, Pennsylvanian-agerocks produce more
than 80% of theworld'scoal.

Coadl cyclically dternateswith other sedimentary rocksduring the Penn-
sylvanian. Thiscyclicity in sedimentation reflectscyclicity in sealeve, repeatedly
creating and submerging coastal environmentsappropriatefor coal formation.
Becausethenland Basin wasnot severely deformed and compressed, the coals
of Maryland and Pennsylvaniaare bituminous, unlikethe anthracite coa found
further eastintheintensely folded A ppal achian/Piedmont region (Figure 7.4).
Strip-miningisthe primary meansemployed inthe extraction of cod inthelnland
Basin cod beds. Theoverlyinglayersof rock arestripped away and flat-lying
coal layersaremined directly at the surface or outcropping.

Cod, oil and gasareadl made of organic matter. Thedifferencesinthe
kindsof organic matter determinewhich typeof fossil fuel isformed. Cod tends
to beformed from land plants, accumulating in swampy areas. Qil, ontheother
hand, ismade primarily of phytoplankton, bacteriaand plant materia fromthe
ocean. Coal remainssolid because of the nature of theland plant material,
whereasthe marine organic material transformsunder high heat into oil and
natural gas. Natura gas, primarily made of methane, formseither doneorin
associationwith cod and oil, when high temperaturestransform solid organic
material toagas.

Unlikecoal, whichformsand staysin oneplace, oil and gasforminone
place and then migrateto another. Organic material from marine plantsand
animal s becomes buried under increasing amounts of sedimentsthat squeezeand
heat up the organic material over time. Thesedimentscontaining theorganic
material eventually become sedimentary rock, commonly shale. Theoil andgas
generally do not stay intherock that originaly contained them becausethey tend
to migrate upwardsthrough cracks and permeabl e rocksto the surface where
thereislesspressure. If theoil and gasreach the surface, they evaporateinto the
atmosphere or are broken down chemically. However, if they are somehow
trapped below the surface, the oil and gaspool withintherock. Animpermeable

The Paleontological Research Institution . %



Non-Mineral Resources

IMPERMEABLE CLAY/ .
SHALE LAYER layer, such asshale, iswhat hats

i ) ) The rock to which the oil and gas
theoil and gasmigration tothe . migrate is called the reservoir

surface. Topool thefossil fuels, - rock.
inadditionto animpermeable

layer, atrgpping mechanismis

necessary. Foldsor faultsin

rock layersare common trap-

ping mechanisms (Figure7.5).

Figure7.5: Folds act as traps for oil and gas. Figureby]. Houghton.

Permeable vs. impermeable rocks

Rocks that are permeable allow fluids and gas (such as water, oil and natural gas) to move through
the rock. Fractures within the rock and spaces between the grains of a rock are pathways for fluids ~ * Unsorted soil
and gas. Sandstone, limestone and fractured rocks generally are permeable rocks. Shale, on the . or rock
other hand, is usually impermeable because the small, flat clay particles that make up the rock are
tightly packed into a dense rock with very little space between particles. Poorly sorted sedimentary
rocks may also be impermeable because the smaller grains fill in the spaces between the bigger
grains, restricting the movement of fluids and gas (Figure 7.6).

Thelnland Basin hasthe combination of featuresnecessary for the : Sorted soil
formation andtrapping of oil and gas. Thesourceof theail andgasinthelnland . Figure7.6: Sorted and unsorted soil

or rock affects porosity and

Basinisthe accumulation of dead plants, animals, phytoplankton and bacteriathat permeability

were deposited on thefloor of theinland ocean and buried by sediments. Asthe

organic material wasincreasingly moredeeply buried, it was squeezed and heated The salt in the Inland Basin re-

gion was deposited during the Si-

to becomeoil and gasand subsequently migrated upwards. The Devonian - lurian when shallow water and
Oriskany Sandstone, awell-sorted sandstonethat hasexcellent permesbility and = P00 circulation caused the evapo-

_ ] ) ) _ _ _ - ration of water and precipitation
that isoverlain by animpermeablelayer, has provided areservoir rock inwhich " oflayers of salt.

oil and gaspooled. Thegentlefoldsof theregion, formed during the Paleozoic
mountain-building events, are excellent trapsfor il and gas. Thelayersof salt slefeff:::zl
found beneath Devonian rockswereinstrumenta inthefolding of the overlying morz' i ;3155 ;’lotr
rock layers. Layersof salt beneath the surface are easily deformed by theweight

of overlying rocks. Just asoil and gastry to migrate upward, so do layersof salt.
Assalt pushesupward, it warpsand foldsthe overlying rocks. Thefoldsprovide
trapsfor themigrating oil and gas.
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Theoil industry gotitsstart inthe Inland Basin. 1n 1859, Colonel Edwin Drakedrilled theworld' sfirst
commercia oil well in Titusville, Pennsylvania. Thoughtheamount of oil produced in Pennsylvaniais
smdl, itishighgradeand thusrdatively valuable. Thoughtherearesevera ail fieldsin
southwestern New York, very little oil is produced there (Figure 7.7).

Thenatura gasindustry inthe United Statesalso gotitsstartinthe

Inland Basin. 1n 1821 in Fredonia, New York, William Hart drilled the
first natural gaswell. Thepotentid of natural gasasafoss| fuel wasnot
recognized, however, until theearly 1900's. Inthe past, natural gaswas

released into theair from coa minesand oil wells. Now that gasisa
frequently used fossil fuel resource, itisnolonger releasedtothe
atmosphere. Rock unitsthat were P
sourcesof natural gasinthepastare | <7 — o 2 "
now usedin many placesthroughout A \Vw / =
New York and Pennsylvaniaas - 2D
underground gasstorage. 4
Gasispumpedinto

%
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Figure 7.7: Oll and ngS ﬁelds Of the Inland Basin. Figure adapted from Isachsen, Y.W,, et al, 2000, Geology of New York, A
Simplified Account; Shultz, C., 1999, The Geology of Pennsylvania; and Schmidt, Martin F, Jr., 1993, Maryland’s Geology.
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Non-Mineral Resources of the
Appalachian/Piedmont

Region 2
The A ppa achian/Piedmont region hasadiverse assortment of non-mineral
resources because of thediverserocksintheregion (Figure7.8). The sedimentary rock
non-mineral resourcesincludethe brownstone of the Triassic Rift Basins, aswell asclay,
lime, crushed stoneand industrial sand. Diabaseisanigneousrock resource. Metamor-
phic rocks, such asmarbl e, the serpentinite of the Ultramafic Belt, and date, areimpor-
tant to theregional economy. Additionally, the Appa achian Piedmont hasthefossil fuel
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see Geologic History,
p.16, for more on rift
basins.

see Rocks, p.45,
for more on the
color of rocks.

Limestone and dolostone are
both carbonate rocks formed from
calcium carbonate and calcium
magnesium carbonate respec-
tively. Marble is metamorphosed
carbonate rock.

Chester and Lancaster Counties
in Pennsylvania have some of the
best farmland in the country be-
cause of the lime-rich soils result-
ing from the underlying lime-
stone.

Non-Mineral Resources

Sedimentary Rocks

Themost distinctive sedimentary rock of the A ppal achian/Piedmont
regionisbrownstone, ared to brown sandstonefound inthe Triassicrift basins
of southeastern New York, New Jersey, Pennsylvaniaand Maryland. Asthe
united continentsof Pangeabegan to break apart during the Triassic and Juras-
sic, thecrust rifted and cracked. Blocksof crust slid downward to producethe
rift basinsthat gradudly filled inwith sediment. Because of the position of North
Americawith respect to the equator, the Northeast climatewaswarm and dry.
Thearid climate and the oxidation of ironin the sediments produced red to
brown sedimentary rockslocally known as* brownstone.” Thefine polish of
brownstone madeit apopular building and decorative stonethat has been used
throughout the Northeast, especialy in New York City.

Clay, lime, and crushed stone of variousrock typesarealsousedin
production of cement. Lime, originating from limestone, dolostoneor marble,
hasavariety of usesin congtruction, thechemica industry and manufacturing of
concreteand cement. Limeisvery important to agriculture, whereitisregularly
appliedto makethesoils‘ sweeter’ or lessacidic. Additionally, industrial sandis
mined from crushed sandstoneand quartzite, asinthe Inland Basin Region.

Igneous Rocks

Theigneousrock non-minera resourcesin the A ppa achian/Piedmont
region arelimited to diabase, formed from magmacloseto the surface pushingits
way through the sedimentsof the Triassicrift basins. Locally knownas‘tra-
prock’, diabase hasthe same composition asbasalt. Diabase, however, cooled
somewhat more dowly benegth the surface, alowing timefor formation of visible
crystas. Diabaseiscommercidly called* black granite,” andthusislistedin
Figure 7.8 asdimension-granitein Pennsylvania. Itisused asabuilding stone
andfacing.

Metamorphic Rocks

Thereisawidearray of metamorphic rocksin the Appalachian/Pied-
mont region that areimportant asnon-mineral resources, including marble,
serpentinite, date, and emery. TheMarbleValey, stretching from Vermont into
western M assachusetts and Connecticut, isthefocusof marble quarrying today
inthe Northeast. Proctor, Vermont, home of the now defunct Vermont Marble

160
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Company, wasthe center of Vermont marble production. Quarryingof marble . Danby, Vermont is now the cen-
hassignificantly declinedin thelast few decades, assynthetic materidshave . terof Vermont marble production.
begun to replaceit for many purposes. * Beautiful, crystalline marble

Theformation of the Marble Valley dates back to the Taconic mountain-

takes a fabulous polish, and is thus
commonly used as a decorative

building event. Aslimestonewasdeposited a ong the continental shelf inthe - stone for buildings, monuments,

| apetus Ocean during the Cambrian, the Taconic volcanicidandsand Baltica

interior facings and countertops.
Crushed marble is useful as a filler,

wereapproaching fromtheeast. Astheapproaching volcanicidandscom- food additive and paper coating.

pressed thelimestone, it was metamorphosed to becomemarble. Theearliest

‘marbles quarried wereat IsleLaM ottein the Champlain Ilands of Vermont Lo G;";O%Cr Z’;:sro v
becauseit was easy to transport the marble down Lake Champlain. Theidands . Taconic events.

wereanatura placefor thedevelopment of the marbleindustry inthe Northeast.
Technicaly, though, the Lake Champlain Idanderswerequarrying
limestone, astherock had not been metamorphosed enough to be

considered atruemarble. Itisquarried today under the name

Marble?

Not everything commercially called a marble is a

‘Champlain Black,” which signifiestheblack color of the Chazy “true’ marble, which lacks fossils and is recrystal-

Limestone.

lized from limestone. The limestone in northwest-
ern Vermont was only very weakly metamorphosed,

Thedatebelt of Vermont and New York isimmediately west ifat all. Actual marble is found between Manches-

of theMarbleValley. Sate, whichismildly metamorphosed shale, is

ter and Middlebury Vermont, and parts of western
Massachusetts and Connecticut. Green serpentinite

used for roofing, flagstones, floor tiles, blackboardsand pool tables.  rock from the Ultramafic Belt is also quarried and

Inaprocesssimilar to theformation of marbleintheMarble Valley,

sold as a marble under the name Verde Antique.
Serpentinite is hardly a marble. It was formed from

thedateformed from Cambrian and Ordovician sediment (inthis the metamorphism of slices of oceanic crust and

upper mantle that were scraped off of the oceanic

case, shal €) deposited on the seafl oor was metamorphosed to sate plate being subducted beneath the North American
during the subsequent mountain-building events. Moreextreme continent during the Ordovician. The Ultramafic

metamorphism than seenin dateresulted inthe*emery rock’ foundin

Belt, stretching the length of the Appalachian Moun-
tains along the Taconic volcanic island suture zone,

New York inthe Manhattan Schist. Emery, anintensely metamor- also has concentrations of the soft rock soapstone,

Figure 7.9: Ultramafic Belt in
the Appalachian/Piedmont.

ohosad rock made of magnetite made primarily from the mineral talc (Figure 7.9).

corundum, sillimanite, sgpphirine
and cordierite, isused asan abrasivefor
grinding and polishing. Emery isnolonger
mined in the A ppa achian/Piedmont, because
synthetic abrasives, lessexpensiveto produce,
havereplacedit. At onetime, though, emery
wasan important natural resource of the
region.
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Fossil Fuels iw [
G

The Appd achian/Piedmont rocksaresimilar tothoseintheInland Basin, with one
important difference: the A ppal achian/Piedmont rocks have been deformed and metamor-
phosed, with layersof rock squeezed up into tight folds by the Acadian and Alleghanian
mountain-building events. Thebituminouscoa bedsof thelnland Basinwerealtered astep
further inthe A ppa achian/Piedmont region, squeezed by the mountain-building compression
to become anthracite (Figure7.10). Anthraciteis95% carbon and considerably e )
harder than bituminouscoal. Thehigh percentageof carboninanthraciteisduetothe
release of impuritiesasgasesduring compression. Thoughitismoredifficult toignite,
thehigher percentage of carboninanthracite makesit avery clean-burning fuel.
However, despiteits clean-burning properties, the mining of anthracite has suffered ABANY '
aseriousdeclinedueto the expense and difficulty of extraction. Becausethe
anthracitelayersarein severely deformed rock and high relief topography, itis
difficult and dangerousto follow and mineaong acontinuous|ayer.

Therearealso two bituminous coal fieldsin the southwestern corner
of the Appal achian/Piedmont region wheredeformation wasless
severe. Inaddition to the coal deposits, small natural gas
reservoirsarefoundin Maryland and
Pennsylvania sAppaachian/Pied-
mont region.

see Non-Mineral
Resources, p.154,

for more on how

coal forms. I
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Figure7.10: Anthracite coal fields of the Appalachian/Piedmont. Figure adapted from Isachsen, Y.W, et
2000, Geology of New York, A Simplified Account; Shultz, C., 1999, The Geology of Pennsylvania; and Schmidt, Martin E, Jr,, 1993, Maryland’s
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Non-Mineral Resources of the

Coastal Plain
Region 3

The primary non-mineral resources of the Coastal Plain arethelayers
of sand and gravel eroded from the A ppal achian Mountainsto thewest (Figure
7.11). Greensand and diatomaceous earth were a so at onetimeimportant
resources. Sincetheregion doesnot have solid rock and iscomposed entirely
of layersof loose sediments, the Coastal Plain doesnot havethe samekinds
of resourcesthat are abundant in the other regions.

BARNSTABLE

NANTUCKET

see Rocks, p.46,

for more on the

Coastal Plain

sediments. 4

Figure 7.11: Principal non-mineral Coastal Plain Region
resource-producing localities of the ooLegs Non-mineral Resources
Coastal Plain. Figure adapted from 1998 ERCER MONMOUTH
Trenton
United States Geological Survey State Mineral ix’\ 5G----Sand and Gravel Region Boundary
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Diatomaceous earth is used
today in swimming pool filter
systems.

Sediments

Sand and gravel, eroded from the A ppal achian Mountainsto thewest,
areeasily accessible, extremely abundant and useful natural resourcesinthe
Coastal Plainregion. Duetothe nature of the Coastal Plain, whichisloose
sediment and not rock, sand and gravel depositsare plentiful and easily mined.
Sand and grave are primarily used in construction, concrete and road fill.
Industrial sand, minedin Cumberland County, Maryland, hasadightly different
naturethan ordinary sand and gravel. Important for its predominantly quartz
content, industria sandisused in sandblasting, filtering and in the manufacture of
glass.

Greensand, containing therelatively common Coastal Plainminera
glauconite, isstill used today asasoil conditioner and water softener. It aso has
potentia for useinlandfillsand asafilter for heavy metdsfromindustrial wastes.
Diatomaceous earth from the Maryland Calvert Formation wasat onetimean
important natural resourcefor Maryland (and theonly placein the United States
whereit wasmined). Made of the hard shellsof microscopic marineorganisms,
known asdiatoms, diatomaceousearthisusedinfiltering and asan abrasive.

Soil

The soil of the Coastal Plain developed ontheaready loose, unconsoli-
dated layersof sediment that make up theregion. Asthereisno hard, cemented
rock, soil formsmuch moreeasily and quickly inthe Coastal Plain thanin other
regionsof the Northeast. In most areas of the Coastal Plain, the soil for agricul-
tureisan excellent mix between sand and clay, with the sand providing good
drainage. Areasthat aretoo clay rich have poor drainage dueto theimperme-
ablenature of clay. Depressionsin thelandscapeor areasof dightly lower
topography inthe Coastal Plain often remain too wet and are not good areasfor
cultivation of crops.
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Non-Mineral Resources of
the Exotic Terrane
Region 4

ARDOSTOOK

TheExotic Terraneregion hasavariety of
non-mineral resources, many similar to those of the
Appa achian/Piedmont region because of therock
typestheseregionsshare. Coal isevenfoundinthe
Exotic Terraneregioninthe Narragansett and
Boston basins, thoughitisnot currently mined
(Figure 7.12).
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Figure 7.12: Principal non-mineral resource-producing localities of
the Exotic Terrane. Figure adapted from 1998 United States Geological Survey State
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see Non-Mineral
Resources, p.160,
for more on rift
basin resources.

see Geologic History,
p. 7 and 12.

see Rocks, p.51,
for more on the
Barre Granite.

Barre, Vermont is the home of the
famous Rock of Ages Quarry,
which quarries the Barre Gran-
ite.

Quartzite is quarried for use as a
building and decorative stone.

see Non-Mineral
Resources, p.156,
for more on how
coal forms.

Sedimentary Rock
The sedimentary rock non-mineral resources of the Exotic Terraneare
similar tothose of the A ppalachian/Piedmont and Inland Basinregions. Brown-
stoneisquarried fromtherift basin in the Connecticut River Valey; clay and
shaearemined from glacia depositsand marine sha esof the Silurianand
Devonian; and cement and crushed rock are produced from avariety of rock
typesto beused in the constructionindustry.

Igneous Rock

Granites, formed fromintrusionsof magmaduring the Taconicand
Acadian mountai n-building events, appear al over the Exotic Terraneregion. It
isquarried throughout theregion for usein buildingsand monuments, though the
demandisnot asgreat asit wasinthe past. Graniteismore expensiveto quarry
than the much softer marblesfound in Vermont, and theissue of transportation
raisescostseven higher. Though New Hampshireisknown asthe Granite State
for itsabundance of granite of varying ages, Barre, Vermont isknown asthe
granite center of theworld. ThefamousBarre Granite, formed from anintru-
sion of magmainto overlying rock during the Acadian mountain-building event, is
auniformlight gray that takesan excellent polish and iswidely used for monu-
ments.

Metamorphic Rock
Quartziteisbeing actively quarried from Silurian and Devonian metamor-
phic rock in Connecticut. Quartz isderived from sandstone depositedinthe
lapetus Ocean. The sandstone became compressed, metamorphosed and
attached to the continent when Balticacollided with North America. When
sandstoneismetamorphosed, it recrystallizesto becomequartzte.

Fossil Fuels

Coal isfound inthe Narragansett Basin of Rhode |dland and Massachu-
setts. Thecoa wasformed during the Pennsylvanian when the collision of North
Americaand Balticacompressed the Ava oniamicrocontinent caught inthe
middle. Thecollison buckledthecrust toform small basinsthat gradudly filledin
with sediment. Accumulationsof dead plant material inthe swampy basins
provided the proper conditionsfor minor amountsof bituminouscoal toform,
though there are not large enough amountsto makemining profitable.
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Glacial Deposit Resources
of the Northeast

All four regionsof the Northeast shareacommon source of non-mineral
resources. the deposits|eft by glaciersof themost recent iceage. For thelast 1.8
million years, acontinental ice sheet originating in northern Canadahasadvanced

and retreated over North America. Around 20,000 yearsago, awarmingclimate .

put theglaciersinretreat, bringing the Northeast toitscurrent interglacial period.
Depositsassociated with the massive, moving and meltingiceremaintoday as
valuable non-minera resourcesinthe Northeast. Theglacierscoveredthe
northern partsof al four regionsof the Northeast asfar south asnorthern Penn-
sylvania, New Jersey and Long Island.

Themainnon-mineral resourcesresulting fromthelast glacid advanceare
clay, peat, soil, sand and gravel. Astheglaciersmoved over the surface of the
Northeast, they scraped and gouged thelandscape. The numerouslakesdotting
the Northeast resulted from the vigorous scouring activity of theglaciers. Much
of the clay mined today in the Northeast comesfrom the bottom of theseglacier-
formed lakes. Usedin bricksand pottery, theglacial claysareanimportant
natural resource of the Northeast. Clay isalsocommonly used in place of heavier
stoneand gravel to make alightweight concrete. Astheglacia lakesfilled and
later drained to become bogs and swamps, organic material accumulated at the
bottom. Bogsand swampsareidea environmentsfor the accumulation of dead
plants. Kept wet and buried by more dead plant material, the stagnant water of a
bog provideslittleif any oxygen for bacteriato completely decomposethe plant
materid asit would ontheforest floor or inaflowing stream. Theresulting pedt,
aprecursor to coal, ismined and used asmulch and asasoil conditioner.

Theglaciersalsoleft deposits on the surface on which the Northeast soils

have developed. Incombination with the underlying bedrock, theglacial depos-
its contribute good and bad characteristicsto the soil (from the perspective of
cultivation). Till, theunsorted mix of sand, silt, clay and gravel that was deposited
by melting glaciers, developed into impermeabl e soil sthat cannot properly drain
water. Theunsorted material has no spaces between particles, leaving nowhere
forwatertodrain. Likewise, clay depositsfromglacia lakesarea soimperme-
able, being uniformly composed of very small, flat clay particles. Glacia outwash

see Glaciers, p.64.

Soil is an important natural re-
source because the cultivation of
crops is dependent on soil type.
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see Glaciers, p.61,

w8 for more on glacial

deposits.

depositsof sand and gravel, onthe other hand, are generally well sorted and thus
well-drained.

The soilsdevelopedinthe Northeast areadirect result of theunderlying
rock type and transported glacial sediment. Glacia clay, till, sand and gravel
blanket much of theregion and affect the permeability of soil. Also, thereason
why New Englandersfind so many rocksin their farmsand gardensisbecause
theglacid till becameincorporated into thesoil. Thetill hassincebecome
incorporated into thefamous stonewallsof New England.

Perhapsthe most important resourceleft to the Northeast by theglaciers
issand and gravel. Dominating the natura resource economiesof many of the
Northeast states, sand and gravel isan extremely abundant, easily mined natural
resourceof thearea. Naturally broken rock the size of sand and gravel was
dumped dl over the Northeast landscape by theglaciers. Astheglaciersad-
vanced over thelandscape, their vigorous scraping action incorporated boul ders,
gravel, sand, silt and clay from the underlying bedrock and already |oose sedi-
mentintothemovingice. Eachtimetheglaciersstopped moving forward or
backward, melting ice deposited drift and till in front of and to the sides of the
glacier, creating mounds (called moraines) of sand and gravel. Significant depos-
its of sand and gravel were produced by deltasformed by glacial streamsandin
valleysfilled by retreating glaciers. Sand also accumulatedin snake-liketunnels
beneath theice, inwhich sand was deposited by flowing subglacia streams;
these sinuous depositsof sand are called eskers. Glacial sand and gravel are
easly mined becausetheglacia depositsaredl at thesurfaceandthereislittleif
any processinginvolved. Sand and gravel composed of chunksof limestone,
dol ostone, sandstone, metamorphic and igneous rocksare mostly used for
construction purposes. Shaleand siltstone, being softer rocks, aregenerally too
weak for construction, and are more often used together with limeinmaking
concrete.
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The Paleontological Research Institution . %



Non-Mineral Resources

Activities

1. Alocal architect hires you for a summer internship. Knowing that you know your regional geology, she has you make a
list of where to obtain a variety of stone building materials. Among the materials she wants you to find are:

* tan or gray (marine) sandstone
* red sandstone
* granite
* slate
* gneiss
* limestone

The architect has you rent a truck to pick up a little bit of each kind of building stone. For her official records, she has you write up a
travel report, in which you must answer the following questions:
What route would you follow?
Where would you go?, and
What is the geologic context under which these rocks formed?

The following is a list of the contexts:

(1) the Grenville passive margin
(2) the Taconic converge,

(2a) interval (Silurian-Early Devonian) between Taconic and Acadian
(3) the Acadian convergence,

(3a) interval (Mississippian-Early Permian) between Acadian and Alleghenian
(4) the Alleghenian convergence,

(4a) interval (Early-mid Triassic) between Alleghanian and rifting
(5) therifting apart of Pangea, and

(5a) interval (mid-Jurassic-late Jurassic) between rifting and creation of Coastal Plain
(6) the Coastal Plain passive margin and shaping by erosion of many of current land-forms
(7) Pleistocene glaciation and Holocene post-glacial

2. Since it is difficult to imagine how a certain kind of building stone will look in a building until the building is built, the
architect suggests you create a walking tour of your town buildings showing people various kinds of building stones. She
asks you to create such a tour, with a written report that she can follow.

Go to an area of your town with stone buildings. Make a list of buildings and stone materials. Try to find out the history of the build-
ings and stones, and place the building stones in the context of geological history.

3. Alocal politician with no background in geology suggests that your community depends too much on fossil fuel from
abroad, and that in fact all fossil fuel resources should come from the Northeast region. The architect, being an active
voice against public misinformation, decides to give you a different job for awhile — to write an article summarizing
the presence of fossil fuels in the northeast U.S. and their origin.

Write an editorial that explains (1) why fossil fuels are largely restricted to the Inland Basin area of the Northeast, (2) why
coal is so abundant in Pennsylvania, but not elsewhere in the Northeast, and (3) why we have reason to believe that there
is not substantially more natural gas and oil in the Northeast than we have already discovered.
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For More Information...

Internet

National Gas Information and Educational Resources
www.naturalgas.org/

National Mining Association
WWW.Nma.org

Oil and Gas
http:/www.dcnrstate.pa.us/topogeo/Oil_Gas_Coal.htm

State Mineral Statistics and Information
http://minerals.usgs.gov/minerals/pubs/state/

Vermont Marble
http://www.vermont-marble.com/home.htm

Organizations
American Coal Foundation Mineral Information Institute
1130 17% St. NW, #220 475171 St. #510
Washington, DC 20036 Denver, CO 80202
(202) 466-8630 (303)297-3226

Other Resources

used in compiling this chapter

Bird, Kenneth J., 1989, North American Fossil Fuels in The Geology of North America,
vol. A, The Geological Society of America: Denver, Colorado.

Isachsen, YW, E. Landings, ] M. Lauber, L.V. Rickard, and WB. Rogers, eds., 2000,
Geology of New York, A Simplified Account, New York State Geological Survey, New
York State Museum Cultural Education Center: Albany, New York.

Schmidt, Martin E, Jr., 1993 Maryland’s Geology, Tidewaters Publishers: Centerville,
Maryland.

Shultz, C., ed., 1999, The Geology of Pennsylvania, Pennsylvania Geological Survey:
Harrisburg, Pennsylvania.
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Environmental Issues
of the Northeastern US

&m

One invites trouble if construction is sited in the bottom of a narrow valley, on
a floodplain, on a steep slope underlain by ancient landslide debris, on non-
engineered fill, above solution cavities in carbonate rocks, above an underground
mine, on a rapidly eroding wave-cut cliff or radioactive rocks. These points may
be obvious to geologists, but flying into the face of natural laws and processes by
stepping into potentially hazardous situations without much forethought seems
to be a common human propensity.

-Charles H. Schulz, 1999
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Environmental Issues

Environmental Issues
of the Northeastern US

Geology affectswherewelive, how welive, and how we usetheland.
Inthe Northeast, earthquakes, landdlides, |land subsidence, and radon are
important issuestied to thetype of rocksfound at the surface and underlying the
region. They are‘issues only becausethey disrupt human livesand constructs.
Whether directly caused by human activity (such aslanddidesand land subsid-
encein somecases) or smply anatural process (such asearthquakesor the
production of radon gas), the significanceismagnified because of the presence of
people. Idedly, growing knowledge of environmentd issuesand an understand-
ing of their foundation in geology, will hel p usto makewiser and moreinformed
decisonsonland useand planning. Inthischapter wewill discussthe Northeast
regionasawhole.

Earthquakes

Ninety-eight percent of earthquakesoccur at tectonic plate boundaries.
Astheplatescollide, pull apart, or move past each other, their grinding and
shifting build up stress. Whenthese stressesarereleased suddenly at the plate
boundary or at faults near the boundary, the crust shiftsand seismic wavesare
released, causing an earthquake. IntheUS, most earthquakes occur west of the
Rocky Mountains, wherethereiscurrently an active plate boundary betweenthe
North American and Pacific Plates. During the break up of Pangeaand the
preceding mountain-building events, therewas an active plate boundary at the
margin of theeast coast of North America.  Theeastern margin of the continent
no longer isat an active plate boundary. Now the active plate boundary lies
thousands of kilometersto the east at the Mid-Atlantic Ridge, wherethe North
American and Eurasian platesare pulling gpart and new crust isforming.

Though large quakes are not acommon event inthe Northeast, earth-
quakesdo occur, most likely caused by old faultsformed when the eastern
margin of North Americawasan active plate boundary. Stressupontheold
faultsmay forcethemto shift suddenly, causing an earthquake. Geologistshave
not had much luck, though, relating earthquake eventsin the Northeast to known
faults. Unlikethewest coast, wherethereisaclear relationship between earth-

. Seismic waves are the shock
*waves or vibrations radiating in
. all directions from the center of
: anearthquake.

see Geologic History,
p. 16

. An active plate boundary ex-

ists where two plates of the Earth’s

. crust are colliding, pulling apart,
- or moving past each other.
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Largest earthquakes in each state

data from the United States Geological Survey

State Date  Magnitude Intensity
Connecticut 1791 - VII
Delaware 1871 - VII
Maine 1904 51 Vil
Maryland 1990 25 Vv
Massachusetts 1755 - VIII
New Hampshire 1940 55 Vil
New Jersey 1783 53 VI
New York 194 58 ViIII
Pennsylvania 1998 52 VI
Rhode Island 1976 35 VI
Vermont 1962 4.2 V

Measuring Quakes
Earthquakes are measured using the
descriptive Mercalli Intensity Scale
and the more quantitative Richter
Scale. The Mercalli Intensity Scale
(Figure 8.1) measures the intensity
of an earthquake by describing the
effects of the earthquake on people,
man-made structures and natural
features. The Richter Scale is a mea-
surement of the amount of energy
released at the center of an earth-
quake. Because the scale is loga-
rithmic, an earthquake with a mag-
nitude of 5 is 10 times greater than
a magnitude 4 earthquake. Like-
wise, an earthquake with a magni-
tude of 6 is 100 times greater than a
magnitude 4 earthquake. Very few
earthquakes in the Northeast have a
magnitude greater than 5 on the
Richter Scale; most have a magni-
tude less than 2.

Figure 8.1: The
Modified Mercalli
Intensity Scale.

guakes, faultsand the active plate boundary, thereisno
clear relationship inthe Northeast between earthquakes
and knownfaults.

Most earthquakesin the Northeast are minor,
rarely causing any damage. Minor earthquakesoccur
inevery statethroughout the Northeast, though rela-
tively few havebeenlocatedinthelnland Basinregion,
wherethecrust experienced littledeformationrelative
totherest of the Northeast (Figure8.2). Occasionaly,
large earthquakes actually do occur intheregion. One

of thelargest wason November 18, 1755 off Cape Anne, Massachusetts. The
vibrationsfrom the quakewerefelt over 450,000 square kilometers.

Dueto the vaguerd ationship between earthquakes and faultsin the
Northeast, it isdifficult to assesstherisk of earthquakesintheregion. Using
historical records of the Northeast dating back to the 1500's, geol ogists predict

Corresponding
Richter Scale
Intensity

<3.0
<3.0

3.0

3.7

4.3

5.0

5.6

6.5

7.0

7.7

&4

9.0

Modified Mercalli Scale
(1931 Abridged Version)

I Not felt except by a very few under especially favorable circumstances.

Il Felt only by a few persons at rest, especially on the upper floors of buildings.
Delicately suspended objects may swing.

Il Felt quite noticeably indoors, especially on the upper floors of buildings, but
many people do not recognize it as an earthquake. Standing motor cars may
rock slightly. Vibration is like a passing truck. Duration is estimated.

IV, During the day felt indoors by many, outdoors by few. At night some are
awakened. Dishes, windows, and doors are disturbed. Walls make a creaking
sound. Sensation is like a heavy truck striking a building. Standing motor
cars are rocked noticeably.

V.  Felt by nearly everyone; many are awakened. Some dishes, windows, etc. are
broken; a few instances of cracked plaster occur. Unstable objects are overturned.
Disturbance of trees, poles, and other tall objects is sometimes noticed.
Pendulum clocks may stop.

vi.

Felt by all; many are frightened and run outdoors. Some heavy furniture is moved;
a few instances of fallen plaster or damaged chimneys occur. Damage is slight.

Vil

Everybody runs outdoors. Damage is negligible in buildings of good design and
construction; slight to moderate in well-built ordinary structures; considerable
in poorly built or badly designed structures. Some chimneys are broken. Noticed
by persons driving motor cars.

VIIl. Damage is slight in specially designed structures; considerable in ordinary
substantial buildings, with partial collapse; great in poorly built structures. Fanel
walls are thrown out of frame structures. Chimmneys, factory stacks, columns,
walls, and monuments fall; heavy furniture is overturned. Sand and mud are ejected
from the ground in small amounts. Changes occur in well water. Persons driving
motor cars are disturbed.

IX. Damage is considerable in specially designed structures; well-designed frame
structures are thrown out of plumb; damage is great in substantial buildings with
partial collapse. Buildings are shifted off their foundations. Ground is cracked
conspicuously. Underground pipes are broken.

X.  Some well-built wooden structures are destroyed; most masonry and frame
structures are destroyed along with their foundations. Ground is badly cracked.
Rails are bent. Considerable landslides occur on river banks and steep slopes.
Sand and mud are shifted. Water is splashed (slopped) over banks.

XI.  Few, if any, masonry structures remain standing. Bridges are destroyed. Broad
fissures occur in the ground. Underground pipelines are completely out of service.
Earth slumps and land slips occur in soft ground. Rails are bent greatly.

XIl. Damage is total. Waves are seen on the ground surface. Lines of sight and level
are distorted. Objects are thrown upward into the air.
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that future earthquakesaremost likely to occur in
the same genera areasas past earthquakes. De-
spitesuch attemptsto assessthelevel of riskinthe
region, itisstill not possibleto predict the placeand
timeof individua earthquakeson either thewest
coast or the east coast (Figure8.3).

highest hazard
32+ |(California)

24-32

The Northeast hasalower risk of earth- 1624
quakesthan Californiaor other stateswest of the 816 %

Rocky Mountains. However, themoredensely P

popul ated east coast makestheinfrequent large

guake possibly more damaging thansmilar earth-

quakesintheWest. Many buildingsintheNorth- Figure 8.3: Earthquake risk in the

east werenot built with earthquakesin mind and Northeast. Earthquake-induced ground
. movement is expressed as a percentage of the force of gravity (%g). The

could potentially be damaged by stronger tremors. map illustrates the amount of ground shaking that is predicted in a given

Add| t| Ond |y’ % S’n| CW&/%tra/d furtha‘ | n the period Of time. After the National Seismic.Hazard Maps, United States Geological Survey.

eastern US. Theactive plate boundary onthewest

coast makes near-surfacerockswest of the Rocky Mountainswarmer than rocks

east of the Rocky Mountains. Heat absorbs selsmic wavesand they areunable

totravel asfar. Cooler rocks, likethose of the Northeast, arelessof animpedi-

ment to seismic waves, dlowing themtotravel further and potentially cause more

damage.

(Florida)

lowest hazard

Figure 8.2: Earthquakes with
a magnitude greater than 3.0
in the Northeastern US from
1975 to 1999. Image courtesy of Alan
Kafka, Weston Observatory, http://www2.bc.edu/
~kafka/Why_Quakes/why_quakes.html.

Northeast Earthquakes
1975-1999

magnitudes:

°
3.0 - 5.5
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Land subsidence is the sinking,
or depression of the land surface.

Carbonate rocks include lime-

Environmental Issues

stone, dolostone and marble.

see Rocks, p.41

Land Subsidence

Land subsidenceisanissueinthe Northeast, though more ofteninthe
Appaachian/Piedmont and Inland Basinregions. Minesand carbonaterocksare
the primary causesof land subsidence. Thelargeamount of underground excava-
tion during mining, especidly the codsof western Pennsylvaniaand Maryland, has
left large areas beneath the surface empty or filled with loose sediment. The
empty spacesand sediment fillsare sometimes unableto wholly support the
weight of overlyingrocks. Asaresult, theoverlying rocksand soil sag or sink
downward to create adepressionintheland surface. Inextreme cases, the
overlying rocks collapse completely or the subsidence causesalanddide.

Areasof the Northeast underlain by carbonaterocks, in particular the
Valley and Ridgeregion of the Appal achian/Piedmont, are susceptibletoland
subsidence. Rainwater, whichisnaturaly dightly acidic and becomesmoreacidic
after passing through acidic soils, is capable of breaking down carbonaterocks.
Withinacarbonate rock layer might be caverns, widened fractures, and spaces
that makethelayer an unstable support for overlyingrocks. Similar tomine
collapses, the overlying rock in acarbonate areahasahigh potential for collapsing
and creating sinkholes (Figure8.4).

L and subsidence can cause magjor problems, particularly in urban areas
where sewer systems, water lines, and gas pi pes can be damaged dueto the
sagging ground surface. In placeswherethe surface collapses, buildingsand
roads can be badly damaged. Sinkholesalso provideafast drainagefromthe
surfaceto groundwater, increasing the chances of polluting groundwater supplies.

J
Ul

Step 1 Step 2

Figure 8.4: Naturally acidic rainwater creates cavities within carbonate
rock, making the overlying rock unstable (left). As the cavities enlarge, the
overlying rocks collapse to form a sinkhole (right). FiguresbyJ. Houghton.
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Landslides

Intenserainfal, rapid snowmelt and steep hillsdesare prime conditions
foralanddide. Landdidesrangefromwatery mud to thick mud carrying rock,
bouldersand trees, to toppling rocks of f steep dopes. Moving asfast as60
kilometers’hour, landdides can potentialy cause millionsof dollarsof damageto
buildingsand roadsaswell ashumanfatalities. Inthe Northeast, landdidesare
common inthe Appalachian M ountains, New England, and the Appal achian
Plateau dueto steep dopes, afairly rugged landscape and clay-rich soils.
Thoughthe Appalachian Plateauiscalled aplateau, it isdeeply dissected by
river valleysthat haveformed steep dopesaong which landdidesare common.

Clay and clay-rich soilsthat become saturated with water havedrastically

reduced friction, allowing other rock layersor sediment to diderapidly uponit.

Intheglaciated areas of the Appal achian Plateau, including northern Pennsylvania

and most of New York, clayswere deposited at the bottom of glacial lakes
occupying glacialy carved valeys. Though many of thelakesnolonger exist, the
clay depositstill remain and areasource of landdidesintheregion.

Other causesof landdides, especidly inthe Appalachian Plateau region,
aretheresult of theactivitiesof humans. Underground mining, commoninthe
bituminous coal fieldsof western Pennsylvaniaand Maryland, reducesthe
stability of overlying rock and often resultsinlanddlides. When older minesare
filled, the settling rocks and sediments can causelanddides. Poorly engineered
fillsondopescanasotrigger landdides.

Recognition of landdide-proneareasisimportant for land use planning
and zoning decisions. Damagefrom landdlides can be prevented by not building
inareasthat commonly experiencelanddidesor show evidence of past land-
dides.

Radon

Radonisachemica e ement: an odorless, colorless, radioactive gasthat
commonly formsfrom the breakdown of the element uranium. Radonfirst came
towide public attention asan environmentd issueinthe mid 1980'swhen high
concentrations of the gaswerefound in houses overlying the Precambrian rocks
of the Reading Prong in southeastern Pennsylvania. Though scientistscontinue
to debatethe health risks of radon, itisclear that smokersexposed to high levels
of radon gashave an increased risk of lung cancer.

&ﬂﬂl

The term landslide includes rock

) falls, avalanches, debris flows,

mudflows and the slumping of
rock layers or sediment.

The topographic term, Appala-
chian Plateau, includes part of
New York, Pennsylvania and
Maryland, and corresponds with
the Inland Basin region.

see Topography,
p.109, for more on
the Appalachian
Plateau.

see Glaciers,
p.70, for more
about glacial
deposits.

see Non-Mineral
Resources, p.
154, for more on
coal.

see Rocks, p.40, for
more about
Precambrian
prongs.
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The number following the name
of an element (U-238) refers to the
mass number of the element.
Though any two atoms of the same
element will have the same num-
ber of protons and electrons, the
number of neutrons may vary.
Variations in the number of neu-
trons will change the mass of an
atom. Atoms of the same element
with different numbers of neutrons
are called isotopes. Thus ura-
nium-238 and uranium-235 are
both isotopes of uranium.

Porosity is the amount of pore
space within a rock; permeabil-
ity is the connectedness of the pore
spaces, allowing water or gas to
move through a rock or soil.

Uranium-238, the uraniumisotopefromwhich radon Lead-210
originates, isaradioactive substance. When aradioactive
substance decays, the nucleus bresks down by theloss of Folonium-214
protons, el ectronsor neutrons, forming another element. The
decay process continues until astable (non-radioactive) isotope Bismuth-214
isreached. Thedecay of uranium-238 produces a series of 107 minuree
unstable e ements, including radon-222 (Figure8.5).
Radon-222isalso radioactive, decaying to eventually Lead-214
produce astableformof lead. Thoughit takes4.4 billionyears
for half of agivenamount of uranium-238to decay, it takes Polonium-216
radon-222 only afew days. N
Bothuraniumandradiumare
Radon-222
Half-life 3.8 days
Radioactive elements have a half-life. After 4.4 billion years,
half of the uranium-238 in a given rock has decayed to radium-
226. The radium continues the decay process, producing radon- Rafieiéiome;i26
222, polonium-218, lead-214 (an unstable isotope of lead), bis- R
muth-214 and finally a stable isotope of lead (Lead-210). Ra-
don-222 has a much shorter half-life than uranium-238. It only .
Uranium-238

takes 3.8 days for radon to decay. For some radioactive elements,
such as polonium-218 and bismuth-214, the decay process is a
matter of minutes.

4.4 billion years

Figure8.5: The ra-
dioactive decay of

' i i : Uranium-238.
solidsand incapable of moving through rocks and soil. i

Radon, however, isagas. Where soilsand rocksare porousand permeable,
radon can migrate upwardstowardsthe surface. Weare naturally exposedto
low levelsof radonintheair and water around uswith noill effects; radon,
however, can become concentrated at high levelsindoors. Poorly sealed house
foundationswith inadequate air flow allow the radon gasto enter homes, becom-
ing concentrated and possibly inhaled. Radon may also benaturally dissolvedin
well water and rel eased indoorswhen thetap isturned on.

Most susceptibleto high radon levels, arethose areaswith uranium-rich
rocks. Though most rockshaveasmall amount of uranium, certain typesof
rocks have higher concentrations of theradioactive el ement, such aslight-colored
volcanicrocks, granites, dark shales, sedimentary rockswith phosphatesand
somemetamorphic rocks. Rocksthat have pathwayssuch asfractures, faults
and connected pore spaces between grainsallow radon gasto move upwardsto
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thesurface. Likewise, thin, permeable and poroussoilswith cracksaidinthe
upward migration of radon. Additionaly, because moistureinhibitsthe movement
of thegas, radon movesmore quickly indry, well-drained soils. Theigneousand
metamorphic rocksof the A ppal achian M ountainsand Adirondacksare uranium-
richand diced by numerousfaults, resultingin an areawith the potential for high
levelsof indoor radon. Theminera glauconite, found in partsof the Coastd Plain
sediments, isalso uranium-rich. For themost part, however, the Coastal Plain
has one of thelowest levelsof radon risk in the country (Figure8.6).

Geologic Radon Potential
B High (>4 piC/L)
Medium (2-4 pi/C/L)
Low (<2 piC/L)

igure 8.6: Radon potential in the North-
east. After the United States Geological Survey, Generalized

Geologic Radon Potential Map.

&ﬂﬂl

Local radon risk depends upon the
type of bedrock underlying a home
(uranium-rich bedrock may cause
elevated radon levels); the poros-
ity and permeability of the bed-
rock (which provides pathways for
movement of the radon gas); the
porosity and permeability of soils;
and the air flow rate and founda-
tion construction that could po-
tentially concentrate radon in-
doors.
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Activities

1. You get a job with an insurance company that offers a wide variety of coverage, from health to homes. Like other insur-
ance companies, they keep careful track of risks, so they are interested to know that you know something about environ-
mental geology.
Create “relative risk” maps for the Northeast United States for each of the following:
* earthquakes,
*]and subsidence,
*landslides, and
* radon.

Do this by taking into account the main factors controlling each of these risks:
* earthquakes: plate boundaries and older faults
* land subsidence: areas with coal and limestone
* landslides: intense rainfall, rapid rainfall, steep slopes
* radon: iron-magnesium-poor volcanic rocks, granites, dark shales,
some metamorphic rocks

Use your own scaling and mapping system to describe the amount of risk.

2. Your insurance company has many local clients.
Looking at geologic and topographic maps, do this same exercise (1) for your local neighborhood.

3. A publisher of a book on the best and worst places to live in the Northeast hears about your maps. She’d like a way to
summarize the information for her purposes and hires you as a consultant to provide one generalized map of best and
worst places with respect to geological hazards. To do this you will have to take into account the relative risk of the differ-
ent kinds of hazards and combine them into one scale of risk.

Using your maps from (1), find in the Northeast a system to combine the different risks, so that you have one number (say from 0 to 10)
describing risk. Explain your reasoning and the caveats involved in using just one number to express risk.

Draw another map, now using your ‘combined’ risk scale.
Make a list of the top 5 and worst 5 places in the Northeast for natural geological hazards.
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For More Information...

Earthquakes

Gale, Marjorie and George Springston, 1998, Earthquakes in Vermont, Educational Leaflet No. 1, Vermont Geological
Survey: Waterbury, Vermont.

Kafka, Alan L., 2000, Public Misconceptions About Faults and Earthquakes in the Eastern United States: Is it our own fault?
in Seismological Letters, vol. 71, no. 3

Reger, James P, 1987, Earthquakes and Maryland, Maryland Geological Survey: Baltimore, Mafyland.

Sharnberger, Charles K., 1989, Earthquakes Hazard in Pennsylvania, Educational Series 10, Pennsylvania Geological
Survey: Harrisburg, Pennsylvania.

Earthquake Internet Sites

Earthquakes in Eastern North America
http://www.nysm.nysed.gov/geodame.html

Earthquakes in Vermont
http://www.anr.state.vt.us/geology/erthqks.htm#risks

National Earthquake Information Center
USGS Earthquake Hazards Program
http://wwwneic.cr.usgs.gov/current_seismicity.shtml

Radon

1992, A Citizen’s Guide to Radon: The guide to protecting yourself and
your family from radon, 2 edition, EPA 402-k92-001.

Otton, James K., Linda C.S. Gundersen, and R. Randall
Schumann, 1995, The Geology of Radon,
US Department of the Interior/US Geological Survey: Reston,
Virginia.

EPA Radon
http://www.epa.gov/iag/radon/

Environmental Health Center/ National Safety Council on
Radon
www.nsc.org/ehc/radon.htm

Radon in Earth, Air, and Water
http://sedwww.cr.usgs.gov:8080/radon/radonhome.html

Land Subsidence

Kochanov, William E., 1999, Sinkholes in Pennsylvania, Educational Series 11,
. Pennsylvania Geological Survey: Harrisburg, Pennsylvania.

New England Seismic Network/MIT
http://www-erl.mit.edu/NESN/homepage.html

Weston Observatory
www.bc.edu/be_org/avp/cas/wesobs/

Why does the earth quake in New England?
http://www2.bc.edu/~kafka/Why_Quakes/why_quakes.html

Landslides

USGS National Landslide Information Center
Federal Center
Box 25046
MS 966
Denver, CO 80225-0046

Landslides
http://landslides.usgs.gov/index.shtml

USGS Landslide Map of the United States
http://geopubs.wr.usgs.gov/map-mf/mf2329/
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Selected Figures

for overheads & handouts

Figure 8.2: Earthquake risk in the
Northeast. Earthquake-induced ground
movement is expressed as a percentage of
the force of gravity (%g). The map illus- - P e

trates the amount of ground shaking that y 1 =\~ highest hazard

is predicted in a given period of time. Aseer 4 1 (California)

§ | (Florida)
lowest hazard

Figure 8.3: Earthquakes with a magnitude

greater than 3.0 in the Northeastern US from Geologic Radon Potential
1975 t0 1999. Tmage courtesy of Alan Kafka, Weston Observa- . .
tory, httplfururw. e ~kafkal Wity _Quakesfuhy_quakes it - High (>4 piC/L)

. i Medium (2-4 pi/C/L)
. °

Figure 8.6: Radon potential
in the Northeast. After the United
States Geological Survey, Generalized Geo-
logic Radon Potential Map.

Northeast Earthquakes
1975-1999

magnitudes:

®
3.0 - 5.8
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Earth System Science:

The Big Ideas
re

A V4

Like all scientific disciplines, the Earth sciences continually evolve over time. New discoveries fuel new
ideas, providing an ever-increasing understanding of the planet. But of the overwhelming number of
observations, theories, and principles that form the foundation of Earth system science, what is essential
for every American to understand? All too often, curricula are too ambitious and, as a result, may fail to
cover topics in any substantial depth. An alternative approach is to build one’s curriculum upon a
foundation of focused, interconnected big ideas. A well-designed set of big ideas can provide an all-
encompassing conceptual framework for any discipline, including Earth system science. Developed
alongside scientists and Earth science teachers, presented here is a set of big ideas that illuminates
fundamental concepts of the Earth sciences:

@ The Earth is a System of Systems
The Flow of Energy Drives the Cycling of Matter

Life influences and is influenced by the environment.

© 0

Physical and chemical principles are unchanging and drive
both gradual and rapid changes in the Earth system.

©® To Understand (Deep) Time and the Scale of Space, Models
and Maps are Necessary

These ideas are designed to cover the breadth of any Earth science curriculum, but they also require
dissection to build deep understanding. Each idea is essentially bottomless; that is, while a meaningful
understanding of these ideas is readily attainable, the details contained within are endless. Each of the
ideas can be understood, but the depth of understanding can vary greatly.

Introduction of these ideas also invites discussion of the nature of science. As curricula are designed and
implemented, the traditional topics of Earth system science should be complemented with ideas on how we
come to know what we know about the natural world.
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Bigldeal:
The Earth is a System of Systems

The Earth is composed of many systems, which cycle and interact in
both space and time. It is also part of a multitude of systems, nested in larger
systems like the solar system and the universe. Systems are composed of an

untold number of interacting parts that follow simple rules, but they can and do

evolve. For example:

* Outlining the geologic history of any region demonstrates the concept of the

Earth as a system of systems. Plate tectonics drives the formation of mountains.

Subsequent weathering and erosion of the uplifted mountains leads to the
formation of deltas in the adjacent shallow seas. And with uplifted continents,

shorelines change and the distribution of marine communities are altered.

* The planet’s systems are intimately connected: the forces of one system affect
other systems nested within it. Systems that drive plate tectonics are obviously
linked to the formation of mountains, as plates collide, but they are ultimately
linked to and influence much smaller systems. The intense heat and pressure
resulting from collisions can lead to the metamorphism of existing strata, or it
can melt existing rocks to later form igneous rocks.

* As glaciers extended down from the north, they cut into river valleys in the

central portion of New York. This glacial system shaped the landscape, carving

the rivers into lakes and, after the glaciers’ retreat, leading to the formation of
deeply cut gorges. Had the glaciers never advanced so far south, the erosional
forces that led to the formation of the gorges would have never been initiated.

Each of the remaining big ideas
operates across multiple systems
within the larger Earth system.

A V4

Plate tectonics is a
theory based on the obser-
vation that the rigid
layers of the Earth are
composed of multiple
plates that move and
interact with one another
and their boundaries.

For more

information T
on the glacial
features of
New York, see
the Glaciers chapter in
PRI’s Teacher-Friendly
Guide to the Geology of
the Northeastern ULS.
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see Rocks,

p. 29, fora
1 diagram of

Ll the rock

cycle.

For more
information
) on the
Grenville
Mountains see the
Geologic History chapter

in PRI’s Teacher-Friendly °

Guide to the Geology of
the Northeastern U.S.

Convection is the rising
of less dense material and
the sinking of more dense
material. Variations in
density are commonly
caused by temperature or
compositional variations.

Bigldeall:
The Flow of Energy Drives the

Cycling of Matter

The Earth is an open system. Energy flows and cycles through the
system; matter cycles within it. This cycling is largely driven by the
interaction of the differential distribution of solar radiation and internal
heat: the constant flow of solar radiation powers much of Earth’s ocean
and atmospheric processes on the surface of the system, while the flow of
heat from radioactivity within the Earth drives plate tectonics. For example:

* One of the fundamental processes known to Earth system scientists is the rock
cycle. The rock cycle illustrates steps involved in the formation of one type of
rock from another. It is a system that has operated since the Earth’s origin, and
it continues today. The energy that drives weathering and erosion, melting, or
an increase in heat or pressure drives the continuation of the rock cycle.

* The landscape of the Northeast that we see today has been shaped by the
geologic forces of the past. Evidence littered throughout the terrain tells a story
that began some one billion years ago with the formation of the Grenville
Mountains, which resulted from the collision of proto-North America and another
continent. The movement of Earth’s plates is driven by plate tectonics, illustrating
one example of how the flow of energy drives the cycling of matter—the flow of
heat from radioactivity within the Earth drives plate tectonics.

* During the most recent ice age, glaciers advanced and retreated many times during
the past two million years. One of the great questions in the Earth sciences
revolves around the causes of these glacial cycles, with the general consensus
pointing toward cyclic variations in the planet’s tilt, movement about its axis, and
its orbital shape around the sun. These variations lead to changes in the amount of
solar radiation that reaches the Earth, which in turn affect global climate.

* The rock cycle, plate tectonics, and the water cycle are all convection driven.
Without convection, Earth would be extraordinarily different.
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Big Idea INI:

Life— including human life— influences
and is influenced by the environment.

Across its four billion year history, the course of life’s evolution has
been intimately tied to the Earth’s physical environment. Global cooling led
to the relatively recent spread of grasslands, which then triggered an
evolutionary shift in many herbivorous mammals from browsing to grazing.
Conversely, the evolution of life alters the physical environment. Photo-
synthetic bacteria released free oxygen into the early oceans and atmosphere,
making Earth habitable for later types of organisms. Humans, with an
interesting population and expanding technology, have altered the landscape,
altered the distribution of flora and fauna, and are changing atmospheric
chemistry in ways that alter the climate. Earth system processes also affect
where and how humans live. For example:

* During the Precambrian, the evolution of photosynthetic organisms led to

significant change in the planet’s atmosphere. Prior to this event, there was For more infomartion

little free oxygen in the atmosphere, but with photosynthesis producing oxygen on humans’ effect on
the environment, visit
PRI’s Global Change

Project online at:

as a waste product, the very existence of these organisms flooded the seas and
atmosphere with free oxygen, changing the planet forever. But life’s evolution

represents just one of the processes working upon the Earth system.
www.priweb.org/

* With human populations increasing the world over, the emission of greenhouse globalchange.html
gases has also increased dramatically. These gases alter the chemical composition

of the atmosphere and directly influence the planet’s climate. It is generally

agreed that the rapid and immense pouring of carbon dioxide into the atmosphere

will lead to global warming, which will have incredible impacts throughout the

world.

* Around three million years ago, a land bridge formed between North and South
America. For the first time in more than 150 million years, the two continents
were linked, and the mammals inhabiting both lands migrated across the bridge.
Horses, mastodons, cats, and dogs moved south, while opossums, porcupines,
ground sloths, and armadillos moved north (to name a few). Today, half the
mammal species in South America are descended from North American migrants.
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BigldealV:

Physical and chemical principles are
unchanging and drive both gradual and
rapid changes in the Earth system.

Earth processes operating today, everything from local erosion to
plate tectonics, are the same as those operating since they arose in Earth
history, and these processes are obedient to the laws of chemistry and physics.
While the processes that constantly change the planet are essentially fixed,
their rates are not. Tipping points are reached that can result in rapid changes
cascading through Earth systems. For example:

* Extending from southern Maine up through New Hampshire, the White Mountain
Series initially formed deep within the crust as plumes of magma rose from the
mantle. As the plate moved over a hot spot, magma pushed upward through the
crust to form the string of igneous bodies. It is thought that the Hawaiian Islands

may have formed (and are still forming!) in a similar manner.

* Today, the ice sheets of Greenland and Antarctica make up some 95% of all the
current glacial ice on Earth. The study of these modern glaciers and their
influences on the environment, such as the formation of U-shaped valleys, is
key to interpreting glacial deposits of the past, which are thought to have

formed under the same processes as those operating today.
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BigldeaV: :
To Understand (Deep) Time and the Scale of
Space, Models and Maps are Necessary

The use of models is fundamental to all of the Earth sciences. Maps
and models: 1) aid in the understanding of aspects of the Earth system that
are too big or small for direct observation, or where observation is not possible;
and 2) help make complex systems comprehensible through strategic
simplification. When compared to the size and age of the universe, humanity
is a speck in space and a blip in time; models assist in the comprehension of Convection is the rising
time and space at both sub-microscopic and immense scales. For example: . of less dense material and

the sinking of more dense
material. Variations in

. . . density are commonly
movement below Earth’s surface, but modeling of convection currents bringsus | ;15ed by temperature or

* Much of scientists’ understanding of the inner workings of our planet is

derived from mathematical modeling. It is not possible to measure directly the

closer to the true nature of these immense geologic phenomena. . compositional variations.

* The observation of natural phenomena today, such as deposition along a
stream, is critical for interpreting the geologic record. But for processes that
operate on much larger, slower scales, modeling within the lab is required.
Understanding the formation of mountain ranges, such as the Acadian and
Appalachians, are better understood by examining the effects of stress and strain

in the laboratory. Glaciers are build-up of

snow, firn, and ice —
partially or wholly on

« land —which move down-
continental mass. Understanding this compression —and the rebound that occurs  *  4ill under their own

* What is the effect of a two-kilometer thick glacier on the terrain? In addition to
changes related to deposition, the shear weight of such an object depresses the

upon the glaciers’ retreat — is improved through modeling in the laboratory. weight.

In conclusion...

Taken individually, these big ideas represent important
aspects of Earth system science, but together they are more
significant. Keeping these ideas in mind— and considering
how these ideas arose through scientific methods and
investigation— as one proceeds throughout his or her
curriculum can provide a conceptual framework upon which
to build an enduring understanding of the discipline.
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Earth Science Fieldwork:
“Why Does This Place Look the Way it Does?”
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Geology was built upon observations of the natural world. These observations are the clues that
scientists use to reconstruct the history of the Earth. Shelly fossils along the Himilayas tell of ancient

sea floors that have been uplifted into mountains. Ripple marks since turned to stone tell of ancient
shorelines. And scratches along the bedrock in Central Park tell of massive glaciers that—some
20,000 years ago— created a skyline much different than the steel and glass of New York today. That

massive glaciers once advanced as far south as New York is not a conclusion derived from mathematical
modeling in a lab, but is instead evidenced by those scratches and a host of observed glacial deposits that
litter not only New York, but much of the Northeast and Midwest.

The story of a place is written in its land-
scape, rocks and fossils. Fieldwork investi-
gations help scientists — and students and
teachers — tell that story.

Introducing students to the practice of geologic fieldwork can be a tremendous experience. Exploring local
geology through inquiry-based approaches emphasizes critical thinking. And by conducting such
investigations, students have taken a tremendous leap: they are not merely learning about science; they are
doing science! But getting students into the field can be difficult. An alternative is for the educator to
visit the field on their own time, returning to the classroom with a series of images and specimens that
permit a Virtual Field Experience (VFE). Virtual fieldwork offers the experience of exploring an area
without leaving the classroom, and it allows multiple “visits” to a site. VFEs can also enhance and extend
the experience when actual fieldwork is possible. The Earth is a system, after all, and any one site—virtual
or real — can display a host of natural phenomena, from simple erosion and deposition to the principles of

superposition and faunal succession to the formation of ripple marks or mud cracks. Ideally, virtual
fieldwork in the classroom captures the active experience of a geologist examining an area for the first time:
It provides opportunities to actively explore, discover, ask questions, and make observations to answer

those questions, ultimately allowing students to develop educated responses to the question, Why does this
place look the way it does?
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Fieldwork 101;

Gathering Information &
Creating Your Own VFE

What follows are recommendations. These recommendations are
intended to help prepare you for fieldwork, but they are just guidelines, not
steadfast rules. Bringing the field to the classroom at any scale is better than
not bringing the field to the classroom at all. The careful attention to detail
described here will prove extremely helpful, but avoid being discouraged if
your first trip to the field isn’t as productive as you had initially imagined.
Scientists of all disciplines continually refine their methods and procedures,
leading to more productive and “better” results over time. With time and
more fieldwork, confidence will grow. Get into the field, be safe, and do
your best to capture the experience in a way that allows you to best
reproduce it for your students!

Before Visiting the Site

Understand the Geologic History of the Region Visit www.teacher

In order to make sense of a local site, it’s best to first understand the friendlyguide.org fo

geologic history of the region before your visit. Did inland seas once
flood the area? Have mountain-building events shaped the landscape
and its rocks? The Teacher-Friendly Guides are an excellent source

download the regional
guides.

for discovering the history of a region, as well as that history’s effect
on the rocks, fossils, and other features of the area.

Questions to Keep in Mind

When visiting or examining any area, the ultimate question to answer is:
Why does this place look the way it does? But to help answer such an
overarching thought, it’s important to have certain other questions in
mind. These questions will guide exploration, and they will help ensure
that important information is recorded during your visit:

* What kind(s) of rock(s) are found in the area? How do you know?

* In what environment did these rocks probably form?

* What is the arrangement of the rocks?

* Are fossils preserved in the rocks? If so what can they tell you about

past environments?
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* What has happened to this area to make it look the way it does
today? (That is, what has happened to the area since the rocks
formed?) Why do you think so? (What is the evidence for your
claim?)

For all of these questions:

~How do

* What

* \What 6l
the past em

cause mountains |
or hills to form?
* Are the mount-
ains and hills
young or old?

Three types of rock * Does the valley
have a certain
Minerals are the building shape?

* What can
form valleys?

blocks of the three basic
rock types: igneous, meta-
morphic, and sedimentary.
Igneous rocks form from
cooling molten rock.
Metamorphic rocks form
by increasing the temp-
erature and pressures on a
pre-existing rock. Sedi-
mentary rocks form by the
compaction and cement-
ation of sediment particles
resulting from the breakup
of pre-existing igneous,
metamorphic and sediment-
ary rocks.

Figure 10.1:
This flow chart shows various paths of inquiry that stem from the question: Why does
this place look the way it does?
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At the Site
Safety in the Field

At any field site, safety is the first priority. No photograph, measurement,

or fossil is worth the risk of personal injury or death. To ensure safe and
productive field work, keep the following thoughts in mind:
* Wearing the proper clothing is very important. Long pants are
recommended, as are sturdy boots, which will help prevent twisted
ankles as you scurry over uneven or loose surfaces.

* While walking through a valley or next to any outcrop, always be on
the lookout for rock falls. Remember, slopes with no vegetation tend

to produce more falls.

* If more than one individual is climbing an outcrop, do not climb
single file. Rocks dislodged from one climber can quickly tumble
down the outcrop and hit the next climber.

* When using your rock hammer, protective eye wear should always
be worn. If your hammer possesses a sharp pick opposite the flat
surface, always use the flat surface when striking. And if you are
working with others, notify all in the vicinity before striking any
surface with your hammer.

* Never use one hammer to strike another. Metal chips can be broken
off and thrown at high speeds.

* Finally, always carry a small, standard first-aid kit.

Documentation & Specimen Collection

Photographs: Once at a field site — for both professional and amateur
scientists alike —it is easy to immediately begin taking photographs
without recording notes to accompany them. But the lack of proper
documentation is perhaps the most common mistake in the field,
especially with digital photography, where it is possible to take tens to
hundreds of photographs at a site. Also, before you begin photographing
it is advisable to first explore the entire location and develop a plan for

how you will communicate the site to your students back in the classroom.
This plan will guide your photography, and the recorded notes will ensure

that every image makes sense long after you’ve visited the site. Proper
documentation includes:
» Note the location and orientation of the photographs you take.

Materials to Take

Documenting the Site:
* Camera (esp. digital
cameras for easy down-
load and presentations)

* Notebook, ideally

Rite in the Rain brand

* Map of the area, ideally
a topographic map

PALEONTOLOGICAL
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Materials to Take

Collecting Specimens:
e Rock hammer, chisel-
head is preferred

* Goggles or other eye
protection

* Resealable bags or small
specimen boxes, ideally
clear durable bags, like
freezer bags with white
areas for writing

* Small boxes or plastic
totes for carrying bagged
specimens

* Permanent marker for
labeling bags and/or boxes
* Specimen labels (a few
examples are available at
the end of this chapter)

Miscellaneous Items:

* Hand lens, about 10x

* Tape measure and/or
measuring stick

* Scale to include in
photographs

* Pocket knife

* Compass to allow proper
orientation within the site.
If available, a brunton
compass is useful for
measuring the angle, or dip,
of bedding

* First-aid kit

* A GPS unit is beneficial,
but not truly necessary

Recording this information on a map is very helpful.

* In each photograph, it is important to have a sense of scale. For
smaller structures (like ripple marks or fossils) or close-ups of an
outcrop or rock, it is important to show scale by using a common
object, such as a penny, rock hammer, an unsharpened pencil, or
(ideally) a clearly-marked ruler. For larger structures, a really
great scale is a person, so feel free to step into the picture! The
importance of a scale can not be overstated, as the proper identi-
fication of geologic features in photographs often depends on
knowing the feature’s size.

Drawings: Although photographs are key, simple sketches or drawings are
also useful for documenting a field site. In fact, subtle changes in rock
layers, for example, may not show in photographs, so to capture such
features, drawing may be required. Drawing also forces you (or your
students) to observe closely. It will be usefull to use either a Rite in the Rain
notebook (available at www.riteintherain.com) or a large, clear plastic bag to
hold your notebook in case of rain. When drawing, keep in mind that you
should document the same type of information that is documented in
photographs (location, orientation, scale).

Collecting specimens: Rocks and fossils often provide significant clues for
interpreting past environments. Layers of basalt indicate past volcanism, for
example, whereas shales bearing trilobite and other fossils indicate depo-
sition in a shallow sea. Collecting specimens from a site provides a wonder-
ful opportunity to take a piece of the field into the classroom, allowing you to
engage students in hands-on learning. Collecting specimens also permits
further study away from the field site. Both time and field conditions limit
the study of samples at a site; collecting allows extended study of samples.
You can and are encouraged to identify rock, mineral, and fossil types in the
field, but studying them indoors with additional tools and references can
confirm — or force you to revise — your identification.

Important: Before any rocks or fossils are
removed from a site, be sure to confirm
that collecting is permitted on the grounds!
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So, what do you need to know about collecting specimens?

* You first need to confirm that collecting specimens at the site you are
visiting is legal. Typically, collecting is not allowed in parks, so be
sure to check.

* Just as you made decisions about photography based on how you will
communicate the site to students, collect specimens that will help tell
the story of the site back in the classroom. If rock types change from
area to area, either vertically or horizontally, then specimens of each
type are ideal. .

* Before collecting a specimen, take a photograph of it in sifu, both : Aninsitu object is one
close-up as well as from a distance. Don’t forget to include an that is situated in its
object for scale in the photograph! original position.

* Document the location from which the specimen is collected,
preferably on a map of the area. Labeling the specimen with a
number that corresponds to the same on your map is an effective
technique.

» Specimens should be broken directly from the outcrop so the exact
source is known. Eroded rocks scattered about on the floor of the site
may have originated from multiple locations.

» The weathered surface of rocks often carries a different appearance
than a “fresh” break. Ideally, collected specimens possess one
weathered surface but are otherwise not weathered. Rocks broken
directly from outcrops will ensure fresh surfaces.

» As specimens are collected, place each in a separate resealable bag,
noting on the bag with permanent marker each specimen’s location as
indicated on your map.

Back in the Classroom: Virtual Field Experiences (VFEs)
Perhaps the most critical step after your trip to a field site is to, once

back in your lab or classroom, examine all of your photographs, illustrations,
specimens, and notes associated with each. Sometimes even the most diligent
geologist forgets to record notes that, in hind sight, are critical. It is therefore
recommended that one makes sure that his or her notes are legible and complete.
Recopy your notes. Such an activity will not only ensure legibility for the
future, but it will help indicate any gaps in your note taking. If gaps exist, then
it is easiest to fill them when your memory of the site is fresh.

Once your materials from the site visit are in order, it is time to
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develop an activity that will allow your students to experience the site much
like you did —but in the classroom. One recommended activity is the Virtual
Field Experience (VFE). Scientists in the field do not have a single possible
way to operate, nor do they have a guide explaining what they see at every turn.
In the field, one might pick up a rock and take a closer look, or pull out a
magnifying glass and look at a cliff face. Exploration drives inquiry in the field,
inquiry and exploration are the goal of VFEs.

The concept of VFEs can take on multiple forms. For example, kits
containing maps, printed photographs, and specimens (with notes on the map
indicating where the specimens were collected or photographs taken) can be
produced. Or, your digital photographs can be embedded within a PowerPoint
presentation, website, or Google Earth tour with notes indicated where the
specimens were collected. But keep in mind that these electronic presentations
may take on a very linear, directed feel. In that respect, be careful that your VFE
does not turn into a Virtual Field 7rip. Virtual Field Trips have become
increasingly common at many levels of education. But these experiences are
typically guided tours rather than opportunities for inquiry. An online search will
yield many examples of these tours, as will a search of the Digital Library of Earth
System Education (DLESE). Such resources clearly have value, but they are
passive experiences for students. VFEs, in contrast, stress the importance of
inquiry; learning for understanding involves students figuring things out.

In considering VFEs as a recurring practice, initial experiences are
perhaps more guided than the later experiences; allow a gradual transfer of
responsibility from teacher to student. But VFEs ideally offer the same
opportunities for exploration as those provided at an actual field site, with
occasional moments of discovery that lead to new questions about the site. By
asking such questions and then seeking answers, students are doing science. And
it is perfectly reasonable to virtually visit a site several times for further data
collection, or to study different concepts at the same site. Scientists, of course,
do this exactly.

Be sure to visit www.virtualfieldwork.org
on a regular basis to find a constantly
updated selection of VFEs created by
scientists and educators around the country.
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A VFE Vignette

To get you thinking about how to deliver a VFE, the following vignette
illustrates how a VFE might look in an Earth science classroom. The story
reflects a classroom familiar with fieldwork experiences. It is not meant to
serve as a standard model for VFEs, but simply one possible outcome. In
this example:

Ms. G had taken a hike in the woods and found a rock feature that didn’t match

its surroundings. Through a VFE that she created, she engaged her students in ~ * This vignette highlights
the puzzle of figuring out why the place looked the way it did. She had shot - | some elements of Teaching
several photographs at the site, and she brought back a few rocks. . | Standards A, B, C, D, and
. | E; 9-12 Content Standards

students on virtual fieldtrips. Over time, she’d built up a number of such A, D, and F; the
activities that took her students where she’d been through the power of her . | Unifying Concepts and

description and a framework that she was forever developing. . Processes; and Program
Standards A, B, and D.

She’d done this a few times over the course of the year, in effect taking her

There were certain things she’d learned to do on each one of these trips
(whether with the kids or when she went on her own to create a virtual field
trip for her kids). She took a GPS unit and recorded the coordinates of points
of interest. She took her digital camera, and sometimes her video camera.
She could then incorporate images of the place into both student handouts
and into computer slideshows. If it was in a place where she had permission
to collect, she’d bring her rock hammer (if she thought she’d need it).

This time, she took a slightly different approach with her use of pictures. She
created a quick and simple webpage of the pictures. This was very simple to
do with the photo management software that came with her computer. She
used the web space provided by the school district. She added a label on the
top of the page and gave a few of the photo titles, but she didn’t sort through
them. She didn’t have time for such sorting, for one, but she thought it would
be interesting to have the kids figure out which pictures were better for
showing whatever it was they wanted to show. Earlier in the year, she’d
done more of the sorting through of things like this, but was consciously
trying to gradually shift more and more of the responsibilities of learning and
teaching to her students.

The class begins by Ms. G talking about the hike she’d taken over the week-
end. She was hiking in the woods on a hilltop not too far away, but far
enough away and remote enough that it wasn’t likely her students had been
there.

She told the class that she was walking along the trail through the woods, and
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then she came around a bend in the trail and found an area that was partly
surrounded by vertical rock walls about 10 meters high. She showed several
pictures by clicking through the webpage mentioned above. The students got
into their regular working groups of three or four. Each group was given two
rock samples and a handout that included pictures of the area. Ms. G told the
class to take about ten minutes to analyze the information they had about this
place and then be prepared to talk about it: “If you think you know something
about the area, remember to be prepared to describe how you know what you
know.”

The handout included a set of questions, but these questions were, for the most
part, not new to the students. The question page was titled “Why does this place
look like this?” and all the questions that followed were intended to connect
back to this main question. The questions that followed the lead question were:

1. What kind(s) of rock(s) are found in the area? How do you know? What
environment did these rocks probably form in?

2. Describe the arrangement and variety of rocks shown in the photographs.

3. Tell a story of how these rocks may have formed referring back to the
photographs and what you have determined about the rock sample(s).

4. What has happened to this area to make it look the way it does today?
(That is, what has happened to the area since the rocks formed?) Why
do you think so (what is the evidence for your claim)?

5. If you could go to the site, what else would you want to do to answer
the above questions?

Ms. G wanted to teach through inquiry methods. She wondered if this some-
what formulaic approach would be considered inquiry. In all these virtual
fieldtrips, she had a good idea of what students would discover. In this case,

she expected them to figure out that it was an abandoned quarry, where the lime-
stone came from, that built the old buildings at a nearby university.

In the last year she added what she hoped would be an additional motivation
for learning. She’d added a new essential question to her list: “What does
learning this empower you to do?”” This allowed her to more explicitly teach
metacognition (thinking about thinking) and it allowed her to draw out of her
students answers to the question, “Why do we have to learn this stuff?” If they
answered it themselves, they were being metacognitive and they were getting
answers to this important question.

While she wondered about whether or not what she was doing could truly be
classified as inquiry, she had confidence that it was more effective than what

she used to do—stand at the overhead and deliver notes.
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She believed it was more effective for many reasons, but perhaps most
importantly she saw a more clear connection among the different things she
taught and it seemed her students did, too. Instead of identifying rocks and
minerals for the sake of identifying rocks and minerals and learning something
more broadly about taxonomies and dichotomous keys, students now had a
purpose for identifying those things. If they figured out what it was, then they
also had a good idea of how it formed. If they had a good idea of how it

formed, they could use that to understand something about the history of a place. .
They could use this understanding as part of a story, an unraveling mystery that
they were active in unraveling themselves. In this case that story also connected *
to the human history of the area. This quarry provided the stone that built some -
of the oldest buildings in the county and at least the first one of those buildings .
was built by students working together with their professors. This use of story
provided a sense of wholeness that had been missing in her teaching.

What the area looked like: The area that was partially surrounded by those
vertical rock walls had a flat floor that was largely moist but didn’t have any
spots where the water was more than several centimeters deep. Bare, flat rock
was exposed in several places on the floor of this place. She had paced some
of it out to get a rough idea of the dimensions of the place and had taken
several photographs.

Her photographs showed the lay of the land for the larger area surrounding
the spot. All the hills were about the same height--it looked to the students
that she was in the same region as where they lived, and a few recognized that
her first pictures included a nearby university’s campus. Once this word was
out, students knew that it was in the same landscape region. “That means it’s
all sedimentary rock,” said Joe.

This was confirmed by the presence of fossils in some of the samples. As the
students studied the rock samples, and the pictures of the cliff faces, you could
hear them working through rock ID tables.

“Is it a sandstone?” “No, it’s too smooth,” came a quick reply. “Look at how
flat the sides are. Are they crystal faces?” “That’s one ugly crystal if they are.
Remember, the other piece looks a lot like this one, but it’s got fossils in it.
Oh look! There’s a fossil on this one too!” “Is it limestone?” “Should we do
the acid test?” They tested it with dilute hydrochloric acid and it fizzed.
Limestone it was.

One group wanted to know the coordinates immediately, and Ms. G knew but
she wouldn’t surrender that information without the students first having
explained how the area in the pictures came to look the way it did. They didn’t
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have much to say initially so she made them wait. She knew they wanted to go
to the computer and to the USGS map viewer. Once they plugged in the
coordinates, they’d see the quarry symbol on the map. (The coordinates were:
75° 31 56” West, 42° 48° 50” North; Stated in decimal degrees, -75.532;
42.814.)

Another group was more focused on the pictures. Katelyn said, “In 823, you
can see rock layers, so it definitely looks like sedimentary rock.” Ms. G was
standing nearby and was glad they were sorting through the pictures as she’d
hoped. “It looks kind of like a gorge, but it looks like there’s only one side to
it.” “There’s not really anything that looks like a stream bed, but that might
just be missing from the pictures. That’s one thing to look for if we were able
to go up there.” “Or if we knew where it was on a topo map.” “Ms. G!” They
got her attention. “Can we look on a topo map? We want to know if there’s a
stream there that might have carved out a gorge.” Ms. G responded, “That’s a
good idea to investigate. I want you to think a bit more before I give you the
coordinates though. I will tell you that it wasn’t a gorge. It’s fairly close to the
hill top you see here.” She was pointing to a spot on one of the pictures taken
from across the valley. “Do you think a gorge would be on a hilltop?”

The group who had wanted the coordinates right off was moving somewhat
slower than the other groups. Ms. G wandered over to check in and maybe push
them along a bit. She asked, “What can you tell me?” There were shrugs.
“What kind of rock is it?” “Sedimentary” is mumbled. “That’s right. How do
you know?” Another mumble, “Fossils.” At least she was getting some kind of
answers and they were in very much the right direction, but she was frustrated
that she had somehow asked these questions that allowed a one-word way out.
“Where did it go?” Ms. G asked. “What do you mean?” came back. “Well,
when this rock formed, do you think it was formed all stacked up like this with
an almost straight edge sticking out into the air or water or whatever it formed
in?” Justin said, “Who cares?” Ooh. They were a frustrating group, but Ms.

G kept her cool. “I thought maybe you did when you asked for the coordinates.
Come up with an answer that you can support using the information you have
and I’ll give you the coordinates to look up on the map viewer.” She moved

on, hoping they’d try to figure it out.

After letting the frustrating group hash it out a bit longer, Ms. G turned her
last question for them to the whole class, “Where did the rocks go?” She got
the same response as earlier, but from a different student. “What do you
mean?”’ Justin chimed in, more favorably this time, “There doesn’t seem to
be much of a stream to have washed it away, but it wouldn’t form just straight
up like that, or at least not having that flat, bare rock right at the base of the
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cliff. Ithink it’s an old quarry.” From Katelyn’s group came an affirmation--
“That’s why she wouldn’t let us look on the topo maps. It’d be marked and
give it away. Can we bring it up on the map viewer now?”

Ms. G had Audrey, from Katelyn’s group, bring the map viewer up on one of
the computers and plugged in the coordinates. “I knew it. There’s the quarry
symbol!” Ms. G asked what else she could tell from the map. “It’s on the
Colgate campus, and there’s a dirt road leading into it. I’ll bet it’s where they
got the stone for the campus buildings.” Ms. G responded in the affirmative.
“Ok, we’ve figured out why it didn’t match the surrounding forest. Now I
want you to work through the questions on your sheet and I’ve got another
set of questions that are more specific to the quarry.” She handed out a sheet
with these questions:

1. Why do you think the quarry was dug in this particular location?

2. Colgate’s added a lot of buildings in the last several years, and many of
them are stone. But this quarry has obviously been unused for many
years. Why do you think they stopped using it?

3. Imagine that Colgate has asked you to find a new quarry site for a new

science building they plan to construct. Use the geologic and topographic
maps to select another quarry site that would likely contain similar stone.

Together with your partners, write a proposal for siting the quarry in a
particulary location. In your proposal, you should address not only the
nature of the stone the quarry can produce but also at least three other
factors that you determine to be important for siting the quarry. Plan to
present this to the rest of the class next week. You may use either a
poster or a PowerPoint presentation.
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For More Information...

Books
Compton, Robert R., 1962, Manual of Field Geology, John Wiley & Sons, Inc.: New York, New York.
Maley, Terry S., 2005, Field Geology Illustrated, Second Edition, Mineral Land Publications: Boise, Idaho.

Walker, J. Douglas, and Harvey A. Cohen, 2007, The Geoscience Handbook: AGI Data Sheets, 4th Ediition,
American Geological Institute.

Online
Visti the official home of VFEs at www.virtualfieldwork.org to leam more and explore the online
database of educator-created VFEs!

Tips on teaching in the field, including notes on safety, liabilty and other issues
http://swwwmnagt.org/agt/field/index html

Rite in the Rain notebooks are available online at http:/wwwiriteintherain.com
Topographic maps are available at http:/topomaps.usgs.gov/ or by clicking 7érrain at http:/maps.google.com
Field equipment items are available at http:/geology-outfitters.com

uuuuuuuuuuuuuuuuuuu



Selected Figures

for overheads & handouts

Specimen Labels for Collecting in the Field
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Collection Date:
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