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Fossils are found almost exclusively in sediment and sedimentary rocks.

Igneous rocks, which form from cooling magma or lava, would not normally be

expected to preserve fossil material or be likely to have any.  The elevated

temperature and pressure necessary to form a metamorphic rock likewise would

destroy any fossil material within the rock, unless it is only weakly metamor-

phosed.  Fossils usually are the mineral skeleton of an organism, such as the shell,

bones or some kind of impression.  Most shells and bones never become fossils,

but instead are broken to tiny bits or dissolved.  In order to become a fossil, the

skeletal material must be buried before it is destroyed.  Often, the shells or bones

leave fossil impressions or casts of their shape in the sediment in which they are

buried.  Records of the movement of animals in the rock are also fossils; these

are known as trace fossils.

Fossils are especially useful in geology because of where they occur.

Particular kinds of rocks are formed as a result of processes that are not unique

to time or space.  A sandstone formed in the Devonian in the Northeast, for

example, may look very similar to a sandstone formed in another time period or

another region.  Fossils, on the other hand, are unique to particular times and

places because the organisms preserved as fossils have evolved through time, and

live in specific geologic areas and environments.  There are, however, important

generalities about the distribution of groups of organisms in the Northeast with

respect to age and types of rocks  in which they are found.
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Different plant and animal fossils are found in different places in the

Northeast because differently aged rocks occur at the surface in different areas.

Further, particular fossil organisms lived only in certain environments and these

environments did not exist continuously through time, nor were these environ-

ments necessarily preserved in the rock record.  Thus the fossil record is very

closely tied to the historical geologic events over the last billion years, the rock

record formed through those events, and the rocks exposed at the surface today

in the Northeast (Figure 4.1).
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The history of life in the Northeast has been pieced together from fossil

records in many different areas.  As is evident in the Northeast, a complete

record of rocks from every period is not preserved.  Not all sediments end up as

rocks, and likewise, not all rocks that have formed are still preserved.  Many

have been weathered and eroded away completely.  It is the same with the fossil

record.  Not all organisms are preserved as fossils and rocks that have contained

fossils have not necessarily been preserved (or may be well below the surface,

out of sight from paleontologists).  The majority of the fossil record in the

Northeast is comprised of marine invertebrate organisms such as brachiopods,

bivalves and gastropods.  There are relatively few fossil remains from dinosaurs

and other land-dwelling vertebrate organisms.  However, this does not mean that

dinosaurs and other vertebrates did not live in the Northeast!  They probably did

but were simply not preserved.  The fossil record is only a small window to the

past, reflecting the type and diversity of organisms that once lived and the envi-

ronments they inhabited.  The primary opportunity for sedimentary deposition

over a large part of the Northeast has been an inland ocean that existed for many

millions of years.  Thus it should not be surprising that marine organisms dominate

the fossil record of much of the Northeast.
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The Inland Basin region primarily contains the story of the evolution of

marine and coastal plant life superimposed on the story of mountain-building

events, associated sediments deposited in the inland ocean, and changes in

relative sea level.  The earliest fossils in the Inland Basin region are stromato-

lites, formed from cyanobacteria in the warm shallow Iapetus Ocean.  Stromato-

lites are preserved in late Cambrian rocks, found to the southwest and southeast

of the Adirondacks.  Abundant marine fossils are found in Ordovician through

Mississippian rocks formed in the inland ocean that existed through most of the

Paleozoic.  Pennsylvanian-age rocks preserve an excellent record of plant

material.

��
�������� ����������������

Ordovician, Silurian and Devonian marine fossils of the Inland Basin,

especially in New York, are world-famous for their quantity and quality.  Ordovi-

cian-to-Devonian fossil assemblages are nearly always dominated numerically by

brachiopods, and may also contain trilobites, sea lilies, corals, clams and other

mollusks, and many other less common organisms.  What is perhaps the most

striking is the differences in fossil assemblages from different types of

paleoenvironments.  The type of environment determined the types of organisms

that lived there, and thus the fossils that are preserved in the rock.

Clear, shallow marine environments, generally preserved as limestones, often

have abundant corals (Figure 4.3), bryozoans (Figure 4.2) and sea lilies (Figure

4.4).  Corals, bryozoans and sea lilies are all filter feeders, collecting fine particles

from the water.  These environments form in places and at times when there is

little sediment settling in the water.  Western New York and Pennsylvania, far

from the Taconic and Acadian highlands where sediment was being eroded into

the inland ocean, preserve rocks recording this environment.  Also, throughout

the Inland Basin, and relatively undeformed sections of the Appalachian/Pied-

mont, rocks formed in-between mountain-building events record clear, shallow

marine conditions because there was no highland to erode sediment into the

basin.

���������	�
���0������,����
��������

����.����������,&
����������	
�
����
���
��



�1������������	
�����
���������
���	�
�
�
��	

�������

���������

$�	���	������
��
�����	�
������
���
������	���	������
����
���	���
��	������
���
�
��������������
���
��������������	���	�
�"�����������������
������7	����
�����������
����������	��

���	��������	���	������
��
��������������������������
����
�����
�����������	��
�"
�������7	�����
��������
����	�������
���
������
�����������������	�������
��
����
��	��������
�	�
�������	����
��
����	����������	�������	�
���
���	����������8����

�	
�
�����	�
����	������
��
�������������
�
���������
�����
���

������� ��	

��	�	�� �������

�������
�������	����
�	����	���	
���������	����	��	
����������	�
���������
�����������
���
������

��������

 ��������������	��	� �����
�	


���
�����������
�	���	����������
����������������	������
�	
����

���������	�������� �������������
	����������������	
�����	�����

����� � ��

����!� "��#�$��!� "�

8������������������
�������
��	�����������������	�
�����������������
���	
����	��
��	����������
����
�	��
��
�������3���������	�
����	�!�����������
����	���������(
���")����������
�����������������
�
�����������
�
����

�������	�
����
�
���������
�����
����������
��������
������
������
���
�	
�������������
���������������������������
�
�������
��
��
����������� ����������9��	�
������
�����
��
����	�����
����
������
�	����������
��	��
����	����������������������	�������
����	�
�����
����.��
��
��������������
��������
�����������
��	�����������	������
��	����������������������	����
����������

��	���������
����	���
������*����������+��
������
��������	�
��

���������	
��

����������	����������
��	��������
����������	�������������������
��
�������������
������	��
��
�������	

��� �
���� ��	��� ���� 
����	��
���	���������������������
����
�	��
��
�������	
��"
�	

��
�
��
�	�����
�����������
��
��	������
���
�"��
�
�����

.������/�/0�8
�������
��	��������
����	��	�
������������������	���	����	��	
��


��	���� �
���������:���	��	
(������
����/�
����	�)


��	����
���
����:���	��	
���������	
�
(/�
�������
��)


��
�����
��
��
8������	
���
����	����
��	��
��(!�
�
�����
��)

����
����
��
��
����:���	��	
����	������
�
(6�
������)

.������ /�60� � #������	�� ����
:���	��	���	��
������(/�
������)�

.������/�;0� ����������
���	��	
� �	� 
�����
������������	����������

������ �3#7<=0�
�����
�

������ ����:���	��	
�����������
�������

��	
(&&�!�
������)%�#=>7?0
������� 
�����
����:���	��	
�������
��
�������
(@�
����	�)�

����.����������,;
����������	

�������
�����
������

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

$�����

 ��������������	������
�	
��	��
����	����
���	
�����
������������������	����
������	
�

���7�����
��	���7�����
��	��8������	��	�
:���	��	���
������
����	��	��#���	������	
�����	���������"��������������������
���
�������� �	����	��	
�� �	����
�� 
���	���
*
�����
�+�
����������
����	���=��	�����
���	��	
��	�
�������
������
�������
����*����
���+�������	�
�������#�
��
�����
���	��������

��������
�����"
�	

��
�
����	�����
�������
���	��8��	���
������	���
�������
��������
������������
�� ���� �����	
� 
����0� 
��
�������
�����������������
����

�	��	������
�������
���������
����������	��
�����
��
���
�������
���������������������
�	

�������
����
�	�
������������
��������
���
��������	��
��
�	�����������	������



�2�2 ������������	
�����
���������
���	�
�
�
��	

�������

Muddy, well-oxygenated environments, generally preserved as gray shales,

often have abundant brachiopods, trilobites (Figure 4.8), cephalopods and

small clams (Figure 4.7).  Small or flattened brachiopods that are not likely to sink

into the mud, such as Mucrospirifer, are common in this environment.
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Muddy, oxygen-poor marine environments are preserved as black shales,

which often are completely lacking fossils, though plankton such as graptolites

may be found (Figure 4.9).  This environment forms in stagnant basins and areas

where there is abundant organic material settling to the bottom; sometimes it is

apparently associated with basin deepening due to down-warping crust during

stages of rapid mountain building.
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Silty to sandy marine environments, preserved as siltstone and sandstones,

may contain abundant rugose corals, large thick-shelled brachiopods, sea lilies,

and bryozoans and lesser amounts of many other organisms such as sponges

(Figure 4.10).  These organisms were robust filter feeders.

Hypersaline marine environments are preserved as evaporite deposits.

Because hypersaline environments have higher than

normal levels of salt, most organisms cannot survive.

Unusually tolerant organisms generally inhabit

these environments.  Eurypterids, or sea

scorpions, were able to withstand the salty water

and are well-preserved fossils in rocks of this environment

(Figure 4.11).
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Intertidal and river environments are often preserved as coarse grained

sandstones and conglomerates.  Rocks preserving these environments commonly

contain plant fossils.  When land plants first evolved in the Silurian, they were

non-vascular, relatively small plants with only very tiny, hair-like roots, if any.

Gradually plants began to evolve and diversify.  Vascular plants became more

common, leading to taller plants and larger, more extensive root systems.  By the

Devonian, woody matter from vascular plants is

commonly found in the fossil record of the

Northeast.  The Gilboa forest, in mid-Devonian

shales of Scoharie Creek Forest in central New

York, contains fossilized tree stumps and is the

oldest preserved forest.  More commonly,

though, Devonian plant material is restricted to

thin carbonized sticks.
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Pennsylvania preserves one of the best-known Pennsylvanian-age plant

communities in the world (Figures 4.14-4.17).  Large amounts of sediment were

being rapidly eroded from the Acadian Mountains to the east, quickly burying

plant material in coastal floodplain environments and creating oxygen-poor

conditions that prevented the decomposition of organic matter.  Plant and other

non-marine fossils from the Mississippian and the early Permian are also present

in Pennsylvania, but are far less extensive.  Common Mississippian and Pennsyl-

vanian plants include horsetails, ferns, seed ferns, and scale trees.  These plants

formed extensive forests in swampy areas along the edge of the inland ocean that

led to the formation of coal deposits found in Pennsylvania and Maryland.  Plants

are not the only fossils recorded in the Pennsylvanian and Mississippian rocks of

the Inland Basin, as the inland ocean still existed in much of the basin at this time.

The plant fossils represent typical ferns, seed ferns, and horsetails, while the

marine fossils represent typical Inland Basin brachiopods, cephalopods, clams,

corals, and snails.
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The Paleozoic fossils in the Appalachian/Piedmont region are generally

the same as those of the Inland Basin because the rocks were originally sediments

deposited along the same inland ocean.  The rocks of the Appalachian/Piedmont,

however, are in general more deformed structurally because they were closer to

or part of the Taconic, Acadian and Alleghanian mountain-building events.

Because of the deformation, the fossils in this region are less well preserved.  The

Triassic and Jurassic age Rift Basin fossils, however, are only found in the Appa-

lachian/Piedmont and the Exotic Terrane region.

$�'�����

Cambrian rocks in the Appalachian/Piedmont record the erosion of

sediment from the Grenville Mountains into the Iapetus Ocean.  Early Cambrian

fossils near Lancaster, Pennsylvania are among the earliest fossils found in Paleo-

zoic rocks and in the entire Northeast (See LAGERSTATTEN below.)  Western

Vermont and northern New Jersey also have early Cambrian shale containing the

trilobite Olenellus.  Late Cambrian stromato-

lites are found in Washington County, Maryland

and Bucks County, Pennsylvania (Figure 4.18).
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There are some fossil-rich Ordovician and Silurian (and a few Devonian)

sites in the Appalachian/Piedmont region, in spite of the deformation of the rocks

from the various Paleozoic mountain-building events.  For example, eastern

Pennsylvania and western Vermont both preserve assemblages of brachiopods,

trilobites, corals, bryozoans, clams, and other organisms typical of shallow marine

environments.

!�����������0(������

The Appalachian/Piedmont has extensive outcrops of Mesozoic rocks,

preserved in the rift basins that formed during the Age of Reptiles, when Pangea

was breaking apart (Figure 4.19).  The sedimentary rocks preserved in the rift

basins record the presence of dinosaurs in the Northeast.  In particular, the

extensive dinosaur trackways found in these rocks have become among the

most publicly known fossils in the Northeast.  Many of the small three-toed

dinosaur footprints are known as Grallator, and were probably made by the late

Triassic dinosaur known from the southwestern United States as Coelophysis.

Some areas contain not only footprints, but also abundant freshwater fish,

mollusks, and plant fossils such as cycads, ferns, conifers, and

ginkos.  A locality in Princeton, New Jersey, for example,

contained hundreds of coelocanth (known in the

fossil record as ‘lobe-finned’ fish) and small

bony fish.  In general, however, the Northeast

rift valley deposits  have relatively few verte-

brate bone fossils compared to footprints.
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The Coastal Plain is underlain by a wedge of flat-lying Cretaceous and

Cenozoic unconsolidated sediments.  These sediments preserve striking evidence

of how much sea life has changed from the Paleozoic to the Cenozoic.  Fossils

from the Coastal Plain are very different from the Paleozoic marine fossils found in

the Inland Basin and Appalachian/Piedmont regions.  The Coastal Plain sediments

are especially rich in mollusks (bivalves and gastropods, and, in Cretaceous

sediments, cephalopods).  Shark teeth, scleractinian corals (Figure 4.20), bar-

nacles, and sand dollars are also found in the Coastal Plain but are rare or absent

in Paleozoic rocks.  Brachiopods, so common in Paleozoic sedimentary rocks, are

all but absent in the Coastal Plain.

$�������(�

Good outcrops of marine and non-marine Cretaceous fossils are found in

New Jersey and famous outcrops along the Chesapeake and Delaware canals in

Delaware.  Outcrops with clams are common, especially including oysters such as

Gryphaea (Figure 4.21), in some cases creating small oyster ‘reefs.’  Snails,

ammonoids, belemnites (Figure 4.23), and claws of the shrimp Calianassa are

common.

Rare remains of dinosaurs and other terrestrial vertebrate organisms have

also been found in the Cretaceous sediments of the Coastal Plain.  Parts of marine

reptiles, such as mosasaurs, giant crocodiles, plesiosaurs, bony fishes, turtles,

lizards, snakes, and even a wing and neck bone from a pterosaur have been found

in sediments in the Chesapeake and Delaware canals.  Perhaps the most

celebrated discovery was that of a duck-billed dinosaur known

as Hadrosaurus in Haddonfield, New Jersey (Figure

4.22).  Discovered by John Hopkins in 1835,

the bones did not receive much atten-

tion until pieces were

sent to Joseph Leidy in

Philadelphia, who determined

that they were from a dinosaur that stood

on its hind legs.  This was America’s first

dinosaur skeleton find.
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The best-known fossil-rich sections of the Tertiary Coastal Plain deposits

in the Northeast are at Calvert Cliffs in Maryland.  Barnacles (Figures 4.24),

crab claws, sand dollars and bryozoans are present in relatively small amounts,

in addition to the mollusks that characterize deposits in the Coastal Plain region

(Figures 4.25 and 4.26).     Among the vertebrates found at Calvert Cliffs have

been inner ear bones, teeth, and vertebrae of many species of whales and por-

poises, shark teeth (Figures 4.27), ribs, jaws, crocodile teeth, turtle remains,

stingray spines and teeth, and skeletal elements of bony fish.  There is only one

species of brachiopod at Calvert Cliffs, an organism that had dominated the

Paleozoic sea.
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Rocks of the Exotic Terrane region in general do not have preserved

fossil communities because either they are metamorphosed sedimentary rocks or

they are igneous rocks without fossil communities.  Interesting exceptions occur in

Paleozoic rocks, which include both fossils from the Ordovician onward, fossils

from the accreted terranes, and fossils of organisms that lived in the Iapetus

Ocean.  Fossils after accretion of the terranes to the Northeast contain organisms

that actually lived in the region and were not transported on the terrane.

&����6���

Fossils as old as the Cambrian are known from the eastern Massachu-

setts Boston Basin and are preserved in rocks of the exotic terrane Avalonia.

These rocks are believed to have originally been part of northern Africa, sutured

to the side of North America during the Acadian mountain-building event.   The

fossil assemblages are like those in northern Africa but different from equivalent-

aged fossils in North America.  These fossil assemblages were among the earliest

evidence for continental plate movement and exotic terranes.

Graptolites have been found in Ordovician rocks in Maine, possibly

existing within the Iapetus Ocean.  Silurian and Devonian fossils (which also

existed in the Paleozoic inland ocean) are found in limestones from Maine and

New Hampshire, including corals, crinoids, brachio-

pods, trilobites, bryozoans, bivalves, and

tentaculids.  Devonian fossils in New

Hampshire, though badly preserved in

schist, include brachiopods.  The

Devonian plant fossil, Pertica

quadrifaria, (Figure: 4.28) is

preserved in parts of northern

Maine, an area of the Exotic

Terrane that experienced only

weak metamorphism.

Pennsylvanian basins found in
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Rhode Island and Massachusetts contain a rich record of plant fossils, and rarer

amphibian tracks, insects, and arachnids.  These fossils are similar to those

preserved in Pennsylvanian-age rocks in the Inland Basin,

though in less extensive deposits.

!�����������0(������

The western Massachusetts Connecticut

River Valley, part of a Triassic rift basin (Figure

4.29), is the site of Pliny Moody’s 1800 description

of three-toed dinosaur footprints, which he thought

were made by a raven from Noah’s Ark (Figure

4.30).  This was also the area of Edward

Hitchcock’s early to mid-1800’s interpretation of

hundreds of dinosaur tracks as bird footprints.  At one locality in Connecticut,

the footprints are so numerous that a museum has been built over them.  In some

localities there have also been discoveries of dinosaur bones, fish (Figure 4.31) ,

crocodiles, and other vertebrates.  One well-known discovery by a teenage fossil

collector was of an unusual gliding reptile.  However, as in the Newark and

Gettysburg rift basins in the Appalachian/Piedmont, vertebrate bone fossils are

rare compared to the numerous footprints.
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Pleistocene deposits are like frosting over the rest of the geological

layer cake. They follow mostly from Pleistocene climate and topography, so are

in general less tightly controlled by bedrock than some other phenomena.  Most

terrestrial fossil remains are found either in ponds dating from the receding of

previous glaciers or isolated teeth or bone fragments in glacial till. Some impor-

tant faunas, however, are preserved in Pleistocene caves.

!�������������
���8��9������

Caves are an example in which the underlying geology, generally

limestone, influences the Pleistocene record. Cave faunas are not terribly

common in the Northeast, but are very important in some other areas of the

country where caves are numerous. Important examples in the Northeast

include a cave in Montgomery County, southeast PA, which produced a large

number of glacial age mammals, described by Edward Drinker Cope (more

famous for his dinosaur descriptions), inluding a species saber tooth cat, a small

species of black bear, and the sloth Megalonyx.  Another Pleistocene cave

formed from Devonian limestone in Allegheny County, Maryland, included a

wide range of mammals representing both northern and southern climates,

as well as those of more intermediate climates, suggesting a biogeographic

transitional zone in which the climate had fluctuated.

Important and extensive freshwater and terrestrial remains occur in the

innumerable pond sediments (not in the least lithified into rocks) left behind after

retreat of the last glaciers. These ponds are well known from areas that were

covered with ice and glacial sediment, especially kettles that formed along

moraines and other ice-margin deposits. The ponds with large vertebrate

remains are not randomly distributed, but can be clustered around well-known

drainage systems, such as along the Hudson River Valley.  Since such pond

sediments are not surface outcrops, and since there is no foolproof technology

for searching for bones under the sediment, most skeletons turn up during

construction or pond alteration rather than through systematic searches for

remains. Large vertebrate remains include mastodons, mammoths, giant bea-

vers, peccaries, tapirs, foxes, bears, seals, deer, caribou, bison, and horses.
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Nearly all glacial-age ponds contain a rich fossil record beyond verte-

brates. In a typical pond, the first sediment to fill up the pond is fine-grained

clays, followed later by organic-rich clays due to sedimentation of plant fragments

as plant communities started to colonize the area after the glaciers had retreated.

These clays often have plentiful late Pleistocene small freshwater mollusks, small

pieces of fossil wood, and pollen, increasing as the plant community increased.

The topmost sediment is often very late Pleistocene or Holocene peat, essentially

pure plant matter made of innumerable tiny sticks and larger branches, leaves,

cones, and other plant material. Since pollen shapes are indicative of the kinds of

plants they come from, the pollen record can give a rather detailed account of

how vegetation moved into the area as climate changed.
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One can visit places in the Northeast where sea level rise outpaced the

rebounding continental crust after meltback of the glaciers, flooding lowlands

such as areas of Massachusetts and along the St. Lawrence Seaway.  The

Champlain Sea refers to an ocean bay that filled most of the Ottawa-St.

Lawrence-Lake Champlain basin about 11,000 to 8,000 years ago.  The fossils

from these sediments are so recent that most or all are represented by living

populations today, but mostly in more northerly, cooler locations. Lowland

areas of the coastline in southern Maine are covered with glacial marine clay

dating to about 11,000 years ago that also contain marine bivalves and other

marine invertebrates.

The most celebrated fossil from the Champlain Sea deposits has been

the ‘Charlotte whale,’ a specimen of the modern beluga whale, found in

Chittendon County, Vermont in 1849 by workers digging a railroad.  Though

initially shocked to find whale remains so far inland, it eventually became appar-

ent that the whale had come down the St. Lawrence Seaway at a time that this

area had been flooded with sea water.  The Champlain Sea extended into New

York, where a fossil beluga whale was also discovered in 1987.  Other whale

remains found have included the harbor porpoise, humpback whale, finback

whale, and bowhead whale.
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The state fossils tell the geologic history of the Northeast in their own way (Figure 4.34).  New York and

Pennsylvania are dominated by Paleozoic sedimentary rocks from the inland ocean and their state fossils, a euryp-

terid and trilobite, reflect this history.  Because of its preservation in only the salty shallow sea deposits of the

Silurian, the eurypterid in particular is testimony to the rise and fall of sea level in the inland ocean during this time.

Northern Maine, which was only weakly metamorphosed during the mountain-building events of the Paleozoic,

preserves the Devonian fossil plant, Pertica quadrifaria.  This rare fossil was first discovered in Maine and reflects

the vascularization and diversification of plants during this period in geologic history.  New Jersey, Connecticut and

Massachusetts all have dinosaur footprints as their state fossil.  Not surprisingly, the rift basins of the Northeast that

preserve Mesozoic sedimentary rock in which one might be able to find dinosaur fossils or traces, cut through each

of these states.  Cretaceous belemnites, the state fossil of Delaware, are preserved in abundance in Delaware

Cretaceous sediments, indicative of the change in sea life since the Paleozoic.  Gastropods from the Tertiary, found

at the famous fossil-collecting location, Calvert Cliffs, Maryland, are the state fossil of Maryland.  The beluga whale

from late Pleistocene deposits of the Champlain seaway is the state fossil of Vermont.  Buried in sediment when the

ice sheet retreated and Lake Champlain was flooded by ocean water, the whale is a spectacular reminder of the

relatively recent ice age history of the Northeast.
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