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
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monoids, a new group of corals . Mass 251 . Alleghanian
(scleractinians), crustaceans, and - Permian Mt. Building
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: 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)
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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.
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see Fossils, p.91
for more on
stromatolites
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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.

ﬁ‘ The Paleontological Research Institution
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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.

The Paleontological Research Institution . %



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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Fossils
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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.

Present —

Quaternary
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Jurassic
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543
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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.
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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
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