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
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Figure 2.1: The rock cycle.
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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
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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.
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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.

INCAND.
OCEAN
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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
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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.
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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.
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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
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HHu 02" ousatonic
'gyanag || Highlands

.
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Trent: Prong
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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
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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
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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
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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
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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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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
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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
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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
iy 3
N =

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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