Geologic History

Mountain Building Part I
the Grenville Mountains

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

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

crust of the lithosphere, which is constantly moving ) )
over the plastically flowing asthenosphere. Figure by J. Precambrian shield.
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The oldest rocks found on Earth
date back 3.9 billion years. An-
cient metamorphic gneiss from
this time is found in South Africa,
Antarctica, Greenland and North-
west Canada. Sedimentary rocks
of the same age have been found in
western Australia.

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

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

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

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

Three types of rock

Minerals are the building blocks
of the three basic rock types: igne-
ous, metamorphic and sedimen-
tary. Igneous rocks form from cool-
ing molten rock. Metamorphic
rocks form by increasing the tem-
perature and pressures on a pre-
existing rock. Sedimentary rocks
form by the compaction and ce-
mentation of sediment particles
resulting from the breakup of pre-
existing igneous, metamorphic
and sedimentary rocks.
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Thisproto-North America had sediment eroding off of itscontinental mar-
gins, into the adjacent oceans. The sedimentsdeposited on the eastern margin
of proto-North Americaare called the Grenville belt.

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

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

Continental and oceanic crust:

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

less dense but significantly thicker than oce-

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

| CONTINENTAL CRUST |

ranges are produced by continental/conti-

—

nental collisions. When two buoyant conti-
nental crusts collide, there is nowhere for
the crust to go but up! The modern
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Figure 1.3: Exposures of Grenville-age rocks are found up and
down the East Coast and Canada. Figure byJ. Houghton.

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

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

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

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

The Proto-Atlantic is also known
as the Iapetus Ocean. In Greek
Muythology, lapetus was the father
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Northeast was experiencing awarm climate. Thisistheearliest geography of the
: Northeast region that can bereconstructed. At thispointingeologictime, all of
. New England east of the Berkshiresand Green M ountainswas not yet part of
North America. New England was not assembled for severa million more
years.
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Figure 1.4: Grenville Mountain Building
-Baltica approaches and collides with North America
-Grenville belt pushed onto side of ancient North America
-Grenville Mountains erode away, only roots remain
-North America straddles the equator
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