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FORMATION OF CONTINENTS AND OCEANS

. Continents and Ocean Basins .
P N
*« 29 9% of the Earth’s surface is land and 71 % of its surface is Wate{ ™
. Relief Features of the Continents N w‘
* The continental masses consist of two basic subdivisions,A/ \A V’
A’ . W A U ¢
« Active mountain-belts - L 2
f ©> . 7/
« Inactive stable regions | W 4

« The mountain-belts grow through geological proc? like wvolcanism
agma) and tectonic

lithospheric plates come

=

(accumulations of volcanic rock through the e

LN

activity (breaking and bending of the Eam
together)

) 4
. Alpine Chains ‘
e Active mountain-belts ?-&:Nnaw zones along continental margins
(examples: circum-Pacificebelt around VPacific basin, Eurasian-Indonesian belt)

*« Mountain-belts that lie o ore fr continents are called Island Arcs
..

. Continental Shiel
st is composed of comparativ ely inactive regions

under whi Ider rock

igne@us andjmetamorphic rocks
. ental shields are either exposed Precambrian age rocks (greater then 570

million years old) consisting of low hills and plateaus
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» Large areas of continental shields are covered by younger sedimentary rocks
(covered shields) that accumulate on the continental shields when sea levels were

higher during the past 570 million years

P
{ ~
. Mountain Roots N ‘_“""‘
+« Remains of old mountain belts lie within the shields in maﬁlac N

* They are mostly composed of Paleozoic rocks (rang in aﬁétwe,n‘S?O and
245 million years old) and Mesozoic rocks (range in am Zvﬁnd 66 million

d metam hosed)
MBritish Isles and

Scandinavian (formed during the early Paleozoic; 4Q0
Provinces of Canada and New England {for

years old) that have been intensely bent and fold

« Examples: The Caledonian Highlands acr
lion years ago), Maritime

ring the late Paleozoic; 250

million years ago) ‘ ‘ ) 4
. The Ocean Basins
* Ocean crust consists alfost entire salt (thinly covered by sediments)

e Compared to the contir‘tal crust,(on average over a billion years old) the ocean
crust is much yodhger (les 00 million years old, on average less than 60

million years old)

e A is characterized by a central structure that divides the basin
eo in half(a midocean ridge)
. idoceamidges consist of submarine hills that rise gradually to a rugged central
he highest point along the ridge; the axial rift)
. The Ocean Basin Floor

« Abyssal plains on either side of midoceanic ridges are deep (average depth of

5000 m below sea level) plains coated with fine sediment
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. Continental Margins
 Continental margins are of two types
* Active continental margin found where either a subduction zone or ?iﬁn.sform fault
coincides with continent-ocean interface, e g. Andean and JapanAcoMargin
P oo T |
are systems. Z J
et
 Passive continental margin occur along the edges of opgnirMn bis‘ﬁ like the
Atlantic basin. Such margins are characterized by r‘lmmal tec&yﬁnd igneous

activity.
Active Margin Continental Margins Rifts V
VOLClANICS__

1

LITHOSPHERE

Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114

Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vpmclasses@yahoo.com /info@vpmclasses.com

Page 4




eVl VPM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

» Continental margins are narrow zones in which oceanic lithosphere is in contact
with continental lithosphere

* The continental rise is the region where the ocean floor begins to rise as it

N

approaches the continental margin f‘A‘
» The continental slope is the region where the ocean floor steepem
V a

T

» The continental shelf , at the top of the continental slope, ’ls“lgen{lx‘slogmgkglon
some 120 to 160 km wide with an average water depth ofiSOw \) =
P N

» There are two types of continental margins 1) passwe‘ and 2= acti /
iC oleanic activity (North
;sins)
« The Pacific ocean basin continental margins are charagterized by mountain belts
or island arcs with offshore deep ocean trm hs between 7,000 to 11,000
m)

+ Deep ocean trenches mar ’tw\da) tween two lithospheric plates being
force together

. Oceanic Crust and tinent |XJS'[

Earth’s relatively

 Passive continental margins are not subject to

and South Atlantic Ocean basins, Indian and An

solid ¢ e portion of the lithosphere that interfaces with

the ocean, atmosp cryosphere, and biosphere. The crust beneath the ocean

EARTH M IALS
composing the crust are classified as igneous, sedimentary, or metamorphic
base the general environmental conditions in which the rock formed.

» Cooling and crystallization of hot molten magma produces igneous rock.

Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114

Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vpmclasses@yahoo.com /info@vpmclasses.com

Page 5




eVl VPM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

« Magma may remain within the crust and cool slowly forming coarse-grained
igneous rock such as granite or

* It may spew onto Earth’s surface as lava through vents or fractures in bedrock and
solidify rapidly forming fine-grained igneous rock such as basalt or‘glﬁgy material

such as obsidian. i

'S

TR

» Sedimentary rock may be composed of any one or a combination of hcommcted

and cemented fragments of rock and mineral grains, par&sﬂly bo%d‘remalns
of dead plants and animals (e.g. shells, skeletons), add mineralSSpregfpitated from
solution. e T

xpvgto high pressure,

intense heat, and chemically active fluids—conditions that gxist in geologically active

mountain belts. m
» Marble is a common metamorphic rock forméd by’the metamorphism of limestone

(CaCO?) and quartzite is a ver able m rphlc rock formed b metamorphism

* A rock is metamorphosed (changed in for

of sandstone (mostly SlO

» Continental crust is stly gra |t; a coarse-grained rock rich in minerals

containing silica am alumin

» Oceanic crust, is tly basalt, a fine-grained rock rich in minerals containing iron
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450 E
Average land elevation — 3.000 .§ N
. 838 m (2750 ft) E P N
T T 0 |
™ i =
- Average ocean depth — 1,500 N l
"x_\ 3800 m (12500 ft) [pn E ‘.\ |
____________ ) A seili=of 4 \) A
Continents and B 4500 F 4
continental 0
margins Ocean basins &,000 ) 4
— 40.7% 'i £8.3% ¢
T I T T
1] 20 40 60 &0 100
Percent

Fig.3 Hypsographic curve of Earth’s suWe relative distribution of

ocean and land.
ROCK CYCLE

 Surface and internal geo?i‘i%se? sform rock from one type to another

in the rock cycle .

‘ e
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{rTirusscm,
A iunlon

l,
:
5
:
E
|

ig.4 Rock Cycle
heock™eycle, rocks and their component minerals are continually

example. Physical and chemical weathering processes fragment an
mass that is exposed to the atmosphere into sediments which are
ently transported by running water and deposited in a lowlying basin.

* In time, the accumulated sediments compact and are cemented together as they

gradually convert to sedimentary rock.
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 The mounting weight of the continually accumulating sediments forces the
sedimentary rock to greater depths within the crust.
e Temperature and confining pressure increase with depth so that the rock is

eventually metamorphosed, that is, recrystallized into metamorphic rogke,

» At some depth in the subsurface, the temperature is so high that terhlc
P o

N . l
A B
» The magma may subsequently migrate upward anngirthwﬁhl the crust,

rock melts into magma. y 4

and then cool and crystallize into igneous rock, therebyﬁletiank cycle.
. Ocean Bottom Profile _—_ y
» Ocean depth varies markedly from one place ta.anot \)
* Over large areas water depth is less than 200 m (650 ft); i other areas the water is
as deep as 11,000 m (36,000 ft).
 Average ocean depth is about 3800 m (12, ft). »

* The vertical cross-sectional ile of the n bottom, includes the continental
margin and ocean basin. )

* In places the ocean bottom is ne rw|at and essentlally featureless whereas in
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3,000 3500 4000 4500 5000
Disterc e (Km)

FIG : 5 Cross-sectional profile of the continenta d Scean bottom with the

vertical scale greatly exaggerated.
» Seaward from there to a depth of about BW ft) the water depth increases
) 4
much more rapidly with distancemfshore. &
[“fr

* Then a relatively narrow z IS nsitic? om the steep slope of the previous
zone to the more-or-less flat ocean ba

* The initial, gently sloping®zone is the continental shelf;
» The second, mm‘steeply i one is the continental slope; and

* The third transitio

ion is the continental rise.

e, and rise together comprise the continental margin.

ins have a varied topography featuring deep trenches, sea mounts, and
ntain ranges.

of the ocean bottom (about 42%) is comprised of plains and low hills, most

rising N® more than about 100 m (330 ft) above the plain.
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* Blanketed with sediments that tend to smooth out any irregularities in the bedrock
below, abyssal plains and abyssal hills are typical of ocean basin topography—apart
from the 23% of the ocean bottom that is covered by ridge systems.

N
{ ~N
. Plate Tectonics and Ocean Basin Features N | W
» The most prominent features of the ocean basins, includigg trenches an; mid-
. _ e
ocean ridge systems, are products of tectonic stresses. N o s "\ X

« All plates, except the Pacific, include parts of continenfs as well asieceén basins.
. - : . ) 4

e Mountain building and most volcanic activity es take place at

boundaries between plates, many of which occ e ocean basins or

along their margins.

PLATE TECTONICS m

e QOceanic plates (5 to 10 km th) are com&ativ’ely thin compared to continental
plates (40 km thick) \ )

Plate Motions and Interac@ y

* Oceanic plates spread Wmidoceanic ridges

+ Asthe plates p art creating a gap, magma from the mantle rise to fill it

* The upwelling (which produces new ocean floor) forces the oceanic

plates other the midoceanic ridge apart in opposite directions and is

. usually results in subduction of one plate beneath another that forms a
convergent plate boundary

* Oceanic trenches mark to location of one plate subducting beneath another plate
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 The subducting plate (oceanic crust) sinks under its own weight into the
asthenosphere where it becomes heated and is eventually melted

* Melting of the subducted oceanic crust produces magma which progressively
rises through the overlying crust to form plutonic magma chambeis\%eneath the
surface of the crust or volcanoes if the reach the surface of the crgst“_w__“"‘

* Where two plates come in contact with one another andlgimplxside past one

anther in different directions, the boundary between tﬁe MIS kho‘ﬁ/n as a

transform boundary ‘l ‘Y/

em; :oi?/, ‘and these belts

e r types of seismic
boundaries, distinguished by their .epicenter distribution and geological
characteristics &

(A) Ocean ridges. (B) Subductlons Zones (C) ansfarm faults (D) Collisional Zones.

. The Global System of herlc

Earthquakes occur along rather narrow belts o

mark boundaries between Lithosphere plates.

e The lithosphere is bro en into si plates crustal plates and nine smaller

crustal plates
. Subduction T

¢ Subduction along.c

nICS e

erging plate boundaries produces zones of intense tectonic

assive continental margins) into mountain belts
e This process is known as orogenesis (mountain build through tectonic

compression)
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* Impacts of volcanic arcs with continents causes the sedimentary strata deposited

along the former passive continental margin to be folded and thrusted up into
mountain belts

* Volcanic terrain, originally associated with the island arc, eventuayy-ggts thrusted

up onto the larger continental mass N ‘_“"“
A — 3
7z - 4
A —
— \ X
A “ )
Accreted Terrains of Western North Americd, %7

ey, S
f terrains ’erived from other

Y

« Western North America consists of a nu

locations in the Pacific Ocean basin

rican continent during the

* The collision of each of these terrains wi e Nort
last 100 million years resulted in the foldi g thrusting up of the western

Cordillera (Rocky Mountains) 4

. a from the mantle fills the widening rift valley forcing the plates apart (this is

the beginning of a divergent or spreading plate boundary)
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* The widening rift valley eventually fills with water and a new ocean basin, with a
mid oceanic ridge is born (resulting in the breakup of a continent) example: the Rift
Valley in East Africa is breaking East Africa away from the main African continent)
. Continents of the Past {A\

* In 1915, Alfred Wegener (a Swiss Climatologist) after (m}fwlobal
distribution and shape of the continents on maps sugge,s&;(d tha‘t all@lnajor
continents of the present day Earth were once joir;e}‘foM ‘as\)oﬁe super
continent he called Pangaea (all the land) " i V4

) 4
e This has been shown to be true and since the time o ngaea, 245 million years
ago, the process of continental rupture, similar efr"day scenario in East

Africa, has divided the continents and moved them to their present locations
. DIVERGENT PLATE BOUNDARTM

) 4
« Ocean ridges ‘ &
» Ocean ridges are charac?{d thquakes limited to axial rift zones.

» These earthquakes are generally s magnitude, commonly occur in swarms

and appear to be associated with intrusion and extrusion of basaltic magmas.
» The ocean basin‘have ma iefeversal natural.

ONVERGENT PLATE BOUNDARIES)

known’as the seismic zone or Benioff zones, dips at moderate to steep
ends in some instances to the 670 Km. seismic discontinuity.

orm faults produce large structural discontinuities, and in some cases

structural and topographic breaks known as fracture zones are left on the ocean

floor.
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 Fracture zones include ridge-ridge transform faults and their aseismic extensions
and the transforms faults may or may not be active.

* Collisional zones

» Deformational zones associated with collisional boundaries are widespread, as

exemplified by the India-Asia boundary which extend for at Ieaft Wnorth
. P o T |

east of the Himalayas. y AN |

hrust fault mechani lly domi he st ine, sudh as th
» Thrust fault mechanisms generally dominate near t efutw : %J as the

indus culture in the Himalayas. Strike-slip faulting is comimon'in th&%vesfiding plate.
S

. Characteristics of continental rift
 Rifts may narrow, and long \)
» Associated with domal uplifts, 1
* Crustal thinning under the rift system m
* High heat flow in rift system ‘

NA S

ve towar. e another, they create a convergent plate

« Witk downward transport of rock and sediment, a deep elongated depression
(trench) forms on the ocean floor.
» Temperature and confining pressure increase with depth within Earth’s interior so

that a plate is heated and compressed as it descends into the mantle. « « Also, the
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friction of plates grinding past one another generates heat and earthquakes. (This is
the origin of almost all sunami-generating earthquakes.) « « At depths approaching
80 km (50 mi), the subducting plate begins to melt into magma, which migrates
upward toward Earth’s surface and contributes to mountain buildinw explosive

volcanic eruptions. (The eruptions of Mount St. Helens and MOUWO are

TR

)
recent examples.) V4 3 J

=N e
« Whereas new lithosphere forms at divergent plate @'uﬁv&‘lit osSphere is
destroyed by being incorporated into the mantle in suldduction chonvergent

plate boundaries. A, =
)

) 4
s

mple, the islands of Japan are part of a volcanic island arc with the Sea of
Japan on the continental side and a trench on the Pacific Ocean side. « At the

convergent plate boundary just off the west coast of South America, the Nazca plate
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subducts under the South American plate, producing the offshore Peru-Chile
Trench, which is 5900 km (3660 mi) long, 100 km (62 mi) wide, and more than 8000
m (26,300 ft) deep.

» Associated with subduction of the Nazca plate is the Andes, a pror?a\ogt mountain
range including many volcanoes forming the backbone of South ﬁme“
* TRANSFORM PLATE BOUNDARIES v |

N y
» Adjacent plates that slide laterally past one another &ré

e e
t?arffd?m plate
y 4

boundary. , O

* Although crust is neither created nor destroyed ries are generally

free of volcanic activity, slippage can deform rock and guakes.
» The San Andreas Fault of California, site of frequent eafthquakes, occurs along a
transform plate boundary where the Pac (catrying a piece of California)

slides toward the northwest, past ‘t(he North AYericavr plate.

sformyplate boundary is often the site of shallow earthquakes
ONVECTION AND SEA LEVEL

ection causes vertical (up and down) movements of the continents

anied by apparent changes in sea level.
» For example, in southern Africa, an expansive plateau about 1600 km (1000 mi)

across and almost 1600 m (5200 ft) high has been slowly rising over the past 100

million years.
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» Geologists do not attribute this vertical motion to tectonic activity—the region has
been tectonically inactive for 400 million years or so.

« Rather, a hot mushroom-shaped mass (a superplume) several kilometers across
ascending within the underlying mantle is pushing the plateau upW?and as the

plateau rises, sea level falls. R —
HYDROTHERMAL VENTS /’\\ N )

A S

» The hydrothermal vents are more common and associated W‘Mrthreéc‘gtegorles

V4
of divergent plate boundaries (fastspreading, @-spreﬂg gvnd ultraslow

spreading).
avét of the mid-ocean

source of some dissolved

» Evidence of hydrothermal venting has been re

ridge system at intervals of less than 200 (125 mi).

+ Hydrothermal activity on the ocean M
constituents of seawater althouXthe princiﬂso&ce is suspended and dissolved
substances delivered to the ocea rivers ‘ang streams

* Hydrothermal vents are mm }mmunltles of exotic marine organisms,

including bacteria, crabs, ‘rlmp mufs s, starfish, and tubeworms.
* One type of tube&orm fou Galapagos area of the Pacific Ocean floor may

iIson cycle consists of six stages: embryonic, juvenile, mature, declining,

terminal, and suturing.
» The cycle begins because thick continental crust does not conduct heat as readily

as thinner oceanic crust.
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* A supercontinent that remains in one location for hundreds of millions of years acts
like a blanket, retarding heat flow from Earth’s interior.

* This causes the mantle beneath the supercontinent to warm.

» As the underlying mantle warms, it expands, elevating the overlyin Sentinent and
stretching the continental crust. L N——

s SR
« Convection currents in the mantle also contribute to this stretching and eve}ually

)
(

the crust fractures, forming a rift valley. A’ _s A\ Y
— . - O &
* With rifting of the continental crust, the broken sides ‘rise Wa kilometer
\—-‘ ,Y

enclosing a valley that often fills with fresh water. _—_
« In East Africa, long, deep lakes now occupy nattow ri IIB*}
 Rift valleys gradually widen and eventually connect to the ocean and the
freshwater lakes become narrow saline gul

» The divergent plate boundary widens andiadditional oceanic crust is generated

signaling the mature stage of t ilson cycle.
» Today, the Atlantic is a mature*oce ithgeologically passive margins.

¢ Subduction becomes re widespread around the border of the ocean basin

during the declininxstage n cycle.

subduction as continents from opposite sides of the ocean basin bear down on one

a and eventually collide.
* These events signal the final two stages of the Wilson cycle: the terminal and

suturing stages.
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* In the terminal stage, the continents are not yet touching but subduction of the
intervening oceanic crust causes a narrowing of the sea separating the continents.

* The two colliding continental crusts, being less dense than the oceanic crust, do
not subduct but rather override one another causing uplift and mountwilding.

» Collision of the continents squeezes out the intervening (lceWuses
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FIGURE : 8 A simplified model of the Wilson cycle, showing the formation and closing of an
ocean basin.
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