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A\

In the previous chapter. you have studied the
interior of the earth. You are already familiar
with the world map. You know that continents
cover 29 per cent of the surdace of the earth
and the remainder 1s under oveanie waters.
The positions of the continents and the ocean
bodies, as we see thiem In the map, have not
been the same in the pasi. Moreover. 1L 1B now
a well-accepled facl thal ocenns and
continents will not continue to enjoy their
present pasitions in times to come. I this is
50, the gquestion arises what were thetr postttons
i the past? Why and how do they change thetr
posttions? Even if 1t 1s true that the continents
and oceans have changed and are changing
thetr posttions, yvou may wontder as to how
sctenittsts know this, How have they determined
thetr carlier posttions? You will find the answers
to some of these and related questions tn this
chapter,

Costmesta. Dt

Observe the shape of the coastline of the Atlantic
Orean. You will be surprised by the synunetry
af the eoastiines on etther side of the ocean. No
wonder, many scientists thought of this
stmilanty and considered the possibility of the
two Amentcas, Europe and Africa, to be once
Jomned together. From the kEnovwn records of the
histary of sctence, It was Abraham Orleliis, a
Buteh map maker. who first proposed such a
possibility as early as 1596, Anlonio Pellegrini
drew a map showing the: three continenis (ogether.
However, 1t was Alfred Wegener—a German
metemmologist who put forth a comprehenstve
argumerl in the form of “the continenital drift
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theory” th 1912 This was regarding Lhe
distribution of the oveans and the contindnls.

According to Wegener, all the continents
formed a single continental mass and mega
ocean suwmounded the same. The super
continent was named PANGAEA, which meant
all earth. The mega-ocean was called
PANTHALASSA. meaning all water. He argued
that. sroumd 200 millitn years ago, the super
continent. Pangaen, began tosphit. Pamgiwes st
broke into; two large continental masses as
Lanrasta and Gondwanaland forming the
northern and southern components
respectively. Subsequently, Laurasta and
Gondwanaland continued to break mto varous
smaller continents that exist today. A vanety of
evidence was offered in support of the
continiezital diill Som ol these are given below.

Evidence in Support of the Continental Drift

The Maichirig of Coniinesits (Jig-Sove-Fit)

The shorelities of Africa and South America
facting each other have a remarkable arid
unrmistikable matceh, It may be noted that a
map produced using a computer programime
to fimxl the best it of the Atlantic margin was
presented by Bullard it 1964, It proved to be
quite perfect. The match was tried at 1,000-
Ethom lne instead of the present shoteline.

Rocks of Same Age Across the Oceans

The radiometric dating methods developed i1n
the recent peniod have Bctlitated commelating the
rodk formmation from different continents acmoss
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the vast ocean. The belt of anclent rocks of
2,000 millton years from Brazl coast matches
with those from western Aftica. The earliest
marine deposits along the coastiine of South
America and Afnica are of the Jurassic age.
This suggests that the ocean did not exist prior
to that time.

Tillite

It 1= the sedimentary rock formed out of
depostts of glicters. The Condawana system
of sediments frmm ndia 1= known o have ils
counterparts in sty different landnasses of the
Southern Hemisphere. At the base, the sysiem
has thick ttlltte mndicating extensive and
prolonged glaciation. Counterparts of this
succession are found tn Africa, Falkland Istand,
Madagascar, Antarctica and Ausiralia. Overall
mesemblance of the Gondawana-type sedimernts
clearly demonsiFates that these landmasses
had remarkably similar histones. The glactal
tillite provides unambliguous evidence of
palacociimates anid alsoof drilling of continents.

Placer Deposits

Theoccurr:nce of rch placer deposits of gold
in the Ghana coastand the absoliule absence
af source rock In the region 1san amazing fact.
The gold beartng velns are in Brazil and 1t 1s
obvious that the gold deposits of the Ghana
are derived rom the Brazil plateav when the
two coritinents Iy side by side,

Distribution of Fossils

When identical species of plants and antmals
adapted to lving on land or m freshi water are
found on either side of the martne barriers. a
prablem anses regarding accountng or suchi
distribution. The observatlons that Lemurs
ocour in India, Madagasecar and Africa led some
{0 consider a eorltigucus lanidmass "Lemuria’
linking these three landmasses. Mesosauras
was a small reptile adapled to shallow brackish
witler, The skeletons of thiese are found ornily
in two localities: the Southemn Cape provinee
of SBouth Afrtea and lraver formations of Bradl.
The two locltties are presently 4,800 km apart
with an poean in between them.
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Force for Drifting

Wegener sugagested that the movement
responsibie for the drifting of the continents
wits Cansed by pole-fleeny foroe and tdal foroe.
The polar-fleeing force relates to the rotatlon
of the carth. You are aware of the et that the
earth Is not s perfect sphere; It has a bulge at
the equator. This bulge s due to the rotation
of the earth. The second foree that was
suggested by Wegener — the tidal foroe — 1=
due to the attraction of the moeon and the sun
thiat develops Hdes in occanic waters, Wegeney
belleved that these forces wonld become
efleetive when applied over many milllor years.
However, most of scholars consldered these
lorces 1o 'be tolally Inadequale:

Post-drift Studles

It 15 interesting to note that for continental drify,
miast of the evidence was collected from the
continental areas in the form of distribution of
Nora and fauna or deposits, ke dilite. A
number of discoveries during the post-World
War Il period added new information to
geologieal ternture. Particularly. the
Information collected rom the ocean {loor
mapping provided new dimensions for the
study of distribution of ooeans and continents.

Conecticnal Creremd Theary

Arthhur Holmes in 1930s discassed the
possibility of cotivection currernits operatng in
the mantle portton. These currents are
penerated due to radioactve clement= causing
thermal differences in the mantle portion.
Holmes argued that there exisis a system of
such currenis in the entire mantle portion. This
was an attempt to provide an explanation to
the i1ssue of foree. on the basis of which
confempeorary sclentists discarded the
eoantimental drft theory.

Mapping of the Ocean Floor

Detalled research of the ocean confidguration
revealed that the ocean {loor 15 nol just a vast
platn bt 1115 fudl of relief. Expeditions to map

the opeanic floor i the post-World War 1l period
provided a detatled pioture of the ocean rellef

andd Indicated the existence ol submerged
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mountain ranges as well as deep trenches.
mosily located closer io the continent margins.
The mid-ooeanic ridges were found to be most
active In terms of volcanic erupbons. The dating
of the rocks from the oceanic crast revenled
the fact that they are much younger than the
continental areas. Rocks om elther stde of the
crest of oceanic fidges and having equi-distant
locattons from the crest were found to have
remarkable simitarities both in terms of their
constituents and their age.

Ocean Floor Configuration

In this sectiom we shall note a few things related
to the ocean floor configuration that help us in
the understanding of the distribution of
continents and oceans, You will be studying
the detalls of peean floor relief tn Chapter
i3. The ocean floor may be segmented tnto
three major divistons hased on the depth
as well as the forms of relief. These divisions
are continental margins, deep-sea basins and
mid-ocean nidges.
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Coniinenial Margins

These form the transition between coritinental
shores and decp-sea basins, They inclade
contnental shell, continenital slope. continental
risc and desp-oceanic trenches. Of these, the
deep-oceanic trenches are the wreaswiuch are
of considerable Interest 1 so far as the
distributlon of oceans and continents 1s
contered.
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Abyssal Plains

These are exiensive plafiys thal lle bolween the
continental margins and mid-oceanic rdges.
The abyssal plains are the areas where the
contins=ntal sediments that move bevond the

margins gei deposited.
Mid-Oceanic Ridges

This forms an Interconnected chaln of
moumtain system within the ocean. It is the
longest moumnialn-cham on Lhe surface of the
earth though submerged under the oceanic
walers. It 1s charactertsed by a central rifi
system-at the crest, a mctomted pliteay and
(nk zome all along 1ts length. The rift system
at the crest 18 the zone of ntense voleanic
activity. In the previons chapter. you have been
introduced to this type of volcanoes as mid-

Distribution of Earthquakes and Volcanoces

Study the maps showing the distribution of
selsmio activity and volcanoes given (o Figure
4.2, You will notice a line of dots i the central
paris of the Atlantic Ocean almosl parallel to
the eoastiines. 1t further extends into the Indian
Oeean. [t bifirrcates a e south of the Indlan
subcontinent with one branch moving nto
East Africa and the other meeting a stmblar line
from Myammar to New Gotana. You will notice
that this line of dots cometdes with the mid-
oceanle ridges. The shaded bell showing
another ares of concentration cotncides with
the Alptne-Himalayan system and the rim of
the Pactftc Ocean. In general, the foct of the
earthguake in the areas of mid-oceanic ridges
are at shallow depths whereas along the
Alptne-Himalayan belt as well as the rim of the
Pacific. the earthquakes are decp-seated ones.
The map of volcanoes also shows a stmilar
pattern. The nim of the Pactfic 1s also called rim
of fire due 1o the exasterice of active voleanoes
this are=L

Concerr oF SEa FLoor SPREADING

As mentioned above, e post-drift stodies
provided constderable hifonmation thal was 'not
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Figure 4. 2 : Distribution of earthquakes and volcanoes

avallable at the ome Wegener put forth lus

concept of continental drift. Particularly. the

mapping of the ocean floorand palacomagnetic
studies of rocks from oceante reglons revealed
the following [aots :

(1 It was realised that all along the mid-
oceante ridges. volecamce eruplions are
commaon and they bring huge amounts of
lava to the surface in this area:

f) The rocks equidistant on elther sides of the
crest of mid-oceanic ridges show
remarkahle simifarities in terms of period
of formation. chemical composttions and
magnetic properties. Rocks closer to the
mtd-oceanic ridges have normal polarity
and are the youngest. The age of the rocks
increases as one moves away from the
est

{itf] The ocean crast tocks are much younger
than the continental ocks. The apge of rocks
m the oceanic crust s nowhere more than
200 mittlion yvears old. Some of the continental
rock formations are as old as 3200 milton
Vs

v} The sediments on the ocean oot dai=
unexpectadly very thin. Sclentlsts were
expecting. If the ocean oors were as old
as the continent. o have a complete
sequence of sediments [or a perfod of mech
longer duration. However. nowhere was the
sediment column found to be older than
200 miflion years.

The deep trenches have deep-seated
earthguake oeccurrences while in the mid-
oceanic ridge areas, the quake foct have
ahallow depths.

These facts and a detatled analysts of magnetic
properties of the rocks on either stdes of the
miid-oceante ridee led Hess (196 1) o propose
his hypothests, known as the “sea floor
spreading”. Hess argued that constant
eruptions il the crest of oceanic ridges canse
thie rupture of the oceanie crust and the new
lava weddes mtao I, pushing the oceanic cmst
on either stde. The ocean fleor, thus sprcads.
The younger age of the oceanie erust as well
as the fact that the spreading of one ocean does
nod canse the shimnking of the other, made Hess
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think about the consumption of the oceanic
crust. He further maintatned that the ocean
floor that gets pushed due to veleanic
eruptions at the crest, sinks down at the
oceanic trenches and gels consumed.

“The bastc conoept of sea floor spreading hias
been depieted tn Flgure 4.3,
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Figure 4. 3 : Sea floor spresding
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Stnee the advent of the convepl of sea ooy
spreading. the imterest tn the problem of
distribution of oceans and continents was
revivedl Itwasn 1967, MoKenzte and Parker
and also Morgan. thdependently collected the

“ayvallable ldeas and came out with another
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Figure 4.4: Position of continents through geologieal past
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concept termed Plate Tectonies. A tectonle
plate [also called Nthospheric plate) s a
massive. irregularly-shaped slab of solid rock.
generally composed of both continental aned
oreantc thosphere. Plates move hortzomtally
over thie ;ast_hmuspﬁtzt 5 rigld umits. The
hthosphere includes the crast and top mantle
with its thickness range varying beiween
5 and 100 km tn oceamie parts and about 200
km in the continental areas. A plate may be
relermed to as the continental plale or oceanlc
plate depending on which of the two ootupy a
larger portion of the plate, Pacific piate 1s
largely an oceande piate whereas the Eumastan
piate may be called a continental plate. The
theory of plate teclonles proposes that the
carily's lithasphere s dividezl into seven major
and some minor plates. Youny Fold Mountain
ridges, Irenches, and /or [aullts surmound thiese
major plates (Fuygure 4.5). The major plates
are as follows

FUSDBAMERTALS OF PHYSICAL GEDMGHATHY

I Antarctica and the sumounding
oceanic plate

Il North American (with western Atlantic
floor separated from the South American
plate along the Carntbbean 1slands) plate

Il South American with western Atlantie
floar separated from the North Ainerican
plate along the Carbbean Isiands) plate

IV Paciiic plate

V  india-Australla-New Zealand plate

V1 Africa with the castern Atlanue floor plate

VI Eurasts and the adfacent oteanie plate.
Sorne irmportant minor plales ane listed boelow:

i} Cocos plale : Hetween Central Amierica
and Pacific plate

) Nazea plate : Between South Anierica
and Paclfic plate

() Arabian plofe : Mostly the Saudt Amblan
landmass

(vl Phitippine plate: Between the Astatic and
Pactfic plate

1 L 1 ] ] 1]
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Figure 4.5 : Major and minor plates of the world
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vl ECzmaline plate : Between the Philippine
=nd Indisn plate [Noiih of New Guined]
over the globe throughout the history of the
earth. 15 mot the continent that moves 25
believed v Wegsmer. Continents sre paErtaf a
piate and what movesis the piate: Maregver, (¢
miay be moted that a1l the ylﬁiﬂé. withigut
exception. bave moved in the geolodical past
arsd shall continue tomove in the futtore aswel
‘Wegener had thought of sll the continents to
bave inftaily existed a5 a suger coohinent in
the form of Panga=a However, later discoveries
reveal that the conbnental messes, resting on
the plates. have-been warndering sl therongh the
geciogical peciod, and Pm:r.gﬁz—*n was aresult of
converging of different confinental massss that
were parts of one or the other platss. Scientists
using the palssommgnstic data have debrmmined
the positions Meld by edch of the @m=sentl
continental bmdmass in different geologial
pericds [Fig 4.4}, Position: of the Indiay sub-
continent mostly Peninsular India) is traced
with the b2l of the tocks snalysed froth the
There are thnee types of plate boundariss!
Divergent Houndsriss
Where new crust is genernied as the plaies pulb
awsy rom ezch other The sites where the
plates move away from each sother are called
spreading sites. The best-known example of
gifver et boumidanes is the Mid-Atisntic Ridde.
Atthiz the American Plateis) is/ars separated.
from the Enrasizn and African Plstes,

Convergent Boundaries

Where the crustis destroyved as one plate dived
under annther, The Iocation whsre sinking of
e plate oeours is called = spbducfion zome.
There grs three ways Imwinch CORVEIREDCE CE0O
ocrure Thess are: (i Detwsen an ocesmic and
continental plate; [ii] betwesn two oceanic
plates, ‘@nd i) bebween two  comtinentkal
piates,
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Transform Beoundariss

Where the cagst is oeither produecsd mox
destroyed as the plates slids honrmontally past
earh gther, Transform Gulis ars the planes of
sEpaTwtiam grrerely perpendicning o the pid-
aceanie rjidges. As the etupHans dp not take
all alonyg the entire crest at the same time. there
{4 a differemtial movement of a pertsn of the
piate dvway Eom the'a=is of the €arth. Alse, the
motation of the =atth hez | et oo the
:T;E_E[‘-!.léﬂ.bh}{"_b of th= plate portions

How do you think the rate of plage
movement 5 detepminesd™

Batss _l:rf Plate Movement

TheStrips of nenmal and reverse magnetse field
thimt parallel the mid-oceanic ridges help
scigntists determine the rates of plate
movemment. Thess rates vary considerably. The
Aretic Ridge Has= the slowest rate [leasthan 26
cm_-"'}'r],-ﬁd. the East Pacific Riss neas Easter
[sland, m the South Pacific about 3,400 lan
west of Chile, has the Gstest rate {more than
15 om /7.

Force for the Platz Movement

At the Hime that Wegdener propesed his theory
of contimentsl droft. most scientists believed
that the earth was a-=elif, motdsnli=ss body.
Howrever, concepts of sed Hdor spreading and
the unmifisd theory of piate Ectomics have
and the interior ere oot static and motionless
but are dynawic. The fact that the plates move
is now a well-accepted fart The mobile rock
bBeneath the fAdgid plates is beHeved to be
moving fn a ciroulss manmer. The-heated
material rises to the surfice. spreads and
begins tocool. and then sinksback inte desper
deptins, This eywle Isepested onerand ovex to
gener=te what scientists call a convecticn ol
ar camvechve Bow, Hest wathio the earth comes
ffom twomein sanrees: radiesctive decsy and
residus] hest Actliur Holmes first considersd

224 25°
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thisidea 1 the 1930s_ which Tater mifuenced
Harry Hess' tlunking about seafloor spreading.
The slow movement of hot, softened mantle
that Hes below the rigd plates is the driving
foroe belitnd the plate movementL.

MoveEMesT oF TEE Inpian Prate

The Indtan plate mehades Peninsular India
and the Australlan continental portions: The
subducton zane along the Himdlayas (orms
the northern plate boundary In the form of
cortinent— contiren conergence. In the east,
It extenids throngh Rakinyoma Mourmtalns of
Myanmar towards the lsland are along the
Java Trench., The eastern margin Is a
spreading site ving to the east of Australia in
the form of an oceante ridge tn SW Pactiic. The

Western margin lollows Kirthar Mountain of

Pakistan. It further extends along the Makrana
coast and joins the spreading site fram the
Redd Sea dit southeastward alang the Chagos
Archipelage, The boundary between ndia
and the Antarctie plate 1s alse marked by
oceanie ridge {divergenl boundary) running
in roughly W-E directton and merging into the
spreading site, a lttle south of New Zealand.

Inctn was 4 large sland sttusted off the
Austraban coast. in a vast ocean. The Tethys
Sen separaied it from the Astan continent till
about 225 million years ago, India is supposed
to have started her northward Jjowsney about
20 miitton years agoat the time when Pangaca
broke. Indta collided with Asia abouf 40-50
mitlion years ago cansing rapid uplifi of the
Himalayas: The posttions of India since about
71 milon years till the present are shown in
the Figure 4.6. It also shows the position of
the Indian subconunent and the Eurasian
plate.. About 10 milllon yvears belore Lhie
present. the subcontinent was localed as
sonth as BO'S: latttude. The two major plates
were separated by the Tethvs Sea and the
Tibetan blodk was closer (o the Asiatle
landmass. Dartne the movement of the Indian

FUSDBAMERTALS OF PHYSICAL GEDMGHATHY
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Figure 4.6 : Movement of the Indism pilate

plate towarnds the Eumsian pliate, a major event
that occurred was the sutpouring of lava and
formation of the Deéccan Traps. This started
somewhere around 60 million years ago and
continued for a long pertod of tme. Note that
thie suboontinent was still close to the equator.
From 40 million vears ago and thereafter, the
event of formation of the Himalavas took place.
Scilenlists believe that the process 1s sitll
continuing and the hetght of the Fimalavas s
rising even to this date.
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. EXERCISES

1. Muluple cholee questions.

(1) “‘Who amongst the ollowing was (he firsl lo considor the possibility of

L

(ii1)

vl

tvi

Eurvpe. Adricn k] America hiving been locsiled side by side.
{a) Alfred Wegemer el Abmhbam COrtclius

b} Amtonio Pellegrinl ff) Edmoned Tess

Polor Oecing foree refules Loz

{a) Revolution of the Earth {cl Hotation of the earth

(b} Gravitotiomn () Tides

Which oor of the ollowing i= nol a minor plate?
faa) Ny e} Philippines
(b} Arabin (el Antmrolion

Which one of the following faclts was nol considered by those while
discussing the coneepl ol sea Doce spivading? 1

fz1l -'!u_'fult:tn'l'-:: artivity alomg the mid-ocemile ridgs.
(b} Stripes= of normnl and feverse magnetie/ eld obseesed in rooks o oeran
oo, ' .

o) Distribmlion of fonsils ﬁl_r.H.f{rn.rm crniinemts,
[d) Agie of rocks frm the oioemry foon

Which ane of the lollowing is the l.‘l{rl* al plate houmdary of the Indian plite
dlong 1He Flimalayoon mounbsinis '

fa) Oecan-continent copyergenee

(b} Divergent boursdary

{c) Transform boundary

e} Contiment - ponllnent cottvergenee

2. Answer the following guestions o abom 30 wiornds,

(i)
L)

fiv)

What were the forces suggested by Wegener lor the movemnent of the
con linents?

How are the conventional currents in the mamie nitkated and maintzned?

‘Whal s (he nudor difference between: (He trunsdorm boundary and the

convergcrl of, diverpent boundaries of plates?

Whial wiis the docation of the Idim kodmoss duringg (e formation of Uhe
Deecan Traps?

3. Answer tho following questions tn ahout 150 words.

i
()

(i)

What are the evidences in support of the continental doft theary?

Bring s@bout the buasic dilference between the drifl theory and Plate
tectonics.

Whal were e major post-drifl discoveries (hot rejuvenated Uhe interest
af scientisis-in the study of distribution of oceans ond continents?

Project Work
Prepare o colinge melated vo domnges coused by an eanthgunke.



