Q3. Discuss the concept of Continental Drift and Pangaea

Short overview. Continental drift is the hypothesis that the continents are mobile and have
changed position relative to one another through geological time. Pangaea is the name given to
the Late Palaeozoic—Early Mesozoic supercontinent in which most of the Earth’s continental crust
was assembled. Alfred Wegener first synthesized the data and proposed continental drift; later
development of plate-tectonic theory and discovery of seafloor spreading provided the physical
mechanism that completed the picture.

(a) Explain Alfred Wegener's theory of continental drift. (4 marks)

Alfred Wegener (early 20th century) proposed that continents are not fixed but drift slowly over the
Earth’s surface. His central propositions were: (1) continents fit together like pieces of a jigsaw
(most famously Africa and South America), (2) continents had once formed a single gigantic
landmass (which he termed Urkontinent and later was popularized as Pangaea) and subsequently
broke apart, and (3) many modern biogeographic, stratigraphic and paleoclimatic observations are
best explained if continents were formerly juxtaposed.

Wegener marshalled several lines of evidence to support his theory:

e Geometric fit: The complementary continental margins (especially when the true continental
shelf edge is considered) show a striking fit (e.g., west Africa vs east South America).

e Geological continuity: Matching lithologic belts, stratigraphic sequences and concordant
orogenic belts (for example, the Appalachian—Caledonian—-Hercynian belt continuity between
eastern North America and northwestern Europe) indicate former contiguity.

e Paleoclimatic indicators: Permo—Carboniferous tillites and glacial striations occur across South
America, Africa, India, Antarctica and Australia implying a common high-latitude glacial center;
coals of similar age appear in regions now in temperate/polar latitudes, indicating former
different latitudes.

e Paleontological evidence: Identical or closely related fossil floras and faunas occur on now
widely separated continents (e.g., Glossopteris, Mesosaurus, Lystrosaurus), implying past land
connections that permitted dispersal.

Wegener proposed that continents moved as coherent plates across the Earth’s surface. He
attempted to suggest mechanisms (centrifugal forces, tidal drag) to drive motion, but these forces
were inadequate quantitatively; lack of a convincing driving mechanism was the main scientific
criticism of his hypothesis at the time. Wegener's work was therefore widely debated and not
generally accepted until mid-20th century evidences (seafloor spreading, paleomagnetism,
subduction) provided a viable geodynamic framework.

(b) Discuss the formation and breakup of Pangaea with supporting evidence. (3 marks)

Formation (assembly). Pangaea assembled during the late Palaeozoic through collision of major
continental blocks. Through the Devonian—Carboniferous—Permian, closure of intervening oceans
(e.g. Rheic, lapetus) by convergent motions welded together Laurussia (Euramerica) and Gondwana
by a series of orogenic events (Caledonian/Acadian, Variscan/Hercynian) producing a contiguous
supercontinent by Late Carboniferous—Permian time (assembly largely complete by ~335-300 Ma).



Breakup. Pangaea began to fragment in the Early Mesozoic. Rifting initiated in the Triassic—Early
Jurassic (~230-180 Ma) producing the first major seaways and eventually separating the
supercontinent into Laurasia (northern block) and Gondwana (southern block). Continued rifting
and seafloor spreading through the Jurassic—Cretaceous opened the Atlantic and Indian Oceans
and led to progressive dispersal of continental fragments (South America—Africa separation, India’s
northward drift, breakup of Gondwana into Africa, South America, Antarctica, India and Australia).

Supporting evidence for both assembly and breakup:

e Orogenic correlations: Matching orogenic belts and structural trends across now-separated
margins indicate former collisional sutures (e.g., continuity of Appalachian—Caledonian belts).

e Paleomagnetism and apparent polar wander: Paleomagnetic data produce apparent polar
wander paths for different continents that converge when continents are restored to Pangaean
configurations, indicating relative motion and consistent palaeolatitudinal shifts.

e Seafloor magnetic anomalies & age pattern: The discovery of symmetric magnetic striping
and age-progressive seafloor on both sides of mid-ocean ridges (Vine-Matthews—-Morley
hypothesis) demonstrated seafloor spreading and quantified the timing and rates of ocean
opening—providing a concrete mechanism (creation of oceanic lithosphere) for Pangaea'’s
breakup.

e Stratigraphic and faunal continuity: Matching sedimentary sequences and fossil assemblages
across conjugate margins that are explained by former proximity.

Mechanistically, breakup is commonly initiated by intraplate extensional stresses often associated
with mantle upwelling or plume impingement (thermo-mechanical weakening) that produce rift
systems, followed by continental breakup and oceanic crust formation at spreading centers.
Subduction and slab dynamics later control closing of basins and continental collisions.

(c) Describe paleontological evidence for continental drift. (3 marks)
Paleontology provided some of Wegener's most persuasive evidence. Key examples:

e Glossopteris flora: A seed-fern flora dominated by the genus Glossopteris is abundant in
Permo—Carboniferous strata of South America, Africa, India, Antarctica and Australia. The
distribution of this distinctive flora (with seeds and reproductive structures unlikely to disperse
across wide oceans) strongly implies contiguous landmasses of southern continents
(Gondwana) during the Permian.

e Maesosaurus: Mesosaurus is a small freshwater reptile found in Early Permian sediments of both
eastern South America (Brazil/Uruguay) and southwestern Africa (Namibia/South Africa). Its
strictly freshwater ecology makes long-distance oceanic dispersal improbable, implying these
regions were once joined or separated only by narrow water barriers.

e Lystrosaurus and Cynognathus: Triassic terrestrial vertebrates such as Lystrosaurus (a
burrowing herbivorous therapsid) are found in Africa, India and Antarctica; Cynognathus is
recorded in South America and Africa. Their broad but discontinuous distributions are best
explained by contiguous continental land bridges during the late Permian—early Triassic.

e Shared fossil assemblages and biogeographic provinces: Beyond individual taxa, whole
assemblages (flora and fauna) and palaeobiogeographic provinces show affinities across
current ocean basins that map coherently onto Pangaean reconstructions.



Interpretive note and limitations: While fossil distributions are compelling, alternate mechanisms
(long-distance rafting, island-hopping) can explain some dispersals for certain taxa but are
insufficient for the totality of the observed patterns—especially for freshwater and low-dispersal
organisms and for congruent faunal/floral patterns that coincide with geological and paleoclimatic
signals. Later corroboration by paleomagnetism and seafloor-spreading data strengthened the
inference that paleontological affinities reflect past continental juxtaposition rather than
improbable dispersal.

Concluding synthesis. Wegener's continental-drift hypothesis synthesized multiple independent
observations into a coherent model: continents were once joined and subsequently dispersed. The
Pangaea concept—its assembly and fragmentation—provides the palaesogeographic framework for
understanding Earth’s palaeoclimate, biogeography and orogenic history. The eventual integration
of Wegener's ideas into plate-tectonic theory (seafloor spreading, subduction, mantle convection)
supplied a robust physical mechanism and quantitative framework that elevated continental drift
from hypothesis to a cornerstone of modern geoscience.



