Supercontinent cycle

Plate Reconstruction



Supercontinent cycle

from an exploration point of view
and
Conceptualization of earth’s
evolution history






THE SUPERCONTINENT CYCLE

While Wegener's view that continental drift
happens ultimately proved correct, his view
that drift only happened after the breakup of
Pangaea was just part of the story.

Tuzo Wilson, a Canadian geophysicist, noted
that formation of the Appalachian-Caledonide
Orogen involved closure of an ocean.
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Thus, there must have been another ocean
(not the Atlantic) on the east side of North
America before the formation of Pangaea.

Wilson envisioned a cycle of tectonic
activity in which an ocean basin:

e opens by rifting,

« grows by seafloor spreading,

 closes by subduction, and disappears
during collision and supercontinent
formation



And, further, that more than one such cycle
has happened during Earth history. The
successive stages of:

e rifting,

e seafloor spreading,
e convergence,

e collision,

 rifting,

recorded In a single mountain range came to
be called the Wilson cycle.



Because of the Wilson cycle, we cannot
find oceanic lithosphere older than about
200 Ma on Earth-

It has all been subducted.

Very old continental crust, however, can
remain because it's too buoyant to be
subducted; that's why we can still find
Archean rocks on continents.



Eventually, geologists realized that Wilson
cycles were part of a global succession of
events leading to:

e formation of a supercontinent,

e breakup of a supercontinent,

e dispersal of continents, and

 reassembly of continents into a new
supercontinent.

This succession of events has come to be
known as the supercontinent cycle (Figure
14.24).



At various times in the past, continental
movements and collisions have produced
supercontinents, which lasted for tens of
millions of years before eventually rifting
apart.

The geologic record shows that a
supercontinent, Pangaea, had formed by
the end of the Paleozoic (-250 Ma), only to
disperse in the Mesozoic.



Similarly, a supercontinent formed at the
end of the Precambrian (1.1 Ga, called
Rodinia),

only to disperse at about 900 Ma to form a
new supercontinent, Panotia,

which itself broke up about 600 Ma (i.e., at
the beginning of the Paleozoic).



And there Is growing evidence that
supercontinents also formed even earlier
In Earth history.

Thus, It seems that supercontinents have
formed, broken up, formed, and broken up
at roughly 200-500 m.y. intervals.



Modeling suggests that the
supercontinent cycle may be related to
long-term convection patterns In the
mantle.

n these models, relative motion between
plates at any given time-the "details" of
olate kinematics-is determined by ridge-
oush and slab-pull forces.




But over long periods of time (about 200-
500 m.y.), continents tend to accumulate
over a zone of major mantle downwelling to
form a supercontinent (Figure 14.18).

However, supercontinents don't last
forever;

once a supercontinent forms, the thermal
structure of the mantle beneath it changes.



This change happens because a
supercontinent acts like a giant insulator
that does not allow heat to escape from the
mantle.

Over 80% of the Earth's Iinternal heat
escapes at mid-ocean ridges, where
seawater circulating through the hot crust
and upper mantle cools the lithosphere
much like a coolant cools an automobile
engine;



however, within the area of a
supercontinent, there are no ridges, so
heat cannot easily be lost.

As a consequence, the mantle beneath the
supercontinent eventually heats up, and
can no longer be a region of downwelling.



When this happens, a new downwelling zone
develops elsewhere, and hot asthenosphere
must begin to upwell beneath the
supercontinent.

Upwelling causes the continental
lithosphere of the supercontinent to heat up
and weaken.

Ultimately, the supercontinent rifts apart into
smaller continents separated by new
oceans.



If the supercontinent-cycle model works,
then we can say that Earth is currently in the
dispersal stage of the cycle.

During the next 200 million years, the
assembly stage will begin and the floors of
the Atlantic and Pacific Oceans will be

subducted.

After a series of collisions, the continents
will once again coalesce to form a new
supercontinent.
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SUPERCONTINENTS

Supercontinents result when separate
continental plates collide with each other In
a general process known as suturing.

Pangea — the youngest of Earth's
supercontinents — was preceded by an
older supercontinent generally known as
Rodinia (Russian for “motherland”).



It had grown out an earlier cycle of
continental suturing at about 1.3 billion
years (Ga) and

entered a time of rifting, and fragmentation
starting between ca. 800 and 550 Ma.

Those and other fragments collided to
became Pangea (around 250 Ma).



NEOPROTEROZOIC RIFTING
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Fig. 1. The “traditional’ model of Rodinia adopted from Dalziel (1997) and Torsvik et al. (1996). The model posits two rifting events,
the present-day western margin of Laurentia sometime between 800 and 700 Ma, and a second along the present-day eastern
Laurentia between 600 and 550 Ma.



As Rodinia was being rifted apart at ca 750
Ma — along what Is now the western
margin of North America — some of Iits
fragments were coming together 100
million years later in a collisional belt
across what is now eastern Africa.

Therefore, Pangea was already starting to
form while Rodinia was breaking up!
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Fig. 1. The ‘traditional’ model of Rodinia adopted from Dalziel (1997) and Torsvik et al. {1996). The model posits two rifting events, one alon

the present-day western margin of Laurentia sometime between 800 and 700 Ma, and a second along the present-day eastern margin of

Laurentia between 600 and 550 Ma.

Is there a problem here? In the Rodinia map, rifting along
the eastern side of Laurentia (now North America) is said
to have occurred between 600 and 550 Ma, thus forming
an ocean basin. Yet in the Pangea map of ca. 220 Ma
there is no open ocean along the eastern edge of North

America — only a continental orogenic belt. ??7???
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Fig. 1. The ‘traditional’ model of Rodinia adopted from Dalziel (1997) and Torsvik et al. (1996). The model posits two rifting events, one along
the present-day western margin of Laurentia sometime between 800 and 700 Ma, and a second along the present-day eastern margin of
Laurentia between 600 and 550 Ma.

WAS AN EARLY OCEAN (IAPETUS) THAT OPENED BETWEEN 600
AND 500 MA, LATER CLOSED BY 220 MA? ... AND THEN RE-
OPENED AGAIN WITH THE BREAKUP OF PANGEA? THAT WAS A
QUESTION ASKED BY J. TUZO WILSON IN 1966






The Making and Unmaking
of Supercontinents ....




The Wilson Cycle
and Supercontinents

The geography of the Earth and its varied
environments has been changing slowly but
continuously for hundreds of millions of
years.

The driving force for that slow change is the
motion of the Earth's lithospheric plates.



A Wilson Cycle




While 1t seems remarkable that the
continents are actually in constant motion,

what Is more remarkable Is the strong
evidence suggesting that all continents were
once joined In a single land mass that
subsequently broke apart.



Not only that, but over the billions of years
of the Earth's geologic history,

the union of the continents and their
breakup is actually a repeating process the
Wilson cycle that has occurred half a
dozen times or more.




The Wilson cycle bears the name of the
distinguished Canadian geophysicist Prof.
J. Tuzo Wilson of the University of Toronto.

He made important new discoveries and
Interpretations that helped lead to a full-
blown theory of plate tectonics.



By the time he formulated his theory, all of
the parts were known:

e continental rupture to start the opening
of a new ocean basin,

 plate subduction to generate island
arcs, and

e collisions to weld continents together.



Using all of these separate lithospheric
activities, Wilson forged a logical time
chain of plate tectonic events, and

It quickly gained wide acceptance as the
Wilson cycle.



The Wilson cycle can best be appreciated by
use of a cartoonlike presentation of the
essential elements of plate tectonics.

These elements are shown arranged
throughout six stages and are listed with
references to text diagrams and examples
found on the planet today.

This ideal cycle requires some 300 to 500 my
to complete.



ow the Supercontinent Cycle Works
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PASSIVE MARGIN INTERIOREOCEAN

BREAKUP OF A SUPERCONTINENT results in the birth of interior oceans like the
present Atlantic (left). Inward-facing margins of the separating continents are tec-
tonically stable; undisturbed sediments collect along the margins, recording this
period of relative placidity (above). Passive margin sediments continue to collect

until the continents reach their maximum dispersal.
—-subgugtion *T

ISLAND ARC

MAXIMUM DISPERSAL of the continents occurs when the interior oceans are about
200 million years old. Then the oldest parts of the interior oceans begin to sink, or
subduct, into the earth (left). Subduction generates magma that fuels volcanoes in
the overlying continent. Subduction can take place in the exterior ocean at the
same time, forming island arcs that lag behind the continental plates (above).
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CONTINENTAL COLLISIONS happen after the interior oceans are consumed. Colli-
sions create interior mountain belts and broad areas of intense deformation, uplift
and erosion (left). Subduction zones occur around the margin of the superconti-
nent, leading to widespread peripheral volcanism. Island arcs may be swept in
from the exterior ocean and accreted ﬁo the edges of the supercontinent (above).
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NEXT SUPERCONTINENT BREAKUP results from thermal and rotational forces. Ex-
terior subduction continues where the continental margin is roughly perpendicu-
lar to the direction of its motion (left figure, top). Transform, or sideways, faults
appear where the motion of the plate is nearly parallel to the orientation of the
margin (left figure, bottom). Passive margin sediments resume collecting (above).

The Wilson Cycle (fter 1. 8.

Murphy and R. D. Nance, Scientific
American, April 1992)
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BREAKUP OF A SUPERCONTINENT results in the birth of interior oceans like the
present Atlantic (left). Inward-facing margins of the separating continents are tec-
tonically stable; undisturbed sediments collect along the margins, recording this
period of relative placidity (above). Passive margin sediments continue to collect
until the continents reach their maximum dispersal.
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MAXIMUM DISPERSAL of the continents occurs when the interior oceans are about
200 million years old. Then the oldest parts of the interior oceans begin to sink, or
subduct, into the earth (left). Subduction generates magma that fuels volcanoes in
the overlying continent. Subduction can take place in the exterior ocean at the
same time, forming island arcs that lag behind the continental plates (above).

CONTINENTAL COLLISIONS happen after the interior oceans are consumed. Colli-
sions create interior mountain belts and broad areas of intense deformation, uplift
and erosion (left). Subduction zones occur around the margin of the superconti-
nent, leading to widespread peripheral volcanism. Island arcs may be swept in
from the exterior ocean and accreted ﬁo the edges of the supercontinent (above).
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NEXT SUPERCONTINENT BREAKUP results from thermal and rotational forces. Ex-
terior subduction continues where the continental margin is roughly perpendicu-
lar to the direction of its motion (left figure, top). Transform, or sideways, faults
appear where the motion of the plate is nearly parallel to the orientation of the
margin (left figure, bottom). Passive margin sediments resume collecting (above).

The Wilson Cycle (after 1. 8.

Murphy and R. D. Nance, Scientific
American, April 1992)

These diagrams can be much too
simple. For example, in
the first “rifting” diagram the
“interior ocean” doesn’ t have to
close by “subduction”.

The spreading ocean can continue
to spread so that the rifted
continental fragments may come
together in a “collision”
on the other side of planet Earth!
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Stage 1. Embryonic ocean basin. The Red Sea
separating the Arabian Peninsula from Africa is
an active example.

Stage 2. Young ocean basin. The Labrador
Basin, a branch of the North Atlantic lying

between La
example of t

Stage 3. O
Includes all

nrador and Greenland, 1s a fair
nis stage.

d ocean basin. (Figure 12.19c.)
of the vast expanse of the North

and South Atlantic oceans and the Antarctic
Ocean. Passive margin sedimentary wedges
have become wide and thick.



QOceanic

Embryonic basin lithosphere

Stage 1 \ i
Continental ] T
lithosphere @ H m
Stage 2 Young basin
m N aiiisy SEHimi | >
Stage 3 Passive margin Oldbasis

?ﬁﬁ.ﬂaaammmuuma-mui T T I T

&=




Stage 4a. The ocean basin begins to close
as continental plates collide with it. New
subduction boundaries begin to form.

Stage 4Db. Island arcs have risen and grown
Into great volcanic island chains. These are
found surrounding the Pacific plate, with
the Aleutian arc as a fine example.
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Stage 5. Closing continues.

Formation of new subduction margins
close to the continents is followed by arc-
continent collisions. The Japanese Islands
represent this stage.



Stage 6. The ocean basin has finally
closed with a collision orogen forming a
continental suture. The Himalayan orogen
IS a fine recent example, with activity
continuing today.
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Note that the continent of the final stage is
wider than the continent of the first stage
because of the additional continental
lithosphere formed during the intervening
collisions.

This Is how continents can grow over
geologic time.



Our stage diagrams show a single
continent splitting Into two continents,
then rejoining to form one.

Suppose that over the entire globe several
continents are splitting apart and reclosing
at about the same time.

Expanding on this idea, imagine that these
fragments become detached from a single
world continent that can be called a
supercontinent.



Several powerful lines of evidence show that
a supercontinent actually came into
existence, starting about 200 million years
ago. Called Pangea.

Good evidence has now been found that an
earlier supercontinent, dubbed Rodinia, was
fully formed about 700 million years ago
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Supercontinent cycle Schematic

diagram of the supercontinent cycle in

three phases. A pattern of wiggly dashes

shows collision orogens that accumulate
around and between the orginal
continents. (From Plate Tectonics,
copyright © 1998 by Arthur N. Strahler.
Used by permission.)
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It consisted of early representatives of the
same continents that later made up Pangea.

Rodinia broke apart, and its fragments were
carried away In different directions.

Then they reversed their motions and headed
back toward a common center, where many
continent-continent collisions bonded them
together by sutures to comprise Pangea.

Some interesting evidence has also pointed
to the former existence of a supercontinent
even older than Rodinia.



The illustration above presents the
supercontinent cycle as a loop with three
stages,

1. Analogous to Stages 1-3 of the Wilson
cycle is the dispersal phase,

2. followed by a convergence phase that
corresponds to Wilson stages 4 through 6.



The cycle ends In a complete new
supercontinent. Many new collision
orogens are formed between the original
continental fragments.

Given, say, 3000 million years ago (Middle
Archean time) as the first occurrence of a
full-blown supercontinent cycle, there
could have been some 6 to 10 such cycles.



The hypothesis of a time cycle of
supercontinents, repeating the Wilson cycle
over and over again, now holds its place as
the basic theme of the geologic evolution of
our planet.









Eastern breakup of Rodinia

&
%

Figure 3. The Rio de La Plata and Amazon cratons rifting away from Laurentia
(ancestral North America).
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Figure 4. The closing of the lapetus ocean culminates with the collision of
Laurentia and the African part of Gondwana.



Did the Atlantic Ocean

Close and Reopen?



2005 GSA PRESIDENTIAL ADDRESS

Tectonic inheritance at a continental margin

William A. Thomas, Department of Geological Sciences, University of Kentucky,
Lexington, Kentucky 40506-0053, USA, geowat@uky.edu

INTRODUCTION

Forty years ago, the eastern margin
of North America inspired Tuzo Wilson
(1966) to ask, “Did the Atlantic close and
then re-open?” The Wilson cycle of clos-
ing and opening of ocean basins incor-
porates the cyclic assembly and breakup
of supercontinents. Alternate processes of
extension and compression of continental
margins suggest an important potential for
tectonic inheritance and overprinting.

Now, we recognize a succession of
two complete Wilson cycles in eastern
North America: closing of an ocean and
assembly of the Rodinia supercontinent,
breakup of Rodinia and opening of the
lapetus Ocean, closing of Iapetus and
assembly of the Pangaea supercontinent,
and breakup of Pangaea and opening of
the Atlantic Ocean (Fig. 1). ’ x

FEBERUARY 2006, G5A TODAY



Yes! Twice!
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The continents have changed shapes and positions
throughout geologic time! This is a reconstruction of the




The continents have changed shapes and positions throughout geologic
time! This is areconstruction of the supercontinent Pangea
as it may have looked in Permian time.

i
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PANGEA — AN IMPROVEMENT OVER WEGENER







Beginning in the Triassic around 230-220
million years ago, Pangea began to split up







The process was complicated in space and in time.
for example, the Atlantic Ocean opened in 3 stages:
Jurassic Cretaceous, and Tertiary




The process was complicated in space and in time.
for example, the Atlantic Ocean opened in 3 stages:
Jurassic Cretaceous, and Tertiary




The process was complicated in space and in time.
for example, the Atlantic Ocean opened in 3 stages:
Jurassic Cretaceous and Tertiary




How could JUST the middle Atlantic open?




This way! By transform fault zones as shown ...
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The process of the splitting up of Pangea continues
to this day in the Red Sea, Gulf of Aden, and

East Africa.
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East African
rift system
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Mid-
Atlantic

As the plates move
apart the rising hot
plastic mantle beneath
the ridges begins to
melt — producing not
just mafic (basaltic)
volcanoes, but the
mafic oceanic crust
they sit on. For the
Atlantic this process
began 180 million years
ago.
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The break-up of Pangea created three new rifted
ocean basins — the Atlantic, the Arctic, and Indian

LI AT 2003

and so what happened to the pre-existing Pacific
Ocean?
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oy What is now the central Atlantic
& % Ocean was not present in Triassic
stime, but was well developed by th
#  Middle Jurassic. Study of this
region tells us much about
© the continental rifting process fol
i aSan * this example of continental breaku

Triassic
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Thank you


















Super Continents

From Greg Davis






SUPERCONTINENTS

Supercontinents result when separate
continental plates collide with each other In
a general process known as suturing.

Pangea — the youngest of Earth's
supercontinents — was preceded by an
older supercontinent generally known as
Rodinia (Russian for “motherland”).



It had grown out an earlier cycle of
continental suturing at about 1.3 billion
years (Ga) and

entered a time of rifting, and fragmentation
starting between ca. 800 and 550 Ma.

Those and other fragments collided to
became Pangea.



NEOPROTEROZOIC RIFTING

sins CAI\/I BRIAN
RIFTING

P =2 =002

Fig. 1. The “traditional’ model of Rodinia adopted from Dalziel (1997) and Torsvik et al. (1996). The model posits two rifting events,
the present-day western margin of Laurentia sometime between 800 and 700 Ma, and a second along the present-day eastern
Laurentia between 600 and 550 Ma.



As Rodinia was being rifted apart at ca 750
Ma — along what Is now the western
margin of North America — some of Iits
fragments were coming together 100
million years later in a collisional belt
across what is now eastern Africa.

Therefore, Pangea was already starting to
form while Rodinia was breaking up!
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Fig. 1. The ‘traditional’ model of Rodinia adopted from Dalziel (1997) and Torsvik et al. {1996). The model posits two rifting events, one alon

the present-day western margin of Laurentia sometime between 800 and 700 Ma, and a second along the present-day eastern margin of

Laurentia between 600 and 550 Ma.

Is there a problem here? In the Rodinia map, rifting along
the eastern side of Laurentia (now North America) is said
to have occurred between 600 and 550 Ma, thus forming
an ocean basin. Yet in the Pangea map of ca. 220 Ma
there is no open ocean along the eastern edge of North

America — only a continental orogenic belt. ??7???



PANGEA
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oy

R
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Fig. 1. The ‘traditional’ model of Rodinia adopted from Dalziel (1997) and Torsvik et al. (1996). The model posits two rifting events, one along
the present-day western margin of Laurentia sometime between 800 and 700 Ma, and a second along the present-day eastern margin of
Laurentia between 600 and 550 Ma.

WAS AN EARLY OCEAN (IAPETUS) THAT OPENED BETWEEN 600
AND 500 MA, LATER CLOSED BY 220 MA? ... AND THEN RE-
OPENED AGAIN WITH THE BREAKUP OF PANGEA? THAT WAS A
QUESTION ASKED BY J. TUZO WILSON IN 1966






The Wilson Cycle (after

J. B. Murphy and R. D. Nance,
Scientific American, April 1992)

GOOGLE:

James Wilson’ s Cycle
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The Wilson Cycle (after

J. B. Murphy and R. D. Nance,
Scientific American, April 1992)

GOOGLE:

James Wilson’ s Cycle
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ow the Supercontinent Cycle Works

<« [I1Hn —

PASSIVE MARGIN INTERIOREOCEAN

BREAKUP OF A SUPERCONTINENT results in the birth of interior oceans like the
present Atlantic (left). Inward-facing margins of the separating continents are tec-
tonically stable; undisturbed sediments collect along the margins, recording this
period of relative placidity (above). Passive margin sediments continue to collect

until the continents reach their maximum dispersal.
—-subgugtion *T

ISLAND ARC

MAXIMUM DISPERSAL of the continents occurs when the interior oceans are about
200 million years old. Then the oldest parts of the interior oceans begin to sink, or
subduct, into the earth (left). Subduction generates magma that fuels volcanoes in
the overlying continent. Subduction can take place in the exterior ocean at the
same time, forming island arcs that lag behind the continental plates (above).

—_— %}ML& ——

CONTINENTAL COLLISIONS happen after the interior oceans are consumed. Colli-
sions create interior mountain belts and broad areas of intense deformation, uplift
and erosion (left). Subduction zones occur around the margin of the superconti-
nent, leading to widespread peripheral volcanism. Island arcs may be swept in
from the exterior ocean and accreted ﬁo the edges of the supercontinent (above).

— rlpAssll\Q r\gnsw S

NEXT SUPERCONTINENT BREAKUP results from thermal and rotational forces. Ex-
terior subduction continues where the continental margin is roughly perpendicu-
lar to the direction of its motion (left figure, top). Transform, or sideways, faults
appear where the motion of the plate is nearly parallel to the orientation of the
margin (left figure, bottom). Passive margin sediments resume collecting (above).

The Wilson Cycle (fter 1. 8.

Murphy and R. D. Nance, Scientific
American, April 1992)
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BREAKUP OF A SUPERCONTINENT results in the birth of interior oceans like the
present Atlantic (left). Inward-facing margins of the separating continents are tec-
tonically stable; undisturbed sediments collect along the margins, recording this
period of relative placidity (above). Passive margin sediments continue to collect
until the continents reach their maximum dispersal.

ISLAND ARC
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MAXIMUM DISPERSAL of the continents occurs when the interior oceans are about
200 million years old. Then the oldest parts of the interior oceans begin to sink, or
subduct, into the earth (left). Subduction generates magma that fuels volcanoes in
the overlying continent. Subduction can take place in the exterior ocean at the
same time, forming island arcs that lag behind the continental plates (above).

CONTINENTAL COLLISIONS happen after the interior oceans are consumed. Colli-
sions create interior mountain belts and broad areas of intense deformation, uplift
and erosion (left). Subduction zones occur around the margin of the superconti-
nent, leading to widespread peripheral volcanism. Island arcs may be swept in
from the exterior ocean and accreted ﬁo the edges of the supercontinent (above).
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NEXT SUPERCONTINENT BREAKUP results from thermal and rotational forces. Ex-
terior subduction continues where the continental margin is roughly perpendicu-
lar to the direction of its motion (left figure, top). Transform, or sideways, faults
appear where the motion of the plate is nearly parallel to the orientation of the
margin (left figure, bottom). Passive margin sediments resume collecting (above).

The Wilson Cycle (after 1. 8.

Murphy and R. D. Nance, Scientific
American, April 1992)

These diagrams can be much too
simple. For example, in
the first “rifting” diagram the
“interior ocean” doesn’ t have to
close by “subduction”.

The spreading ocean can continue
to spread so that the rifted
continental fragments may come
together in a “collision”
on the other side of planet Earth!




Did the Atlantic Ocean

Close and Reopen?



2005 GSA PRESIDENTIAL ADDRESS

Tectonic inheritance at a continental margin

William A. Thomas, Department of Geological Sciences, University of Kentucky,
Lexington, Kentucky 40506-0053, USA, geowat@uky.edu

INTRODUCTION

Forty years ago, the eastern margin
of North America inspired Tuzo Wilson
(1966) to ask, “Did the Atlantic close and
then re-open?” The Wilson cycle of clos-
ing and opening of ocean basins incor-
porates the cyclic assembly and breakup
of supercontinents. Alternate processes of
extension and compression of continental
margins suggest an important potential for
tectonic inheritance and overprinting.

Now, we recognize a succession of
two complete Wilson cycles in eastern
North America: closing of an ocean and
assembly of the Rodinia supercontinent,
breakup of Rodinia and opening of the
lapetus Ocean, closing of Iapetus and
assembly of the Pangaea supercontinent,
and breakup of Pangaea and opening of
the Atlantic Ocean (Fig. 1). ’ x
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Yes! Twice!
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The continents have changed shapes and positions
throughout geologic time! This is a reconstruction of the




The continents have changed shapes and positions throughout geologic
time! This is areconstruction of the supercontinent Pangea
as it may have looked in Permian time.
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PANGEA — AN IMPROVEMENT OVER WEGENER

——
3






Beginning in the Triassic around 230-220
million years ago, Pangea began to split up







The process was complicated in space and in time.
for example, the Atlantic Ocean opened in 3 stages:
Jurassic Cretaceous, and Tertiary




The process was complicated in space and in time.
for example, the Atlantic Ocean opened in 3 stages:
Jurassic Cretaceous, and Tertiary




The process was complicated in space and in time.
for example, the Atlantic Ocean opened in 3 stages:
Jurassic Cretaceous and Tertiary







This way! By transform fault zones as shown ...




RIFTING




Broad, distributed
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The process of the splitting up of Pangea continues
to this day in the Red Sea, Gulf of Aden,

East Africa.




CONTINENTAL
RIFTING IN
PROGRESS
FROM
NORTH
TO

SOUTH
WITH



'r-r-r' Junctions

in Africa (after
Burke & Whit'mn

Fig. 3. The continent of Africa
Is thought to have been split
by a series of rift valleys in
various states of
development. Those in East
Africa are still in thick crust.
Those in West Africa are
associated with thick oil-
bearing sediments. In the
Red Sea area the rifting has
gone so far as to form a
narrow ocean. In the south-
east Madagascar has been
completely separated from
Africa by rifting.



Crustal Age K i

| :
Fos T
e ok - &
| it "y, e - E
¥r P L
[
I ; l'."allu":'- R S

B e el

Cra TRl Peba oo

FOr o -0 s ard Gl 1 s e Tratine

i
N e R TR Y B R Y EE: LG R EL L s TR E L 1 e
Million ¥ears B, P.

D by B v s Tagte dga e ol 1 Oeoer P ® iy bl Tear, Sopee Cabegun o Toban, 2o reowsen ol e Ta? Dmaaiie 5300



East African
rift system
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Mid-
Atlantic

As the plates move
apart the rising hot
plastic mantle beneath
the ridges begins to
melt — producing not
just mafic (basaltic)
volcanoes, but the
mafic oceanic crust
they sit on. For the
Atlantic this process
began 180 million years
ago.
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The break-up of Pangea created three new rifted
ocean basins — the Atlantic, the Arctic, and Indian

LI AT 2003

and so what happened to the pre-existing Pacific
Ocean?
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oy What is now the central Atlantic
& % Ocean was not present in Triassic
stime, but was well developed by th
#  Middle Jurassic. Study of this
region tells us much about
© the continental rifting process fol
i aSan * this example of continental breaku

Triassic
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WERE THERE
PRE-EXISTING
LITHOSPHERIC
CONTROLS ON

CENTRAL ATLANTIC
RIFTING?






—~_4 NEOPROT. GRENVILLE OROGEN
<4 CAMBRIAN CONTINENTAL RIFTING
EARLY TO LATE PZ CONT’ L COLLISIONS
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North Atlantic Paleozoic orogenic belts and younger
Atlantic rift zones (heavy black lines)

T 7
- S
| 1 Early ic orogen

| \ g\z

~\
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/ T
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7
< = W
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/ C. Doglionii, 1995, Tectonophysics, v. 252, p. 253-67

Fig. 6. This map shows the distribution of the Paleozoic collisional belts, namely Variscan (or Hercynian) and Caledonian, and the trace of
the later Atlantic or Tethyan rifting which strictly followed the pre-existing lithospheric thickening due to the orogens (modified aftel
Bemoulli and Lemoine, 1980). This observation shows that the lithospheric thickness directly controls the location of rift zones.



EARLY TRIASSIC
240 MY
(R. BLAKEY)
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WERE THERE
PRE-EXISTING
LITHOSPHERIC
CONTROLS ON

SOUTH ATLANTIC RIFTING?



Early Cretaceous Plate Reconstruction

Early Cretaceous
After Scotese, 2006







The Mid-Atlantic Ridge,(MAR) has the general geometry of
the initial Cretaceg#s continental rift of about 120 Mybp

SEASAT Satell3€ Image over the Atlantic Ocean

L e,

P .__--H"‘." ]

Fracture
zones appear
to offset the
MAR, but they
do not. They
formed when
the initial rift

had offsets
along it




Were there
pre-rifting
lithospheric
controls in the
South Atlantic?
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Were there
pre-rifting
lithospheric
controls in the
South Atlantic?

- Fguatorial Fracture = : AT
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The rifted margin cuts
across huge
Neoproterozoic
ductile shear zones
(as seen in Brazil).

The Borborema j .
dextral shear - M
zone



Active (Leading Edge) Continental Marg
[convergent, ie. subduction, zones]

A

Passive (Trailing Edge) Continental Margins
[original rifted continental margins)




Obviously, all continent-ocean boundaries are NOT plate boundaries.

EARTHQUAKES

Map showing locations of earthquake epicenters
recorded between 1960-1990 of magnitudes 4.0-7.0 (>7, 1897-1990)
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The Two Basic Types of Continental Margins

(Like the U5, West Coast) (Like the U5, East Coast)
Active Margin Passive Margin
(whive sigisdiuctenn and voleaniam oogiur] |adjgcant by wiaire seatkonr spreaading oooers|
LEADING EDGE TRAILING EDGE

Subduction Zone Seaflocs Spreading

—
44
F———— |

Figure 19.4  Schematic view shawlng the provinees of the continental margin. Note that the shopes shown far the continental delf ind

continental stope are greatly evaggeraved. The continental shelf has an sverage sbope of one-tenth of one degree, while the commneneal
shope has less than s 10-degree slope
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passive margin sedimentary strata =

“continental terrace wedges” or “miogeoclines”



(€arly Chazyan)

. PALEOGE OGRAPHY

(e - oo

by Marshall Kay
Drawn éy Erwin Raisz_

o 'pal'inspastic base - Sinusoidal projection

o0 1000

S ]’liles
‘*\t

Seas with fin_)y and sandy
—— bottoms on miozmsznc[me.s

—=- Seas with botlon:s of argill-

2 aceous muds and volcanic
rocks on eugeosynclines




“GEOSYNCLINES” — A common geologic
or tectonic term in the earth science
literature that no longer has significance
and should be abandoned.

 Most mountain belts (Andes, Appalachians, Yanshan)
contain thick, deformed sequences of marine (ocean-
deposited) strata that were deposited in shallow water

* Most mountain belts also contain deep water marine
sedimentary strata, deformed mafic igneous rocks,

granitic plutons, metamorphic rocks
rll"\l' . ‘l ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ I:lﬂl\l‘”‘
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North American  ge—— GEOSYNCLINE _>
craton

Miﬂogeosynclme .Eugeosyncline

New Tork Seout Fermoni New Hamprhire Maine

Hedreocraton

shallow water
-1 sediments, no sediments, mafic
zweaosnene - OlCaNic rocks & silicic volcanics e

Kay: Geosynclines become orogenic mountain belts such
as the Alps & Appalachians when deformed by contraction



e ————-
The Appalachian “geosyncline”

MIOGEOSYNCLINE

CCARADRN VERRIGENCIUS DETRITUS BY CORVENTAONAL SVBOLS
CAMSSIAN WNCLUDES PIROCLASIILS 1N ERSTERY BELTS

CARBONATITE WITHOUT STWELS

—ALSERT AN
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ ANCES ETENDED e BONES OF LATER ST A TEN

L MIOGEOSYNCLINE

Kay’ s miogeosyncline was the North American Paleozoic
continental terrace wedge —> a miogeocline
Kay’ s eugeosyncline was never a separate basin, but was
the result of later subduction along the passive margin, the
deformation, metamorphism, and intrusion of the deeper
parts of the continental terrace wedge, and the addition of
oceanic crustal and mantle materials to the collisional zone




Students — if you are interested in learning
more about “geosynclines” and
“continental terrace wedges” the internet
reading below is a good summary of how
ideas evolved ...

http://www.uwsp.edu/geo/projects/geoweb/p
articipants/dutch/platetec/geosync.htm



http://www.uwsp.edu/geo/projects/geoweb/participants/dutch/platetec/geosync.htm

Robert Dietz (1966): the “geosynclines”of orogenic
belts start off as the shelf, slope, and rise sediments
of rifted continental margins

ey
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Fic. 1.—Simplified block diagram of the modern active continental terrace wedge or miogeocline off the eastern United States in the vicinity of Cape Hatteras,
Cretaceous and younger strata dip monoclinally scaward and thicken out at the continental slope. The wedge is laid down on a Lower Cretaceous peneplain, the
basement rocks presumably being composed of intrusives and metasediments of the crystalline Appalachian fold belt. Triassic basins filled with continental detri-
tus also presumably are present in this basement, so one is shown here for diagrammatic purposes. Data for the section have been adapted from Swain (1947),
Spangler (1950), Heezen, Tharp, and Ewing (1959), ;



Robert Dietz (1966): shallow water continental shelf
sedimentary strata have a wedge-like geometry and
should be called a miogeocline or a continental terrace

wedge.

X
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Extensional rift structure and rift basin sediments (including salt)
These rift basins form during the early extension of continental crust.



GRAVITY LOADING HYPOTHESIS (After Bott 1978)

'

T CONTINENTAL
Ef'""" GRS T ocean lithosphere
A ll;'v EIII}D km
erosion > sedimentation l
SEDIMENTS
B subsidence at the rifted margin: (1) weight

of sediments; (2) ocean lithosphere cools

l l

continental terrace wedge

C = miogeocline






SCHEMATIC CROSS SECTION OF PLATE
TECTONICS

convergent  transform divergent convergent boundaries

NOT TO SCALE SCHEMATIC CROSS SECTION OF PLATE TECTONICS

By ) 7] ey pum [T, ' Feor

E“Sﬁs @ Smithsonian Institution @ 1.5, Maval Research Laboratory
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Volatiles and melt rising /A

from subducted ocean plate



The deepest parts of the ocean are the ocean
trenches next to continents and arcs. They receive
sediment eroded

from the nearly land masses AND they receive
sediment deposited out in the oceans and carried
into the trenches on the tops of subducting plates.

WHAT HAPPENS TO THIS SEDIMENT?
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An oversimplified view of an accretionary prism or wedge
(both terms are used). Prisms typically grow by the addition
of sediment at their near-trench fronts, but they can also
grow from below by “underplating” of subducted materials
(sediments, sea-floor volcanoes, etc.)
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Fate of Sediment at Convergent Plate Margins: Summary

Volcano

ACCRETIONARY WEDGE (PRISM)

ACCRETED

Magma
INPUT OF ERISH Chamber
TRENCH SEDIMENTS SUBDUCTED
MATERIAL
UNDERPLATED
UNDERTHRUST SUBDUCTED
MATERIAL
MELTED and
UNDERPLATED
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Chiles accretionary prism, forearc, backstop

(with great vertical exaggeration)
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Line 745

This geometry of a Chilean subduction zone is closer to
1 reality, but still has a vertical exaggeration .. __
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The best example of what happens to sediments when
they enter an oceanic trench is the Nankai trough
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The accretionary wedge (prism) inland from the Nankai Trough
continues onshore at Shikoku island. This figure shows only that
part of the huge wedge that lies between the Trough and the island.
The V.E. is about 2x (V:H). Most of this wedge is Pliocene and
younger in age (< 6 Ma)! At a convergent rate of about 4 cm/year, this
adds about 40 km of material per million years (before internal shortening).
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The Nankai Trough subduction zone
(left) has been the site of numerous
tsunamigenic megathrust great (M8+)
earthquakes, most recently in 1944
and 1946. The red line shows the
location of a deep-penetrating seismic
reflection line (below) imaging the
plate boundary fault system. Tsunami
and earthquake inversion show that
co-seismic slip propagated to shallow
depth on the basal detachment and/
or mega-splay fault system in 1944.
In NanTroSEIZE, we plan for a series
of boreholes accessing this interface
at locations spanning the up-dip
aseismic to seismic slip transition.
Sampling, downhole experiments, and
long-term monitoring are planned.

Shikoku Basin.. s
(Phillipine Sea Plate). :

m Ba'[hymgtw (m)

-10000 -B0D0  -6000 4000  -2000

Depth (km)
w oo -4 o o -y w

Plate Interface
Kumano Forearc Basin Site and Mega-Splay Sites Input Sites
1 -
] NT3-01A NT2-03A NT2-02A NT1-01A02A 1

“(representative) |

liocene a .__d"*ymunger

] Faultdip () | i
10 g Accrettonary prlsm

b Cusersmlc slip gsetsmm) ——— i
Coseismic slip (tsunami) ————#

e S S : ) e i i34 e AT -.--"4..-."-3'. L i o o e 0 i s L 1

65 60 30 25 20 15 10 5 0 -5




Frontal out-of- E
Landward-dipping sequence 2
reflector zone Large thrust-slice zone thrust zone Imbricate thrust zone S
(LDRZ) (LTSZ) (00ST) (IT2) B | Trench [Shikoku
. - £ Basin
g L
£ e
o4 Site a
. 1178 Sit Site  Bo | Nankai N 2
14 c ite e ttom-simulating Trough e
£ OUSTTAUNE Siope 1175 1176 refiector (BSR) Fronal ’
@ % basin thrust L
E - Site Site Site |
§ 808 1174
g = ,ﬁ?;jﬂ_’ e ~J 1
2 ; !’ ’F’A‘;--—-,._.__ = o
: y =
N = ; : =
E‘ 0 10 km
VE=25







off-scraped sediments; the front of -
5 the accretionary wedge is here
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CRITICAL TAPER MODEL OF
FOLD-AND-THRUST BELTS
AND ACCRETIONARY WEDGES

F. A. Dahlen

Department of Geological and Geophysical Sciences,
Princeton University, Princeton, New Jersey 08544

INTRODUCTION

The fold-and-thrust belts and submarine accretionary wedges that lie along
compressive plate boundaries are one of the best understood deformational
features of the Earth's upper crust. Although there is considerable natural
variation among the many fold-and-thrust belts and accretionary wedges
that have been recognized and explored, several features appear to be
universal. In cross section, fold-and-thrust belts and accretionary wedges
occupy a wedge-shaped deformed region overlying a basal detachment or
décollement fault; the rocks or sediments beneath this fault show very
little deformation. The décollement fault characteristically dips toward the
interior of the mountain belt or, in the case of a submarine wedge, toward
the island arc; the topography, in contrast, slopes toward the toe or
deformation front of the wedge. Deformation within the wedge is generally
dominated by imbricate thrust faults verging toward the toe and related
fault-bend folding.

Two North American fold-and-thrust belts that exhibit these features
are shown in Figure 1. Neither of these two examples is tectonically active
today; the southern Canadian fold-and-thrust belt was active during the
late Jurassic and Cretaceous (150-100 Ma), whereas the southern Appa-
lachians were deformed during the late Carboniferous to Permian Alle-
ghenian orogeny (300-250 Ma). Figure 2 shows two examples that are
currently active: the Taiwan fold-and-thrust belt, produced by the sub-
duction of the Eurasian plate beneath the Philippine Sea plate (Suppe
1981, 1987); and the Barbados accretionary wedge, produced by the sub-
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True scale geometries of various accretionary wedges
(and the Himalayan thrust belt)
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Nankai and Barbados Accretionary Wedges
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Snow plow tectonics — the plow (the backstop) advances over the
snow-covered road .... and snow accumulates in front of it

Accretionary wedge tectonics — the sediment-covered subducting
plate advances towards the backstop ... and off-scraped
sediment accumulates in front of it



"Hinterland” Normal faults “Foreland”
(hinterland collapse)

/ Folding and Thrusting
\ penetrative strain

Incipient
fault

Horizontal
reference line

FIGURE 18.32 Snowplow analogy for fold-thrust belt
development. The wedge of snow widens with continued
shortening; younger thrusts generally initiate in a hinterland to
foreland progression. While new thrusts are adding material at
the toe of the wedge, the hinterland portions are developing
penetrative strain, normal faults, and slump features.

(only if the wedge thickens above critical taper angle!)
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a) Stress acting on a wedge is partly a horizontal boundary
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gravity (6, ). (b] If the backstop moves, the wedge thickens, so
the surface slope increases, and the taper (0] eventually

, alpha too small,
exceeds 0. (c) The wedge slides toward the foreland and new wedge thickens
material is added to the toe, and extension of the wedge occure
so that surface slope decreases. d, e] If the surface slope
becomes too small, thrusting at the toe stops, and the wedge
thickens by penetrative strain or out-of-sequence thrusting.
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b, re-established
(e)

FIGURE 18.33 The critical taper theory of fold-thrust belt



The critical wedge angle must be maintained for
stable sliding or displacement between the wedge
and its basal slip surface.!
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 End of 3-hour lecture here
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