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plate. Another way to visualize accretionary prism for-
mation process comes from a simple sand-box model.
In this model, a sand layer buries a sheet of mylar (thin
plastic) that can be pulled through a slit in the base of
the box; the slit represents the contact between the over-
riding and downgoing plates. As the mylar sheet moves
down through the slit, the nonmoving sand on the “over-
riding plate” acts as a backstop, so the sand brought into
the subduction zone piles up (Figure 17.11d). Note that
in this configuration, a bivergent wedge (or bivergent
prism) forms. This means that the prism consists of a
forewedge and retrowedge. In the forewedge, the por-
tion of the accretionary prism closer to the trench,
structures verge toward the trench (i.e., toward the
downgoing plate), while the retrowedge, the portion
of the prism closer to the arc, structures verge toward

the arc (i.e., toward the overriding plate). Note that the
material of the wedge itself serves as the backstop.

Compressional deformation in the accretionary
prism produces thrust faults, folds, and cleavage. But
tectonic compressional stress is not the only cause of
strain in a prism. Gravity sliding causes slumping of
rock and sediment down the slope of the prism toward
the trench. And once the prism has become very thick,
it begins to undergo extensional collapse under its
own weight, like soft cheese. This means that gravita-
tional energy overcomes the strength of material at
depth in the internal part of the prism, so this material
spreads sideways, leading to horizontal stretching in
the above prism. As a consequence of this stretching,
the region near the surface of the prism undergoes nor-
mal faulting (Figure 17.12a and b).
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F I G U R E  1 7 . 1 2 (a) Schematic detail of an accretionary prism, showing different regimes of
deformation referred to in the text. (b) Interpreted seismic-reflection profile of the toe edge of an
accretionary prism forming in the Nankai trough off Japan. Several faults can be imaged. 
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Schematic detail of an accretionary prism, showing different regimes 
of deformation.
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plate. Another way to visualize accretionary prism for-
mation process comes from a simple sand-box model.
In this model, a sand layer buries a sheet of mylar (thin
plastic) that can be pulled through a slit in the base of
the box; the slit represents the contact between the over-
riding and downgoing plates. As the mylar sheet moves
down through the slit, the nonmoving sand on the “over-
riding plate” acts as a backstop, so the sand brought into
the subduction zone piles up (Figure 17.11d). Note that
in this configuration, a bivergent wedge (or bivergent
prism) forms. This means that the prism consists of a
forewedge and retrowedge. In the forewedge, the por-
tion of the accretionary prism closer to the trench,
structures verge toward the trench (i.e., toward the
downgoing plate), while the retrowedge, the portion
of the prism closer to the arc, structures verge toward

the arc (i.e., toward the overriding plate). Note that the
material of the wedge itself serves as the backstop.

Compressional deformation in the accretionary
prism produces thrust faults, folds, and cleavage. But
tectonic compressional stress is not the only cause of
strain in a prism. Gravity sliding causes slumping of
rock and sediment down the slope of the prism toward
the trench. And once the prism has become very thick,
it begins to undergo extensional collapse under its
own weight, like soft cheese. This means that gravita-
tional energy overcomes the strength of material at
depth in the internal part of the prism, so this material
spreads sideways, leading to horizontal stretching in
the above prism. As a consequence of this stretching,
the region near the surface of the prism undergoes nor-
mal faulting (Figure 17.12a and b).
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deformation referred to in the text. (b) Interpreted seismic-reflection profile of the toe edge of an
accretionary prism forming in the Nankai trough off Japan. Several faults can be imaged. 

2917-CH17.qxd  1/23/04  9:49 AM  Page 421

Interpreted seismic-reflection profile of the toe edge of an 
accretionary prism forming in the Nankai trough off Japan. Several 
faults can be imaged.
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The concept of rollback

zoic. Some convergent plate boundaries mark locali-
ties where oceanic lithosphere subducts under oceanic
lithosphere (e.g., along the Mariana Islands and Aleut-
ian Islands), and others mark localities where oceanic
lithosphere subducts under continental lithosphere
(e.g., along the Andes).

If you were to make a traverse from the abyssal
plain of an ocean basin across a convergent plate
boundary, you would find several distinctive tectonic
features (Figure 17.4). A deep trough, the trench,
marks the actual boundary between the downgoing and
overriding plates. An accretionary wedge or accre-
tionary prism, consisting of a package of intensely

deformed sediment and oceanic basalt, forms along the
edge of the overriding plate adjacent to the trench.
Undeformed strata of the forearc basin buries the top
of the accretionary prism and, in some cases, trapped
seafloor or submerged parts of the volcanic arc. This
basin lies between the exposed accretionary prism and
the chain of volcanoes that comprises the volcanic arc.
For purposes of directional reference, we refer to the
portion of a convergent margin region on the trench
side of a volcanic arc as the forearc region, while we
refer to the portion behind the arc as the backarc
region. These and related terms are summarized in
Table 17.1.

To get an overview of what a convergent plate mar-
gin looks like, we now take you on a brief tour from
the ocean basin across a convergent plate margin. We
start on the downgoing slab, cross the trench, climb the
accretionary wedge, and trundle across the forearc
basin and frontal arc into the volcanic arc itself. We
conclude our journey by visiting the backarc region.

17.2.1 The Downgoing Slab
The first hint that oceanic lithosphere is approaching a
subduction zone occurs about 250 km outboard of the
trench (i.e., in the seaward direction, away from the
trench). Here, the surface of the lithosphere rises to
form a broad arch called the outer swell or peripheral
bulge (Figure 17.5a). The elevation difference between
the surface of an abyssal plain of normal depth and the
crest of the swell itself, is about 500–800 m. Outer
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F I G U R E  1 7 . 3 The concept of rollback. As a subducting
slab sinks into the asthenosphere, the position of the trench
relative to the a fixed point in the mantle migrates. This
movement is called rollback.
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F I G U R E  1 7 . 4 Idealized cross section of a convergent plate margin and related terminology.
In this case, the margin occurs along the edge of a continent, bordered by a sliver of trapped
oceanic crust.
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As a subducting slab sinks into the asthenosphere, the position of the 
trench relative to the a fixed point in the mantle migrates. This movement 
is called rollback
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ocean between the two continents is closing progressively from north to 
south. In the collision zone, the boundary between what had originally 
been two separate continents.
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Deep structure of the Mediterranean area
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Deep structure of the Mediterranean area
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Deep structure of the Alpine area
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Deep structure of the Alpine area: East
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Deep structure of the Alpine area: Center
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Deep structure of the Alpine area: West
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Slab & break-off

depth greater than it would be if the lithospheric plate
were isostatically compensated.2

The deepest locations in the oceans occur at
trenches. In fact, the floor of the Mariana Trench in the
western Pacific (Figure 17.6a) reaches a depth of over
11 km, deep enough to swallow Mt. Everest (nearly 
9 km high) without a trace. But not all trenches are so
deep. For example, the Juan de Fuca Trench in the
Pacific, off the coast of Oregon and Washington

(northwestern USA), is not much deeper than the adja-
cent abyssal plain of the ocean floor. Trench-floor
depth reflects two factors: (1) the age of the downgo-
ing slab (the floor of older oceanic lithosphere is
deeper than the floor of younger oceanic lithosphere),
and (2) the sediment supply into the trench (if a major
river system from a continent spills into a trench, the
trench fills with sediment). To see the effect of these
parameters, let’s compare the geology of the Mariana
Trench and that of the Oregon-Washington Trench.
The great depth of the Mariana Trench is a result of its
location far from a continental supply of sediment and
the fact that the plate being subducted at the Mariana
Trench is relatively old (Mesozoic). In contrast, the

4191 7 . 2  C O N V E R G E N T  P L A T E  M A R G I N S
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F I G U R E  1 7 . 7 A simplified model of the thermal structure of the downgoing plate. (The thermal
effects of mineral phase changes are not shown.) Note that within the downgoing plate, relatively low
temperatures are maintained to great depth. For example at a depth of 400 km, the asthenosphere is
at about 1600°C, while the interior of the downgoing plate may be as cool as 750°C. 

Tensional

Compressional

Trench
Volcanic
arc

0 km

600
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F I G U R E  1 7 . 8 Schematic cross section illustrating the
different types of earthquakes that occur at different depths
within the downgoing plate.

Core

Mantle

“Slab
graveyard”

F I G U R E  1 7 . 9 Schematic cross section of the Earth illustrating
the concept of a slab graveyard in which masses of subducted
oceanic lithosphere may accumulate near the base of the mantle.

2The resulting mass deficit from this depression at trenches produces a
large negative gravity anomaly, which is a signature of subduction zones.
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Schematic cross section of the Earth illustrating the concept of a slab
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A map showing a zipper-like collision between two continents. Here,the 
ocean between the two continents is closing progressively from north to 
south. In the collision zone, the boundary between what had originally 
been two separate continents.
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From subduction to collision: Taiwan
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432 C O N V E R G E N C E  A N D  C O L L I S I O N

Passive margin

Turbidite
Erosion

and karst

Normal
faults

Uplifted
passive margin

Foreland
basin

Foreland
fold-thrust belt

Retro-
fold-thrust belt

Allochthonous
basement massif

Internal metamorphic
zone

Ophiolite
sliver

Sinking oceanic
sliver

Thickened crust

Suture

Passive-
margin

carbonate
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convergent margin

Continental
volcanic arc

(a)
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Compressional
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F I G U R E  1 7 . 2 1 Stages in an idealized continent–continent collision. (a) Precollision
configuration. Continent A has a passive-margin basin on its east coast, while Continent B has a
convergent margin on its west coast. (b) During the initial stage of collision, the passive margin is
uplifted, and an unconformity (locally, with karst) develops. Turbidites derived from Continent B
soon bury this unconformity (see inset). Normal faults break up the strata of the passive-margin
basin, due to stretching. But soon, thrusts begin to develop, transporting the deeper parts of the
basin over the shallower parts. (c) In a mature collision orogen, the subducting slab has broken off,
a suture has formed, and metamorphic rocks are uplifted and exhumed in the interior of the
orogen.
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(a) Precollision configuration. 
Continent A has a passive-margin basin 
on its east coast, while Continent B has 
a convergent margin on its west coast. 
There is a subduction of the ocean 

(b) During the continental subduction, 
the passive margin is uplifted, and an 
unconformity (locally, with karst) 
develops. Turbidites derived from 
Continent B soon bury this 
unconformity (see inset). Normal faults 
break up the strata of the passive-
margin basin, due to stretching. But 
soon, thrusts begin to develop, 
transporting the deeper parts of the 
basin over the shallower parts.

(c) In a collision orogen, the 
subducting slab has broken off, a 
suture has formed, and metamorphic 
rocks are uplifted and exhumed in the 
interior of the orogen.

Stages in an idealized subduction–collision transition
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17.3.3 Stage 3: Crustal Thickening 
and Extensional Collapse

So far, we’ve focused on the horizontal shortening that
takes place in the crust during collisional tectonics. But
keep in mind that as crust shortens horizontally, it also
thickens (Figure 17.24a). In fact, the crust beneath col-
lisional orogens may attain a thickness of 60–70 km,
almost twice the thickness of normal crust. Shortening
during collision also causes the lithospheric mantle to
thicken substantially as well.

Thickening of the crust cannot continue indefinitely
because, as the crust thickens, rock at depth becomes
warm and, therefore, weaker. As a consequence, the
differential stress developed in the orogen due to the
weight of overlying rock (the “overburden”) exceeds
the yield strength of the rock at depth, and the rock
begins to flow and develop horizontal extensional
strain (Figure 17.24b). In other words, because of the
force of gravity, very thick orogens collapse under
their own weight. As we pointed out in Chapter 16, you
can picture this process by imagining a block of cheese

that is heated in the sun (Figure 17.24c). Eventually,
the cheese gets so soft that it spreads out, and the thick-
ness of the block diminishes. This process is called
extensional collapse (or, orogenic collapse).

Ductile extensional collapse at depth in an orogen
causes stretching of the upper crust, where rock is
cooler and still brittle. Therefore, during collapse,
rock of the upper crust ruptures and normal faults
form. Because collapse decreases the thickness of
the uppermost crust, it causes decompression of the
lower crust. This decompression may trigger partial
melting of the deep crust, or even the underlying
asthenosphere, producing magmas. Melting may
also be caused by lithosphere delamination. This
means that the deep keel of lithosphere that devel-
ops during thickening drops off (Figure 17.25).
Warm asthenosphere rises to take its place and heats
the remaining lithosphere. Some researchers argue
that a broad portion of the mid-crust may actually
become partially molten at this stage. What is 
certain is that magma does form and intrude the
upper crust in many collisional orogens after 
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Earlier Moho

Later

Syn-tectonic normal faults

Suture Lateral
Spreading

Thrusts

Not to scale

(a)

(b)

(c)

g

Time 1

g

Time 2

Weak
Zone

F I G U R E  1 7 . 2 4 The concept of orogenic collapse.
(a) A schematic cross section shows that during an
early stage in a collision, the crust thickens by
thrusting. (b) Later, as collapse occurs, extensional
faults develop in the upper crust, while plastic flow
occurs at depth. This process may contribute to
development of a broad plateau. (c) The soft-cheese
analogy for extensional collapse. A block of cold
cheese can maintain its thickness. If the cheese
warms up in the sun, it loses strength and spreads
laterally. The rind of the cheese ruptures, and small
faults develop.
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(a) A schematic cross section shows 
that during an
early stage in a collision, the crust 
thickens by thrusting.

(b) Later, as collapse occurs, 
extensional faults develop in the 
upper crust, while plastic flow 
occurs at depth. This process may 
contribute to development of a 
broad plateau.

(c) The soft-cheese analogy for 
extensional collapse. A block of cold 
cheese can maintain its thickness. If 
the cheese warms up in the sun, it 
loses strength and spreads laterally. 
The rind of the cheese ruptures, and 
small faults develop

The concept of orogenic collapse
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Collision and post-orogenic processes

deformation has ceased. Because it intrudes after
deformation, the granite has no tectonite fabric, so
geologists refer to the granite as postorogenic granite.

The process of extensional collapse can occur while
shortening and thrusting continue along the margins of
collisional orogen, and it may continue after shorten-
ing has ceased. Extensional collapse, together with
erosion, keeps mountain ranges from exceeding eleva-
tions of about 8 to 9 km, and contributes to the devel-
opment of broad, high plateaus like the Tibetan Plateau
of Asia (see Chapter 21).

17.4 OT H E R  CONS EQU E NC E S
OF  COLLISION A L
T ECTONI C S

In our description of the stages in an idealized
continent–continent collision, we focused only
on tectonic phenomena occurring adjacent to
the colliding margins, and only on movements
that can be illustrated by a two-dimensional
cross-sectional plane. Here, we describe addi-
tional tectonic phenomena that may occur dur-
ing collision, in specific situations, and con-
sider movements in the third dimension.

17.4.1 Regional Strike-Slip Faulting
and Lateral Escape

Collisional orogeny along a continental margin
may lead to the development of regional-scale
strike-slip faults that propagate far into the inte-
rior of the overriding plate. As an example, sev-
eral large strike-slip faults start at the
Himalayas and cut eastward, following curved
trajectories across Asia to the Pacific margin
(Figure 17.26a). Researchers suggest that some
of the movement on these faults accommodates
translation of large wedges of Asia relatively
eastward, in response to the collision of India
with Asia.

To simulate the development of these faults,
researchers constructed models in which they
push a wooden block into a cake of clay (Fig-
ure 17.26b). The wooden block represents the
rigid craton of India, while the clay represents the
relatively soft crust of Asia. (The crust of Asia is
relatively soft because it formed during a pro-
tracted Phanerozoic orogeny; see Essay 21.2). In
this model, a rigid wall, representing the mass
of western Asia, constrains the left side of the

clay cake. The right side, representing the Pacific mar-
gin, remains unconstrained. As the wooden block
moves into the clay, wedges of clay, bounded by strike-
slip faults, move laterally to the right. The pattern of
faults resembles the trajectories of maximum shear
stress predicted by the theory of elasticity; engineers
refer to this pattern as a slip-line field (Figure 17.26c).
So, based on the clay-cake experiments, geologists
have suggested that the pattern of strike-slip faults in
Asia represents a slip-line field resulting from stresses
transmitted into the interior of Asia by the India–Asia
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Warmer
Asthenosphere

Post-orogenic
plutons

Not to scale

Sinking
masses of
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F I G U R E  1 7 . 2 5 Postorogenic plutons and delamination. 
(a) Thickening of lithosphere forms a keel-shaped mass of cool
lithosphere to protrude down into the asthenosphere. (b) The keel drops
off and is replaced by warm asthenosphere, causing partial melting and
formation of anorogenic (postorogenic) plutons. The surface of the crust
may rise as a consequence.
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(a) Thickening of lithosphere forms a 
keel-shaped mass of cool lithosphere to 
protrude down into the asthenosphere.

(b) The keel drops off and is replaced by 
warm asthenosphere, causing partial 
melting and formation of anorogenic 
(postorogenic) plutons. The surface of 
the crust may rise as a consequence

Post-orogenic plutons and delamination
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Example of continental accretion: the Alps
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Example of continental accretion: the Alps
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