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Chapter 1

Boundaries

Boundaries are the areas where plates meet. There 
are three main types of plate boundaries. Divergent 
boundaries are where the plates move apart, like in 
the Mid-Atlantic Ocean Ridge in the middle of the 
Atlantic Ocean and the Great Rift Valley in Africa. 
Convergent boundaries where the plates are 
moving coming together, like the pacific plate 
moving into California. Transverse boundary are 
where the boundaries slide past each other.



Convergent boundaries are points at which tectonic plates move towards each.  
When this happens, some of the plates get destroyed as they go under the other’s 
lithosphere. This can result in the formation of mountain ranges like the Himalayas. 
It also results in something called subduction, where one plate rises over another 
as they collide, and the other sinks underneath.  The plate that slowly slips 
underneath the other plate then melts in the mantle. This results in one plate being 
destroyed.

Divergent boundaries, on the other hand, are boundaries at which plates are 
pushed away from one another. These occur both in the ocean and on land. At 
divergent boundaries, new crust is made as magma comes up and solidifies. In the 
ocean, hot magma from within the earth rises out from the mid-ocean ridges (like 
the Mid-Atlantic Ridge) where the plates are pushed farther away from each other. 
On land, plates are pulled apart. The Great Rift Valley in Africa is an example of 
this. If the plates continue to be pulled apart there, eastern Africa can split from the 
continent to form a new continent. But that won’t take place for millions of years 
because the process happens so slowly.

Transform boundaries are ones where plates sliding against each other. This is 
the only type of boundary where plates are neither made nor destroyed. The San 
Andreas Fault in California is an example of this. The motion of tectonic plates 
sliding against one another can sometimes cause earthquakes, some quite large 
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BOUNDARIES

1. Boundaries are places where two tectonic 
plates meet.

2. Divergent boundaries are where two plates 
move apart.

3. Convergent boundaries are where two 
plates move together and run into each 
other.

4. Tranverse boundaries are where two plates 
slide past each other.



and devastating. Transform boundaries are also called strike-slip 
faults due to the motion they make. This type of relatively fast 
plate movement that causes earthquakes.

Review

1) What are the three types of plate boundaries?

2) How are the plates moving in the plate boundaries?

3) In what kind of boundary are new plates made? Destroyed?
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The type of convergence -- called by some a very slow "collision" -- that takes 
place between plates depends whether two pieces of oceanic crust are involved, 
two pieces of continental crust are involved or one of each. 

Oceanic - Continental Convergent Boundaries

If by magic we could pull a plug and drain the Pacific Ocean, we would see a most 
amazing sight -- a number 
of long narrow, curving 
trenches thousands of 
kilometers long and 8 to 10 
km deep in the ocean floor. 
These trenches are the 
deepest parts of the ocean 
floor and are created by 
subduction (see Figure 1). 
Subduction is when one 
plate goes under another 
plate. 

Off the coast of South 
America along the Peru-
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Figure 1. An oceanic plate colliding with a continental 
plate. You can see that the ocean plate  is going under 
the continental plate, which is subduction.



Chile trench, the oceanic Nazca Plate is pushing into and being 
subducted under the continental part of the South American 
Plate. In turn, the overriding South American Plate is being lifted 
up, creating the towering Andes mountains, the backbone of the 
continent. Strong, destructive earthquakes and the rapid uplift of 
mountain ranges are common in this region. Even though the 
Nazca Plate as a whole is sinking smoothly and continuously into 
the trench, the deepest part of the subducting plate breaks into 
smaller pieces that become locked in place for long periods of 

time before suddenly moving to generate large earthquakes. Such 
earthquakes are often accompanied by uplift of the land by as 
much as a few meters.

On 9 June 1994, a magnitude-8.3 earthquake struck about 320 
km northeast of La Paz, Bolivia, at a depth of 636 km. This 
earthquake, within the subduction zone between the Nazca Plate 
and the South American Plate, was one of deepest and largest 
subduction earthquakes recorded in South America. Fortunately, 
even though this powerful earthquake was felt as far away as 
Minnesota and Toronto, Canada, it caused no major damage 
because of its great depth.

Oceanic-Oceanic Convergent Boundaries

As with oceanic-continental convergence, when two oceanic 
plates converge, one is usually subducted under the other, and in 
the process a trench is formed. The Marianas Trench (paralleling 
the Mariana Islands), for example, marks where the fast-moving 
Pacific Plate converges against the slower moving Philippine 
Plate. The Challenger Deep, at the southern end of the Marianas 
Trench, plunges deeper into the Earth's interior (nearly 11,000 m) 
than Mount Everest, the world's tallest mountain, rises above sea 
level (about 8,854 m).

Subduction processes in oceanic-oceanic plate convergence also 
result in the formation of volcanoes. Over millions of years, the 
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Figure 2: The convergence of the Nazca and South American Plates 
has deformed and pushed up limestone strata to form towering 
peaks of the Andes, as seen here in the Pachapaqui mining area in 
Peru. (Photograph by George Ericksen, USGS.)



erupted lava and volcanic debris pile up on the ocean floor until a 
submarine volcano rises above sea level to form an island 
volcano. Such volcanoes are typically strung out in chains called 
island arcs. As the name implies, volcanic island arcs, which 
closely parallel the trenches, are generally curved. The trenches 
are the key to understanding how island arcs such as the 
Marianas and the Aleutian Islands have formed and why they 
experience numerous strong earthquakes. Magmas that form 
island arcs are produced by the partial melting of the descending 
plate and/or the overlying oceanic lithosphere. The descending 
plate also provides a source of stress as the two plates interact, 
leading to frequent moderate to strong earthquakes.

Continental - Continental Converge Boundaries

The Himalayan mountain range dramatically demonstrates one of 
the most visible and spectacular consequences of plate 
tectonics. When two continents meet head-on, neither is 
subducted because the continental rocks are relatively light and, 
like two colliding icebergs, resist downward motion. Instead, the 
crust tends to buckle and be pushed upward or sideways. The 
collision of India into Asia 50 million years ago caused the Indian 
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Figure 3. Oceanic-oceanic convergence boundaries result in one 
oceanic plate being subducted under another.

Figure 4: The Ring of Fire is a ring of volcanoes near the edge of 
the Pacific Ocean. It is created by convergent boundaries around 
the Pacific Ocean.



and Eurasian Plates to crumple up along the collision zone. After 
the collision, the slow convergence of these two plates over 
millions of years pushed up the Himalayas and the Tibetan 
Plateau to where they are now. Most of this growth occurred 
during the past 10 million years. The Himalayas, towering as high 
as 8,854 m above sea level, form the highest continental 
mountains in the world. Moreover, the neighboring Tibetan 
Plateau, at an average elevation of about 4,600 m, is higher than 
all the peaks in the Alps except for Mont Blanc and Monte Rosa, 
and is well above most mountains in the United States. However, 
both the Tibetan Plateau and Himalayas will be a tiny bit higher 
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Figure 5. Continental-continental converge boundaries. The continental 
crust is getting crumpled and buckled (or squished) like an accordion, 
forming mountains. The Andes in South America, the Rockies in North 
America and the Himalayas in Asia are examples con convergent plate 
boundaries. Note that the lithosphere is still being subducted even 
though the countinental crust is getting squished.

Figure 6. Top. The Indian Plate and 
Eurasian Plate are colliding. This is 
causing the Himalayas to form, 
because the crust is being 
crumples and buckles (or gets 
squished together) like an 
accordion. In the bottom right 
picture, you can see how uplift is 
occurring. The tip of the Indian 
plate, where the plate is colliding 
with the Eurasian plate, is being 
also rising up. This is an example 
of  uplift, which occurs when a 
natural geologic process pushes 
up the surface of the earth. On the 
bottom right, you can see how the 
Indian Plate moved towards and 
then into the Eurasian plate.



tomorrow than they are today. Building mountains is a very slow, 
but continuous, process.

Marianas Trench

	 While thousands of climbers have successfully scaled 
Mount Everest, the highest point on Earth, only two people have 
descended to the planet’s deepest point, the Challenger Deep in 
the Pacific Ocean’s Mariana Trench.

	 Located in the western Pacific east of the Philippines and an 
average of approximately 124 miles (200 kilometers) east of the 
Mariana Islands, the Mariana Trench is a crescent-shaped scar in 
the Earth’s crust that measures more than 1,500 miles (2,550 
kilometers) long and 43 miles (69 kilometers) wide on average. 
The distance between the surface of the ocean and the trench’s 
deepest point—the Challenger Deep, which lies about 200 miles 
(322 kilometers) southwest of the U.S. territory of Guam—is 
nearly 7 miles (11 kilometers). If Mauna Kea in Hawaii, the tallest 
mountain (measured from its base underwater) were dropped into 
the Mariana Trench, its peak would still be more than about 1000 
meters underwater.

	 The Mariana Trench is part of a global network of deep 
troughs that cut across the ocean floor. They form when two 
tectonic plates collide. At the collision point, one of the plates 
dives beneath the other into the Earth’s mantle, creating an ocean 

trench. In this case, both plates are oceanic plates where the 
Maria Trench is formed.

	 The depths of the Mariana Trench were first plumbed in 
1875 by the British ship H.M.S. Challenger as part of the first 
global oceanographic cruise. The Challenger scientists recorded 
a depth of about five miles or eight kilometers using a weighted 
sounding rope. This means they dropped a rope about 5 miles 
down to touch the bottom of the ocean. In 1951, the British 
vessel H.M.S. Challenger II returned to the spot with an echo-
sounder and measured a depth of nearly 7 miles (11 kilometers).

	 The majority of the Mariana Trench is now a U.S. protected 
zone as part of the Marianas Trench Marine National Monument, 
established by President George W. Bush in 2009.

Historic Dive

	 Because of its extreme depth, the Mariana Trench is cloaked 
in perpetual darkness and the temperature is just a few degrees 
above freezing. The water pressure at the bottom of the trench is 
a crushing eight tons per square inch—or about a thousand times 
the standard atmospheric pressure at sea level. Pressure 
increases with depth.

	 The first and only time humans descended into the 
Challenger Deep was more than 50 years ago. In 1960, Jacques 
Piccard and Navy Lt. Don Walsh reached this goal in a U.S. Navy 
submersible, a bathyscaphe called the Trieste. After a five-hour 
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descent, the pair spent only a scant 20 minutes at the bottom and 
were unable to take any photographs due to clouds of silt stirred 
up by their passage.

	 Until Piccard and Walsh’s historic dive, scientists had 
debated whether life could exist under such extreme pressure. 
But at the bottom, the Trieste‘s floodlight illuminated a creature 
that Piccard thought was a flatfish, a moment that Piccard would 
later describe with excitement in a book about his journey.

	 “Here, in an instant, was the answer that biologists had 
asked for the decades,” Piccard wrote. “Could life exist in the 
greatest depths of the ocean? It could!”

	 Only one other diver has even been in the Marianas Trench - 
James Cameron. And he waited until 2014 to make his dive.

Waiting in the Deep

	 While the Trieste expedition laid to rest any doubts that life 
could exist in the Mariana Trench, scientists still know very little 
about the types of organisms that reside there. In fact, some 
question whether Piccard’s fish was actually a form of sea 
cucumber. It is thought that the pressure is so great that calcium 
can’t exist except in solution, so the bones of vertebrates would 
literally dissolve. No bones, no fish. But nature has also proven 
scientists wrong many times in the past with its remarkable 
capacity for adaptation. So are there fish that deep? Nobody 

knows, and this is the whole point of the DEEPSEA CHALLENGE 
project, to find answers to such fundamental questions. 

	 In recent years, deep-ocean dredges and unmanned subs 
have glimpsed exotic organisms such as shrimp-like amphipods, 
and strange, translucent animals called holothurians. But 
scientists say there are many new species awaiting discovery and 
many unanswered questions about how animals can survive in 
these extreme conditions. Scientists are particularly interested in 
microorganisms living in the trenches, which they say could lead 
to breakthroughs in biomedicine and biotechnology.

	 The Mariana Trench’s microscopic inhabitants might even 
shed light on the emergence of life on Earth. Some researchers, 
such as Patricia Fryer et alat University of Hawaii, have 
speculated that serpentine mud volcanoes located near ocean 
trenches might have provided the right conditions for our planet’s 
first life-forms. Additionally, studying rocks from ocean trenches 
could lead to a better understanding of the earthquakes that 
create the powerful and devastating tsunamis seen around the 
Pacific Rim, geologists say.

Review

1) Explain how convection causes convergent boundaries to 
occur.

2) Put the following in the correct sequence: plate motion, 
convection, subduction, convergent boundary
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3) What are the three main types of convergent boundaries?

How are they similar? How are they different?

4) Why haven’t many people gone into the Marianas Trench 
since 1960? What kind of difficulties would there be?

5) There have been a few unmanned submarines that have 
explored the trench. Why do you think it is mainly unmanned 
subs that are exploring the trench?
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Divergent boundaries are found where plates that are moving away from each 
other. Divergent plates are where new crust is being made, either in mid-ocean 
ridges or in continental rifts, like those in the western US and African Rift valley.

Divergent Boundaries

At divergent boundaries in the oceans, magma from deep in the Earth's mantle 
rises toward the surface and pushes apart two or more plates. Mountains and 
volcanoes rise along the seam. The process creates new ocean floor and widens 
the giant oceans. A single mid-ocean ridge system connects the world's oceans, 
making the ridge the longest mountain range in the world.

On land, giant troughs such as the Great Rift Valley in Africa form where plates are 
tugged apart. If the plates there continue to diverge, millions of years from now 
eastern Africa will split from the continent to form a new landmass. A mid-ocean 
ridge would then mark the boundary between the plates.

Summary
1)  Divergent Boundaries are boundaries where tectonic (or lithospheric) plates are 

moving apart.

2) In mid-ocean ridges, new sea floor is being made by magma coming from the 
mantle.

Section 3

DIVERGNET BOUNDARIES

1. Divergent boundaries are plates that are 
moving apart from each other.

2. Marianas Trench

Divergent Boundaries
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3) Rifts on the continents include the African Rift and RIft in the 
Rockies.

Figure 1.1 Rift Valley in Equador
This rift valley in Africa is formed as the Earth’s plates are 
moving apart.
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Boundaries

Boundaries - the location where two plates meet.

Related Glossary Terms

Index

Chapter 1 - Boundaries

Divergent Boundary

Find Term



Continental Crust

Crust that is found under and  near continents.

Related Glossary Terms
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Drag related terms here

Find Term



Continental rifts

Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt 
ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation 
ullamco laboris nisi ut aliquip ex ea commodo consequat. 
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Convergent

Coming together. 

Related Glossary Terms
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Divergent

Moving apart. In regular English, you might say that the cars cars diverged as they moved 
to opposite sides of the city.
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Divergent Boundary

A plate boundary where the plates are moving apart.

Related Glossary Terms
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Boundaries, Divergent
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Mid-ocean ridges

Raised areas in the middle of oceans where there is a divergent boundary. New oceanic 
crust is formed at these ridges. There are the areas where seafloor spreading occurs.
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Oceanic crust

Crust that is found under the oceans.

Related Glossary Terms
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Subduction

When one tectonic or lithospheric plate (or just the mantle that is part of the plater) goes 
under another plate.

Related Glossary Terms
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Transform

Boundary where the plates are sliding past each other, either at different speeds or in 
opposite directions.

Related Glossary Terms
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Trench

A valley formed near a convergent plate formed by the subducting  plate diving under the 
other plate.

Related Glossary Terms
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Uplift

When land is pushed upward by normal geologic forces.

Related Glossary Terms
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