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The Motion of the Plates
The directions and the rates at which pieces of the earth’s
crust move have varied over time. Although we do not
understand why such directions have sometimes changed,
we are able to trace back these movements and follow the
paths taken by the continents as they have moved around
the earth. Island chains, fixed centers of volcanic activity,
and magnetic rocks help us trace some of these movements.

Rates of Motion

Spreading centers, seafloor spreading, and subduction
zones provide the mechanisms for moving the confinents.
Acting like a conveyor belt, the seafloor moves away from
the ridge system at rates between 1 and 17 cm
(0.5-6 im)/year, and the old crust disappears into the trenches
at a comparable rate. Although the rates are small by every-
day standards, they produce large changes over geologic
time. For example, at the rate of 1.5 cm (0.6 in)/year it
takes 100,000 years to move 1.6 km, or 1 mile; therefore, in
the 200 million years since the breakup of Pangaea the
crust could move 3200 km, or 2000 miles, which is more
than half the distance between Africa and South America.
Spreading rates vary in magnitude and with time. A ridge
system with a steep profile (the Mid-Atlantic Ridge) has a
slower spreading rate than a ridge system with less-steep
sides (the East Pacific Rise). Spreading rates are estimated
at 3 cm (1 in)/year for the Mid-Atlantic Ridge and at 6-17
cm (2-6 in)/year for the East Pacific Rise. The largest
spreading velocity known is 18.3 cm (7 in)/year off the
west coast of South America. IKKeep in mind that the process
of spreading does not occur smoothly and continuously but
goes on in fits and starts, with varying time periods
between occurrences.

Although seafloor spreading can be observed directly
only with great expense and difficulty at sea, there is one
place where many of the processes can be seen on land: in
Iceland. Iceland is the only large island lying across a
midocean ridge and rift zone, and here many of the
processes of seafloor spreading can be seen and measured
on land. Spreading in Iceland occurs at rates similar to
those found at the crest of the Mid-Atlantic Ridge.
Northeastern [celand had been quiet for one hundred years,
until volcanic activity began in 1975; in six years this activ-
ity widened by S m (17 ft) an 80-km (50-mi)-long stretch of
the ridge’s rift zone. Over one hundred years this spreading
rate is 5 cm (2 in)/year, which s within the range of 1-17
cm (0.5-6 in)/year.

Recent investigations of ancient granitic rocks,
formed during the Archean eon and found exposed in West
Greenland, eastern Labrador, Wyoming, Western Australia,
and southern Africa, indicate that 3.5 billion years ago
crustal plates existed and moved granitic continental blocks
at an average rate of about 1.7 cm (0.67 in)/year, again
within today’s average rates of plate motion.
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Hot Spots

Scattered around the earth are approximately forty fixed
areas of isolated volcanic activity known as hot spots.
They are found under continents and oceans, in the center of
plates, and at the midocean ridges. These hot spots periodi-
cally channel hot material to the surface from deep within
the mantle. At these sites, a plume of mantle material may
force its way through the lithosphere and form a volcanic
peak or seamount directly above. If the hot spot does not
break through, it may produce a broad swelling of the
ocean floor or the continent that will subside as the crust
moves over the magma source. Hot spots resupply the
asthenosphere, which is constantly cooling and becoming
attached to the base of the lithosphere, thus thickening the
crust. Some people believe the breakup of Pangaea began
when the supercontinent came fo rest above a chain of
hot spots.

Hot spots channel heat to the surface from deep with-
in the mantle. Hot spot plumes of magma are not uniform;
they differ in chemistry, suggesting that they come from
different depths, and it has been suggested that their dis-
charge rates may also vary. Hot spots may fade away and
new ones may form. The life span of a typical hot spot
appears to be about 100 million years. Although their posi-
tions may change slightly, they tend to remain relatively sta-
ble in comparison to the plates, and therefore are useful in
tracing plate motions. As the oceanic crust moves over a hot
spot, successive eruptions can produce a linear series of
peaks or seamounts. In such a series, the youngest peak is
above the hot plume, and the seamounts increase in age as
the distance from the hot spot increases (see fig. 3.22). For
example, in the islands and seamounts of the Hawaiian
Islands system, the island of Hawaii with its active volcanoes
is presently located over the hot spot. The newest volcanic
seamount in the series is Loihi, found in 1981 45 km (28
mi) east of Hawaii’s southernmost tip and rising 2450 m
(8000 ft) above the seafloor but still under water.

The land features of the island of Hawaii show little
erosion, for it is comparalively young. To the west are the
islands of Maui, Oahu, and Kauai, which have been dis-
placed by the moving crust. Kauai’s canyons and cliffs are
the result of erosion over the longer period of time that it
has been exposed to the winds and rains. Although these
four islands are the most familiar, other islands and atolls
attributed to the same hot spot stretch farther west across
the Pacific. They are peaks of eroded and subsided
secamounts formed by the same hot spot. When the
seamounts in tropic areas sank slowly, corals grew upward
and coral atolls resulted.

West of Midway Island, the chain of peaks changes
direction and stretches to the north, indicating that the crust
over the hot spol moved in a different direction some 40
million years ago. This line of peaks is the Emperor
Seamount Chain, volcanic peaks that once were above the
sea surface as islands but have since eroded and subsided
over time, resulting in many flat-topped guyots 1000 m (0.6
mi) below the surface. The northern end of the Emperor
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Seamount Chain is estimated to be 75 million years old,
while Midway Island itself may be 25 million years old.
Refer to figure 2.13 to follow this seamount chain. Notice
that the peaks formed by the hot spot get older in the direc-
tion in which the plate is moving. The plate is presently
moving westward; Midway Island is northwest of the main
Hawaiian Islands, and it is also older.

It is possible to check the rate at which the plate is
moving by using the distance between seamounts in con-
Junction with radiometric dating. For example, the distance
between the islands of Midway and Hawaii is 2700 km
(1700 my). Midway was an active volcano 25 million years
ago, when it was located above the hot spot currently occu-
pied by Hawaii. In other words, Midway has moved 2700
km (1700 mi) in 25 million years, or 11 cm (4 in)/year,

There is another hot spot at 37° 27'S, in the center of
the South Atlantic, which is marked by the active volcanic
island of Tristan da Cunha. Volcanic activity at this more
slowly diverging plate boundary produces seamounis that
can be carried either to the east or to the west, depending
on the side of the spreading center on which the seamount
was formed. The hot spol produces a continuous series of
seamounts very close together, forming a transverse ridge:
the Walvis Ridge to the east, between the Mid-Atlantic
Ridge and Africa, and the Rio Grande Rise to the west,
between the Mid-Atlantic Ridge and South America.
Again, refer to figures 2.10 and 2.13.

If a hot spot is located at a spreading center, the flow
of material to the surface is intensified. The crust may
thicken and form a platform. Iceland is an extreme example
of this process in which the crust has become so thick that
it stands above sea level.

Seamount chains, plateaus, and swellings of the
seafloor, all products of hot spots, are being used to trace
the motion of the earth’s plates over known hot spot loca-
tions. Recently, hot spot tracks have been used to recon-
struct the opening of the Atlantic and Indian oceans.

Polar Wandering Curves

Magnetic rocks of different ages found on the same conti-
nent point (o different magnetic pole positions. Records of
the angular relationship between the magnetic pole and the
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The posilions of (he North Pole millions of years before prescnt (mybp),
judged by the magnetic orientation and (he age of the rocks of both North
America and Eurasia. The divergence of the two paths indicates the
landmasses of North America and Eurasia have becn displaced from each
other as the Atlantic Ocean opened.

geographic pole are locked in these rocks. If the direction
of magnetic north is plotted, and if it is assumed thal the
continent has remained in a fixed position through time, it
appears that the earth’s magnetic poles have wandered
away from their present positions relative to the earth’s
north-south axis. The path pfotted in this way for any conti-
nent or region is known as a polar wandering curve (see
fig. 3.23). Because rocks of the same age from two differ-
ent continents on different plates point to two different ‘
locations for the magnetic pole, and because all evidence
points to the magnetic poles remaining close to the geo-
graphic poles, even though the magnetic polarity has
reversed through (ime, it is the continents that have moved
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