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31. THE AGE OF THE EARTH

Many scientists have estimated the age of the earth, start-
ing from various postulates, but failed to determine it correctly
Becauge_ of false starting premises. The way to more realistic
estimates® was opened by Becquerel’s discovery of radioacti-
vity (1896). A few elements, amohg them uranivm and thorium,
spontarigpusly disintegrate into lighter elements by changes in
their nuclei that give rise to radiation of three kinds: alpha,
beta, and gamma;® Alpha radiation is. the emission of helium
ions from the nucleus at speeds of thousands of kilometers per
second, converting the original atom into another with atomic
weight four units less.® The emitted ions collide with those®
in the surroundings to produce considerable heat. Beta emission
consists of electrons, derived from the breakdown of neutrons in
the nucleus to form protons and the ejected electrons.® Though
the electron is ejected at an even higher speed than the alpha
particle, its mass is so.small that the heat produced by its colli-
sions is negligible. Gamma rays are short X-rays, emitted with
the speed of light.® '

The emission of either alpba or beta particles from the
nucleus of an unstable atom converts it into a different element.
Thus an atom of Uygs decays slowly through a series of seven
intermediate -daughter elements, all themselves radioactive,
until a stable, nonradioactive isotope of lead, Pbggs, is produced.

The rate of disintegration is constant for each radioactive
isotope, but rates differ greatly from one isotope to another.
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Disintegration rates are expressed in terms of the half-lifc of
a radioactive substance—the time required for half of its atoms
to disintegrate.® The hall-life of some members of the Uy, series -
is only a fraction of a second, but Uyggg itself has a half-life of
4,468 million years. Thus, of an initial gram of Ugz,,® only half
a gram is left after 4,468 m.y.; after another-4,468 m.y., a quarter
gram; and so on. The rest has changed into lead, helium atoms,
electrons, and small amounts of intermediate elements in the
decay series. Similarly; thorium, Thyg,, with a half-life of 14,010
m.y., disintegrates-to another stable isotope of lead, Pbyg,.
In no experiment has the disintegration rate been changed by
heat, pressure, state of chemical c'ombination of the element, or
time.® The half-life of a radxoactlve element is thus cons1dered
a constant. . : -

Many minerals-—most comparatively rare—contain mea-
surable amounts of uraniam, thorium, or both. By analyzing
such minerals for the ratio of radiogenic lead isotopes to radioac-
tive parental isotopes,@® the age of the mineral can be computed.
Obviously, the minerals analyzed®@ must be absolutely fresh,
for circulating solutions might have leached out lead and its
parental isotopes at dlﬁ‘erent rates, thus ptoducing great errors
in the calculated age. ' -

Uranium and thorium are relatively rare elements, found
in but few minerals in quantities adequate for analysis. Radiome-
tric dating began with them, and suitable materials containing
them are still avidly sought. In 1948, however, it was found that
the very common element potassium, also known to be radioac-
tive, can be used in geochronology; K-bearing minerals are
abundant in many rocks and consequently radiometric dating
has advanced briskly in the past 30 years.

H
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It is now probable that ihe earth’s crust is at least 4550 m.y.
-old; rocks of this age have been reported in eastern Siberia.
Simple organisms such as bacteria and algae have been found
fossil in rocks more than 3000 m.y. old,® and multicelled
-organisms have existed since late in Precambrian time, more
than 600 m.y. ago. Some meteorites have given ages as great
as 4600 m.y. — an age that many workers think from this and
-other evidence is the approximate age of the earth as a plannet.
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32.. CONTINENTAL DRIFT

In the early part of the twentieth century, Alfred Wegener,
the German Meteorologist, became impressed by the similarity
of ‘opposing coastlines — a “jigsaw puzzle fit” of the shorelines
of Africa and South America.® Wegener found the problem in-
triguing and for several years gathered data on ancient clima-
tes, paleontology, and the structural history of the continents.
In 1915, Wegener put forth his observations and interpretations
in a- book entitled ‘“The Origin of Continents and Oceans”.
He proposed that the present continents once comprised one
large landmass which he named Pangaea.

According to Wegener, Pangaea began to break apart and

the individual continents started to move toward their present
positions during the Mesozoic Era. Wegener’s work also provi-
ded evidence of movement of the earth’s rotational poles rela-
tive to Pangaea.® It is now believed that there is both a shift
of the crust of the earth relative to the poles, as well as displa-
cement of individual continents,
- Wegener’s book created a storm of controversy among
geologists and geophysicists, Most of them rejected Wegener’s
conclusions and the evidence supporting continental drift® be-
cause the author had failed to offer a really convincing mechan-
ism, and because of some minor errors and inconsistencies,

In the 1950s, the results of measurements of the earth’s
ancient magnetic field provided quantitative evidence of both
continental drift and movement of the poles relative to the con-
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tinents. At the same time, an Australian geologist showed that
the ouilires of South America and Africa matched almost exac-
tly at a depth of 2000 m below sea level. At this depth, approx-
imately half-way down the continental slope, both erosion and
deposition would have bsen minimal since the formation of the
continental margins.®

The majority of earth scientists did not support the concept
of continental drift, however, until the publication of the studies
on marine geomagnetic anomalies associated with mid-ocean
ridges, such as the Mid-Atlantic Ridge and East Pacific Rise.®
These studies provided convincing evidence for the movement
of large blocks of sea flaor relative to one another. In 1960 ,
Harry Hess was the first to propose the term of sea-fioor spread-
ing,® which describes the movement of sea-floor’s blocks rela-
tive tor one another in response to the motion of convection cur-
rents within the mantle.

In 1968, W. Jason Morgan introduced the concept of plate
tectonics in-which the earth’s crust is considered to be divided
into a series of rigid plates bounded by mid-oceanic ridges,
oceanic trenches, great faults, and active fold belts. According
to this theory the movements of the continents and the sea-
floor are part of large-scale movements of plates.
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33. GLOBAL PLATE TECTONICS

In this new synthesis, three units in the Earth’s interior
-are emphasized. The asthenosphere corresponds approximately
to the low-velocity zcne, occurs in the upper mantle, has a
thickness of a few hundred kilometers, and is considered to
be a zone of weakness in which slow plastic flow can occur.
The lithosphere, some 50 to 100 km or more in thickness, lies
on the asthenosphere, is made of crust and uppermost mantle,
and is a relatively strong unit. The mesospliere comprises the
rest of the mantle below the asthenosphere and may not be
actively involved in the tectonic px:oéesses that occur nearer
the surface. ) ' -

Recent, more preuse data on. the locauons of earthquake
epicenters show: them aligned in relatively narrow, nearly conti-
nyous belts,® whereas earthquakes tend to be rrfrequent within
the wide expanses between the belts. This observatlon together
with other clues, has led to the widely held view that the litho-
‘sphere is subdivided into a number of large movable plates that
«can slide gradually across the top of the underlying weak as-
thenosphere ;@ the lines of éarthquake epicenters mark the boun-
-daries of these plates. The lithospheric plates differ in both size
-and shape, and some uncertainty exists concerning precise shapes
and exact numbers® — as few as six in one view, but as many
as twenty in another. Since the boundaries of the plates do not
necessarily coincide with present-day boundaries between ccn-
tinents and oceans, the top of a lithospheric plate may be for-
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med by a continent, by part of the sea floor, or by a mixture of
continent and ocean. Moreover, since plates may form in one
place (at a mid-ocean ridge) and be destroyed in another (at a
deep-sea trench), the plates of today are presumably not the
plates of long ago.

Since about all of the deep-sea floor seems to have formed
during the Cenozoic and Mesczoic Eras, it follows that an equiv-
alent amount of older cea floor has been destroyed during this
same interval .

Apparently these huge lithospheric plates tend to interact
in threc general ways. Two or more plates may move laterally
éWay from a spreading ocean ridge where new oceanic crust
is being formed continuously.@ Earthquake activity is confined
to a rather shallow surface zone along such belts of divergence.
Elsewhere, two plates may shift toward each other and converge
along a deep-sea trench and island arc. Here one of the plates
tends to move downward' at a slant beneath the arc and trench;
which may explain why earthquake foci tend to occur along a
plane that slants at about 45 degrees from a trench, downward
beneath an adjacent continent.® In this region of convetgence
we find the deepest eafthquakes, great topographic. relief, and
intensive volcanic-éctivity. In the third general type of interac-
tion, lithospheric plates slide past one another along major
strikeslip faults. '

Although the existence and movement of large lithospheric
plates seems well established, the cause of the movement is
uncertain. It is widely held that convection currents produce
sea-floor spreading, continental drifting, and compression at
decp-sea trenches; however, a number of problems remain.
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