GEOLOGICAL AGE OF ROCKS
Absolute geological age
The pioneer of nuclear physics discovered at the turn of centuries that atoms of
certain elements, the radioactive ones, spontaneously disintegrate to form atoms of a
different element, liberating energy in the process. The important reason that
radioactive decay offers a dependable means of keeping time is that the average rate
of disintegration is fixed and does not vary with any of the typical changes in
chemical or physical conditions that affect most chemical or physical processes.
The numbers that we use to read the radioactive clock are supplied in the form of the
new atoms, the daughter elements, which are formed from the old disintegrated
ones, the parent elements. If we can identify and count the daughter element atoms,
and if we know the rate of decay, we can work back to the time when there were no
daughters but only parents. The idea is simple but its practical implementation has
required a major effort on the part of those geologists who combine their knowledge
of nuclear physics with that of geology – the specialists in geochronology.

Relative geological age
Hutton, followed by Charles Lyell (Principal of Geology, 1930) used and publicized
this principal of uniformitarianism.
Uniformitarianism, as we understand it today, does not hold that the rates of
geological processes or their precise nature had to be the same. Volcanism may
have been more frequent in the past then it is now. Nevertheless, ancient volcanoes
surely released gasses and deposited ash layers and lava flows, just as modern ones
do when they erupt.
Hutton’s greatness lies in his recognition of the cyclical nature of geological changes,
and of the way in which ordinary processes, operating over long time intervals, can
effect great changes.
Because the physical and chemical laws that govern geological behavior do not
change with time, geologists can, by studying processes in the present, infer the
behavior of those in the past.
The process weathering produces debris in the form of gravel sand and silt and
furthers erosion of the land. Water and air also act to transport the debris, most of
each ends near or below sea level. The deposits are compacted, cemented and
ultimately become sedimentary rocks. At a later time according to Hutton,
subterranean heat and thermal expansion may produce an intrusion of igneous
rocks. The plutonic episode (Pluto – God of underworld in Greek legends) would be
accompanied by upheaval of the sediments and deformation into folds and faults
accompanying mountain building or orogeny. Marine sediments emerge as land,
bringing deposition to a halt, and then erosion of the new emerged highlands initiates
the cycle all over again.
Hutton observed and learned from the modern counterparts of each stage of his
cycle: mountains erode, rivers carry debris to the sea, ocean waves pounds rocks,
sands and mud settle to the bottom and then are buried on the sea floor.

The geologic cycle as deduced
by Hutton

There is another more powerful tool for establishing the time sequence of a series of
layers of sedimentary rocks, and that tool is fossils, the remains of ancient
organisms found in some of those rocks. Limestones are made up of calcium
carbonate, much of it in the form of fragments of fossil animal shells. Shales, rocks
that are hardened and compacted clays and muds, and sandstones, rocks made of
cemented sand grains, may also contain fossil materials such as shells and shell
fragments. Some of the fossil shells fount in such rocks can easily be identified by
comparison with similar shells found today. Many others look like some animals that
live today but are obviously different. And others are obviously some sort of
organism’s shell but not like anything alive today. Not all fossils are shells of
invertebrates like clams, oysters, cowry shells, and periwinkles. Diggers in riverbeds
millions of years old may uncover bones of vertebrates such as reptiles or mammals
– sometimes even dinosaur remains. Fish skeleton and shark teeth are found in other
rocks. Plant fossils are abundant in some rocks, particularly the rocks in and above
coal beds, where geologists can recognize fernlike and other leaves, twigs, branches
and even whole tree trunks.
The sequence of life forms the fossils represents corresponds to the series of
sedimentary rock layers bearing the fossils, the stratigraphic sequence, and the
faunal and stratigraphic series have the same order. For convenience in mapping,
limestone sand other rocks are grouped into formations, groupings of layers that are
everywhere the same stratigraphic age and contain materials that for most part have
same physical appearance and properties. This combination of appearance and
properties is called lithology.
Armed with a refined science of paleontology, based on Darwinian evolutionary
theory, and with opportunities for travel, geologists mapped the surface of the earth
and fitted together what we now call Phanerozoic time scale. The manes of the time
periods are taken either from geographic locality where the formations were best
displayed or first studied or from some characteristics of the formations. For example,
the Jurassic is named from the Jura mountain of France and Switzerland, and the
Carboniferous is named from the coal-bearing sedimentary rocks of Europe and
North America.
Each period of the stratigraphic time scale is represented by its appropriate system of
rocks, and we differentiate time units, the periods, from time rock units (the rocks that
represent time), the systems. Each major unit is divided: the period into epochs, and
the system into series. Epochs and series have geographic names, except for the
older names of many of the epochs, which are simply called Upper, Middle and
Lower. Thus the Upper Jurassic Series comprises the rocks of the Upper Jurassic
Epoch of time.

The geological time scale.
Numbers at sides of columns are ages in millions of years before the present.

We can put together a clock for the whole history of the Earth. The clock is shown in
the form of a spiral in the figure below. Each revolution of the clock’s hand
corresponds to 1 billion years; each subdivision, the “hours”, corresponds to 100
million years; and the “minutes” are 10 million years long.

The geological clock in the time before the present.

Relative and absolute time and the history of the Earth showing evolution of life
forms. […]
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