“Glad You Asked”

by Mark R. Milligan

“How do geologists know how old a rock is?”

eologists generally know the

age of a rock by determining

the age of the group of rocks, or
formation, that it is found in. The age
of formations is marked on a geologic
calendar known as the geologic time
scale. Development of the geologic
time scale and dating of formations
and rocks relies upon two fundamen-
tally different ways of telling time:
relative and absolute. Relative dating
places events or rocks in their chrono-
logic sequence or order of occurrence.
Absolute dating places events or
rocks at a specific time. If a geologist
claims to be younger than his or her
co-worker, that is a relative age. If a
geologist claims to be 45 years old,
that is an absolute age.

Relative Dating

The most basic concept used in rela-
tive dating is the law of superposi-
tion. Simply stated, each bed in a se-
quence of sedimentary rocks (or lay-
ered volcanic rocks) is younger than
the bed below it and older than the
bed above it. This law follows two
basic assumptions: (1) the beds were
originally deposited almost horizon-
tally, and (2) the beds were not over-
turned after their deposition.

Similar to the law of superposition is
the law of faunal succession, which
states that groups of fossil animals
and plants occur throughout the geo-
logic record in a distinct and identifi-
able order. Following this law, sedi-

mentary rocks can be “dated” by their
characteristic fossil content. Particu-
larly useful are index fossils, geo-
graphically widespread fossils that
evolved rapidly through time.

Relative ages of rocks and events may
also be determined using the law of
crosscutting relationships, which
states that geologic features such as
igneous intrusions or faults are
younger than the units they cut
across. Inclusions, which are frag-
ments of older rock within a younger
igneous rock or coarse-grained sedi-
mentary rock, also facilitate relative
dating. Inclusions are useful at con-
tacts with igneous rock bodies where
magma moving upward through the
crust has dislodged and engulfed
pieces of the older surrounding rock.

Gaps in the geologic record, called
unconformities, are common where
deposition stopped and erosion re-
moved the previously deposited ma-
terial. Fortunately, distinctive fea-
tures such as index fossils can aid in
matching, or correlating, rocks and
formations from several incomplete
areas to create a more complete geo-
logic record for relative dating.

Relative dating techniques provide
geologists abundant evidence of the
incredible vastness of geologic time
(see chart) and ancient age of many
rocks and formations. However, in
order to place absolute dates on the
relative time scale, other dating meth-
ods must be considered.

Absolute Dating

The nuclear decay of radioactive iso-
topes is a process that behaves in a
clock-like fashion and is thus a useful
tool for determining the absolute age
of rocks. Radioactive decay is the
process by which a “parent” isotope
changes into a “daughter” isotope.
Rates of radioactive decay are con-
stant and measured in terms of half-
life, the time it takes halft of a parent
isotope to decay into a stable daugh-
ter isotope. Some rock-forming min-
erals contain naturally occurring ra-
dioactive isotopes with very long
half-lives unaffected by chemical or
physical conditions that exist after the
rock is formed. Half-lives of these
isotopes and the parent-to-daughter
ratio in a given rock sample can be
measured, then a relatively simple
calculation yields the absolute (radio-
metric) date at which the parent
began to decay, i.e., the age of the
rock.

Of the three basic rock types, igneous
rocks are most suited for radiometric
dating. Metamorphic rocks may also
be radiometrically dated. However,
radiometric dating generally yields
the age of metamorphism, not the age
of the original rock. Most ancient
sedimentary rocks cannot be dated ra-
diometrically, but the laws of super-
position and crosscutting relation-
ships can be used to place absolute
time limits on layers of sedimentary
rocks crosscut or bounded by radio-






