Absolute Dating Methods

Understanding absolute dating requires knowledge of atoms and isotopes: we already have it!

The atomic mass number equals the number of protons + number of neutrons. Isotopes are atoms with different numbers of neutrons but the same number of protons. Different isotopes have different atomic mass numbers but behave the same chemically. Most isotopes are stable but some are unstable. Geologists use decay rates of unstable isotopes to determine absolute ages of rocks.
Radioactive decay is the process whereby an unstable atomic nucleus spontaneously changes into an atomic nucleus of a different element. There are three types of radioactive decay. First, alpha decay which is when two protons and two neutrons (alpha particle) are emitted from the nucleus. The atoms becomes a different atoms because the number of protons is down by two. Second is beta decay, when a neutron emits a fast moving electron (beta particle) and becomes a proton. This causes the atom to change into another one that has one more proton. Third is electron capture decay, when a proton captures an electron and converts to a neutron. This causes the atom to gain a proton, changing it into another type of atom. 

Some isotopes undergo only one decay step before they become stable. For example, rubidium eighty-seven decays to strontium eighty-seven by a single beta emission but potassium forty decays to argon forty by a single electron capture. Other isotopes undergo several decay steps. For example, uranium two hundred and thirty-five decays to lead two hundred and seven by seven alpha steps and six beta steps. Uranium two hundred and thirty-eight decays to lead two hundred and six by eight alpha steps and six beta steps.

Half-life of a radioactive isotope is the time it takes for one half of the atoms of the original unstable parent isotope to decay to atoms of a new more stable daughter isotope. The half-life of a specific radioactive isotope is constant and can be precisely measured. The length of half-lives for different isotopes of different elements can vary from less than one-billionth of a second to forty-nine billion years

Radioactive decay is geometric not linear, which means a curved graph not a straight line graph. In radioactive decay, during each equal time unit,  which is one half-life, the proportion  of parent atoms decreases by one half. So over time the amount of parent atoms decrease and the amount of daughter atoms increases. 

By measuring the parent-daughter ratio and knowing the half-life of the parent which has been determined in the laboratory, geologists can calculate the age of a sample containing the radioactive element. The parent-daughter ratio is usually determined by a mass spectrometer, an instrument that measures the proportions of atoms with different masses. For example, if a rock has a parent-daughter ratio of one to three, a parent proportion is twenty-five percent and the half-live is fifty-seven million years, how old is the rock?
Twenty-five percent means it is two half-lives old. So the rock is fifty-seven times two or one hundred and fourteen years old. 

Most radiometric dates are obtained from igneous rocks. As magma cools and crystallizes, radioactive parent atoms separate from previously formed daughter atoms. These parents fit differently into the crystal structure of certain mineral so you can tell which ones they are. Geologists can use the crystals containing the parents atoms to date the time of crystallization. Crystallization of magma separates parent atoms from previously formed daughters. This resets the radiometric clock to zero. Then the parents gradually decay. 

A closed system is needed for an accurate date. Neither parent nor daughter atoms can have been added or removed from the sample since crystallization. If leakage of daughters has occurred it partially resets the radiometric clock and the age will be too young. If parents escape, the date will be too old. Most reliable dates use multiple methods. 

Dating techniques are always improving. Presently measurement error is typically  less than one half of one percent of the age, and even better than one tenth of one percent. A date of five hundred and forty million might have an error of plus or minus two million years or as low as plus or minus one half a million years. 

You can date metamorphic rocks also. A mineral has just crystallized from magma. As time passes, parent atoms decay to daughters. Metamorphism drives the daughters out of the mineral (to other parts of the rock) as it recrystallizes. Dating the mineral today yields a date of 350 million years = time of metamorphism, provided the system remains closed during that time. Dating the whole rock yields a date of 700 million years = time of crystallization. 

The isotopes used in radiometric dating need to be sufficiently long-lived, so the amount of parent material left is measurable. Such parent and daughter pairs include  Uranium two-thirty-eight (two hundred and thirty-eight) turning into Lead two-zero-six (two hundred and six) which has a half-life of four and one half billion years. Uranium two-thirty-four turns into lead two-zero-seven and has a half-life of seven hundred and four million years.  Thorium two-thirty-two turns into lead two-zero-eight with a half-life of fourteen billion years. Rubidium eighty-seven turns into strontium eighty-seven with a half-life of forty-eight billion years. Potassium forty turns into argon forty with a half-life of one billion years. 
How do we know the Earth can’t be older than about six or seven billion years? Moderate half-life isotopes (one billion years) are found. If Earth was more than six or seven billion years old, there wouldn’t be many parents left because they would have all turned into daughters. 

Radiocarbon Dating Method
Carbon is found in all life. It has three isotopes, carbon twelve and thirteen are stable but carbon fourteen is not. Carbon fourteen has a half-life of five thousand seven hundred and thirty years. Carbon fourteen dating uses the carbon fourteen to carbon twelve ratio in material that was once living. The short half-life of carbon fourteen makes it suitable for dating material less than seventy thousand years old. It is not useful for most rocks, but is useful for archaeology and young geologic materials. 

Carbon fourteen is constantly forming in the upper atmosphere. When a high-energy neutron, a type of cosmic ray, strikes a nitrogen fourteen atom it may be absorbed by the nucleus and eject a proton changing it to carbon fourteen atom. The carbon fourteen formation rate is fairly constant and has been calibrated against tree rings. The carbon fourteen becomes part of the natural carbon cycle and becomes incorporated into organisms. While the organism lives it continues to take in carbon fourteen but when it dies the carbon fourteen begins to decay without being replenished so the ratio between carbon fourteen and carbon twelve is no longer constant. Thus, carbon fourteen dating measures the time of death. 
