Sub-strand 1.5 -   Measuring Geological time
Learning outcomes
Upon successful completion of this sub-strand, students are able to demonstrate an understanding of the geological time scale and the tools used for dating of events in geological time.
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Define relative dating.

12ESC15.2.1

Describe the principles of relative dating.

12ESC15.12

Define absolute dating.

12ESC15.22

Describe the principles of absolute dating.

12ESC153.1

Compare relative dating with absolute dating.

12ESC15.32

Compare the length of geological time with the length of 2 24-hour day.

12ESC1533

‘Explain how basic principles of establishing geological age is applied.

12ESC15.23

Describe the use of fossils in sedimentary rocks to establish the chronology
of events.

12ESC15.13

Define absolute chronology:

12ESC15.2.4

Describe absolute chronology, as based on the radioactive decay of specific
clements

12ESC15.3.4

Compare the two methods of dating rocks and minerals.

12ESC154.1

Discuss the geological time scale to the islands of Vamuatu

12ESC1542

Discuss how the time scale have indicated the different physical eveats that
‘have occurred in Vanuatu.





Relative Dating

The majority of the time fossils are dated using relative dating techniques. Using relative dating the fossil is compared to something for which an age is already known.

For example if you have a fossil trilobite and it was found in the Wheeler Formation. The Wheeler Formation has been previously dated to approximately 507 million year old, so we know the trilobite is also about 507 million years old. But, how can we determine how old a rock formation is, if it hasn’t previously been dated?

Scientists can use certain types of fossils referred to as index fossils to assist in relative dating via correlation. Index fossils are fossils that are known to only occur within a very specific age range. Typically commonly occurring fossils that had a widespread geographic distribution such as brachiopods, trilobites, and ammonites work best as index fossils. If the fossil you are trying to date occurs alongside one of these index fossils, then the fossil you are dating must fall into the age range of the index fossil.

Sometimes multiple index fossils can be used. In a hypothetical example, a rock formation contains fossils of a type of brachiopod known to occur between 410 and 420 million years. The same rock formation also contains a type of trilobite that was known to live 415 to 425 million years ago. Since the rock formation contains both types of fossils the ago of the rock formation must be in the overlapping date range of 415 to 420 million years.

Studying the layers of rock or strata can also be useful. Layers of rock are deposited sequentially. If a layer of rock containing the fossil is higher up in the sequence that another layer, you know that layer must be younger in age. If it is lower in sequence it’s of a younger age. This can often be complicated by the fact that geological forces can cause faulting and tilting of rocks.
Principles of Relative Dating
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	The Principle of Superposition tells us that deeper layers of rock are older than shallower layers


Relative dating utilizes six fundamental principles to determine the relative age of a formation or event. 
1) Principle of Superposition

The first principle is the Principle of Superposition which states that in an undisturbed succession of sedimentary rock, the oldest layers are on the bottom. This follows due to the fact that sedimentary rock is produced from the gradual accumulation of sediment on the surface. Therefore newer sediment is continually deposited on top of previously deposited or older sediment.
2) Principle of Original Horizontality
The Principle of Original Horizontality states that due to the influence of gravity all sediment is originally deposited horizontally. In other words, as sediment fills a depositional basins we would expect the upper most surface of the sediment to be parallel to the horizon. Subsequent layers would follow the same pattern. Using this principle we can than assume that sedimentary layers which have been deformed/folded must have been deformed after all affected layers have been deposited.
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	Image demonstrating a common use of the principle of lateral continuity
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	Principle of Cross-Cutting tells us that the light colored granite must be older than the darker basalt dike intruding the granite.


As sediment weathers and erodes from its source, and as long as it is does not encounter any physical barriers to its movement, the sediment will be deposited in all directions until it thins or fades into a different sediment type. 
3) Principle of Lateral Continuity

This concept known as the  Principle of Lateral Continuity allows us to assume that similar layers of rock or sediment that are separated by a valley or other erosional feature were once continuous. For purposes of relative dating this principle is used to identify faults and erosion features within the rock record. 
4) Principle of Cross-cutting

Then, by applying the Principle of Cross-Cutting we are able to relatively date those processes. The principle of cross-cutting states that any geologic feature that crosses other layers or rock must be younger then the material it cuts across. Using this principle any fault or igneous intrusion must be younger than all material it or layers it crosses. 
5) Principle of Includions
Much like the principle of cross-cutting, the Principle of Inclusions relatively dates objects based on their placement within other earth materials. Once a rock is lithified no other material can be incorporated within its internal structure. In order for any material to be included within in the rock it must have been present at the time the rock was lithified. For example, in order to get a pebble inside an igneous rock it must be incorporated when the igneous rock is still molten-- such as when lava flows over the surface. Therefore, the piece, or inclusion, must be older than the material it is included in.
6) Principle of Fossil Succession
Lastly the Principle of Fossil Succession. Aside from single-celled bacteria, most living organism resides at or very near the Earth's surface either in continental or oceanic environments. As these organisms die they are deposited on the surface along with all other sediments. If conditions are right the remains of the dying organisms can then be preserved as fossils within the rock that formed from sediments that covered the remains. Since, all sedimentary rock is formed through the gradual accumulation of sediment at the surface over time, and since the principle of superposition tells us that newer sediment is deposited on top of older sediment, the same must also be true for fossils contained within the sediment. The Principle of Fossil Succession states that groups of fossils (called fossil assemblages) proceed one another in a regular and determinable manner.  Although this principle is generally applied to relative dating it is also the basis for evolution.
Absolute Dating
Absolute dating is used to determine a precise age of a rock or fossil through radiometric dating methods. This uses radioactive minerals that occur in rocks and fossils almost like a geological clock. It’s often much easier to date volcanic rocks than the fossils themselves or the sedimentary rocks they are found in. So, often layers of volcanic rocks above and below the layers containing fossils can be dated to provide a date range for the fossil containing rocks.

The atoms in some chemical elements have different forms, called isotopes. These isotopes break down at a constant rate over time through radioactive decay. By measuring the ratio of the amount of the original (parent) isotope to the amount of the (daughter) isotopes that it breaks down into an age can be determined.

We define the rate of this radioactive decay in half-lives. If a radioactive isotope is said to have a half-life of 5,000 years that means after 5,000 years exactly half of it will have decayed from the parent isotope into the daughter isotopes. Then after another 5,000 years half of the remaining parent isotope will have decayed.

While people are most familiar with carbon dating, carbon dating is rarely applicable to fossils. Carbon-14, the radioactive isotope of carbon used in carbon dating has a half-life of 5730 years, so it decays too fast. It can only be used to date fossils younger than about 75,000 years. Potassium-40 on the other hand has a half like of 1.25 billion years and is common in rocks and minerals. This makes it ideal for dating much older rocks and fossils.
Radiometric Dating

Determining your age is easy. You simply subtract your birth date from the current date. But determining the age of a rock... well, that's not as straightforward. After all, a rock can't tell you when it was born.

So we have to rely on something called radiometric dating to figure out the age of rock. Radiometric dating is a method used to date rocks based on the known decay rate of radioactive isotopes. This method works because rocks are radioactive. Now, they do not give off enough radiation that you have to be afraid to pick them up, but they do contain naturally occurring radioactive elements like uranium, for example.

It was also discovered that these elements decayed into other elements at fixed rates. Because these rates do not change and because the radiation that rock give off can be measured, it became possible to calculate the time the rock was formed or, in other words, the rock's birth date - give or take a few thousand years or so.

Radiometric dating is sometimes referred to as radioactive dating. In fact, you might like this term better, because the dating method relies on the known decay rate of radioactive isotopes. Regardless of which name you prefer, the discovery was a true breakthrough that provided a tool to predict the geological history of the Earth and even the age of the Earth itself.

Principles of Absolute dating (radiometric dating/or Radioactive dating)
Absolute age of a rock or object is different from relative age. With absolute age dating, scientists determine the absolute age of a rock in millions of years before present rather than just the age of the rock relative to the rock units around it.  This information helps geologists develop more precise geological history models for the rocks and regions they study. Absolute age is generally determined using a technique called radiometric dating, which uses radioactive isotopes of elements in the rock to estimate the age of the rock.

Atoms are made of three particles: protons, electrons, and neutrons. All three of these particles are important to the study of geology: the number of protons defines the identity of a particular element (e.g., carbon has 6 protons), the number of electrons control how that element bonds to other elements to make compounds, and the number of neutrons changes the atomic weight of an element. Isotopes are atoms of an element that differ in the number of neutrons in their nucleus and, therefore, their atomic weight.

Some isotopes are unstable and decay (break down into other isotopes) over time. This process is called radioactive decay. In radioactive decay, a particle (e.g., a neutron, electron, or x-ray photon) is emitted from a radioactive atom, called the parent atom. After the particle is emitted the parent atom is altered to form a different isotope (often a different element) called the daughter atom. To be useful for radiometric dating, the daughter isotope atom should not be radioactive (i.e., it should not disappear once it has formed).

Scientists have studied and measure the radioactivity of different elements in the lab to calculate the rate of decay for each isotope. Though the rate of decay varies between isotopes from milliseconds to billions of years, each isotope decays at a regular and predictable rate. This is called the half-life of the isotope. The half-life is defined as the amount of time it takes for half of the atoms of the radioactive parent isotope to decay to atoms of the daughter isotope. The half-life is independent of the amount of atoms at a given time; for example, it takes the same amount of time for the amount of parent isotope to decrease from 100% to 50% as it takes for the amount of the parent isotope to decrease from 50% to 25% of its original value. If we plot this pattern as a plot of time vs atoms remaining, we get a radioactive decay curve. When a rock initially forms there are generally very few daughter atoms present in the rock; thus, if we know the length of the half-life for a particular radioactive isotope and we measure the amount of parent and daughter isotope in a rock, we can then calculate the age of the rock. This is the basis for radiometric dating. The concentrations of the different isotopes are measured using an instrument called an isotope ratio mass spectrometer. Given the shape of the radioactive decay curve, a material theoretically never completely runs out of the parent isotope. In practice, scientists can only effectively measure the concentration of remaining parent isotope up to 10-15 elapsed half-lives; after that the concentration of parent isotope remaining is generally too low in concentration to measure.
Geologic Time Scale
A Time Line for the Geological Sciences
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Dividing Earth History into Time Intervals
Geologists have divided Earth's history into a series of time intervals. These time intervals are not equal in length like the hours in a day. Instead the time intervals are variable in length. This is because geologic time is divided using significant events in the history of the Earth.

Examples of Boundary "Events"

For example, the boundary between the Permian and Triassic is marked by a global extinction in which a large percentage of Earth's plant and animal species were eliminated. Another example is the boundary between the Precambrian and the Paleozoic, which is marked by the first appearance of animals with hard parts.

Eons

Eons are the largest intervals of geologic time and are hundreds of millions of years in duration. In the time scale above you can see the Phanerozoic Eon is the most recent eon and began more than 500 million years ago.

Eras
Eons are divided into smaller time intervals known as eras. In the time scale above you can see that the Phanerozoic is divided into three eras: Cenozoic, Mesozoic and Paleozoic. Very significant events in Earth's history are used to determine the boundaries of the eras.

Periods

Eras are subdivided into periods. The events that bound the periods are widespread in their extent but are not as significant as those which bound the eras. In the time scale above you can see that the Paleozoic is subdivided into the Permian, Pennsylvanian, Mississippian, Devonian, Silurian, Ordovician and Cambrian periods.

Epochs

Finer subdivisions of time are possible, and the periods of the Cenozoic are frequently subdivided into epochs. Subdivision of periods into epochs can be done only for the most recent portion of the geologic time scale. This is because older rocks have been buried deeply, intensely deformed and severely modified by long-term earth processes. As a result, the history contained within these rocks cannot be as clearly interpreted.

Our geologic time scale was constructed to visually show the duration of each time unit. This was done by making a linear time line on the left side of the time columns. Thicker units such as the Proterozoic were longer in duration than thinner units such as the Cenozoic. We also have a printable version of the Geologic Time Scale as a .pdf document. You can print this timescale for personal use.
Geological Age

On this page, we will discuss the Principles of Geology. These are general rules, or laws, that we use to determine how rocks were created and how they changed through time. We also use these laws to determine which rock formations are older or younger.




The Law of Superposition states that beds of rock on top are usually younger than those deposited below. This is logical, consider a layered cake or a stack of books, you can’t add another layer unless one already exists to begin with. By understanding the Law of Superposition we can make general statements about the ages of these rock units.Consider these top layers – Unit K (dark green) is younger than Unit J (burnt orange) because it lies atop it, this also directly relates to the relative age dating.
The Law of Original Horizontality suggests that all rock layers are originally laid down (deposited) horizontally and can later be deformed. This allows us to infer that something must have happened to the rocks to make them tilted. This includes mountain building events, earthquakes, and faulting.The rock layers on the bottom have been deformed and are now tilted. The rock layers on the top were deposited after the tilting event and are again laid down flat.
The Law of Lateral Continuity suggests that all rock layers are laterally continuous and may be broken up or displaced by later events. This can happen when a river or stream erodes a portion of the rock layers. This can also happen when faulting occurs. Faulting causes displacement in rock units. The figure here shows the offset between the layers signified by the black line cutting across the rocks. Trace the colors or letters across to find the layers that match. The rock layers on the top seem to form a valley but we can tell that Unit I (dark blue) on one side is the same as the Unit I (dark blue) on the other side. There is missing rock in between and a displacement caused by deformation.
Cross-cutting relationships also helps us to understand the timing of events. Younger features cut across older features. Going back to the fault on this image, we know that these rock layers were involved in the fault movement because they are all offset. We can also determine which beds of rock were tilted and that relationship to the rocks that are not tilted. The rock layers on the bottom have been deformed and are now tilted. The rock layers on the top were deposited after the tilting event and are again laid down flat.
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Conglomerate rock containing many smaller pieces.

The idea of Components is simple. If you find a rock that has other smaller pieces of rocks within it, the smaller rocks inside must have existed before the larger rock was created.
The Principle of Faunal Succession states that a species appears, exists for a time, and then goes extinct. Time periods are often recognized by the type of fossils you see in them. Each fossil has a ‘first appearance datum’ and a ‘last appearance datum’. This is simply the oldest recorded occurrence of a fossil and then the youngest recorded occurrence of a fossil.

Rocks that contain fossils occur in a very real and understandable order. Rocks of certain time periods can be recognized and separated by their fossil content (Boggs, 2012). This is a skill that geologists acquire as they do field work and explore the Earth! The fauna from the Mississippian is very different from the Ordovician and easily distinguishable! Groups of fossils, or fossil assemblages, can be used to correlate rock units across continents.



Relative age dating with fossils is very common and we can use this data to make interpretations about the environment.

Something else that fits into Geologic Principles and basic stratigraphy (study of rock layers) are unconformities. Unconformities are simply gaps (missing data) in the rock record, these gaps could indicate a variety of processes. Such as: erosion, deformation, or changes in sea-level. There are three main types of unconformities: (1) Angular unconformities; (2) Disconformities and; (3) Nonconformities.



Angular unconformity between the older orange package of rock layers and the younger green package of rock. The curvy line indicates the erosional surface. A disconformity between the older purple sedimentary layers and the younger orange sedimentary layers. Nonconformities occur between an igneous body and sedimentary rock layers.

Angular unconformities are represented by an older group of rock layers has been tilted, eroded, and another younger set of rock layers were deposited on top of this erosional surface. The tilting process is commonly by a mountain building event, it doesn’t necessarily have to be in the mountains but the effects of mountain building processes are long reaching.
Disconformities are an erosional surface between two sets of rock layers. Unlike with angular unconformities, there is no tilting of the older rock layers. This makes disconformities difficult to recognize because the erosional surface is often very difficult to find.
Nonconformities are unconformities that separate different rock types. This is commonly the separation between igneous and sedimentary or metamorphic and sedimentary rocks. These types of unconformities usually indicate that a long amount of time has been eroded away before the younger sedimentary rocks were deposited.

Absolute Chronology
A chronology that determines the age of a feature or event in years.
Method of dating rocks and Minerals
Radioactive dating is a method of dating rocks and minerals using radioactive isotopes. This method is useful for igneous and metamorphic rocks, which cannot be dated by the stratigraphic correlation method used for sedimentary rocks.
1) Radioactive  Isotopes

Originally fossils only provided us with relative ages because, although early paleontologists understood biological succession, they did not know the absolute ages of the different organisms. It was only in the early part of the 20th century, when isotopic dating methods were first applied, that it became possible to discover the absolute ages of the rocks containing fossils. In most cases, we cannot use isotopic techniques to directly date fossils or the sedimentary rocks they are found in, but we can constrain their ages by dating igneous rocks that cut across sedimentary rocks, or volcanic ash layers that lie within sedimentary layers.

Isotopic dating of rocks, or the minerals in them, is based on the fact that we know the decay rates of certain unstable isotopes of elements and that these rates have been constant over geological time. It is also based on the premise that when the atoms of an element decay within a mineral or a rock, they stay there and don’t escape to the surrounding rock, water, or air. 

2) Stratigraphic correlation

Correlation trying to fit together sedimentary strata found in different places. Geologists try to determine the relative age of widely separated strata. They are especially interested in determining layers in separate strata that are exactly the same age. This task is complicated as distance increases and sedimentary environments change. One method for correlation is looking for similarity of rock type and characteristics
