The Geological Time Scale and Relative-Age Dating of Rocks

OBJECTIVES:

1. Explain how geologic time is divided into units and distinguish among those units.

2. Describe several methods used to date rock layers relative to other rock layers.
3. Give an example of how rock layers may be correlated with other rock layers.
VOCABULARY:
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By studying the characteristics of rocks and the fossils within them, geologists can interpret the environments the rocks were deposited in, reconstruct Earth’s history, and possibly predict events or conditions in the future.  To help in the analysis of Earth’s rocks, geologists have divided the history of Earth into time units based upon the fossils contained within the rocks.  These time units are part of the geologic time scale, a record of Earth’s history from its origin 4.6 billion years ago to the present.  This scale enables scientists from around the world to correlate the geologic events, environmental changes, and the development of life-forms that are preserved in the rock record.

The time scale is divided into distinct units:

· Eons 

· Longest time unit

· Measured in billions of years

· Era

· Next-longest span of time

· Measured in hundreds of millions to billions of years

· Defined by the differences in life-forms found in rocks

· The names of the eras are based on the relative ages of these life-forms, using Greek words:

· Paleo means old

· Meso means middle

· Ceno means recent

· 3 Eras since the Precambrian Time (90% of all geologic time)
· Periods
· Measured in tens of millions of years to hundreds of millions of years

· Defined by the life-forms that were abundant or because extinct during the time in which specific rocks were deposited

· Periods are usually named for the geographic region in which the rocks of that age were first observed, studied, and described

· 13 periods

· Epochs

· Measured in millions of years to tens of millions of years

· Different groups of organisms have been used to distinguish the various epochs

	EON
	ERA
	PERIOD
	EPOCH
	DATES
	AGE of
	Notes

	Phanerozoic
	Cenozoic
	Quaternary
	Holocene
	0-2
	Mammals
	Humans

	
	
	
	Pleistocene
	
	
	 

	
	
	Tertiary
	Neogene
	Pliocene
	2-5
	
	

	
	
	
	
	Miocene
	5-24
	
	

	
	
	
	Paleogene
	Oligocene
	24-37
	
	

	
	
	
	
	Eocene
	37-58
	
	

	
	
	
	
	Paleocene
	58-66
	
	Extinction of dinosaurs

	
	Mesozoic
	Cretaceous
	66-144
	Reptiles
	Flowering plants

	
	
	Jurassic
	144-208
	
	1st birds & mammals

	
	
	Triassic
	208-245
	
	First Dinosaurs

	
	Paleozoic
	Permian
	245-286
	Amphibians
	End of trilobites

	
	
	Carboniferous
	Pennsylvanian
	286-320
	
	First reptiles

	
	
	
	Mississippian
	320-360
	
	Large primitive trees

	
	
	Devonian
	360-408
	Fishes
	First amphibians

	
	
	Silurian
	408-438
	
	First land plant fossils

	
	
	Ordovician
	438-505
	Invertebrates
	First Fish

	
	
	Cambrian
	505-570
	
	1st shells, trilobites dominant

	Proterozoic
	Also known as Precambrian
	570-2,500
	1st Multi-celled organisms

	Archean
	
	2,500-3,800
	1st one-celled organisms

	Hadean
	
	3,800-4,600
	Approx age of oldest rocks 3,800


Geologists generally know the age of a rock by determining the age of the group of rocks, or formation, that it is found in.  The concept of relative-age dating places the ages of rocks and the events that formed them in order, but without exact dates.  This is done by comparing one event or rock layer to another.

Relative dating places events or rocks in their chronologic 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. 
Superposition: The most basic concept used in relative dating is the law of superposition.  Simply stated, each bed in a sequence of sedimentary rocks (or layered 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 near horizontal, and (2) the beds were not overturned after their deposition. 


Cross-cutting Relationships: 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. 
Gaps in the geologic record, called unconformities, are common where deposition stopped and erosion removed the previously deposited material.  Fortunately, distinctive features such as index fossils can aid in matching, or correlating, rocks and formations from several incomplete areas to create a more complete geologic record for relative dating. 

Correlation is the matching of outcrops of one geographic region to another.  Geologists examine rocks for distinctive fossils and unique rocks or mineral features to help correlate the rock layers.  
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Relative dating techniques provide geologists abundant evidence of the incredible vastness of geologic time and ancient age of many rocks and formations.  However, in order to place absolute dates on the relative time scale, other dating methods must be considered. 

