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GY 112 Lecture Notes 
Stratigraphy and Geological Time 

 
Lecture Goals: 
A) Stratigraphic terms 
B) Geological Time 
C) Geological Systems 
 
Textbook reference: Levin 7th edition (2003), Chapters 1,3; Levin 8th edition (2006), 
Chapters 2, 5  
 
A) Stratigraphy 

By now you should realize that a 
lot of people had a lot to do with 
getting geology organized into a 
proper science. One of those 
people was Fossil Bill (William 
Smith; the English 
hydrologist/surveyor). He was 
one of the first people to trace out 
rock units across the countryside. 
In order to do this, he had to 
develop a nomenclature specific 
to the area. He identified specific 
clay units, limestones and other 
rock types and gave them proper 

names (e.g., Church Clay, Cornbrash Limestone). The reason for doing this was simple. 
If you are going to map out a succession of sedimentary rocks containing multiple 
limestones or sandstones or shales etc, you better have a means by which to distinguish 
them. The fundamental unit in stratigraphy is the formation which Smith defined as: “a 
lithologically distinct rock unit that possesses recognizable upper and lower contacts 
with other units and which can be traced across the countryside from place to place”.  
Today, naming formations must follow acceptable guidelines. You cannot simply name a 
rock unit after a girlfriend. It must be named according to a place name or a geographical 
feature near the most outstanding exposure of the formation in question. Allow me to 
give you some personal insight to how this is done. When I was doing my Ph.D. in New 
Zealand, I identified several distinct rock units that satisfied the definition of formations. 
I determined the best locations for these formations (I had to label them on topographic 
maps etc) and then looked at the topographic maps to find an appropriate nearby place 
name. I named one sandstone formation the Darkys Spur Formation after a road (Darkys 
Spur) which cut right through a 2 km long section of the unit. I named a shale unit Esk 
Formation after a river that flowed at its lower contact. I even named one rock unit after a 
farm house (The Wairoa Formation). Not all names are acceptable and some suggestions 
have been refused by the governing body of stratigraphers (this varies from country to 
country. In North America, it’s the North American Commission on Stratigraphic 
Nomenclature). I was partial to a little pub known as the Hairy Armpit but knew that it 



GY 112 Lecture Notes                                D. Haywick (2006)  2

would be a hard name to get accepted by anyone without a sense of humor. Still, you 
have to admit that the Hairy Armpit Formation would have been a memorable name. 
 
Formations do not have minimum or maximum thickness requirements. They can be thin 
(5 metres thick) or thick (200 metres thick). They just have to be laterally continuous. 
You would never name a rock unit a formation if it only occurred over 1 square km. 
There are however, some instances in which naming a thinner or less persistent rock unit 
would be desirable. For example, in my New Zealand project, I frequently came across 
thin volcanic ash beds or gravel beds. They were only exposed in one portion of the study 
area, but they were laterally extensive in this area. In situations like this, geologists can 
name Members. This stratigraphic division refers to smaller, but distinctive intervals 
within formations. In New Zealand, I identified 2 conglomerate members and 2 ash bed 
members within the sedimentary succession I was examining. By the time I was done, I 
had 11 formation names and 4 member names for a group of rocks 550 meters thick.  
 
It is also possible to group formations into a larger group. These Groups (good name for 
them!) usually cluster like formations (e.g., similar lithology) into intervals that are 
separated by distinctive breaks or geological events. In New Zealand, I assembled all of 
the formations I identified into one Group which I called the Petane Group after a Maori 
village name near the center of my study area. An example of stratigraphic nomenclature 
is summarized below: 
 

 
Table 1: An example of stratigraphic nomenclature 
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Athabasca 
Formation 

 

 

 
 
In case you are interested, the complete nomenclature for my study area in New Zealand 
is shown in the figure on the next page. 
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Figure From Haywick et al.,1991. New Zealand J. Geology & Geophysics 34, p213-225 
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B) Geological Time 
Geological time is unlike normal time, at least the time that you and I am familiar with. 
We are talking Time (with a capital “T”) and it is long. Most people cannot fathom the 
ages that geologists must deal with. To you, a long time may be 25 years (the age your 
car must reach to be get those trending antique license plates), or 100 years (the age your 
dining room table must be in order to claim it as an antique). Some people consider my 
lectures to be too long (50 minutes). But geologists deal with billions of years. The late 
Great Carl Sagan used to talk about billions and billions of stars; geologists talk about 
billions of years. 
 
The Earth is regarded by geologists as being some 4.6 billion years old. The oldest rocks 
that we have found on the Earth are about 4.1 billion years. The first organic materials 
(bacteria) appeared some 3.8 billion years ago. These are just numbers, but boy,  they are 
big numbers. 
 
There are several ways that you can illustrate how big these numbers are. You may have 
seen me do this in the lecture by using a tape measure. Another good way is by using 
money. To be more specific, a big bag of pennies. 
 
Question: How high would a pile of pennies be that represented the age of the Earth (1 
penny per year) if you stacked them up in a single column?  
 
Solution: First of all, let’s assume that it is possible to withdrawal $45 million dollars 
worth of pennies from your local bank. Each penny is approximately 1.5 mm thick (0.06 
inches). If you were to stack 4.5 billion of them, you would have a column 6,750 km (or 
approximately 4220 miles) high. As a comparison, the approximately 5000 years of 
human civilization would represent a mere 7.5 metres (or 25 feet) of the 4220 mile high 
stack of pennies that represents geological time.  
 
Geologists found that they needed some scheme by which to classify time (geological 
variety). In the 19th Century, fossils were becoming increasing important for correlating 
rock units, but they were also useful for determining time. Organisms evolved and died 
off. If you could determine their relative ages, you could start to age (relatively) the rocks 
that contained them. Your book goes into pretty good detail about how this is done and 
also provides spiffy color photographs of the geological time scale. Here is the important 
stuff. 
 
Geological time is broken up into manageable bits. The largest divisions are Eons. To 
19th Century geologists, the rocks could be broken up into 2 divisions 1) those containing 
visible signs of life (e.g., fossils) and those devoid of life (e.g., pre-fossils). You may 
have been introduced to these in GY 111; the Phanerozoic (“visible life; 544 Million 
years to the present) and the Proterozic (before life; up to 544 Million years). Some 
Proterozoic rocks did in fact contain primitive life (bacteria and later on soft-tissued 
organisms), but not beasties that produced skeletal remains. The Proterozoic is now 
defined as a specific interval of time (2.5 billion years to 544 million years). Two 
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additional Eras have been added to the Geological Time Scale; The Archean (4.0 to 2.5 
billion years) and the Hadean (4.5 to 4.0 billion years). 
 
 

Eon Era Time 
Cenozoic 65 MA to 0 MA 
Mesozoic 245 MA to 65 MA 

 
Phanerozoic 

Paleozoic 550 MA to 245 MA 
Neoproterozoic 900 MA to 550 Ma 
Mesoproterozoic 1.6 GA to 900 MA 

 
Proterozoic 

Paleoproterozoic 2.5 GA to 1.6 GA 
Archean  3.96 Ga to 2.5 Ga 
Hadean  4.6 Ga to 3.96 Ga 

 
 
The use of fossils for dating rocks was of course limited to those rocks which contained 
fossils (i.e., mostly the Phanerozoic). Since there were lots of different fossils that came 
and went, it seemed logical to break the Phanerozoic* up into smaller divisions called 
Eras. Three Paleozoic Eras are recognized: 
 

Cenozoic (0 to 65 million years BP) 
Mesozoic (65 to 245 million years BP) 

Paleozoic (245 to 544 million years BP) 
 
The Eras are further subdivided into smaller Periods and the Periods can be further 
subdivided into Epochs. The best way of illustrating this is to show you how these 
subdivisions work for the Phanerozoic and the latest portion of the Proterozoic 
(neoproterozoic). That occurs on the next page. The names used (e.g., Devonian) come 
from specific localities (usually in Europe) where especially well exposed rocks of that 
particular division are well exposed. You will also note that there are dates assigned to 
each division. These are absolute dates based upon radiometric dating of materials within 
certain rocks (we get into this in a future lecture). The dates are regularly modified if 
better radiometric analyses are developed. But the divisions themselves are fixed. They 
represent major changes in the fossil record. For example, the boundary between the 
Mesozoic and Cenozoic Eras (65 Ma) represents a major extinction event (the dinosaurs 
all died off). The boundary between the Paleozoic and Mesozoic (245 Ma) represents an 
even bigger extinction. Radiometric dating puts an absolute date on the geological 
divisions, but the divisions are largely paleontological in nature. 
 
In this class, you will have to remember the Geological Time Scale (Eons, Eras and for 
the Phanerozoic, the Periods). One of the most effect ways to do this is to make up a 
rhyme, saying or anagram that uses the first letter of each Era, Period and/Epoch. Here’s 
one that I frequently use as an example in GY 112 classes: 
 

                                                           
* More Recently, the Proterozoic has also been broken up into Eras and Periods 
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Table 2: The Geological Time Scale 

Era Period Epoch 
Holocene (0 to 10 Ka) Quaternary 

(0 to 2 Ma) Pleistocene (10 Ka to 2 Ma) 
Pliocene (2 Ma to 5 Ma) 

Miocene (5 Ma to 24 Ma) 
Oligocene (24 to 37 Ma) 
Eocene (37 Ma to 58 Ma) 

 
 

Cenozoic 
(0 to 65 Ma) 

 
 

Tertiary  
(2 MA to 65 Ma) 

Paleocene (58 to 65 Ma) 
Cretaceous 

(65 to 144 Ma) 
Jurassic 

(144 to 208 Ma) 

 
 

Mesozoic 
(65 to 245 Ma) 

Triassic  
(208 to 245 Ma) 

Permian 
(245 to 286 Ma) 
Pennsylvanian 

(286 to 320 Ma) 
Mississippian  

(320 to 362 Ma) 
Devonian 

(362 to 418 Ma) 
Silurian 

(418 to 441 Ma) 
Ordovician 

(441 to 505 Ma) 

 
 
 
 
 
 

Paleozoic 
(245 to 544 Ma) 

Cambrian 
(505 to 550 Ma) 

 
 
 
 
 
 
 
 

Lots of  
 

Epochs in 
 

All  
 

Periods 

Ediacarin 
(600 to 550 Ma) Neoproterozoic 

Cryogenian 
(850 to 600 Ma) 

 

 
 

Quinn Told Claire Jones To Push Pretty Marie Dodd’s Scooter Over the Cliff 
(Quaternary, Tertiary, Cretaceous, Jurassic, Tertiary, Permian, Pennsylvanian, Mississippian, Devonian, 

Silurian, Ordovician, Cambrian) 
 

C) Geological Systems 
I seldom ever have enough time in lectures to get to this subject, but if you are interested 
in all aspects of stratigraphy and geological time, you might find the subject of geological 
systems interesting. 
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Each geological time division can be considered a chronostratigraphic unit as can the 
rocks deposited within those divisions. Rocks deposited within a specific Period are 
called Systems. Consequently there are rocks comprising the Cambrian System and the 
Jurassic System etc. Rocks deposited within an Epoch are called Series (e.g., the 
Holocene Series). Textbooks commonly go into detail about the general properties of 
each of the Series and a where the names of each system comes from. We may discuss 
some of this during later parts of GY 112 course. 
 

Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
Formation 
Member 
Group 
System 
Series 

Eon (what it is and their names) 
Era (what it is and their names for the Proterozoic and Phanerozoic Eons) 

Period (what it is and their names for their  Phanerozoic Eon) 
Epoch (what it is and their names for the Cenozoic Era) 
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