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GY 112 Lecture Notes 
Cambrian Explosion 

 
Lecture Goals: 
A) Phanerozoic time frame (Paleozoic Era) 
B) Why a Cambrian “explosion” 
C) Introducing our ancestors 
 

Textbook reference: Levin 7th edition (2003), Chaptes 10; Levin 8th edition (2006), Chapter 12 
 

 
A) The Time Frame 
Welcome to the Phanerozoic. This eon is the most critical one as far as life is concerned 
for several reasons. There is an abundant fossil record in the Phanerozoic, one that allows 
geologists to piece together a pretty good evolutionary story. The diverse fossils also 
provide geologists with very fine time resolution. We can resolve events on a sub-million 
year basis (compare this with our resolution of Archean or Proterozoic events – we were 
lucky to date events to the nearest +/- 10 million years!). 
 
The other thing to note about the Phanerozoic is that it is the last of the 4 geological eons. 
That makes it special because you are living in it. Because of the importance of the 
Phanerozoic, we are going to spend a lot of time (the rest of the course!) looking at it. To 
make life even easier, we divide the Phanerozoic into 3 eras. The first of these, the 

Paleozoic (245 to 550 MA), is the subject for the 
lecture today (and several others to follow). 
Today, we will simply set the scene for the more 
detailed lectures to follow. 
 
The Paleozoic lasted 300 million years, which, 
compared to the span of the Proterozoic, was a 
comparatively brief period; however, a lot 
happened over that time. It started with a 
evolutionary bang (Cambrian explosion) and 
ended with the largest extinction event ever 
(Permian-Triassic Extinction event).  
 
We saw the arrival of  fish and other marine 
animals, terrestrial plants, amphibians, reptiles  

Era 
Cenozoic 
(0 to 65 MA) 

 
Mesozoic 
(65 to 245 MA) 
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Paleozoic 
(245 to 550 MA) 

Note: This lecture will provide you with a brief overview or summary of the material 
that we will be covering over the next several weeks in the lectures and the labs. The 
Paleozoic was a pivotal time in the Earth’s history and a LOT of stuff went on over 
the 300 million years it spanned. A tremendous amount of data has now been 
collected about the fossils and tectonic history of the Paleozoic. We can only touch 
on the basics in this class. If you are interested in learning more, see me and I’ll point 
you to some excellent books and papers that are available in South’s library. 
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and insects. In short, the ancestors 
of everything showed up. There 
were several major extinctions 
besides the Permian-Triassic event 
(see arrows on the diagram to left 
from http://exobio.ucsd.edu). The 
subdivisions of the Paleozoic 
(geological periods) reflect the 
evolution and demise of fossil life 
on the planet.  As a matter of fact, 
most of the geological periods 
have informal age designations 
based upon fossil content. The 
Silurian and the Devonian are 
known as the Age of the Fishes. 
Non-USA based geologists refer 

to the Carboniferous as the Age of Coal. Since we in the United States divide the 
Carboniferous into 2 smaller periods, it stands to reason that we have 2 informal age 
designations this time span. The Mississippian is known as the Age of the Trees (my 
term for it anyway) and the Pennsylvanian in known as the Age of the Ferns. 
 

Era Period Informal Designation* 
Permian 

(245 to 286 MA) 
Age of Amphibians 

Pennsylvanian 
(286 to 320 MA) 

Age of Ferns 

Mississippian  
(320 to 362 MA) 

Age of Trees 

Devonian 
(362 to 418 MA) 

Age of the Fishes 
 

Silurian 
(418 to 441 MA) 

Age of the Fishes 

Ordovician 
(441 to 505 MA) 

Age of Marine Invertebrates 
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Cambrian 
(505 to 550 MA) 

Age of Marine Invertebrates 

Neo- 
Proterozoic 

Ediacaran 
(600 to 550 Ma) 

Age of Ediacarans 

* These age, with the exception of the Ediacaran Period,  come from the American Geological Institute’s 
Glossary of Geology. 

 
Because of the diversity of fossils in the Phanerozoic, paleontologists have the capacity to 
subdivide the periods into even finer divisions. They do this eagerly in part to impress 
everyone with their command of vocabulary. But unless you happen to be studying a 
specific interval of a specific period, it really is not necessary for you to be familiar with 
all of these finer subdivisions, especially for a GY 112 class. In fact, even your humble 
instructor does not know most of them. However, if I need to, I can read those names off 
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of a stratigraphic chart. For example, in Lab 8, you will learn that the Wenlockian is a 
paleontological division of the middle portion of the Silurian Period and the Ashgillian is 
a division in the latter part of the Ordovician. The best way to subdivide the periods is to 
do what we did for the Archean and Proterozoic Eons. Use Early, Middle and Late, or in 
the case of the Permian, Pennsylvanian and Mississippian Periods, Early and Late. These 
divisions are more or less equivalent to the Epoch subdivisions of the Tertiary period and 
are treated as such in Doug’s version of GY 112. 
 
There is one more matter of time that needs to be stated in this class. When we talk about 
time, we use the terms Early, Middle and Late, but when we refer to the rocks deposited 
during those times, we use Lower, Middle and Upper. For example, I studied some 
rocks in Newfoundland for my masters degree that were deposited during the Early  
 
 
     ERA  PERIOD   EPOCH*    TIME RANGE 

Late Permian 
Early 

286-245 
Ma 

Late Pennsylvanian 
Early 

320-286 
Ma 

Late 

 
Carb. 

Mississippian 
Early 

362-320 
MA 

Late 
Middle 

 
Devonian 

Early 

418-362 
Ma 

Late 
Middle 

 
Silurian 

Early 

441-418 
Ma 

Late 
Middle 

 
Ordovician 

Early 

504-441 
Ma 

Late 
Middle 
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Cambrian 

Early 

550-505 
Ma 

 
Ordovician. Those rocks were part of the St. George Group. So when I talk about those 
rocks, I refer to the Lower Ordovician St. George Group. But when I talk about the time 
they were deposited, I refer to the Early Ordovician. You don’t really have to know this 
for this GY 112, but those of you that intend to become geologists may have to know the 
difference between Early and Lower, and Late and Upper. 
 
B) Why an explosion? 
The transition from the Proterozoic to the Phanerozoic is called the Cambrian explosion. 
It should be remembered that quite diverse life forms existed before the Phanerozoic, so 
the expression Cambrian explosion is not entirely correct. However, the Cambrian is still 
important because it marks the time of the first appearance of hard body parts. The last 
section of today’s lecture will outline some of the important life forms that evolved in the 
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Cambrian, but for now, it is probably advisable to discuss address the 5 W’s of this 
important event (what, where, why, when and how – okay so it’s 4Ws and an H). 
 
The what and when components are easy. The base of the Cambrian is around 550MA 
(some say it’s exactly 544 MA) and the Cambrian explosion lasted about 25 million 
years, at least this is the period of time over which the hard body parts of the important 
fossil groups first appear. The why component of the Cambrian explosion is also fairly 
easy if somewhat intuitive. Animals which had internal or external skeletons, or back 
bones, or that lived encased in protective shells or tests would have been stronger and 
better defended than those beasties that lacked these hard parts. This would have been a 
distinct advantage (e.g., a good evolutionary development) in a world that was becoming 
crowded with more and more creepy, crawly, critters. How this happened is the most 
difficult question to address. The driving mechanism might have been climatic change 
(e.g. snowball Earth – hot house Earth transitions in the Neoproterozoic), or sea level 
oscillations or increasing concentrations of oxygen in the Earth’s atmosphere and ocean. 
Then again, it could have just been an accident. But the actual mechanism by which so 
many different organisms “suddenly” decided that hard was better than soft (stop 
thinking what you’re thinking) is difficult to envision. How exactly does a hollow 
notochord evolve into a hollow backbone? How does a worm-like animal all of a sudden 
start precipitating a shell of calcium carbonate to live in? Some people refer to the 
Cambrian explosion as the “big bang of evolution”. This is a very good analogy because 
like the Universe’s big bang, we know that the Cambrian explosion occurred and what 
happened in detail evolution-wise from then on, but the moments leading up the actual 
event are not clear. They may never be. This is why I like science. We know quite a lot of 
cool stuff, but we don’t know it all. There are still plenty of things to do that will keep 
scientists working and thinking for a long time to come.  

 
I left the where component of our 5 Ws (or 4Ws and 
an H) until last because this is actually something 
that we have real physical data to consider. Like the 
Ediacarin fauna, there are few quality outcrops on 
our planet recording the Proterozoic-Phanerozoic 
transition (AKA the Cambrian explosion). But there 
are a few gems. The most impressive up until the 
latter part of the 20th century was the Burgess Shale 
in British Columbia. This middle Cambrian organic 
rich formation was mapped by geologists in the early 
1900’s during construction of a trans-continental 

railroad, but the significance of the formation was not uncovered until 1909 by some 
American fossil hunters. By the time they were done in 1917, thousands of specimens of  
mostly soft-tissued organisms were unearthed. The beasties that comprise the Burgess 
Shale Fauna are weird, so weird in fact, that some were placed in separate phyla. Some 
were just classified as “Problematica”. Others were clearly related to beasties that we 
know and love today. An even more impressive collection of Cambrian fauna that is also 
older than the Burgess shale was found I believe in the 1970’s in southern China. The 
Chengjiang Fauna contains an amazing collection of organisms including the first 
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chordates (Pikaia sp., see 
image at the bottom of the 
previous page from 
http://www.3d-art.co.uk), and 
huge arthropods (Anomalcaris 
sp. was 500 cm long; see 
image at the top of the next 
page). Google sketches of 
some of the beasties that 
comprise the Burgess Shale 
and Chengjiang Faunas. But 
don’t do it before you go to 
bed! You’ll have nightmares. 
 
 
 
 
                                                            The trek to the Burgess Shale (20 km one way trip!) 
 
 

The Burgess Shale quarry site (a protected site; no personal sampling allowed) 
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C) Introducing, our ancestors 
There are 25 major animal Phyla recognized in 
most geology text books. Fourteen of these are 
quite useful for geological studies (e.g., for 
biostratigraphy). You will see nine in the lab 
component of GY 112 (in some cases you have 
already seen some). Don’t forget that all of these 
phyla are members of the animal kingdom (they 
do not include the foraminifera [Phylum 
Sarcondina in Kingdom Protoctista] or the 
stromatolites [Phylum Cyanobacetria in the 
Kingdom Monera]). In GY 112, we will also 
examine evolution in the plant kingdom which 
has even more of a nightmare classification 
scheme than the animals. Luckily, you really 
don’t need to know anything about the plants. 
 
                                                                                                 
            Part of one of the scary beasties from 
                                                                                       the Burgess Shale (Anomalocaris sp.) 
 
 
Time for some nasty data. The following table summarizes all of the animal phyla that 
you need to know for this class as well their age ranges. Anything highlighted in yellow 
you need to be aware of for the lecture component of GY 112; however, you will not see 
any representatives of these beasties in the labs 
 

Phylum Sub-divisions Common names Age Ranges 
Porifera  Sponges Cambrian-Recent 
Cnidaria Class: Anthozoa 

    Subclass: Zoantharia 
    Subclass: Tabulata 
    Subclass: Rugosa 

Corals & Anemones 
Scleratinian corals 
Tabulate corals 
Rugose (horn) corals 

 
Triassic-Recent 
Cambrian-Permian 
Ordovician-Permian 

Bryozoa  Bryozoans Ordovician-Recent 
Brachiopoda Class: Inarticulata 

Class: Articulata 
Inarticulate brachiopods 
Articulate brachiopods 

Cambrian-Recent 
Cambrian-Recent 

Arthropoda Subphylum: Trilobita 
Subphylum: Crustacea 
Subphylum: Unirama 
   Class: Myriapoda 
   Class: Hexapoda 
   Class: Arachnidea 

Trilobite 
crabs, lobsters etc. 
 
millipedes, centipedes 
Insects 
Spiders 

Cambrian-Permian 
Cambrian-Recent 
 
Mississippian-Recent 
Devonian-Recent 
Devonian-Recent 

Mollusca Class: Amphineura 
Class: Scaphopoda 
Class: Gastropoda 
Class: Bivalvia 
Class: Cephalopoda 
   Order: Nautiloidea 
   Order: Ammonoidea 
   Order: Belemnoidea 
   Order: Octopoda 

chitons 
tusk shells 
snails 
bivalves (clam shells) 
 
Nautiloids 
Ammonites 
Belemnites 
Octopi 

Cambrian-Recent 
Cambrian-Recent 
Cambrian-Recent 
Cambrian-Recent 
Cambrian-Recent 
Cambrian-Recent 
Dev.-Cretaceous 
Miss.-Early Tertiary 
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Echinodermata Class: Asteroidea 
Class: Echinoidea 
Class: Crinoidea 
Class: Blastoidea 
Class: Cystoidea 

Starfish 
Urchin, biscuit, dollar 
crinoids 
blastoids 
cystoids 

Ordovician-Recent 
Ordovician-Recent 
Cambrian-Recent 
Silurian-Permian 
Cambrian-Devonian 

Hemichordata Class: Graptolithina 
   Order: Graptoloidea 
   Order: Dendroidea 

 
graptolites 
dendroids 

Cambrian-M. 
Ordovician-Silurian 
Cambrian-M. 

Chordata Subphylum: Vertebrata 
  Class: Agnatha 
  Class: Acanthodii 
  Class Placodermi 
  Class: Osteichthyes 
  Class: Chondrichthyes 
  Class: Amphibia 
  Class: Reptilia 
    Subclass: Anapsida 
    Subclass: Synapsida 
    Subclass: Lepidosauria 
    Subclass: Archosauria 
  Class: Aves 
  Class: Mammalia 

(Chordates with bones) 
jawless fish 
Primitive jawed fish 
Plated, bony jawed fish 
Bony jawed fish 
Sharks and rays 
Amphibians 
Reptiles 
includes turtles 
mammal-like reptiles 
Lizards and snakes 
dinosaurs & crocodiles 
Birds 
mammals 

 
Cambrian-Recent 
Silurian-Permian 
Silurian-Devonian 
Silurian-Recent 
Devonian-Recent 
Devonian-Recent 
Mississippian-Recent 
Mississippian-Recent 
Penn.-Jurassic 
Permian-Recent 
Triassic-Recent 
Jurassic-Recent 
Triassic-Recent 

Other (non-animal beasties) to remember:  
Kingdom Monera; Phylum Cyanobacteria (Stromatolites); Archean-Recent 
Kingdom: Protocista; Phylum Sarcondina; Class Foraminifera; Cambrian-Recent 
 
 

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

 
Phanerozoic 

Paleozoic (as well as periods) 
Early, Middle, Late (times) 

Upper, Middle, Lower, (rock ages) 
Epoch 

Cambrian Explosion 
Burgess Shale 

Burgess shale fauna 
Chengjiang Fauna 

flora 
fauna 

9 major animal phyla: 
Porifera 

Cnidaria  (+3 coral subclasses) 
Bryozoa 

Brachiopoda (+2 classes) 
Arthropoda (+ 3 subphyla) 

Mollusca (+5 classes and 4 orders) 
Echinodermata (+4 classes) 

Hemichordata 
Chordata 
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Age relationships of faunas following the Cambrian Explosion 
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