
 

 

GY 112 Lecture Notes 
20: Stromatolites 

 
Lecture Goals: 
A) Cyanobacteria 
B) Stromatolites 
C) Invasion Earth! The colonization of terrestrial environments begins. 
 
Textbook reference: Levin, Chapter 6 (pages 226-231) and Chapter 10 (page 334) 
 
A) Cyanobacteria 
When last we met, we discussed the “evolution” of the oceans and the Earth’s 
atmosphere. Were it not for the presence of simple prokaryotic life forms, our oceans and 
our atmosphere would have remained anaerobic.  
 
I may have left you with the impression that the anaerobic prokaryotes of the past were 
ideally suited for their environment. At first they probably were, but there must have been 
a time when things became less ideal for them. The first prokaryotes probably just 
digested whatever organic “food” happened to be around in the oceans they were living 
in. Yes, they would have been somewhat cannibalistic (if bacteria eating bacteria can be 
regarded in this fashion). This type of opportunistic feeding method is called 
heterotrophisis and beasties that eat in this manner are called heterotrophs. Eventually 
the food would start to run out and this would have likely induced evolutionary changes 
in the organisms around at the time. If organisms could produce their own food supply, 
they would have a distinct advantage over those that could not, especially if food supplies 
started to dwindle.  
 
Today we have many organisms that produce their own nutrients. The process is called 
autotrophisis and the organisms that do this are called autotrophs. Many types of 
bacteria today use either carbon dioxide, hydrogen sulfide or ammonia to produce the 
energy that they need to survive. The sulfur reducing bacteria associated with 
hydrothermal vents along the world’s mid-oceanic ridges and in geysers at Yellowstone 
National Park are quite content because they have all the “food” they need to led healthy 
and happy lives. In the Archean, autotrophs would have “ruled” the Earth’s oceans. 
 
Although being able to synthesize your own food from H2S, CO2 or NH3 would have 
given prokaryotic autotrophs an advantage over heterotrophs, there was still room for 
evolutionary improvement. Wouldn’t it have been nice if you could make energy from an 
almost limitless resource? The sun is producing a tremendous amount of energy, and 
some organisms learned to harness it. Photoautotrophs use photosynthesis to brake 
apart CO2 into carbon and O2 (free oxygen).  
 

6CO2 + 6H2O  → C6H12O6 (“sugar”) + 6O2 
 
As we discussed lat time, this process is thought to be the major way that oxygen made it 
into first our oceans and then our atmosphere. Photosynthesis is today the major way that 



 

 

plants produce energy. We’ll talk more about plants in an upcoming lecture, but it is 
important to note that the process that plants today use first started on our planet during 
the Archean (possibly even during the Hadean). 
 
The last “beastie” that we have to talk about before we get to the major subject of today’s 
lecture are cyanobacteria. The cyanobacteria are a group of prokaryotic photoautotrophs 
that contain chlorophyll. Chlorophyll is a catalyst that plants use to drive the 
photosynthetic reaction. It is the reason that living plants (particularly leaves) are 
coloured green. Cyanobacteria are also coloured. They are typically green to blue, 
however, some are so strongly coloured that they appear black. Some people refer to the 
cyanobacteria as blue-green algae, a classification that treats them more as plants than 
bacteria. 
 
 
B) Stromatolites 
The stromatolites were the first organic structures formed on our planet. Composed of a 
fine interlayering of cyanobacteria and sediment, they first appeared over 2 billion years 
ago and are easily recognized by their “crinkly” lamination and/or domal appearance (see 
sketches below). The Gunflint Chert Formation is generally regarded as the oldest 
stromatolite-bearing rock unit on the Earth (it outcrops around Lake Superior in both 
Canada and the United States), but Australian geologists claim to have found 
stromatolites 3.9 billion years old in Western Australia. This is pretty close to Shark Bay 
which is a remarkable region of Australia that you have heard of before. So what exactly 
were (or are) stromatolites? 
 

 
 
The stromatolites in the Gunflint Chert were formed from exclusively prokaryotic forms 
of cyanobacteria. These beasties were photosynthetic and probably grew into filamentous 
mats during the day time. At night, growth stopped, but the sticky layer trapped any 
sediment particles in suspension above the mat (generally silt and clay). The next day, the 
filaments worked their way through the sediment layer and the whole process repeated 
itself.  
 



 

 

 
Stromatolites dominated Proterozoic oceans. Recent work by carbonate geologists like 
my Masters supervisor Noel James suggests that they occupied just about every shallow 
marine niche possible. They were ubiquitous throughout the Paleozoic, but began to wane 
as other organisms developed. In particular, they seemed to have had a rough time with 
gastropods (snails) which used them as a stable food supply. For a while, geologists even 
thought that they had gone extinct, but in the early part of the 1900’s, living stromatolites 
were found in Shark Bay. What a treat this place is. I visited it in 2000 with Dr. Glenn 
(Party Animal) Sebastian who also happens to be the Chair of the Earth Sciences 
Department. We drove up to Shark Bay from Perth (a 2 day trip) and viewed the 
stromatolite pools for a couple of days. It was (and still is) absolutely mind blowing to 
see those colonies in an environment that was probably like the one they grew in during 
the Proterozoic. To say it was a humbling experience is an understatement. Even Dr. 
Sebastian was moved to tears. I shot off 12 rolls of film in 2 days. Here’s a couple of 
those images: 

 
Close up of modern stromatolites in Shark Bay, WA (January 2000) 



 

 

 

 
Modern stromatolites in Shark Bay, WA (January 2000) 

 
C) Invasion Earth! 
It is generally believed that the Earth’s land masses remained barren as far as life was 
concerned until the Phanerozoic. But this isn’t really correct. Some of the ancient 
stromatolites that have been found in Archean and Proterozoic rocks seem to have been 
living in lacustrine (lake) environments. It is not entirely certain if these lakes were 
saline or freshwater, but then again, who cares. It is clear that cyanobacteria made it into 
terrestrial environments. I find this kind of intriguing. It is reasonable to presume that 
coastal lakes and bays would get invaded first (once the ozone layer built up enough), but 
I wonder how the cyanobacteria got further inland? It is unlikely that they floated 
upstream in rivers. Maybe the wind blew dehydrated cyanobacteria inland where it 
rehydrated. I don’t know if this was possible in the past or even if it is possible today. I 
hate to say this, but this might be the one time that a geologist is forced to ask a biologist 
for help with interpreting an event in the Earth’s past.  
 
I am a bit of a day-dreamer (a trait that is particularly useful for geologists), so I can 
imagine what the land surface of the Earth might have looked like in the Archean. It 
would have be pretty bleak. Stark hills and mountains composed of granite, diorite and 
tonalite would have been thinly covered by residuum and “soil” produced through intense 
chemical weathering. I bet that at least some of the lakes were green and slimy. It is also 
feasible that some of the cyanobacteria might have begun to spread onto the rocks 
adjacent to the lakes. It would hardly have been the “green hills of Ireland”, but it was the 
start of the colonization of the land masses of the Earth, and was a precursor of the 
explosion of colonization that was to occur many hundreds of millions of years in the 
future. 
 

Terms and people to be familiar with (refer to Chapter 12 of your text book for help) 
Heterotrophs 
Autotrophs 

Cyanobacteria (blue-green algae) 
Photosynthesis 



 

 

Photoautorphs 
Chlorophyll 

catalyst 
Stromatolites 

Cyanobacteria 
Gunflint Chert 

Shark Bay 
Lacustrine (lake) environments 

Terrestrial environments 
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