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GY 112 Lecture Notes 
Fossil Evolution 

 
Lecture Goals: 
A) The origins of life: The Earth 3.8 billion years ago 
B) The first organic reactions 
C) The first life forms 
 
Textbook reference: Levin 7th edition (2003), Chapter 4; Levin 8th edition (2006), Chapters  6 & 8 
 
 

 
A) The origins of life 
If we could get into a time machine and travel back to the early Earth (say 3.9 billion years ago), 
you would find a very different planet than we have today. The Earth had a very different 
atmosphere. It was rich in methane (CH4), ammonia (NH4), water vapor (H2O), carbon dioxide 
(CO2) and other ”primordial” gases. The oceans were present, but they too were different than 
they are today. Free oxygen (O2) just wasn’t all that abundant so for the most part, the oceans 
were anaerobic. We will discuss the evolution of the early atmosphere and oceans in an 
upcoming lecture, so we will not go into too much detail here about it now. But we need to know 
the chemicals available if we are going to be able to discuss evolution at its most basic levels. 
 
There were other difference back in time too. You would have noticed that the sun was much 
brighter (it would have looked almost blue in color). It was pretty cool though. Our sun Sol has 
been evolving over time (much like the Earth). Through observation of other stars in other 
portions of our galaxy, astronomers believe that when a star first starts to burn, it is brighter and 

First a Disclaimer: 
 
There is no more single controversial topic in Alabama than evolution (that and which 
football team (Alabama or Auburn) is better). Everyone has their own beliefs and feelings 
about where we came from and how life first started on this planet. We are stronger people 
when we respect each others beliefs. In this class, we are interested in Science’s 
understanding of how things work. Scientists (and I’ve mentioned this many times already), 
must forever remain skeptical about everyday occurrences. They must constantly test their 
hypotheses and ideas about how things work. If an idea survives a test, that idea is retained. If 
it fails, it is abandoned or modified to better fit observations. Like life itself, scientific 
reasoning is a matter of survival of the fittest (ideas). Science and religion will never be 
totally in sync. Scientific hypotheses must be testable; religious beliefs relies on faith alone. I 
say - why bother relating the two together at all? I like apples and oranges, but I don’t try to 
equate the two of them together (flavor- wise). Sometimes my needs are met by an orange. 
Sometimes I need an apple. 
 
GY 112 is a science course and as such, you need to understand the scientific ideas 
concerning evolution. You don’t need to believe in evolution, but you do have to understand 
the scientific rationale behind the concept. 
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cooler than when it settles down a billion or 
so years later. So we believe that Sol was 
brighter but cooler 3.9 billion years ago. It 
probably also emitted different intensities 
of radiation (e.g., UV radiation would have 
been pretty bad). The neat thing about all 
this is that liquid water existed on the Earth 
3.9 billion years ago. If the temperatures 
were cooler, you might expect the Earth’s 
oceans to freeze over. They did not and 
probably for one simple reason: a 

greenhouse effect. There were much more greenhouse gases in our atmosphere in the beginning 
then there are now, so the Earth stayed warm enough to keep the oceans liquid. As time went on, 
CO2 and CH4 in the atmosphere declined and the greenhouse effect was reduced. This is good, 
for had the atmosphere not evolved, we would have gotten hotter and hotter as the sun got hotter. 
Earth would look like Venus. There would be no life (at least anything that we would be familiar 
with) on the Earth. The bright side is that you would not be stuck in GY112 taking notes (or 
reading stuff off the internet). 
 
Are you interested in the early Earth? Stay tuned, we will discuss it again a bit later in this 
course. Are you interested in the seemingly amazing regulation of the Earth’s temperature over 
time? You are not alone. Some very distinguished scientists (especially James Lovelock) were 
so interested in it that they tried to figure out how and why this happy coincidence occurred. I 
encourage you to read his book (reference to follow) or to check out the Gaian philosophy that 
has evolved from this regulation. The philosophy is named after the Roman Goddess Gaia (Earth 
Mother) and is as close as a scientist can get to explaining (in orange terms) how an apple tastes. 
Her is a quick link to a website discussing this philosophy: 
 

http://www.oceansonline.com/gaiaho.htm 
 
Here’s a reference to one of Lovelock’ books: 
 

Lovelock, J., 1988. The Ages of Gaia: A Biography of our Living Earth. Oxford University Press 
 
Where was I? Oh yes, the early Earth. So the Earth’s 
atmosphere and oceans were different 3.9 billion years ago 
compared to today. The Sun was also different. There wasn’t 
any plate tectonics operating, at least not like we have today. 
No trenches, no subduction, no island arcs (we’ll talk more 
about this later). There was however, rifting, volcanism and 
earthquakes. The moon was closer (see a previous lecture), so 
the tides were more extreme. All-in-all a lousy place to raise a 
family. Yet life did take off. The earliest life forms we have 
found to date are 3.865 billion years old and were recently found in Western Australia. They 
weren’t all that impressive but at least they were alive. They were tiny, measuring about 0.002 
mm across (2 microns) and they were very “primitive” (see figure to right). They were enclosed 
in an organic membrane, but they did not contain bound nuclei (genetic information was spread 
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throughout the cell). These organisms are today called 
prokaryotes and they include the bacteria. The earliest 
prokaryotes were kind of like Salmonella (the bacteria that 
gives you food poisoning when you eat at the local Barf-burger 
restaurant). They could survive in an oxygen-free environment. 
They produced O2 as a by-product (as waste material). Their 
presence on the Earth 3.9 billion years ago is what ultimately 
changed the Earth’s atmosphere, but this again id fodder for an 
upcoming lecture. 
 
Prokaryotic evolution is thought to have been a major event in 
earth history, but how did it actually occur? Believe it or not, 
scientists think they know, and you can even try this at home 
(Bill Nye the science guy-type experiment). All you need are a few glass containers, gases 
similar to the early Earth’s atmosphere and a source of heat and electricity. 
 
B) The first organic reactions 
In 1953, 2 biochemists by the name of Stanley Miller (picture at the top of this page) and 
Harold Urey started to experiment with a closed system that duplicated the early Earth 
atmosphere-ocean. Here is a cartoon sketch of their setup: 
 

 
 
 
By heating the water in the lower chamber, they produced water vapor which passed into the 
upper chamber containing methane, hydrogen and ammonia (No oxygen!). They used a sparked 
device to generate electrical discharges. In other words, they simulated the atmosphere, the 
ocean, the lightning and the volcanoes (heat source). To everyone’s amazement, after a few days 
of operation, organic chemicals started to coat the inside of the chambers. Chemical analysis 
showed the coating to be a variety of organic compounds including amino acids. Amino acids 
contain both -NH2 and -COOH radicals and are one of the constituents of proteins. Here is a 
possible reaction that is typical of what Miller and Urey observed: 
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So yes, can create organic goop at home, but have you formed life? NO! Life is capable of self 
propagation and this goop was not. There had to be another step involved. That step was 
discovered a bit later by a scientist with a South Alabama connection. 
 
Sidney Fox was a biochemist who made major inroads to early evolutionary processes. He built 
on Urey and Miller’s work by refining the conditions at which the organic reactions could have 
taken place in the early Earth system. Urey and Miller’s experiment was run at high temperatures 
(140 degrees C), well above the boiling point of water. Such conditions would have occurred 
along submarine volcanoes, but Fox discovered that you could produce many more wonderful 
organic chemicals at lower temperatures if phosphoric acid were added to the “soup”. Fox 
synthesized longer chain protein-like carbon chemicals called “proteinoids” which condensed 
into spheroidal masses called microspheres. Microspheres behave a lot like prokaryotes. They 
appear to have cellular membranes, they appear to divide and they appear to bud. Fox believed 
that the microspheres were transitional phases that developed in the Earth’s primitive oceans 
before prokaryotic life. Professor Fox did much of his work at Florida State and the University of 
Miami before moving up to a university in Illinois. In 1994, he was invited to visit the University 
of South Alabama by Stephen Sikes, one of the faculty in the Department of Biological Sciences. 
He gave a few lectures and talked to some of the biologists and marine scientists at our fair 
school. He apparently liked what he saw and heard down here because he decided to stay. For 4 
years, Sidney Fox was valued faculty member of the University of South Alabama (adjunct 
professor in Marine Sciences). I talked to him several times about his work and even asked him 
about how he felt his that his studies stood up to new discoveries by NASA and the European 
Space Agency regarding organic materials in space. Comets appear to be coated in organic 
materials (amino acids?), Mars rocks may contain bacterial life and meteorites recently found in 
Antarctica also seem to have bacteria in them. So I asked Professor Fox one day whether he felt 
that his work synthesizing proteinoids was still a necessary step to Earth-based evolution or 
whether life had just arrived here courtesy of space crap. Life on Earth being seeded from space 
is now a very popular idea. Fox responded to my question this way.  “No matter where the life 
started, it probably started by way of simple chemical reactions”. The gist of all this is that the 
first bacterial life may actually have evolved while the Earth was still forming (which I find a 
really neat concept!) 
 
Dr. Fox passed away in 1998. In his career, he held audiences with the Pope (to discuss 
evolutionary theory) and has been nominated for the Nobel Prize. I feel privileged that I had the 
opportunity to talk to this man. There was very good obituary written by Dr. Sheldon Gottlieb 
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(retired USA Biology Professor) that appeared in the Mobile Press Register. In fact, there were 
lots of obituaries. Here’s one by William Rabb (Press register reporter from August 1998): 
 

http://www.siu.edu/~protocell/ 
 
C) The first life forms 

There is a lot of stuff that we don’t really know 
about the past, but this much is certain; the first life 
forms were prokaryotes. They were pretty much 
isolated bugs (bacteria) that lived in tidal pools and 
in oceanic waters. Over time, other bacteria-like 
organisms began to evolve. The cyanobacteria 
(blue-green algae) are prokaryotes that contain 
chlorophyll (one measuring about 50 microns 
across that dates to 1GA is shown on the left). They 
use light for photosynthesis and produce oxygen as 
a byproduct of this process. Because they use light 
to grow, they tend to occupy tidal pools and shallow 

marine environments. Over time, they developed colonies of many billions of individual 
cyanobacteria in either sheet like forms called algal mats or columnar structures called 
stromatolites. Stromatolites were the first organic structures formed on our planet. Composed of 
a fine interlayering of cyanobacteria and sediment, they first appeared almost 3.9 billion years 
ago and are easily recognized by their “crinkly” lamination and/or domal appearance (see 
sketches below). The Gunflint Chert Formation is frequently cited as the oldest stromatolite-
bearing rock unit in North America, (it outcrops around Lake Superior in both Canada and the 
United States), but Australian geologists have found stromatolites 3.865 billion years old in 
Western Australia. This is pretty close to Shark Bay which is a remarkable region of Australia 
that I highly recommend you add to your “must visit before you die” place list.. So what exactly 
were (or are) stromatolites? 
 

 
 
The stromatolites in the Gunflint Chert and Western Australia 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.  
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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 happened at the time, 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 few of those images: 

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

 
 

 
Yet another shot (January 2000). 

 
 
So to conclude, for quite a while (about 3 ½ billion years!), stromatolites dominated the seas. 
Once more advanced life evolved, stromatolites diminished in importance, but they still exist 
today making them the longest lived “beasties” in Earth history. And there is something else that 
is really, really important about them. They were going to make the Earth a much more habitable 
place for other later evolving beasties. Were it not for stromatolites and in particular, the 
evolution of the cyanobacteria, we would not be here today. Stay tuned dear reader. Things are 
about to get exciting. 
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Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
Anaerobic 

 Greenhouse effect 
George Lovelock 

Gaia / Gaian Philosophy 
Prokaryotes 
Amino acids 

Proteins 
Urey 

Miller 
Sidney Fox 
Proteinoids 

Microspheres 
Cyanobacteria 

Blue-green algae 
Chlorophyll 

Photosynthesis 
Algal mats 

Stromatolites 
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