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GY 112 Lecture Notes 
Cenozoic Climate and Sea level Changes 

 
Today's Lecture Outline 
A) Cenozoic temperature and sea level shifts 
B) Plio-Pleistocene Glaciations (Milankovitch Orbital Variations) 
C) Sea level changes in our  backyard 
 

Textbook reference: Levin 7th edition (2003) Chapter 13; Levin 8th edition (2006), Chapter 15 
 
A) Cenozoic temperature and sea level shifts 
Before we jump into the Cenozoic, it would be helpful to reflect on what the climate was 
like during the latter part of the Mesozoic. If you recall, in the late Jurassic and 
throughout the Cretaceous. it was a very warm time. We know this for several reasons: 
 
1) Sea level was very high (the Western Interior Seaway had flooded the central part of 
North America), indicating that all of the polar ice had melted. 
 
2) Fossils (animal and plants) all confirm that Antarctica was essentially ice-free during 
this time. Tropical and sub tropical plants were doing quite well where there is now ice. 
 
3) The deep ocean currents (which are essentially temperature driven) where seemingly 
absent during parts of the Mesozoic (especially the Cretaceous) suggesting a more 
uniform temperature distribution. 
 
I think it is important to remind you of a couple of terms and concepts at this point in the 
lecture that we have previously discussed in GY 112 (e.g., during the Proetrozoic 
glaciations lecture). At times in the Earth's past when there was apparently no polar ice 
(i.e., Antarctica and Greenland were ice free), the Earth is said to have been in a 
Greenhouse state. Greenhouse Earths (another way to refer to warm times) were 
relatively common in the past as indicated by the following diagram: 
 

Source: http://seis.natsci.csulb.edu/rbehl/300.htm 
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You are probably aware that there is a lot of discussion about the buildup of greenhouse 
gases (CO2 and CH4) in today's atmosphere. Some people are concerned that the buildup, 
which is largely human induced, is causing the next major glaciation. Others say why the 
concern? The Earth has been a lot warmer in the past, so why stress over a "normal" 
temperature shift. I say we will just have to wait and see what happens. As you should 
know by now, the processes that operate on the Earth are slow. Humans are a bit too 
impatient when it comes to interpreting Her (i.e., the Earth) and the processes that shape 
her. 
 
But here is something that we can safely consider. If Greenhouse Earths are periods when 
the polar regions were ice free, what do you call the times when polar ice was around? 
The answer dear reader is Icehouse Earth. We are currently in an Icehouse Earth today. 
The thing to note about icehouse stages is that they are two components. At times like 
today when there is some glacial ice at the poles, but not an extreme amount, we say the 
Earth is in an interglacial stage. When ice coverage is much more widespread, and there 
were times when it covered much of Canada1, we are said to be in a glacial stage. So 
there you go. The Earth has regularly shifted from Greenhouse to Icehouse conditions. 
We are now in an interglacial stage of an Icehouse Earth. If you have been following this 
discussion, the questions that you should be asking yourself now are, 1) when did 
conditions change from Greenhouse to Icehouse and 2) why are they changes taking 
place at all? Can't the world just make up it's mind once and for all and settle on one 
climate? The answers to all of these questions (even the latter one!) will be provided in 
today's lecture. To appreciate how the answers are derived, we have to return to two 
topics dealt with earlier in this class; 1) sea level change and 2) stable isotope 
geochemistry. 
 
Let's start with sea level. As you know, sea level rises and falls and has done so from the 
very beginning. The controls on sea level are many, but in the Cenozoic, one control is 
most influential; the growth and melting of polar ice. So it stands to reason that if you 
look at the change in sea level in the Cenozoic, you can estimate what climate was doing 
at the time. The next diagram is one that we will consider for quite a wile in the lecture. 
It's a modified version of Miller’s 1987 
Cenozoic sea level curve with an important 
label added to it: 
 
At this time, we need to consider another 
important diagram from one of the most 
important climate studies ever. It was from 
work done in the early 1960's examining 
DSDP cores from the Atlantic Ocean. The 
DSDP (Deep Sea Drilling Project) is a major 
research effort supported by several countries 
to explore and study the geological record 
contained in ocean sediment. By extracting 
cores from the ocean bottom, scientists have 
                                                 
1 The last time this happened was during the later part of the Pleistocene Epoch about 18,000 years ago. 
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undisturbed material that provides incredible data going back to the Jurassic that helps 
them to explain everything from ocean circulation to plate tectonics. The cores also 
provide climatic information, but if you want it, you have to consider the beasties 
(especially the foraminifera) and stable isotopes.  
 
Depending on the semester, we may, or may not, have had a lecture on stable isotopes. If 
we did, the following summary will remind you about how stable isotopes work. If we 
didn't do the lecture, or if you just forget it, I recommend that you go back to the 
webnotes page on the GY 112 website and download the lecture. 
 
Here's the recap. There are a lot of stable isotopes in nature. Unlike the unstable 
(radioactive) versions, stable isotopes last forever. They may be stable, but they don't 
always behave exactly the same. Take the stable isotopes of oxygen for example. O16, 017 
and O18 also react with H to produce water, but they don't behave exactly the same 
through some of the processes water goes through. H2O18  is less easily evaporated than is 
H2O16 which means that clouds tend to get enriched in H2O16  and that H2O18 remains 
behind in the oceans. All this is mute if all of the rain flows back into the oceans, but 
consider what happens if polar ice caps are forming. All of this ice was once ocean water 
that evaporated and originally fell as snow on land. The more ice that forms, the more O16 

extracted from the sea, and the more O16 extracted from the sea, the more O18 left behind. 
Foraminifera, which build a test out of CaCO3, record these subtle shift in the stable 
isotope geochemistry of seawater. Clever geologists figured this out and were able to use 
the forams to determine changes in ice volume2. The following diagram is what their data 
revealed: 

 
 

Okay. So it is clear that there have been changes in ice volume in the past. It is also clear 
that glacial ice has advanced and retreated during, respectively, glacial and interglacial 
stages of the Icehouse Earth. Why?  
 

                                                 
2 Ice volume is considered a safer interpretation for stable isotope geochemistry instead of temperature or 
sea level because there are other factors to consider when it comes to envisioning Earth history. For 
example, temperature increases also shift sea level; warm water expands raising sea level around the world. 
Absolute sea level changes are best determined by the rocks themselves.  
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The change from greenhouse to icehouse conditions in the Eocene is almost certainly 
related to the final breakup of Gondwanna. If you recall, that super continent was 
breaking up throughout the Mesozoic and Cenozoic. Africa and South America broke off 
first followed by India and finally Australia. When Australia broke off in the Eocene, it 
completely isolated Antarctica at the south pole. When Australia drifted far enough to the 
north, a circum-polar sea was established at about 60 degrees latitude.  Temperatures 
plummeted in Antarctica and for the first time, glacial ice started to build up. It got very 
extensive by the Miocene, and by the Pliocene and Pleistocene (also called the Plio-
Pleistocene), we were well and truly into Icehouse conditions and glacial-interglacial 
oscillations.  
 
If plate tectonics ultimately explains the transition for Greenhouse Earth to Icehouse 
Earth, what explains the oscillations within the Icehouse Earth itself? For this, we need to 
consider the work of a Serbian meteorologist named Milutin Milankovitch. 
 
B) Plio-Pleistocene Glaciations (Milankovitch Orbital Variations) 

As little as 18,000 years ago, ice covered a good chunk 
of northern North America (Canada) and Europe (see 
adjacent image from www.jamestown-ri.info). How do we 
know this? Advancing ice sheets push a tremendous 
amount of unsorted sediment in front of them. If you 
recall earlier lectures, you will remember that geologists 
call this material till. To make a long story short, if you 
find till in a certain area, it implies that glacial ice was 
there sometime in the past. The furthest you find till, the 
further the glaciers advanced ion the past. 
 
Europeans were the first to resolve the advance and 
retreat of the glaciers, but North Americans weren’t all 
that far behind. The diagram below shows the 
reconstruction of the last glacial advance and should 

prove to you that there is enough 
data in the sediment to really do 
a good job (note that there are 
isolated lakes identified and that 
several distinct ice lobes have 
been resolved. The image to the 
right was lifted from: 
http://www.radonpro.com. 
 
By carefully examining the 
distribution of till and by 
accurately dating it’s 
distribution, it is possible to 
resolve a cyclicity of glacial and 
interglacial stages going back 
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750,000 years. Here is the glacial stratigraphy for North America (there is another one for 
Europe): 
 
Glacial/interglacial stage Name of stage Time frame 

interglacial Holocene 0 - 10 KA 
glacial Wisconsinian 10 – 75 KA 

interglacial Sangamon 75 – 125 KA 
glacial Illinoisan 125 – 265 KA 

interglacial Yarmouth 265 – 300 KA 
glacial Kansan 300 – 435 KA 

interglacial Aftonian 435 – 500 KA 
glacial Nebraskan > 500 KA 

 
I would recommend that you know the glacial stage names (those in bold). 
 
Now let’s turn to Milankovitch. As we discussed in an earlier lecture, Milankovitch 
studied the Earth’s motion in space. He was able to show that there were numerous ways 
in which the Earth’s position in space (relative to the sun anyway), oscillated. 
 
1) Eccentricity (variations in the shape of the Earth’s orbit); 100,000 year oscillation 
2) Obliquity (variations in the tilt of the Earth’s axis); 41,000 year cycle 
3) Precession (the change in the direction of the Earth's axis of rotation or “wobble”); 
21,000 year cycle. 
 
If you recall that earlier lecture, you will remember a nicely drawn diagram summarizing 
the cycles. Here’s my less artistic interpretation. 
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Now a refresher about the overall effect of those changes on the Earth’s climate. No one 
motion alone is likely to have been able to shift the climate from interglacial to glacial 
stages, but consider the cumulative effects: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When you put them together, there is excellent agreement to the ice volume curve 
established through stable isotope geochemistry. I need to explain the source of the last 
diagram. In class, you know that I draw a terrible cartoon where all of the curves overlap. 
I do this to make a point that sometimes scientists have to resolve the underlying pattern 
in complex situations. Well I went searching on the internet for a better summary cartoon 
and the best one that I found in the 30 seconds that I was looking for it is the colorful 
number above. Pretty good huh? The source of this image was www.nwcreation.net which is 
a Creationist site. They argued that the “so called Milankovitch cycles” are too small to 
call major climate change and that therefore they don’t. Their error is that they did not 
consider the role of plate tectonics (it still drives the greenhouse-icehouse shifts) in their 
criticism. Still, it’s nice to see that the “other side” is at least addressing scientific data 
instead of just ignoring it. 
 
C)  Sea level changes in our  backyard 
Alright, this is the LAST thing that you have to know for this class. For most of you, it 
will be the last time you consider geology, but you will never be able to ignore it. 
Geology is all around you. You stand on it. You wear it. You put it in you car’s gas tank. 
Our economy depends on it. 
 
In our own backyard, geology and geological 
processes have shaped our coastline. The 
barrier islands were produced by the last sea 
level rise and are on average, less than 600 
years old (this is subject material for GY 344). 
The Mississippi delta is similarly 6000 years 
old and really only began to fill in the area 
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around what is New Orleans today about that time. One nice thing about the Mississippi 
Delta is that you can see how the delta shifted depo-centers from time to time (another 
GY 344 subject area). 
 
Lastly let’s consider Mobile and in particular, Mobile Bay. Mobile Bay is also about 
6000 years old, but the Mobile River (and the Mississippi River) are both much older 
than this. Sea level plays a major role in how rivers flow into the sea. More importantly, 
sea level controls the lowest level to which a river can flow (base level).  
 

 
 
 
Today, the base level of the rivers entering the Gulf of Mexico is just about at sea level. 
But 18,000 years ago, base level was as much as 150 m lower than it is today because sea 
level was then much lower. Mobile Bay did not exist. There was a low gradient coastal 
plain (like the area today) extending all the way to the current shelf break (60 miles south 
of Dauphin Island). Had we been in the area of Mobile then, we would have seen a fairly 
deep canyon where the Bay Way is today. We can still see a trace of this in the “steep” 
hill that leads up to Spanish Fort. 18,000 years ago, this was the edge of an incised river. 
Mobile’s answer to the Grand Canyon is now just a shadow of its former self and is now 
largely covered in 6000 years of estuarine (lagoonal) mud of modern Mobile Bay. So like 
I said at the beginning of this section, you might think that you are done with geology at 
the end of this lecture, but geology is not done with you or the area you live in. Just 
consider this. If sea level is truly rising, what will happen to the present location of the 
shoreline and to the base level of the rivers flowing into the Gulf? Geology, as it turns 
out, is just as good for predicting future events as it is for resolving past events.  
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That’s it folks. Good luck on your exam. Good luck for your remaining courses at South 
Alabama. It’s been a pleasure being your instructor for GY 112. I said earlier that I think 
that this is the most important course that you will EVER take at university. Perhaps now 
you will understand why I said that. 
 

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

 
Greenhouse Earth  

Icehouse Earth 
Glacial, interglacial stages 

Milankovitch 
Eccentricity 
Obliquity 
Precession 

DSDP (Deep Sea Drilling Project) 
Glacial advances, glacial retreats 

Plio-Pleistocene 
Till 

Named glacial Stages (Wisconsinian, Illinoisan, Kansan, Nebraskan) 
Incised rivers 
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