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GY 112 Lecture Notes 
Cenozoic Overview 

 
Lecture Goals: 
A) The end of the Mesozoic (Die dinosaurs die!) 
B) Cenozoic time frame and key events 
C) Paleoceanography (Messinian Salinity Crisis) 
 
Textbook reference: Levin (2003) 7th edition, Chapters 13 & 14; Levin (2006) 8th edition, Chapters 15 & 16 
 
A) The end of the Mesozoic 
There isn’t a human being alive today (well maybe a few in the jungles of Papua New 
Guinea) who isn’t aware that something really bad happened to mark the end of the 
Mesozoic era. Some refer to this disaster as the terminal Cretaceous event. Others 
simply state that “it’s when the dinosaurs bit the big one”. In reality, more than just the 
dinosaurs died off at this time. This, perhaps the 3rd greatest mass extinction in Earth 
history, also saw the extinction of the ammonites and several other orders and families of 
animals. The event has been the subject of several (mostly bad) Hollywood blockbuster 
movies and is a constant reminder about just how precarious life is on a planet orbiting a 
sun in the vast and not entirely empty wastelands of space. 
 
So what happened 65 million years ago? What caused the terminal Cretaceous event? 
Why did the dinosaurs die off? These are questions that have bugged scientists for 
decades. The most widely accepted idea today is that a large asteroid/comet  impacted the 
Earth leaving a crater 170 km wide near what is today Chicxulub on the Yucatan 
Peninsula of Mexico. The idea that an extraterrestrial impact might cause mass 
extinctions was not new. Anyone who looked at the full moon on a cloudless night could 
see huge impact craters and most would ponder the effects of similar events on the 
Earth’s ecosystems. But finding the location of impact sites on a planet mostly covered in 
water with active erosion and plate tectonics is not easy. There are plenty of craters on 
the Earth, but few if any can be linked to a specific mass extinction event. The Permian-
Triassic extinction is suspected by many as being the result of a great impact, but no 
crater has (yet) been found to prove it. 
 
In 1980, two clever father and son geologists (Walter and Luis Alvarez) published some 
geochemical analyses from sedimentary rocks that straddled the K-T boundary. They 
were particularly interested in the concentration of heavy metals not normally found in 
the surface rocks of the Earth. One of these, iridium, is common in metallic asteroids 
(and presumably the metallic core of the Earth), and when the Alverezes found “high 
concentrations” of it in clay minerals right at the K-T boundary (10 times the 
concentration above and below the clay), they proposed that this was proof positive that 
an asteroid caused the extinction of the dinosaurs. I was not convinced by this argument 
at that time. My problem with this evidence was that it was not collected in a random 
fashion. The Alverezes sampled just across the K-T boundary in only a few places on the 
planet. Who was to say that these so-called iridium anomalies did not occur throughout 
the rock record perhaps due to some other cause?. As a general rule, if you go looking for 
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something in science, you will usually find it. 
But this means you are biased from the start 
and that is NOT science. Others felt the same 
way. Perhaps the iridium was leaked from the 
Earth's core through some time of (unknown 
and previously undocumented) volcanic 
eruption? Perhaps iridium was just 
concentrated by the clays  that just happened 
the be deposited at the K-T boundary in the 

locations that the Alverezes sampled. You get 
the idea of the criticism. It was probably 
similar to what Wegener faced when he first 
proposed continental drift. An intriguing 
concept… but not enough proof. 
 
Then the unimaginable happened. Some 
petroleum geologists working in Mexico 
happened to come across a geophysical 
seismic cross-section underlying the Yucatan 
Peninsula when they observed a feature that 
looked like an impact crater. It also happened 
to lie right at the K-T boundary. In the years since this initial discovery, several major 
research projects (some costing millions of dollars) have cored the Chicxulub site and 
have proven without a doubt that something hit this area 65 million years ago. The 
Alverez’s idea was confirmed, and Hollywood had its poster child/theme for a bunch of 
(mostly bad) movies. 
 
There is more to be said about this cause of the terminal Cretaceous event. More and 
more analysis has suggested that the Yucatan was not the only impact site. An even larger 
impact crater is known off the west coast of India (Shiva Crater). It measures 600 by 
400 km in size. Other impact sites are known in the Ukraine (Boltysh Crater) and the 
North Sea (Silver Pit Crater). Did one really large asteroid fragment into pieces? Did the 
asteroid simply break up as it approached the Earth (like Comet Shoemaker-Levey  did as 
it approached Jupiter several years ago), or did some reptilian version of Bruce Willis try, 
but ultimately fail, to save the day by deflecting the asteroid before it impacted the Earth 
65 million years ago?  Hollywood, can you relate to the dinosaur idea? If so, I get 
royalties when you produce this (really, really, really bad) movie plotline.  
 
There is also something else that needs to be discussed. The dinosaurs, like the trilobites 
before the terminal Permian extinction, were already in decline before the asteroid(s) 
impacted the Earth. So something bad was already happening to them before the final 
blow occurred. What was going wrong? Well, who’s to say. Some speculate that it was 
due to climate change. The Cretaceous was hot and both CO2 and O2 levels were higher 
than they are today. Perhaps the food supply was just running out, or a disease started to 
affect them. Perhaps volcanic eruptions (e.g., the Deccan Trap eruptions in India) 
poisoned the atmosphere. Whatever led to the decline of the dinosaurs (and the 
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GGrraavviittyy  MMaapp  ffrroomm  JJaann  SSmmiitt’’ss  hhoommeeppaaggee,,  
ccoouurrtteessyy  ooff  AA..HHiillddeebbrraannddtt  

Alabama 
Coastline 



GY 112 Lecture Notes                                D. Haywick (2006)  3

ammonites) was already leaving these 
beasties in a precarious and weakened 
position. They could not recover when the 
final event occurred. Kind of sad isn’t it? 
Mind you, if the “terrible lizards” were still 
around today, we wouldn’t be. Thank you 
asteroid! 
 
The asteroid impact produced some 
incredible effects in our part of the world. 
When the asteroid hit, it impacted in a 
shallow marine environment. It vaporized a 
tremendous amount of water, limestone and evaporate minerals like gypsum. This would 
have produced violent storms and copious quantities of dust and acid rain in the 
atmosphere. The impact also produced powerful tsunamis that would have washed far 
inland along the coastal areas surrounding the impact site. Central Alabama was a 
shallow marine depositional environment at this time and many geoscientists (e.g., Dr. 
David King at Auburn University), have mapped out the result of the impact in Alabama. 
King has identified rubble layers associated with the tsunami that are today called 
tsunamiites and melted ejected called tektites (or tektites) that were thrown out in a fan 
pattern from the crater (possibly via the upper atmosphere). This is the one part of the 
idea that Hollywood got right. The tsunami generated from the terminal Cretaceous 
impact probably looked very much like the wave in Deep Impact. A mile or more high 
traveling a couple hundred miles an hour. Great if you are a surfer; not so great if you are 
a reptile walking along the beach at zero hour 65 million years ago. 
 
B) Cenozoic Time Frame and Key events 
Good news and bad news. The good news is that the Cenozoic contains only two 
geological periods and that everyone should be able to remember them. The bad news is 
that you also need to know the time scale down to the finest levels for this part of the 
course; the epochs. 
 

Era Period Epoch 

Holocene (10,000 – 0 years) Quaternary 
(1.6 - 0 MA) Pleistocene (1,600,000 – 10,000 years) 

Pliocene (5.0 – 1.6 MA) 

Miocene (24-5.0 MA) 

Oligocene (37 - 24 MA) 

Eocene (58- 37 MA) 

C
en
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oi

c 

 
Tertiary 

(65-1.6  MA) 

Paleocene (65-58 MA) 

Art by Don Davis (www.donaldedavis.com)
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 You might think that such a short interval of time (a mere 65 million years!) would 
contain few events of note. Not so! In fact, some of the most incredible tectonic, 
evolutionary and paleogeographical things occurred during the last 65 million years. Here 
are some bulleted key events that mark the Cenozoic era: 

 

Tectonic Events 

• Final breakup of Gondwanna (Australia separated from Antarctica in the Latest 
Paleocene – earliest Eocene epochs) 

• India began to collide with Asia forming the Himalayan Mountain Range 
(Oligocene to Recent) 

• Africa started to shift northward, gradually sliding under Europe and uplifting the 
Alps (Oligocene to Recent) 

• Continued westward movement of North America and South America formed an 
on again off again land bridge between the two continents. This gave rise to some 
interesting animal exchanges (see evolutionary events below). 

• North American orogenies become dominated by strike-slip faulting and uplift. 
Mountain building in the northern part of the Cordilleran mountains (mostly 
Canada) slow down stop during the Oligocene. Activity shifts to the southern part 
of the mountain chain (Colorado, Nevada etc.). 

• Major late Tertiary flood basalt eruptions occur in Oregon and Washington state. 
Hot spot volcanism occurs in the area of Yellowstone (Pliocene to present). 
Composite volcanic eruptions (some incredibly explosive) periodically occurred 
and still do (e.g., Mt St Helen’s). 

 

Evolutionary Events 

• The great reptiles died off at the end of the Mesozoic era. Since then, the 
mammals increasingly dominated their niches, particularly those in the  terrestrial 
ecosystems. 

• Land bridges allowed terrestrial animals to shift from one continent to another. 
This promoted competition and extinctions of less successful animals. 

• Mammalian behavior shifted over time. The climate cooled (see 
paleoceanography below), and became drier promoting grasslands over forests. 
Herd animals started to evolve.  

• Like their reptilian “cousins”, the mammals also evolved over time. They 
developed increasing better reproductive techniques and most got larger. 

• As first started in the Cretaceous, plants became more and more dominated by 
angiosperms 
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Paleoceanography 

• Separation of 
Australia from 
Antarctica, the 
collision of India 
with Asia and the 
northward shift of 
Africa under Europe 
eventually spells the 
death of the Tethys 
Seaway. The 
Mediterranean, 
Caspian and Black 
Seas are all that remain of this once major body of water. 

• The Mediterranean Sea undergoes complete desiccation in the late Miocene. This 
is now known as the Messinian Event or the Messinian Salinity Crisis. 

• Rapid northward movement of Australia eventually isolated Antarctica at the 
south pole. This resulted in a major climatic shift. In the Paleocene and Eocene, 
the climate was still relatively warm, but once Australian separated from 
Antarctica, ocean currents now could now flow entirely around Antarctica 
trapping cold air over the south pole. Antarctica began to freeze up. Continental 
glaciers began to expand. The earth entered into another icehouse state.  

• By the Pliocene, the Earth began to experience rapid transitions from glacial to 
interglacial stages. This resulted in corresponding rises and falls in sea level. 

• Deep ocean currents became established as the climate cooled. This changed 
everything about ocean circulation. 

 

C) Paleoceanography 
We really haven’t discussed paleoceanography directly before, but most of you should 
be able to “decipher” what the term deals with; past aspects of the Earth’s oceans. We 
have dealt with the paleogeography of ocean basins (where they were, their shape, their 
climates etc.), but we didn’t really get into the more details aspects of ancient oceans 
(e.g., their geochemical composition, currents etc). Paleoceanography is much more 
focused on how the oceans worked in the past. 
 
Today when we think of  ocean circulation, we envision surface ocean currents (or gyres) 
like the warm Gulf Stream  or the cold Labrador Current. These ocean currents 
circulate surface water around the globe and in so doing, exchange heat. There are also 
deep ocean currents that flow thousands of meters below the ocean’s surface. They are 
driven by two processes: cold temperatures (cold water is more dense than warm water 
and tends to sink) and high salinity. The official name for these currents are 
thermohaline and oceanographers call the whole current network thermohaline 
circulation. There is another word for it; the global conveyor (see image next page). 
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As a general rule, the most dense water in the oceans occurs at the polar regions. Here the 
water is really cold (more dense) and even freezes (sea ice). The thing about saltwater is 
that when it freezes, only the fresh water turns to ice. Salt is excluded from the ice 
causing the unfrozen component to get more saline (more dense). Sea water in the Arctic 
is dense enough that it actually sinks to the bottom of the ocean and flows out across the 
abyssal plain. Antarctic bottom water is even more dense. The two currents pass each at 
different depths other going in different directions below the equator. Arctic bottom 
water surfaces eventually warms up and resurfaces in the Indian Ocean. This is an  
 

The global conveyor belt of deep oceanic currents 
(source: http://www.clivar.org/publications/ other_pubs/clivar_transp/powerpoint_fig/conveyer_new.gif) 

 
 
incredibly important aspect of oceanography. This circulation ensures that the entire 
volume of oceanic water is oxygenated. Without this circulation, ocean water would 
stagnate and become anaerobic below about 200 m1. Oxygen breathing marine beasties 
like fish, bivalves, nautiloids and whales would not be able to survive in water depths 
greater than 200 m. This would be a disaster for our present marine ecosystem and lead to 
a huge mass extinction. We owe our present ocean circulation to polar ice and north-
south connections in the world’s major ocean basins 
 
In the not too distant past, things were very different. As recently as the Eocene, deep 
currents did not occur in the Earth’s oceans. The world was still pretty warm (remember 
that during the Mesozoic, the Earth was in a greenhouse stage), and the configuration of 

                                                           
1 It is reasonable to presume that waves and surface currents would still circulate water on the shelf and in 
shallow marine depths of the ocean (i.e., down to about 200 m) 
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the continents did not favor formation of thick polar 
ice caps/sea ice. A series of very good cartoons 
illustrating the change in ocean current circulation 
over time is available online at a British Broadcasting 
Corporation (BBC) website and is included here to 
the left. Warm ocean currents are shown in pink. Cold 
ocean currents are shown in blue. Note that there were 
no cold ocean currents until the Oligocene in part 
because of continental configuration. By the Pliocene 
and Pleistocene, thick layers of continental ice were 
built up. The Earth was back into an Icehouse state 
and flipping back and forth between glacial and 
interglacial stages. This will be the subject of an 
upcoming lecture. 
 
 
 
The adjacent images were amalgamated from a series 
of cartoons on the BBC website 

 (source: http://www.bbc.co.uk/beasts/changing/) 
 
 
 
So things are starting to get a bit crazy as far as the 
oceans are concerned in the Cenozoic and not just 
temperature-wise. Sea level starts to fluctuate wildly. 
We’ll explore these changes in detail in an upcoming 
lecture (Plio-Pleistocene Glaciations), but for today, 
let’s consider an interesting discovery that was made 
not that long ago. It occurred while some insightful 
oceanographers (including several geologists) 
onboard the research vessel Glomar Challenger were 
doing a survey of the Mediterranean Sea. 
 
As part of this survey, they were using a remote form 
of analysis called seismology which employs seismic 
waves (very much like those generated in an 
earthquake) to build up a picture of the seafloor and 
the sedimentary rock layers below it. This is a 
complex science, but for those trained in geophysics, 
it has proven invaluable in the search of fossil fuels 
and the structure of the Earth itself. 
 
The data that the researchers obtained showed a 
curious structure about a hundred meters below the 
seafloor.  
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A ship emits a series of seismic pulses 
from a transducer at the bottom of the 
hull and receives reflected waves 
from sedimentary layers at a 
transceiver. 
 
 
 
 
 
 
 

 
If you remember the lab we did on the  
Mesozoic of Alabama, it may look 
somewhat familiar. The structures were 
interpreted as salt diapers and they were 
rising from a layer of sedimentary rock 1 to 
3 km thick (1000 – 3000 m!), that  
suggested the salt was deposited 
approximately 6 million years in the past. 
This would have been during the Miocene, 
but in Europe, they refer to this specific 
interval of time as the Messinian Stage.  
 
The researchers would eventually do a lot 
more study in this region including 
extracting cores from the subsurface. They 
determined that the diapers were indeed 
composed of halite and that there was also 
a lot of anhydrite. These two minerals are of course evaporites. The sedimentary rocks 
that were deposited immediately before the evaporites and well above the salt diapers 
were deep marine sediments caused ooze, a fine grained material consisting of clay, some 
silt and a lot of calcium carbonate micro- (and nano-) organisms like coccolithoporoids 
and foraminifera. However, the rocks deposited immediately after the evaporites were 
coarse-grained, some even containing boulders. Everything was more or less parallel to 
the present topography of the sea floor suggesting that whatever happened, it happened to 
the whole sea at the same time. 
 
What to make of this curious combination of rock types? Well those insightful 
researchers concluded that 6 million years ago, most (or all) of the Mediterranean Sea 
evaporated. This would have required that the connection to the Atlantic Ocean that we 
have today through the Strait of Gibraltar, was cut off. The most likely candidate for this 
was of course plate tectonics. A simple shift north of Africa would have been all that was  
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necessary to close the connection. When this occurred, the water in the Mediterranean 
would have been isolated. Even today, more water evaporates from this body of water 
than is replaced through rainfall and river input. The ocean water is continuously “topped 
off” by water flowing into the Mediterranean Sea from the Atlantic Ocean. Were it mot 
for this input, the Mediterranean would again start to dry up. Six million years ago during 
the Messinian, it apparently did. Anhydrite and gypsum would have started to precipitate 
from the evaporating seawater long before the halite did. In fact, these minerals are found 
towards the margins of the Mediterranean basin. Halite is found more toward the center 
which would have been topographically deeper and stayed water-covered longer. How 
much water evaporated out? A lot. The Mediterranean Sea became a nearly dry basin 
some 3000 m deep. Deep canyons would have started to form where rivers like the Nile 
flowed into the basin (they were floored in conglomerate indicating much more rapid and 
erosive flow than occurs today). This isn’t even the most incredible part of the story. That 
happened perhaps 500,000 – 700,000 years after complete (or nearly) complete 
evaporation occurred. There is good evidence (the coarse-grained rocks above the 
evaporites) to suggest that when the connection to the Atlantic Ocean was re-established, 
the Mediterranean basin rapidly filled up again. If this is correct, for a while, what was 
likely the World’s most impressive waterfall EVER spilled through the Strait of 
Gibraltar. Moreover, it was a saltwaterfall (this incidentally is a new word that I just 
made up – add it to your spell-checker dictionary).  
 
A few geologists have done calculations attempting to assess the impact of all this lost 
salt from the World’s Oceans. They estimate that the salinity of the World’s oceans might 
have decreased by up to 10% (e.g., down to around 30 to 32 ppt from the present 35 ppt). 
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This isn’t all that much of a change for you and me, but some sensitive marine beasties 
might have had problems. The effects in the Mediterranean would have been far more 
impressive. After all, it’s hard to swim in a block of salt. The climate of the region also 
was impacted when the sea evaporated. 
 
So what is the moral of today’s lecture on Cenozoic time and paleoceanography? The 
same variables and processes that have affected the Earth through all geological time 
were still operating in the Cenozoic. We have a better perception of these “rules” in the 
Cenozoic than in previous Phanerozoic eras or eons because they are more recent. There 
is more evidence, and for the most part, more accurate dating of the evidence permitting 
geologists to come up with more comprehensive explanations of past events. We know 
that the Earth’s climate shifted from a Greenhouse to an Icehouse near the end of the 
Eocene and the start of the Oligocene because the rocks contain this evidence. We 
theorize that these changes were driven by shifts in paleoceanographic circulation 
because the fossils from this time show evidence of water temperature and composition 
changes. We know that these changes were ultimately induced by plate tectonics because 
we have paleomagnetism evidence that allows us to reconstruct very accurately were 
each land mass was in the past. Here’s what it all means…. 
 
               … plate tectonics  is responsible for just  about every major event that we have 
discussed in this class: paleogeography, paleoenvironments, paleoclimate, 
paleoceanography, evolution, sometimes even mass extinctions. This means that geology 
is the most important science there is. You should all be geologists. 

 
Names and terms to be familiar with from today's lecture 

(Google any that you aren't familiar with)  
 

Alvarez 
ammonites 
Anhydrite 

Antarctic bottom water 
Arctic bottom water 

Chicxulub 
Deep ocean currents 

epochs 
Flood basalt 
Geochemical 
Geophysics 

global conveyor 
Glomar Challenger 
Greenhouse Earth 

Gyres 
Himalayas 

Holocene, Pleistocene, Pliocene, 
Miocene, Oligocene, Eocene, Paleocene 

Icehouse Earth 
Interglacial, Glacial stages 

iridium anomalies 
K-T boundary 

Mammal 
mass extinction 

Messinian Salinity Crisis 
Messinian Stage 

Ooze 
Paleoceanography 

salt diapers 
seismic cross-section 

Seismology 
Shiva Crater 

tektites (or tektites) 
terminal Cretaceous event 
Thermohaline circulation 

Tsunami
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