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GY 112 Lecture Notes 
Cenozoic Tectonics 

 
Lecture Goals: 
A) Western North America; more accretion, more sedimentation 
B) Tectonic provinces of the western USA 
C) Plateaus and canyons 
 
Textbook reference: Levin 7th edition (2003) Chapter 13; Levin 8th edition (2006), Chapter 15 
 
A) Western North America 
When last we visited 
western North America 
(Mesozoic tectonics), we 
learned that the region was 
dominated by impact events 
caused by the collision of 
several island arcs and other 
land masses. The reason for 
these collisions was pretty 
straightforward. The 
tectonic plate that contained 
North America was drifting 
toward the west-northwest 
and the plate that contained 
the Pacific Ocean in this 
part of the planet was 
moving toward the east. The 
two plates met in a classic 
convergent plate boundary. 
The oceanic plate was 
subducted below the 
continental plate. 
Compression produced the 
Cordilleran Mountains on 
the overriding North 
America Plate. Accretionary tectonics welded island arcs and other land masses to the 
west coast expanding the area of North America. Several orogenies occurred all along the 
west coast during the Mesozoic and the same style of tectonics continued well into the 
earliest part of the Cenozoic. I’m including a few cartoon cross sections across the area 
highlighting the effects of some of the important orogenies. The Sonoma Orogeny is the 
top right image, the Sevier the both right (both are from  http://jan.ucc.nau.edu/~rcb7/ 
NAM_Orogenies.html). The net result is that we got a lot of deformation, particularly thrust 
faulting. A “typical” cross-section across the Rockies shows the effects of the faulting 
rather nicely: 
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By the Eocene, however, tectonics started to quiet down in parts of the west. Collisional 
tectonics that had been causing thrust faulting in the Rocky Mountains of Canada (the 
eastern most part of the Cordilleran Mountains) ceased. This is not to say that mountain 
building entirely stopped in western Canada, but it certainly was not as intense as earlier. 
Fewer and fewer island arcs and other land masses were being accreted elsewhere in the 
west as well. The most impressive Cenozoic mountain building occurred in the southern 
parts of the Cordilleran ranges in California, Nevada, New Mexico, Arizona, Colorado, 
Utah and Wyoming. The reason for the shift in tectonics had to due with the structure of 
the Pacific Ocean. 

 

When you look at the Pacific Ocean 
today, you will see that it is being 
subducted along almost every side. 
New oceanic crust is being produced at 
a divergent plate boundary in the east 
called the East Pacific Rise . It is 
rather like the other divergent plate 
boundary that we have discussed in this 
class, the Mid Atlantic Ridge with the 
exception that it has much higher 
spreading rates (10 cm/year ompared to 
2.5 cm/year). To the west of the East 
Pacific rise, plate movement is 
westward. East of the rise, it is 
eastward. Throughout the Mesozoic 
and into the Cenozoic, North America 
lay to the east of the East Pacific Rise, 
but in the Oligocene, it began to over 
run it. The best way to explain this, 
which I’m sure you’ll be glad to hear, 
is via a cartoon. Make sure you 
understand it. The story it tells makes a 
good essay question for the final exam. 

 

 

 North and South America paleography during the 
Paleocene epoch. Note that oceanic crust east of the 
East Pacific Rise (Called the Farallon Plate) is still 
being sub ducted beneath the North and South 
American Plates. This will soon change in the 
southwestern part of the United States 
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There were also major changes in sedimentation in the west during the Cenozoic. Sea 
level began to fall which resulted in the shrinking of the continent wide epieric seaway. 
During the Cretaceous, this shallow marine seaway stretched from the Arctic Ocean to 
the Gulf of Mexico, but by the Paleocene, it was more or less just a series of isolated 
lakes and inland seas. The largest of these was called the Cannonball Sea. My personal 
favorites were a series of lakes that formed during the Eocene in Utah, Colorado and 
especially in Wyoming. Five large basins called the Uinta, Piceance Creek, Sand Wash, 
Washakie and Green River are 
particularly interesting because 
of the sedimentary rocks they 
contain. They include fine-
grained lacustrine siltstones, 
oolitic limestones, evaporate 
beds and oil shales. The latter 
type of rock which you might, 
or might not see during the last 
GY 112 lab session1, is of 
potential economic importance 
because as the name implies, it 
contains a lot of petroleum. The 
problem is that the oil is hard to 
extract from the shale. It would 
be expensive2 to process and 
there would be a lot of waste 
rock that would have to be 
dumped somewhere. 
Considering that this part of the 
country is incredibly beautiful, 
it should come as no surprise 
that there is a strong 
environmental movement to 
protect the oil shale areas. 
However, given the current 
political situation in this country, and the need for more domestic energy production, 
there will doubtless be more pressure to start mining the oil shale as soon as possible. 

 

The Green River Formation is not only known for its oil 
shale but by its fine collection of fossil fish (some of 
which you’ve seen in the labs), fossil insects (some of 
which you will see in a lab), fossil invertebrates (like the 
brittle star to the left), and its fine sedimentary structures. 
Parallel lamination is common suggesting very quiet 

                                                           
1 The Week 12 lab is not always done in GY 112 classes (especially the Summer sessions). 
2 Then again, if oil hits $100.00 a barrel, it might become economical to mine. 
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sedimentation. Exactly what you would expect to find in a lacustrine sedimentary 
environment. 

 

B) Tectonic Provinces of the Western USA 
In much the same way as the Appalachian Mountains were divided up into geological 
belts or tectonic provinces, so too can we 
subdivide the western part of the United States. 
However, unlike the Appalachians, the tectonic 
provinces of the United States Cordilleran 
Mountains are not arranges in linear belts. They 
are much more patchy. 
 
There are actually numerous tectonic 
subdivisions that deserve mention in this class, 
but given our time limitations, we’ll just stick 
with three: 
 

The Basin and Range Province 
The Colorado Plateau  

 
and 

 
The Columbia River Plateau 

 
The Basin and Range Province is the most 
complex of the three in terms of structure, but all 
three share something in common. They are all 
areas that have been elevated during the 
Cenozoic era. In the case of the Basin and Range 
Province and the Colorado Plateau, the elevation increase was due to tectonic uplift 
associated with the Laramide Orogeny (see image to right), ands might have been further 
induced by the subduction of the East Pacific Rise beneath North America (but there are 
a few other alternative explanations). High heat flow would have caused thermal 
expansion and ultimately tension. 
That tension affected these regions 
is very evident because of the wide 
spread distribution of normal 
faults. The major difference 
between the Basin and Range 
Province and the Columbia River 
Plateau is the structural style of the 
rocks that were uplifted and faulted. 
In the Basin and Range, those rocks 
were previously deformed through 
orogenies that happened earlier in 
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the Mesozoic. You remember these don’t you? The accretionary events that stuck 
terranes like Wrangellia and Sonomia to the western part of the continent. Well those 
once compressionally deformed rocks were now re-deformed by tensional forces. In 
some areas, the tension was sufficient enough to allow igneous rocks to intrude up to the 
surface of the Earth. Even basalt lava flows occurred around some areas (e.g., the Rio 
Grande rift valley).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Origin of the Basin and Range Province. Originally deformed rocks in the Mesozoic were 
first eroded then re-deformed via tension in the middle to late Cenozoic. 

 
 
In comparison to the Basin and Range Province, structurally speaking, the Colorado 
Plateau is a piece of cake. The rocks that were uplifted during the latest part of the 
Cenozoic were non-deformed (flat-lying) sedimentary rocks. They had escaped the 
earlier Mesozoic orogenies that had deformed the rocks in the Basin and Range Province. 
A lowly sedimentologist such as your humble instructor would have no problem studying 
the 
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limestones and sandstones 
of the Colorado Plateau 
because they can be traced 
all over the place. But 
tracing rocks in the Basin 
and Range is a pain in the 
butt. Lowly 
sedimentologists leave those 
rocks to the structural 
geologists (who in all truth 
are just as lowly, but more 
imaginative as far as 
correlations are concerned). 
The major period of uplift in 
the Colorado Plateau occurred between 5 and 10 million years ago (Miocene-Pliocene). 
 
This leaves us with only one more tectonic province to consider. The Columbia River 
Plateau is exposed in parts of Washington state and Oregon. Like the other two tectonic 
provinces that we have discussed in today’s lecture, the area was elevated, but not 
through uplift. Starting in the late Miocene and early Pliocene, the Columbia River 
Plateau began to experience episodes of extensive flood basalt eruptions. We have 
discussed these events in previous lectures (e.g., the Cretaceous Deccan Traps of India 
and the Permian Siberian Traps of Russia). Approximately 160,000 km² (63,000 miles²) 
of the Pacific Northwest were covered in as little as 10 to 15 million years. Some lava 
flowed for over 170 km before solidifying suggesting very low viscosity, which is typical 
of flood basalt The total thickness of lava exceeded 1800 m (6,000 feet). It is largely 
believed by geologists who have studied the area that following the eruptions, the plateau 
gradually sank into the space left by the rising lava. The plateau is in some places, better 
described as a basin than a plateau. 
 
c) Plateaus and Canyons 
So there you have it. The tectonic provinces that make up the Cordilleran Mountains are 
very different than anything we have encountered to date in this class. But then again, I 
think it is best to conclude that each orogeny and each mountain belt is different from 
every other one out there.  
 
I think the last thing that should be stated at this point in the class is that the mountains 
that we see to day are not just the products of orogenies, tectonism, tension and 
compression. Weathering and erosion also play important roles in mountain formation. 
Water, wind and especially ice all help to shape mountain peaks. This brings us back to 
the same cycle that we have discussed time and time again. Plate tectonics and 
sedimentary processes are linked together and comprise much of the rock cycle. No 
where else is this better illustrated that the Grand Canyon (yes! We are going to once 
again consider the Grand Canyon in GY 112). The canyon was carved by flowing water 
in the Colorado River, but the great amount of erosion was only possible while the 
Colorado Plateau was being uplifted in the Miocene and Pliocene. Prior to this uplift, the 

The Columbia River Plateau from the air. The flat-lying basalt 
flows have been incised by river valleys. 
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Colorado River had already worm the 
region down into a low relief, flat 
peneplain. The low gradient of the region 
forced the river to develop a meandering 
course (this is typical of rivers that flow 
across nearly horizontal areas like the Gulf 
Coast). Uplift elevated the Colorado 
Plateau area at a rate that was close to the 
erosion rate of the river. The net result was 
that the Colorado River maintained it’s 
sinuous meandering form, but eroded deep 
into the interior of the Earth. How deep? 
Well the maximum vertical depth of the 
Grand Canyon is almost 2600 m (about 
8500 feet) and at these depths, you get all 
the way down to Pre-Cambrian crystalline 
basement rocks. This is part of the Canadian Shield which we last discussed in the first 
part of this course. What goes around, come around. 
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Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
Cordilleran Mountains 
Accretionary tectonics 

East Pacific Rise 
Mid Atlantic Ridge 

Cannonball Sea 
Farallon Plate,  

Juan de Fuca Plate 
Cocos Plate 

Uinta, Piceance Creek, Sand Wash, Washakie, Green River Basins 
oil shae 

Parallel lamination 
Basin and Range Province 

Colorado Plateau 
Columbia River Plateau 

uplift 
normal faults 

Rio Grande rift valley 
rock cycle 
peneplain 
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