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The big tectonic events that affected 

Oklahoma and surrounding areas 

1. The formation of the continental crust in the 

Proterozoic (1.8 to 1.4 Ga) 

2. The Mid-continent rift (1.1 Ga)  

3. The break-up of the continent in the Cambrian 

4. The Ouachita orogeny and formation of the Ancestral 

Rocky Mountains 



Whitmeyer and Karlstrom (2007) 

North 
America 

(Laurentia) 
~1.8 billion 
(Ga) years 

ago 

Laurentia went 
through a άgrowth 
spurtέ from 1.8 Ga 
to 1.0 Ga (Grenville) 

via accretion of 
island arcs and 

microcontinents. 



The Yavapai Province was 

a  Banda Sea-style 

assembly of arcs 

Proterozoic 

 growth of 

 Laurentia 

By 1.7 Ga, the first 

phase of accretion 

was complete.   

Juvenile terrane 

 accretion 



Proterozoic 

 growth of 

 Laurentia 

By 1.6 Ga, the  

Mazatal phase 

of growth had 

ended. 

Mazatzal granitoids stitch 

juvenile terranes with 

older provinces 

Granitoid 

 intrusion 



Granite-Rhyolite granitic 

plutons stitch much of 

southern Laurentia together  

making it a stable craton.  

Proterozoic 

 growth of 

 Laurentia 

By 1350 Ma 

(million years), a 

huge magmatic 

event finished the 

process of building 

what we think of as 

the craton today. 

Granitoid 

 intrusion 

Lava flows and intrusions 

of this age underlie much 

of the Mid-Continent. 



The Grenville Province 

extends from Canada, 

through the southeastern 

U S and Texas and  

includes the Llano 

Province. 

Proterozoic 

 growth of 

 Laurentia 

By 1000 Ma, growth of the accretion of the continent 

was completed, but the resulting NE-SW structural grain 

has NOT consistently controlled younger structures. 

Continent- 

 continent collisions 



Oklahoma-Texas region basement 



3-D seismic reflection surveys in Osage County, OK 



The deep (basement) structure is far from simple  

1 s 



This looks like a modern extensional basin that is buried 
beneath a layer of 1.4 Ga volcanics 

1 s 



The big tectonic events that affected 

Oklahoma and surrounding areas 

1. The formation of the continental crust in the Proterozoic 

(1.8 to 1.4 Ga) due to accretionary events 

2. The Mid-continent rift (1.1 Ga) 

3. The break-up of the continent in the Cambrian 

4. The Ouachita orogeny and formation of the Ancestral 

Rocky Mountains 



Central U. S. Late Precambrian Structural 

Framework (1.1 Ga and Cambrian rifts) 

The break-up of 

Rodinia formed 

passive margins 



LS_Bou

guer 

Anomali

es 

Complete Bouguer 

Anomaly Map of the 

Northern Mid-

Continent Region. 

The 1.1-Ga Mid-

Continent Rift is the 

dominant feature. 

This event overlaps 

the Grenville 

Orogeny in time to 

some extent. 



GLIMPSE Experiment Index Map 

COCORP 

C 
A 

F 

Canadian  

Shield 

GLIMPSE was 

a large 

international 

cooperative 

seismic 

experiment 

that featured 

the acquisition 

of multi-

channel 

reflection data 

in the Great 

Lakes 



GLIMPSE ς Line A 

Moho 
12 sec 

30 km 

Provided by Bill Cannon (USGS) 

Seismic reflection profile showing that the 

pre-rift crust was almost completely 

destroyed. However, the rift failed. Why? 



MCR Lake Superior model 

Hinze et al. (1997) 

Integrated 

geophysical 

model 

across Lake 

Superior 

Intraplating 

and 

underplating 


