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GY 112 Lecture Notes 
Archean Geology 

 
Lecture Goals: 
A) Time frame (the Archean and earlier) 
B) Rocks and tectonic elements (shield/platform/craton) 
C) Tectonics and paleogeography 
 
Textbook reference: Levin 7th edition (2003), Chapter 6; Levin 8th edition (2006), Chapter 8 
 
A) Time frame 
Up until comparatively recently (start of the 20th century), most geologists focused their 
discussion of geological time on two eons; the “Precambrian” and the Phanerozoic. We 
now officially recognize 4 eons and the Precambrian is just used as a come-all term for 
all time before the Phanerozoic: 
 

Eon Time 
Phanerozoic 550 MA to 0 MA 
Proterozoic 2.5 GA to 550 MA 
Archean 3.96 GA to 2.5 GA 
Hadean 4.6 GA to 3.96 GA 

  
The “youngest” of these two new eons, the Archean, was 
first introduced by field geologists working in areas where 
very old rocks cropped out. One of these geologists was 
Sir William Logan (pictured at left; ess.nrcan.gc.ca ) one of 
the most respected geologists working with the 
Geological Survey of Canada. His study area was the 
Canadian Shield. Logan was able to identify two major 
types of rocks; 1) layered sedimentary and volcanic rocks 
and 2) highly metamorphosed granitic gneisses (see 
image at the top of the next page from 
http://www.trailcanada.com/images/canadian-shield.jpg). Logan 
found evidence that the gneisses mostly underlayed the 
layered rocks and hence, they had to be older than the 
layered rocks. The layered rocks were known to be 

Proterozoic in age. The underlying 
gneisses were classified as Archean in age. 
Some portions of the Canadian Shield, 
including the area where Logan worked, 
could be easily classified in this fashion. 
Other parts could not. The Hadean Eon 
represents the earliest period of time in the 
Earth’s history. It starts at the formation of 
the Earth (about 4.6 billion years B.P.) and 
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lasts until 3.960 GA. This is the age of the 
oldest rocks that we have found (so far) on 
the Earth (Northwestern Canada). In other 
words, the Hadean represents the period of 
the Earth’s history devoid of any rocks. The 
upper limit of the Hadean (3.960 GA) varies 
somewhat according to who you are, where 
you are and which book your are reading. I 
frequently use a date of 4.1 GA (the age of 
Australian zircons) as the termination of the 
Hadean. There is now evidence that other 
Aussie zircons might be 4.4 billion years old. 

There is even variability within textbooks. In this class, we’ll stick with 3.96 GA. 
 
It is necessary to divide the Archean into “more manageable” bits. The most common 
nomenclature (which is also used from subdividing the Periods of the Phanerozoic) is 
Early, Middle and Late: 
 
 

Division Age 
Late Archean 3.0 to 2.5 GA 
Middle Archean 3.4 to 3.0 GA 
Early Archean 3.96 to 3.4 GA 

  
The divisions above are based upon key events in Earth history. For example, the onset of 
banded iron formations or BIFs. We’ll talk more about these next time. Incidentally, here 
are a couple of really nice diagrams from summary publications looking at the Canadian 
Shield. . 

 
 
 
 
 
 
 

(Both are from Hoffman, P.F. 1989. 
Precambrian geology and tectonic 
history of North America. In the 
Geology of North America, an overview, 
Geological Society of America, 447-512) 
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B) Rocks and tectonics 
Back in the Hadean and Archean Eons, the rocks and tectonic elements were different 
than they are today. At least I think they were. There is very little evidence supporting 
plate tectonics like we have today (e.g., spreading and subduction). There was rifting and 
the result was probably great flooding by lava, but this is not the same thing as 
“continental drift”. Geologists believe that the oldest rocks to form on the Earth (after 
initial formation that is) were “oceanic crustal rocks”. One hypothesis argues that 
tremendous amounts of high temperature ultramafic lavas called komatiite were erupted 
from the Earth’s interior starting around 4.5 billion years ago. It may be that these rocks 
represent the first true differentiation of mantle (or what passed for mantle during the 
Hadean). The interior might have been very hot at this time in part due to the left over 
heat of the Earth's formation and in part to short-lived radioactive isotopes. (short-lived 
isotopes decay very quickly and release a lot of heat when they do so). The komatiites 
might very well have covered the entire Earth almost like a molten ocean. Similar flood 
basalts have been observed throughout the rock record, but never in quantities as 
extensive as that postulated for the Hadean. 
 
The first “continental rocks” (i.e., those of a felsic or sialic composition) did not appear 
(apparently) until about 4.1 billion years ago (they define the start of the Archean). These 
rocks are a type of quartz diorite called tonalite and although they are not exactly 
granites, they may have formed in the interior through similar magmatic differentiation 
processes. Incidentally, there is a hint of older rocks on our planet, but we only find 
circumstantial evidence of their existence. That evidence is a mineral called zircon 
(ZrSiO4). Zircons are very common in felsic rocks, and in some places (e.g., western 
Australia), very old zircons have (as old as 4.4 GA?) have been found. Some zircons are 
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even rounded suggesting weathering and abrasion by running water. The oceans have 
seemingly also been around for a long time. 
 
The tonalites are thought to have been emplaced as plutons. These first “continents” 
(perhaps protocontinents is a better term), were small and isolated. But over time, they 
started to merge together into larger masses. The following diagram illustrates how this 
might have worked: 
 

 
These continental areas represented the first truly “stable regions” and in many areas, 
they formed land masses that rose above the ocean surface. This is where the first 
sediment was derived from. 
 
Two different tectonic elements are recognized in Archean Rock areas.  
 
1) Shields (e.g., Canadian Shield, African Shield, 
Baltic Shield), extensive mostly felsic rocks that 
are presently tectonically stable (geologically 
inactive and otherwise boring). They are 
composed mostly of granite and granite gneiss. 
 
2) Platforms, shield rocks that are covered by 
younger Proterozoic layered rocks (sedimentary 
and igneous).  
 
Together the shield and platform rocks comprise 
the cores of continents which are otherwise called 
cratons. I refer to cratonic rocks as basement 
because they underlay and hold up the more interesting Phanerozoic sedimentary rocks 
that I and my students study. Here is a cartoon of the North American continent showing 
the shield and platform areas. 
 

 
You should also be aware that further subdivision of shield areas(usually age-based)  is 
possible. For example, the Canadian Shield is divided into several tectonic provinces. 
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The largest of these is called the Superior 
Province (it underlies much of the provinces 
of Ontario and Quebec). The Slave Province, 
Nain Province and Rae Province are other 
large regions of the Canadian Shield. The 
reason why I am mentioning them here and 
now is that shield areas are very important 
economically as they frequently bear valuable 
ores and mineral deposits. The Nain Province 
has some of the largest deposits of iron ore on 
the planet. The Slave Province yields diamond 
and gold. The Rae Province contains vast 
quantities of nickel, diamonds and rare earth 
elements And the Superior Province has 
produced tremendous amounts of copper, 

nickel, gold and base metals. Similar economic deposits are found in shield areas of 
South Africa, Australia and Russia. 
 
Each province of the Canadian Shield (and other shield areas around the planet) may 
have represented a separate or isolated microcontinent. They were sutured together 
through some form of tectonics. The sutures are today represented by deformed 
(metamorphic) belts which your textbook calls Collisional orogens. I suppose that this is 
as good a name as any other. 
 
C) Tectonics and Paleogeography 
The shield area of Canada is not exclusively felsic in nature (recall that I said that they 
were mostly felsic). True, granites and gneisses (Granulite Association) dominate, but 
there are also Greenstone Belts. The first cartoon below shows the approximate 
distribution of greenstone belts throughout the Superior Province of the Canadian Shield. 
The diagram at the top of the next page (from http://www.litho.ucalgary.ca/). Is a much 
better diagram of the complexity of a single greenstone complex. Please note that these 
rocks are complex layered igneous and sedimentary suites. They are pretty strange as 
they contain both ultramafic and felsic magmas.  
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The origin of 
greenstone belts is 
debated, but the 
layered structure 
suggests that they 
formed through in-fill 
of a trough (see cross-
section below). The 
mafic rocks are 
frequently pillow-like 
suggesting that this 
layer (at least) 
represents under water 
lava flows. The felsic 
layers are not easy to 
explain. Standard 
textbooks suggest that 
the felsic layers come 
from ”convergent plate 
volcanoes”, but I know of no one who has found evidence of plate tectonics (as we know 
it today) happening this far in the past. Most book explanations are that the greenstone 
belts represent back-arc spreading (this is commonly observed behind island arcs – 
hence the term back-arc—today). I think it is best to conclude that the greenstone belts 
are simply regions of continental extension. Localized convection currents may have 
pulled apart the young continental crust in lots of places rather than in a continent-wide 
rift zone like we find today along the East African Rise. In other words, you got a lot of 
narrow troughs each of which was filled in by progressively differentiated lavas and 
sedimentary rocks.  
 

 
 
The next sketch illustrates the standard textbook’s explanation for the origin of 
greenstone belts: 
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And this sketch illustrates my explanation; 
 

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

 
  

Archean 
Hadean 

Sir William Logan 
Komatiite 
Ultramafic 

Felsic 
sialic 

Tonalite 
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plutons 
Zircon 

Differentiation 
Shield 

Platform 
Canadian Shield 

Craton 
(tectonic) Provinces 
Collisional Orogen 

Granulite Association 
Greenstone Belts 

Back arc 
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