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Age of the Earth

• [assumption] The Earth and the rest of the solid bodies in the Solar 
System formed at the same time and are, therefore, of the same age. 

• The oldest dated moon rocks have ages between 4.4 and 4.5 billion 
years 

• The best age for the Earth (4.55 Ga) is based on old, presumed 
single-stage leads coupled with the Pb ratios in troilite from iron 
meteorites, specifically the Canyon Diablo meteorite. 

• Evidence of Earth’s oldest crust, which consists of grains of zircon in 
metamorphosed sediments in Western Australia. These zircons are 
4.4 billion years old. - oldest material on earth - not rock!





Meteor Crater, also known as Barringer Crater (credit: NASA Earth Observatory)



Aerial view of Arizona Meteor Crater, September 2010 (credit: Shane.torgerson)





Zircon crystals from the Jack Hills of Australia reveal that 
continents arose just 160 million years after our solar system 
formed, much earlier than previously thought.  

(PHOTOGRAPH BY JOHN VALLEY, UNIVERSITY OF WISCONSIN-
MADISON)





The Archean Crust
• About 4.55 million years ago, Earth was 

composed of a random mixture of space 
debris. 

• The modern Earth is an internally 
differentiated  planet with three distinct 
layers. Each layer has a different chemical 
composition and density. 

• Once differentiation had occurred, Earth’s 
crust was dominated by iron and 
magnesium silicates.  

• As a result of the melting, an extensive 
magma ocean may have covered Earth’s 
surface.



Characteristics of Earth’s Early Oceanic and 
Continental Crust

• Komatiites are ultra-rich in the elements iron and magnesium. They 
form at temperatures greater than the 1100ºC required to melt basalt.

zircon



The Primitive Atmosphere

• Before 3.8 billion years ago, Earth’s Archean atmosphere had 
essentially 0% oxygen, not the 21% we have today. 

• Archean air consisted mostly of water vapor, carbon dioxide, nitrogen, 
and lesser amounts of other gases. 

• Outgassing is the process by which water vapor and other gases are 
released from rocks.



• Water vapor condensed and fell as rain, filling low basins to form the seas. 

• Carbon dioxide and other gases that were dissolved in the rain made 
seawater considerably more acidic than today. 

• This acidity caused rapid chemical weathering, which added calcium, 
magnesium, and other ions to seawater. 

• Much later, when the seas became less acidic and oxygen more 
prevalent, these ions would join with carbon dioxide to form limestones and 
the shells of myriad marine organisms.



Geologic Clues to Early Atmospheres

• There are few oxidized iron minerals from that time. With little 
oxygen available, iron combined with sulfur to form sulfides like pyrite. 

• Archean rocks are often dark because they contain unoxidized iron 
(which would have been oxidized to red in an oxygen-rich 
environment). 

• The Archean atmosphere was rich in carbon dioxide, which 
combines with water to form carbonic acid.  

• In such an acidic environment, alkaline rocks like limestone and 
dolomite cannot develop. This may account for the absence of 
carbonate rocks from this early stage of Earth history.



Geologic Clues to Early Atmospheres

• In rocks younger than 1.8 billion years, evidence of free oxygen in the 
atmosphere is seen in Proterozoic red shales, siltstones, and 
sandstones derived from weathering of older rocks on the continents.  

• We also find carbonate rocks (dolomites and limestones) of about the 
same age. 

• We infer that oxygen gradually began to appear in Earth’s early 
atmosphere from rocks called banded iron formations (BIFs ) 

• BIFs are cherts that exhibit alternating bands of dark rust-red and 
light gray.



Banded iron formation, Karijini National Park, Western Australia 
(image credit Graeme Churchard)



The Primitive Ocean & 
the Hydrologic Cycle

• Could the enormous volume of ocean water have come from Earth’s 
interior alone?

• Yes. Vast amounts of water were locked within minerals in the 
accreted Earth.



Precambrian Basement Rocks

• Geologists agree that the only reliable way to correlate fossil-less 
Archean and Proterozoic rocks is through radiometric dating. 

• The most extensive exposures of Precambrian rocks are in 
geologically stable regions of continents called shields. 

• Such stable regions where basement shields are blanketed by 
sedimentary strata are called platforms. 

• The platform of a continent, together with its shield, constitutes that 
continent’s craton.



Exposed Precambrian rocks



Origin of Life




