
 

New research dates the formation of Earth's
continents
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Various tectonic settings for the formation of the major Pb deposits. There are
three main Pb deposit types: volcanogenic massive sulfide ore deposits (VMS)
commonly associated with black smokers and oceanic spreading environments,
sedimentary exhalative ore deposits (SEDEX) and Mississippi Valley-type ore
deposits (MVT) (Andrieu et al., 1998; Fouquet and Marcoux, 1995; Heinrich
and Candela, 2014; LeHuray et al., 1988; Verati et al., 1999; Wilkinson, 2013).
It is beyond the scope of this contribution to explore the similarities and
differences of these deposit types. VMS is the only type of deposit being formed
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in a mid-ocean ridge environment and thus fingerprint the Earth’s upper mantle.
Credit: Earth-Science Reviews (2023). DOI: 10.1016/j.earscirev.2023.104483

Researchers at Curtin University have established a new framework for
dating the Earth's evolution including the formations of continents and
mineral deposits.

The research, published in Earth Science Reviews, studied Australia's
abundant lead-zinc ore deposits along with a vast global database and
determined that 3.2 billion years ago was a critical point in the Earth's
history when the Earth changed from a layer-cake structure to a mode of
remixing possibly driven by the start of global-scale plate tectonics, a
process that still dominates the Earth system today.

Lead researcher Dr. Luc Doucet, from Curtin's Earth Dynamics
Research Group, said that one of the main questions they aimed to
answer was when the continents as we know them today were first
formed.

"To answer this question, we had to determine when the composition of
the continental crust began to significantly differ from that of the Earth's
mantle where the continental material was extracted from," Dr. Doucet
said.

"The challenge was that we first need to understand how the Earth's
mantle evolved since the Giant Moon formation impact 4.5 billion years
ago, when a giant asteroid collided with proto-Earth and modified
Earth's core and mantle. We need to reconcile this well-established
theory with the composition of the present-day mantle.

"We used lead isotope compositions from rock samples across space and
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time, including primitive meteorites that were formed at the same time
as the solar system and various components of the Earth's layers, to re-
construct the Earth's mantle evolution."

Co-author Dr. Denis Fougerouse, from Curtin's School of Earth and
Planetary Sciences, said they could now compare the Earth's mantle
evolution with that of the continent by using measurements from large
lead-zinc deposits, known for tracking continental crust composition
through time, and Australia is endowed with abundance of such deposits.

"Australia has an estimated 52 billion [metric] tons of lead-zinc ore,
making it the second-largest reserve in the world, just behind China.
They range from as old as 3.4 billion years in Western Australia's Pilbara
region to relatively young deposits at 285 million years, making them
perfect for our study," Dr. Fougerouse said.

Fellow co-author Dr. Hugo Olierook, from Curtin's John de Laeter
Center, added that the team's analysis revealed that lead-zinc deposits
started to exhibit significant differences from the Earth's mantle about
3.2 billion years ago.

"This period is considered to be the point at which plate tectonics began
to be the dominant driver of continent formation on Earth. Earth is the
only planet in our solar system that has plate tectonics and, perhaps not
coincidentally, the only planet capable of hosting life," Dr. Olierook
said.

A spin-off product of this ground-breaking research is that researchers
will need to calibrate the radiometric ages they acquired for dating Earth
evolution and mineralization events in the future using the newly
established uranium-lead isotopic system curves by the Curtin group.

  More information: Luc S. Doucet et al, The global lead isotope
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system: Toward a new framework reflecting Earth's dynamic evolution, 
Earth-Science Reviews (2023). DOI: 10.1016/j.earscirev.2023.104483
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