Our ancient continents were built from sun-
baked ocean leftovers, proving Earth was
recycling long before it was cool

May 12 2026, by Sayan Tribedi

Credit: Image generated by the editorial team using Al for illustrative purposes.

New isotopic evidence is rewriting the story of Earth's first continents.
Imagine the planet nearly 3.8 billion years ago: a water world ringed by
volcanic islands. How did solid continents arise in such an alien world?
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A recent study in Nature Communications suggests a surprising twist:
These ancient landmasses were largely built from recycled surface rocks,
not just fresh mantle material. By analyzing rare sulfur and silicon atoms
in 3-billion-year-old granites, researchers have uncovered fingerprints of
an ancient oceanic origin for our planet's oldest crust.

During the Archean period, the continental crust on Earth was
characterized by rocks called tonalite-trondhjemite-granodiorite (TTG),
and these offered some insight into the early history of the planet.
Scientists have known for some time that TTGs were formed through
the melting of hydrous mafic rocks, but debate has raged regarding their
source rocks.

Single-atom studies (using oxygen, boron, etc.) gave mixed hints—some
samples looked "mantle-like," others bore signs of seawater alteration.
The new approach was to combine multiple types of atoms: sulfur and
silicon. These two elements lock in distinct surface-process signatures
that are hard to erase, even through later heat and pressure.
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https://www.nature.com/articles/s41467-026-72701-4
https://phys.org/news/2025-07-geologists-early-continents-mantle-plumes.html?utm_source=embeddings&utm_medium=related&utm_campaign=internal

Schematic diagrams of two plausible models to generate TTG (Tonalite-
Trondhjemite-Granodiorite) in the Archean Earth. Credit: Nature
Communications (2026). DOI: 10.1038/s41467-026-72701-4

What ancient rocks whispered to scientists

In the study, scientists collected Archean rocks from China's North
China Craton—one of the oldest crustal fragments on Earth. They
analyzed 22 granitic rocks and several amphibolites (basaltic rocks)
dated to about 2.7 to 2.5 billion years ago. For each, they measured
different forms of sulfur atoms (including a special kind called mass-
independent A**S) and silicon atoms.

The results were striking: All the granitoids showed subtle but clear
sulfur anomalies (meaning the mass-independent A>’S was not zero,
which is unusual) and slightly "heavy" silicon (meaning the silicon atoms
had a higher proportion of heavier varieties than is typical for rocks
from Earth's deep interior).

These unique atomic signatures cannot be produced by the simple
melting of dry mantle rocks. Instead, they require inputs from Earth's
surface—altered ocean crust or sediments—that carried the atomic
imprint of the early atmosphere and seawater. In short, the rocks
demanded a source that originated from Earth's surface, overturning the
assumption of a purely deep origin.
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Sulfur isotopic composition and source constraints of the Luxi granitoids. Credit:

Nature Communications (2026). DOI: 10.1038/s41467-026-72701-4

Two tiny clues, one big story

The clue lies in these special atomic signatures. Under the oxygen-free

Archean sky, ultraviolet light created unusual sulfur atom patterns in the
air—patterns later locked into rocks at the surface. A non-zero mass-
independent A™’S (and a related A™°S) is a telltale sign of this ancient
photochemistry, virtually absent in rocks from Earth's deep interior.
Likewise, silicon atoms become heavier (meaning a higher proportion of
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https://phys.org/news/2023-08-oxygen-production-volcanic-sulfur-dioxide.html?utm_source=embeddings&utm_medium=related&utm_campaign=internal
https://phys.org/news/2023-08-oxygen-production-volcanic-sulfur-dioxide.html?utm_source=embeddings&utm_medium=related&utm_campaign=internal

heavier silicon varieties) when basalt reacts with seawater or when silica
settles out of solution.

The punch comes in the combination: By itself, each atomic signature
could be skewed by other processes, but together they form a
"fingerprint" of surface material. As the authors note, "Covariation of
quadruple sulfur isotopes and silicon isotopes thus provides compelling
evidence for the recycling of supracrustal materials into the magmatic
sources of Archean continental crust."

In other words, finding both anomalies in the same rocks is like finding
fingerprints of the ancient ocean in the heart of early continents.

Recycling Earth's first continents

When first author Shang and his colleagues compared their Chinese data
with global Archean records, a pattern emerged: all known continental
granites formed after approximately 3.8 billion years ago show these
same atomic signs. That means nearly every piece of preserved Archean
crust carries evidence of surface recycling.

"Our results show that most, if not all, Archean continental crusts were
derived from partial melting of supracrustal sources rather than
unaltered mafic cumulates," the team writes. In other words, Earth's first
continents were largely made from recycled oceanic crust and sediments.

So, what are the implications for our planet? This suggests early cycling
of crustal material into the deep crust or even Earth's mantle, likely by
early proto plate tectonics, or through the emplacement of a heavily
volcanic crust. Such cycling had unique connections among the
atmosphere, the ocean, and the interior of Earth, suggesting a unique
"coupling" of these elements. It is proposed that this process established
early habitability on Earth around 3.8 billion years ago. However, it
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provides a fascinating insight into the building blocks of our own
environment, the mixing of altered seawater crust with the precursors of
the modern continents.

In conclusion, the research provides a novel origin story whereby the
first continental crusts were formed by the melting of surface rocks that
had been modified rather than purely by magmas beneath the surface.
This unusual insight into the early days of our planet provides a new
understanding of how Earth's surface and interior interacted.

More information: Kun Shang et al, Coupled sulfur-silicon isotopes
reveal supracrustal origin of Archean continents, Nature Communications
(2026). DOI: 10.1038/s41467-026-72701-4
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