
 

How textiles undergo fossilization via
mineralization
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Image of a 5,000-year-old mineralized fiber from the archaeological site of
Gonur-Depe (Turkmenistan) by synchrotron-based X-ray microtomography. The
false color image shows that the fiber has preserved an organic character (blue)
and has on its surface copper silicates (green) which played a major role in its
preservation and soil compounds (red). Credit: Corentin Reynaud

A team of researchers affiliated with multiple institutions in France has
solved the mystery of how textiles fossilize via mineralization. In their
paper published in Proceedings of the National Academy of Sciences, the
group describes a host of tools and techniques they used to analyze
fossilized textiles and what they learned.

Prior research has shown that textiles (cloth or woven fabric) can
undergo fossilization via a mineralization process—and can thus be
preserved for thousands of years. But until now, the process by which it
happens has not been understood. To learn more, the researchers used a
host of tools to study the process.

The work involved first obtaining samples—some came from excavation
sites in the Near East, while the rest were found at the Louvre Museum.
In both cases, the samples were approximately 5,000 years old. Next, the
team set to work using semiquantitative synchrotron X-ray
microtomography, nanoscale infrared imaging and harmonic generation
microscopy to study the samples at very high spatial resolution—from
the nano to the microscale. It also allowed them to assemble a
physicochemical sequence of events that led to preservation.

The researchers found that there were three main stages in the
fossilization process. In the first, water carried antimicrobial metal
cations from nearby metals as they corroded, along with soil solutes.
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This prevented the textiles from breaking down. In the second stage, the
solutes and cations were absorbed by the fibers, which made them swell,
and which resulted in the creation of an inorganic crust, leading to
cellulose degradation. In the final stage, the fibers underwent a slow
silicification process that involved condensation of siliceous compounds.

  
 

  

Mineralized textile fragment on the surface of a thin copper-based plate from the
Nausharo site (Kachi-Bolan region, Balochistan, Pakistan), dating from the first
half of the 3rd millennium BC. The weaving technique, a balanced plain weave,
is directly identifiable. The textile fibers show simultaneously a mineral
character with various dense copper compounds and an organic signature derived
from the original cellulose. Credit: Christophe Moulhérat
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The discovery process also revealed some of the conditions necessary for
textile fossilization; foremost among them was that they had to be buried
with something made of metal—the presence of just the right amount of
water is another precondition.

  
 

  

False color representation of a SHG microscopy image of a 4,000-year-old
bundle of flax fibers originating from a textile on the surface of a vase from the
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ancient city of Tello in Mesopotamia. The authors found that cellulose
macrofibrils (green) were exceptionally preserved in place with the corrosion of
the copper object, in a mechanism that combined mineralization and sol-gel
silicification. Credit: Gaël Latour and Mathieu Thoury

The researchers suggest their findings not only show the process of
textile fossilization, but also demonstrate how imaging techniques can be
used to learn more about preservation techniques.

  More information: Corentin Reynaud et al. In-place molecular
preservation of cellulose in 5,000-year-old archaeological textiles, 
Proceedings of the National Academy of Sciences (2020). DOI:
10.1073/pnas.2004139117
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