
 

Researchers study mechanical properties of
mammoth ivory from the Siberian
permafrost soils
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Projectile tips made of mammoth ivory (long tip) and a reindeer antler from the
Early Paleolithic cave site Garsitz-Bärenkeller (Thuringia). Credit: H. Arnold,
Thuringian State Office for Preservation of Monuments and Archeology,
Weimar

For the first time, scientists from the Friedrich Schiller University in
Jena and the Senckenberg Research Station for Quaternary
Palaeontology Weimar conducted a detailed comparison of the
mechanical properties of mammoth ivory from the Siberian permafrost
soils and the ivory from modern African elephants. In their study,
published today in the journal Scientific Reports, the team of scientists
shows that, due to its exceptional material properties, the mammoth
ivory was ideally suited for the manufacture of Ice Age hunting weapons
– a fact that was also taken advantage of by big game hunters during the
Paleolithic in Central Europe.

Spiral-shaped tusks of varying sizes are certainly the most impressive
and visible characteristic of the mammoths. These proboscids, which
became extinct with the disappearance of the Ice Age mammoth steppe,
used their permanently growing tusks with a length of up to 3.5 meters
and a weight of sometimes over 100 kilograms as a status symbol and a
weapon, but also as a tool, e.g., to break open frozen watering places.
Grooves and facets on the surface of the Ice Age giants' teeth are
evidence of their powerful use, which frequently caused the tusks to
splinter, yet only rarely led to broken teeth.

"It required particular mechanical properties to allow growing teeth of
such an imposing length. After all, about two thirds of the tusks freely
extended from the upper jaw, thus being directly subjected to the
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animals' highly dynamic body motions. We were curious to understand
the exact workings behind this," says Prof. Dr. Ralf-Dietrich Kahlke of
the Senckenberg Research Station for Quaternary Paleontology in
Weimar, explaining the purpose of the joint interdisciplinary project.

  
 

  

Discs cut from the tusks of a mammoth (right) and an African elephant (left).
Credit: Susann Döring/Senckenberg Weimar

During the last Ice Age, people used mammoth ivory to produce tools
and jewelry as well as amazing pieces of art – the latter can be found,
among others, in the recently designated UNESCO World Heritage Site
"Caves and Ice Age Art in the Swabian Jura." "We noticed that at
different times and in various parts of the world mammoth tusks had
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also been used to manufacture weapons, especially perfectly crafted
spear tips. We wondered why the Ice Age hunters used this particular
raw material. The material does not lend itself to easy processing, and
antlers or bones of other Ice Age animals were much more readily
available," says Dr. Sebastian Pfeifer, an archaeologist at the Friedrich
Schiller University in Jena and the study's initiator. He continues:
"Together with materials scientists from the University in Jena, we
therefore measured numerous structural and mechanical properties of
non-weathered mammoth ivory and compared the data with those from
the ivory of African elephants."

The results show that the composition and mechanical properties of
mammoth ivory from the Ice Age permafrost and ivory from the tusks
of African elephants are practically identical. The exceptional dental
material is characterized by an ideal combination of rigidity and
toughness. During the cold periods in the Ice Age, ivory was therefore a
perfect raw material for the manufacture of hunting weapons,
particularly for highly effective projectile tips.

Moreover, compared to other Ice Age materials such as reindeer antlers,
the pearly-white mammoth ivory has a much higher esthetic appeal.
"Perhaps the carriers of ivory weapons during the Ice Age displayed
their shiny equipment with a measure of pride. It is quite possible that
the material thus began to be seen as a status symbol as well," according
to the researchers' speculations.

  More information: Sebastian J. Pfeifer et al. Mammoth ivory was the
most suitable osseous raw material for the production of Late
Pleistocene big game projectile points, Scientific Reports (2019). DOI:
10.1038/s41598-019-38779-1
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