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Mineral Evolution: A case study of a new natural law

The diversity and distribution of Earth's minerals have changed through 4.5 billion
years as a consequence of varied physical, chemical, and ultimately biological
processes. "Mineral evolution," the study of this rich history of change, has led to a
new mineral classification scheme that complements the official system of the
International Mineralogical Association. The new "Evolutionary System" of
mineralogy attempts to place every mineral species in its historical setting and
formational environment. In this way, minerals provide one vivid example of a much
more general natural process. Indeed, a pervasive wonder of the natural world is the
evolution of varied systems, from stars to minerals to life. These evolving systems
seem to be conceptually equivalent in that they display three notable attributes:

(1) they form from numerous components that have the potential to adopt
combinatorially vast numbers of different configurations;

(2) processes exist that generate numerous different configurations; and

(3) configurations are preferentially selected based on function.

We identify universal concepts of selection—static persistence, dynamic persistence,
and novelty generation—that underpin function and drive systems to evolve through
the exchange of information between the environment and the system. Accordingly,
we propose a new law, the “law of increasing functional information”: The functional
information of a system will increase (i.e., the system will evolve) if many different
configurations of the system undergo selection for one or more functions. Mineral
evolution is a revealing test case of this law.

Robert Hazen is a research scientist at the Carnegie Institution of
Washington's Geophysical Laboratory, Clarence Robinson Professor of Earth
Science at George Mason University, and the Executive Director of the Deep
Carbon Observatory.
Hazen worked on bachelor and master degrees in Earth Science at the
Massachusetts Institute of Technology. Captivated by mineralogy, he completed
a Ph.D in Mineralogy & Crystallography, focused on X-ray crystallography
. analyses applied to olivine, at the Harvard University in 1975.

I Much of the research of Hazen could be tentatively classified as mineral
physics, but his many researches span from superconductive materials to the
deep structure of our planet to paleontology and the origin of life.
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