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abstract

The “Anthropocene Epoch” has been proposed as a new post-Holocene geological time interval—a 
period characterized by the pervasive impact of human activities on the geological record. Prior to the 
influence of human technologies, the diversity and distribution of minerals at or near Earth’s surface 
arose through physical, chemical, and/or biological processes. Since the advent of human mining and 
manufacturing, particularly since the industrial revolution of the mid-eighteenth century, mineral-like 
compounds have experienced a punctuation event in diversity and distribution owing to the pervasive 
impact of human activities. We catalog 208 mineral species approved by the International Mineralogi-
cal Association that occur principally or exclusively as a consequence of human processes. At least 
three types of human activities have affected the diversity and distribution of minerals and mineral-like 
compounds in ways that might be reflected in the worldwide stratigraphic record. The most obvious 
influence is the widespread occurrence of synthetic mineral-like compounds, some of which are 
manufactured directly for applications (e.g., YAG crystals for lasers; Portland cement) and others that 
arise indirectly (e.g., alteration of mine tunnel walls; weathering products of mine dumps and slag). 
A second human influence on the distribution of Earth’s near-surface minerals relates to large-scale 
movements of rocks and sediments —sites where large volumes of rocks and minerals have been 
removed. Finally, humans have become relentlessly efficient in redistributing select natural minerals, 
such as gemstones and fine mineral specimens, across the globe. All three influences are likely to be 
preserved as distinctive stratigraphic markers far into the future.
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intrOductiOn

Do humans play a significant role in Earth’s mineral evolu-
tion? In the earliest analyses of Earth’s changing mineralogy 
through deep time (Zhabin 1979, 1981; Yushkin 1982; Hazen et 
al. 2008; Hazen and Ferry 2010; Krivovichev 2013), the influ-
ences of human activities received only peripheral mention. The 
10 stages of mineral evolution proposed by Hazen et al. (2008) 
relate only to pre-technological physical, chemical, and biologi-
cal processes. Nevertheless, questions related to human influ-
ences on Earth’s mineralogy remain of interest and importance. 
In comments on publications, as well as in discussions following 
seminars on mineral evolution, one of the most frequent ques-
tions has been whether we are now in “Stage 11”—a time when 
mineral diversity is experiencing a punctuation event owing to 
the pervasive near-surface effects of human industrial society. 
In this contribution we consider the nature and implications of 
“Anthropocene mineralogy.”

Although yet to be confirmed by the International Union 
of Geological Sciences, there is growing advocacy for formal 
recognition of the “Anthropocene Epoch,” the successor of the 
Holocene Epoch, to characterize the present time within the Qua-
ternary Period (e.g., Zalasiewicz et al. 2008; Waters et al. 2016; 
however, see Finney and Edwards 2016 for a contrary view). The 

Anthropocene Epoch, based on terminology proposed many de-
cades ago (e.g., Steffen et al. 2011 and references therein), would 
be defined as commencing when human activities began to have 
a significant impact on Earth’s near-surface environment on a 
global scale, including the atmosphere, oceans, and sediments. 
Opinions differ regarding the most appropriate starting date for 
the Anthropocene Epoch. Some scholars have suggested a time 
associated with the advent of near-surface mining and smelting 
technologies in classic times (e.g., Ruddiman 2003; Smith and 
Zeder 2013), although such alterations of Earth’s surface were 
not global in scale. Others promote a starting date correlating 
with the industrial revolution of the eighteenth century, when 
widespread burning of carbon-based fuels led to an increase in 
atmospheric CO2 (Zalasiewicz et al. 2008; Edgeworth et al. 2015; 
Ellis et al. 2013; Lewis and Maslin 2015). Alternatively, several 
geochemists have recently advocated 1950 as the starting year, 
based on pervasive worldwide isotopic markers related to nuclear 
weapons testing programs (Zalasiewicz et al. 2015).

Whatever the specific starting date, an important aspect of 
characterizing the Anthropocene Epoch is achieving an under-
standing of human influences on the diversity and distribution 
of minerals and mineral-like compounds. This question of “An-
thropocene mineralogy” has been addressed by Zalasiewicz et 
al. (2013), who focus on the fascinating question of the impacts 
that present-day human activities might have on the stratigraphic 
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