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Abstract: Tailings ponds are one of the three major production facilities in metal mines. The volume of
tailings increases year by year, but the storage capacity of existing tailings ponds is limited. Therefore,
tailings dams must become more fine-grained and larger. The potential hazard they represent should
not be underestimated. This paper reveals the causes and regional distribution patterns of 342 tailings
dam failures globally from 1915 to 2021 through statistical analysis. It was found that tailings pond
failures occur almost every year, with an average of 4.4 accidents/year (1947–2021). The frequency
has been gradually increasing in recent years, and most tailings pond failures are directly related to
heavy rainfall or earthquakes. The frequency of tailings pond failures was significantly higher in Asia
(21.3%) and the Americas (57.9%), especially in China (n = 43) and the United States (n = 107). Causes
of tailings pond failures differed among regions. Most tailings pond failures in Asia and Europe were
related to hydroclimate, while those in South America were mainly triggered by earthquakes. This
study will provide theoretical data for the pre-design as well as the safe and stable operation of global
tailings ponds, which will help to prevent global tailings pond failures.
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1. Introduction

With the continued refinement of tailings particles and the increase in tailings emis-
sions year by year, tailings dams will inevitably become more fine-grained and larger. How-
ever, extreme weather events and seismic activity will lead to frequent tailings pond failures.

From 1993 to 2009, the global population grew by 23%, while the global economy
grew by 153% [1]. Rapid economic growth and population increase require the supply of
more mineral resources. In this context, even low-grade minerals are now being extracted.
Mineral extraction harms the environment [2,3] and generates large amounts of byprod-
ucts [4,5]. The fine particulate matter produced after beneficiation is called tailings and is
usually stored in the form of a slurry in large, man-made dikes, i.e., tailings dams that are
intended to protect the natural environment from pollution [6–8]. The global mining indus-
try has produced enormous amounts of tailings, e.g., an estimated 14 billion tons in 2010
alone [4]. Ore grades are showing a decreasing trend, which means that more tailings will
have to be stored in tailings impoundments in the future [9–11]. However, once a tailings
pond leaks, it will severely damage downstream industrial and agricultural production
and the wellbeing of local residents, as well as polluting the environment [12–14]. These
negative effects will be exacerbated by pre-existing environmental threats such as land use
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