
Depth charge
Nations must weigh the environmental costs 
before mining minerals on the ocean floor.

The biggest deep-sea mining operation so far was a cold-war ruse. 
In 1974, the US Central Intelligence Agency launched an elabo-
rate operation to recover a Soviet submarine northwest of Hawaii, 

under the cover of a commercial venture to mine manganese nodules 
located on the sea floor. The spooks got a piece of the submarine but left 
any valuable minerals in the area for future prospectors. 

Despite mounting interest in such sea-bed resources, little has 
happened since. But the world’s first commercial mining venture in the 
deep sea seems only a matter of time. Estimates vary, but optimists claim 
there could be huge untapped piles of precious metals, including gold 
and silver, down there. Several countries, including Papua New Guinea, 
Japan and South Korea, are pursuing sea-bed mining in their territorial 
waters, and interest in international waters is on the rise, as well. The 
International Seabed Authority (ISA), which was established in 1994 
under the United Nations’ Law of the Sea and regulates activities that 
occur outside national jurisdictions, has already issued 28 exploration 
permits to entities in 20 countries. 

At a meeting next week, the ISA’s council will once again discuss a 
possible process to permit, monitor and end mining operations, which 
will eventually cover more than half of the ocean floor — collectively 
known as ‘the Area’. The ISA began deliberations in earnest in January 
2017, and observers think that the regulations could be formalized as 
early as 2020. Many of the details must still be ironed out. 

The impact of the regulations will necessarily be limited: 29 countries, 
including the United States, have yet to either sign or ratify the Law of the 
Sea, and so are not technically bound by the ISA’s authority. And within 
national waters, each country must craft sensible regulations. But the 

ISA could help to create best-practice policy that will aid governments 
in regulating domestic activities. 

For a time, it looked as if the first commercial project could be in 
Papua New Guinea, where the Canadian firm Nautilus received its 
first lease in 2011. The site is located at a depth of 1,600 metres in the 
Bismarck Sea, between the islands of New Britain and New Ireland, 
but the company’s quest for copper and gold deposits has encountered 
numerous legal and economic challenges. It remains unclear when or 
whether operations will move forward. 

The slow pace of development has given a little breathing room to 
scientists who are scrambling to understand the impacts of sea-bed 
mining. Already, researchers have raised a host of potential problems. 
The most obvious is that scouring the ocean floor will destroy a land-
scape — and an ecosystem — that is unlikely to recover quickly: after all, 
it took millions of years for these mineral deposits to form. 

But the impacts could stretch well beyond the immediate mining 
area. The dredging and collection process create underwater plumes of 
particles, and any material left over after the initial processing on ships 
could be released back into the ocean. That material will spread and 
eventually sink, potentially affecting life at all ocean depths. 

The ISA’s priority now must be to create strong environmental 
safeguards. In particular, regional environmental management plans 
must be put in place before any mining occurs. This is where research 
comes in: experts must determine how much of the ocean floor should be 
set aside, and where, to preserve biodiversity. And it can help to explain 
how dense particle plumes can become, and how far they should be 
allowed to spread. Researchers worldwide are investigating these issues.

Governments must look at mining and minerals holistically. Where 
possible, the goal must be to reduce consumption and increase recycling, 
through more-systematic recovery efforts and better product designs. 
But demand for metals is unlikely to abate soon. And mining on land 
comes with its own environmental impacts. It could even be that ven-
turing into the sea — if done properly, and with the correct safeguards 
— makes more sense than digging yet another ugly hole in a sensitive 
terrestrial environment. But we can’t say so yet. ■

(L. Liu et al. Nature https://doi.org/10.1038/s41586-018-0315-8; 
2018). It examines the occurrence of hot streaks — runs of high-
impact works — in the oeuvres of tens of thousands of film-makers, 
artists and scientists. It finds that most careers contain at least one 
relatively hot streak, and that this occurs at an apparently random 
stage in an individual’s sequence of works.

From ‘hot hands’ in basketball to ‘momentum’ in football, folk 
wisdom tends to dominate discussions of form, just as it does beliefs 
about gamblers’ winning streaks. Some will claim that ‘everyone 
knows’ artists and scientists produce their best work when they are 
young: Mary Shelley wrote Frankenstein at 19, and Jocelyn Bell Burnell 
was in her 20s when she discovered the first pulsar. But then, how to 
explain the late second blooming of novelist Philip Roth? Others place 
the peak of performance at mid-career, when the benefits of experi-
ence aren’t yet counteracted by declining faculties — look, for example, 
at the musicians Ella Fitzgerald and Nina Simone.

The new analysis, which looks at crowdsourced film ratings and art 
auction prices, says that there is no typical career point for a hot streak. 
The authors argue that creative impact shows the features of ‘bursty 
dynamics’ — just like other human traits, including movement and 
e-mail and telephone communications (K.-I. Goh & A.-L. Barabási 
EPL 81, 48002; 2008). This is not quite the same as saying that large or 
significant events happen at random; rather, their occurrence is cor-
related, such that the average time between successive events is smaller 
than random. If one occurs, another is likely to follow soon — but that 
sequence can’t last long. That’s precisely what a hot streak is.

For the 20,000 scientists included in the study, the proxy for impact 
was the citations of an individual’s papers over the ten-year period 
following each paper’s publication. One could quibble that some scien-
tific papers draw most attention only decades after publication — but 

that’s rather rare. Hot streaks here correspond to a run of papers cited 
significantly more than an individual’s average.

The good news is that around 90% of artists and scientists have 
at least one such hot streak in their career. The bad news is that it’s 
typically not repeated: 64% of artists and 68% of scientists have only 
one, and more than two is very rare. F. Scott Fitzgerald was mostly 
right, then. And there might be little one can do to influence the mat-

ter: hot streaks do not, for example, correlate 
with productivity. The authors of the study 
make no claim that ‘impact,’ as they measure 
it, is a good proxy for creativity. After all, 
there’s still no consensus about how crea-
tivity should be defined and measured, let 
alone whether or how it can be cultivated 
and nurtured. And scientific impact goes 
beyond citations. 

Indeed, it would be a sad day when the intrinsic value of a work 
was judged by how much it can be sold for. But the disconnect 
between popularity and worth perhaps goes to the heart of what 
to make of these findings. To use economics terminology, are 
the dynamics of success endogenous — driven by the fluctuating 
inspiration of the creator, say — or exogenous, produced by the 
vicissitudes of the market place? It’s tempting to imagine a bit of 
both: that the creator suddenly finds he or she has tapped into the 
zeitgeist — only to discover, a little further down the line, that the 
world has moved on.

Maybe the most appealing message, however, is that the dynamics of 
science are no different from those of the arts: success in both depends 
on a resonance between the individual’s imagination and the shifting 
moods and desires of the audience. ■

“The good news 
is that most 
careers contain 
a hot streak. The 
bad news is that 
it’s typically not 
repeated.”
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