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For my grandmother, Eila Nilsson,
who had to forgo education

as her hands were needed

on the farm and not
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And a river went out of Eden to water the gar-
den; and from thence it was parted, and be-
came into four heads. The name of the first is
Pison: that is it which compasseth the whole
land of Havilah, where there is gold; And the
gold of that land is good: there is bdellium and
the onyx stone.

The Holy Bible: King James Version — Genesis
2:10-12 (2012) edited by Marks
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Preface

Having negotiated the tricky boulder patches, the slopes, and cranes one fi-
nally reaches the summit and for the first time one is able to look out on the
world ahead as well as back at the path that brought one to this place. But this
is not the summit no matter how inclined one may be to grant it such a special
place among the hills and peaks strewn across the geographies of a lifetime.
Instead, it is but one of many different summits. And although you climbed it,
it is not your summit as you have only negotiated a path trodden by many
before you. Is it then, perhaps, our summit? If so, is this the point where one
becomes we? Where the gates open to allow one to ascend that final threshold
that separates one from the ones? Those who have completed the journey from
those who have not yet and those who never will? I do not believe so. After
all, this is but one of many peaks, neither more nor less. Nevertheless, while
the journey to this particular summit is in itself not unique, the thrill of making
it remains uniquely mine, yours, and ours.

Looking back at the experience of realizing this thesis, it emerges as some-
thing wholly unremarkable while at the same time truly remarkable; then you
realize that nothing you do is unique in itself while at the same time everything
you do is a unique experience to you. As a PhD candidate, you are but one
among many and while the work may at times feel lonely and isolated, you
can always look to your sides for comfort in shared experiences and ahead to
find solace and inspiration in knowing that others have done this sort of jour-
ney before. This is the unremarkable part. The remarkable aspects of it all are
the experiences you get while doing this unremarkable journey: the people
you meet, the ideas you develop, the places you visit, the camaraderie you
share, and the fact that at the very end of it, an unassuming little book pub-
lished, and it has your name on the cover.

* * *

This is a thesis about the uncertainties of the future, but before diving headfirst
into the matter, I would like to take a moment to think about the past. This
thesis would not be what it is without the support and contribution of all those
who in some way supported, inspired, or in any other ways contributed to my
writing of this thesis. Things do not grow in isolation, and any encounter, as
Anna Lowenhaupt Tsing (2015) reminds us, leaves traces of contamination in
the form of ideas, words, terms, feelings, and experiences, and they all change
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us, to some degree, and transform us from what we were just before the en-
counter. The most important contaminations, or inspirations, for this thesis
have been the informants who gave their time and experiences, without whom
this thesis would not have been possible. Another crucial source of inspiration
and support has been Patrik Aspers and Reza Azarian, whose thoughtful su-
pervision has been vital for the completion of this thesis. I am also grateful to
Tora Holmberg, Bertil Rolandsson, David Redmalm, Maria Langa, and Mai
Lundemark, who read and commented on earlier versions of this manuscript,
feedback that was invaluable in helping me structure and develop the story
and argument presented here. I wish also to thank Bruce Carruthers for his
kind generosity in commenting on my work, sharing his experience and
thoughts on life in academia, and for hosting me at Northwestern University
where [ spent five months in a pre-doctoral fellowship in 2018. I am also
thankful to Gary Alan Fine and Philip Jun Fang for inviting me to join the
ethnography workshop at Northwestern and to Wendy Espeland for all her
generous advice and encouragement.

The transformations that take place in encounters do not always happen in
large events, however. In addition, small contributions over time can make an
incredible difference. Such is the case with all friends and colleagues at the
Department of Sociology at Uppsala University, and especially in the case of
my office mates, Christoffer Berg and Richard Gdddman Johansson, whose
support, friendship, and sarcastic commentary I have been able to count on
over these five years. I also thank Jonas Baath and Tom Chabosseau for grant-
ing me the pleasure of knowing them not only as colleagues but as roommates
and gastronomes as well. Among the people I have been privileged to get to
know while doing this PhD, I also wish to thank Ugo Corte for his kind en-
couragements and Hannah Bradby for all the support she has provided me and
other PhD candidates in her work as head of graduate studies at the depart-
ment. | too wish to thank all the administrative staff at the department for all
the work they do to ensure that PhD candidates have the best possible condi-
tions to grow and develop as researchers and teachers.

During my time as a PhD candidate, I have attended seminars and work-
shops at the Uppsala Laboratory of Economic Sociology, which has been a
central source for comments, encouragement, and learning, and I wish to con-
vey my thanks to all participants and a special thank you to its organizers over
the years. Thank you Petter Bengtsson, Alexander Dobeson, Dominik
Dollinger, Henrik Furst, Alison Gerber, Greti-Iulia Ivania, Clara Iversen,
Anna Khanukaeva, Sebastian Kohl, Sonia Ko6llner, Hannes Landén, Andreas
Melldahl, Fredrik Movitz, Max Persson, Carl Sandberg, and Maya Schmidt! I
am also thankful to the Cultural Matters Group at Uppsala University and The
Center for Environment and Development Studies Research Forum that both
offered an intellectual home away from home during my work with this thesis.
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One encounter that has been incredibly important for this thesis was Elias
le Grand’s supervision of my bachelor’s thesis at Stockholm University. Be-
fore meeting Elias, I cannot recall ever having considered pursuing graduate
studies; I had a far more practical future in mind. However, at our final super-
visory meeting, he asked me whether I had ever considered going for a mas-
ter’s degree; while I never had, I immediately began to. [ am also very thankful
to the mentorship provided by Peter Hogstrom at Folkuniversitetet in Jamt-
land. After finishing my master’s degree, I worked as an administrator and
head of division with Folkuniversitetet’s Ostersund office where I enjoyed the
support and encouragement to grow and develop that so characterizes Peter’s
leadership and management.

I also wish to thank my friends and family that in different way supported
me during the work with this thesis. [ have been extremely lucky to be able to
count on your love and friendship during these eventful years. Thank you,
mom, dad, Tim, Pontus, Anton, my grandmother Eila, Ernst, Manne, Jonas,
Mohammed, Hannah, Nils, Elin, and Nina! Words cannot convey how grate-
ful and happy I am.
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1. Introduction

On December 8, 2014 Swedish iron miner, Northland Resources filed for
bankruptcy. The mine that had once been hailed as a force that would pour
new lifeblood into a struggling rural community had just defaulted on debts
amounting to 14 billion Swedish kronor' and many asked how this could have
happened. The press release announcing the bankruptcy cited the dramatic fall
in the world market price for iron ore as the reason for the company’s prob-
lems. However, although prices had dropped significantly in the months lead-
ing up to the bankruptcy, later investigations determined that flawed financial
predictions used in forecasting the mine’s profitability had played an im-
portant part in what eventually became the largest bankruptcy in Swedish his-
tory. The project, as the Swedish newspaper Svenska Dagbladet reported, had
relied on overly optimistic forecast of the mine’s future profitability. The con-
sultants working with the company, who numbered in the hundreds, had “not
understood how expensive operating a mine is” and had failed to keep relevant
information such as predictions of future exchange rates and iron ore prices
up-to-date (Sundqvist 2015). The events around Northland produced ripples
across Sweden, and sections of Swedish academia got involved as a network
was formed of scholars and researchers who called out for a temporary halt on
mineral exploration and new mines in Sweden (Hjortfors et al. 2015).
Almost four years after the Northland bankruptcy, on October 26, 2018,
Swedish mining once again made headlines when Loussavaara-Kirunavara
AB (LKAB), a Swedish governmentally-owned mining corporation and the
source of 90 percent% of the iron ore mined in Europe, made an unexpected
announcement: the mineral resource beneath the Kiirunavaara Mountain in
northmost Sweden was drying up. Until this point, the corporation had pri-
marily described the future of the Kiirunavaara mine as a technological chal-
lenge, not a depleted resource challenge. The increasing depth of operations
in the mine—which is already the world’s deepest underground iron ore mine—
posed problems as the deeper a mine goes, the costlier it becomes to extract
and lift the ore. However, the announcement made on this day was something
different. After two years of exploration work aimed at outlining the extension
of the mineral deposit below the already explored levels, it turned out that the
mineralization beneath Kiirunavaara was shallower than the corporation had

! Approximately $1.5 billion.
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predicted. Instead of continuing towards the depth as expected, it was discov-
ered that the deposit’s geometry was more complex and a major section of it
seemed to dry up just below the previously explored zone. Suddenly, ques-
tions arose about the life expectancy of the mine. The mine, which has been
operating since 1898, was expected to last at least another 100 years, but now
its future was uncertain as the reserves of iron ore appear to dry up some time
by the mid 2030s. The people hit hardest by this news are, arguably, the in-
habitants of the neighboring town Kiruna who are currently living through an
intensive transformation of their city as parts of it are being moved or demol-
ished to allow the mine to expand towards its 2030 boundaries (Perry 2015).

An uncertain business

While dramatic and highly publicized, the unexpected depletion of Kii-
runavaara’s iron ore and Northland Minerals’ bankruptcy are not isolated or
unique events. Instead, they are symptomatic of the exploration and mining
industry as its members often face problems such as failed predictions and
financial strain not only in Sweden but also around the world. For example,
two years before LKAB’s announcement, Rubicon Minerals, a Canadian ex-
ploration corporation, was forced to reduce its mineral resource estimates for
their Phoenix Mine gold project by as much as 88 percent. This drop, which
reduced the estimated volumes of minable gold from 3.3 million ounces to
413,000 ounces, came as a result of further exploration that showed the de-
posit’s geometry and grade distributions to be far more complex than previous
estimates had assumed (Koven 2016). While these three cases are unusual in
how large the problems facing the exploration and mining companies involved
were, there is nothing exceptional about them. Instead, they are illustrative
examples of the uncertainty of mineral exploration.

The uncertainties that characterize mineral exploration are partly explained
by the fact that minerals tend to be hidden and obscured by “material con-
straints” (Weszkalnys 2015:631) such as rock coverage and other overburden.
Encapsulated and beyond reach, mineral deposits are not accessible for direct
measurement and valuation, so they need to be sampled and assessed from a
distance. Moreover, the exploration of deposits in the present must not only
attempt to correctly estimate the amount of mineral in the ground, but also
value the grades and volumes of mineralized material in the deposit in relation
to the expected cost of its future exploitation, which will determine its future
minability.> Therefore, the uncertainties facing mineral explorationists (i.e.,
the actors involved mineral exploration) are multifaceted and concern both the

2 Estimated minability is here defined as the sum of assessments of economic, technological,
environmental, and social feasibility in an exploration project.
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actual existence of a mineral deposit and whether its qualities and location are
such that the deposit can move from exploration to profitable and socio-envi-
ronmentally acceptable mining operation. Unsurprisingly, the probability of
success in mineral exploration is very low. Experienced geologist and author
of handbooks on the topic, Roger Marjoribanks (2009:10) concludes that “[be-
cause] the overwhelming majority of programs are unsuccessful [. . .], most
explorationists spend most of their time supervising failure” rather than en-
joying success. Following from Marjoribanks’s observation, mineral explora-
tion in essence requires that explorationists be prepared to handle and manage
non-success rather than trying to accomplish success despite not getting ex-
actly the right results. At its core, exploration is as much about spotting a true
negative before spending too many resources exploring and evaluating a pro-
ject as it is about having success and making discoveries; and doing so in-
volves managing a lot of uncertainty. 3

While the challenges of mineral exploration may be interesting in their own
right (like a business take on extreme sports), this thesis is not about these
spectacular sides of the mining industry. Here, the focus is one of the more
mundane but central aspects of the stories of Northland Resources and LKAB
as well as with any success, failure, or hanging-on-by-the-skin-of-their-teeth
project in the industry. The key dimension and question here is not the failure
to anticipate the future, but the everyday struggle to seek profitable mineral
resources and the challenges involved in producing predictions of such quality
that they allow explorationists to manage successfully the uncertainties and
risks that face a project.* This problem, the use of predictions as a way to make
risks and uncertainties manageable, lies at the core of this thesis as it investi-
gates how explorationists work to discover, estimate, value, and develop new
mineral resources while facing significant uncertainties. The next section
specifies how this study approaches the issue of prediction as a means to man-
age uncertainty in mineral exploration after which the current state of social
science research on these topics is outlined in order to situate this thesis in the
broader context of risk, uncertainty, and prediction research.

3 One thing to notice here is that while many industry representatives cite low probability of
success and uncertainty as hallmarks of mineral exploration, it is hard to establish exactly how
rare success really is. Nevertheless, estimates provided by informants interviewed for this thesis
tend to quote numbers of success that range between one and two per thousand projects.

4 While much can be learned from analyses of spectacular events such as the ones described
here, this thesis follows William Foote Whyte’s (1993) observation that extraordinary events
can only be understood by first understanding the everyday patterns from which they arise. To
understand spectacular events such as the Northland Resources bankruptcy, one needs to see it,
to paraphrase Whyte (1993:xiv), “in relation to the everyday pattern of life” from which it arose.
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1.1 Aim and research questions

Positioned at the crossroads of geological pasts, the present, and the uncertain
future, mineral explorationists balance the complexity of very old and slow
moving geological processes against the prospects for the future exploitation
of the products of these processes, and they do so against a backdrop of the
socio-environmental, economic, and technological conditions they presently
face. The combination of complex presents and uncertain futures makes min-
eral exploration a rich source for asking questions about the role of prediction
in uncertain economic life as well as about how predictions help make claims
on the future by positioning certain futures as better, more valuable, or more
desirable than other futures.

By analyzing how predictions are used to manage uncertainty in mineral
exploration, this thesis addresses the practical processes mineral exploration-
ists use to predict the future minability of deposits of mineralized material as
well as the role these predictions play in mineral exploration. Moreover, this
thesis asks how predictions are justified not only in terms of their qualities as
depictions of the future but also in terms of their content (i.e., the futures they
depict). Finally, this thesis asks what happens when predictions are put to use
by explorationists in the continued exploration process and in their interac-
tions with other actors. These different points of inquiry into the realities of
mineral explorationists’ work are specified in the form of the following three
research questions:

1. How do predictions help explorationists manage uncertainty?
How do mineral explorationists justify their predictions in terms of
their correspondence to present futures and the desirability of these
developments?

3. What are the consequences of predictions in exploration work?

In relation to these three questions, two additional questions are asked in order
to delimit and specify the focus of this thesis in terms of what practices and
activities in the field are granted particular attention here:

4. How are predictions of the future minability of a deposit of mineral-
ized material produced and what do these predictions look like?

5. How do explorationists use predictions in interactions with other ac-
tors and how do these actors assess the quality of these predictions?

To answer these questions, this study combines interviews, ethnographic ob-
servations, and archival research to map and analyze the exploration process
in its entirety, from the initial search for locations in which to situate explora-
tion projects to the decision to move ahead and construct a mine. Nevertheless,

18



while the thesis accounts for each stage of the process, particular focus is
granted to certain key stages of the exploration process where predictions
comes to the fore, such as the application for exploitation concessions. An
exploitation concession grants its holder the sole right to extract and exploit a
mineral deposit. To secure a concession, mineral explorationists need to prove
the future economic minability of extracting, concentrating, and selling the
mineral as well as prove the socio-environmental viability of the project. In
other words, the application for an exploitation concession is one of the stages
in the exploration process where predictions and their credibility come to the
fore as they play an important role in convincing the mining inspectorate to
grant exploitation concessions; and because of this, concession applications
will be a reoccurring theme in this thesis. However, before digging into the
world of mineral exploration it is necessary to situate this thesis in the universe
of research on predictions, risk, and uncertainty.

1.2 Managing uncertain futures: Predictions and risks in
the social sciences

Although predictions and uncertainty play important roles in the cases pre-
sented above, few studies have explored how predictions and uncertainty in-
fluence explorationists and the industries that depend on mineral resources.
Moreover, studies investigating the role of predictions in how actors manage
uncertainty are also rare as the overwhelming majority of literatures discuss-
ing the topics do so separately, either as prediction or as risk and uncertainty.
Therefore, the review that follows below will discuss the topics separately,
highlighting the few studies bridging this divide, before eventually joining the
threads at the end of this section. The section is based on a review of studies
identified through systematic searches in social science databases as well as
complementary searches based on examinations of lists of references to iden-
tify additional relevant studies.

Starting with the literature on predictions and prediction making, one initial
thing to notice is that the use of prediction as a means to negotiate uncertainty
is widespread among cultures (Alaszewski 2015) and has long connection
with prophecy, astrology, and other means of divination (Armytage 1968;
Asplund 1979; Curry 1987). However, despite being widespread and having
a long history, prediction is a rare topic in sociology as well as in the general
social science literature. Instead, there exists a small and disperse collection
of works in different fields and disciplines. What unites these works is that
they analyze how predictions are made, usually with a focus on particular
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cases of what Gary Alan Fine (2010) calls “futureworkers,” that is, those pro-
fessions who have the future as their professional domain. Together, these
studies provide insight into how different professional cultures come into play
in futurework. For example, the pioneering work by Robert Evans (1997)
shows how macroeconomic forecasters combine their experience and judg-
ment with the results of macroeconomic modelling as these models cannot
produce plausible forecasts unaided. However, this is not only the case in mac-
roeconomic forecasting. In a study of the professional culture among weather
meteorologists in the Chicagoland area, Gary Alan Fine (2010) shows a simi-
lar balancing act in which theoretically-based computer models are combined
with the meteorologists’ experiences in order to produce weather forecasts that
take local conditions into account (for more work on weather modelling and
climate modelling, see Sundberg 2005). However, while the sociological work
on prediction includes domains such as weather meteorology, the vast major-
ity of research into prediction making focuses on financial markets and the
economy. In these domains, forecasters produce models using judgment and
experience through, for example, reflexive processes of “epistemic participa-
tion” where policy makers and business representatives participate in forecast-
ing (Reichmann 2013). Swiss financial analysts (Leins 2018) and French eco-
nomic forecasters (Pilmis 2018) have furthermore been shown to hold the cre-
ative production of narratives anticipating the future as central to their predic-
tion making while tending to only bring in prediction models as a means to
support their forecasted narratives. However, while forecasters and analysts
appear to have much freedom in how they construct their narratives and use
models to support them, others have shown financial markets tend to be less
forgiving towards the blown forecasts made by inexperienced analysts than
they are towards those made by experienced forecasters (Hong, Kubik, and
Solomon 2000). In addition, Ekaterina Svetlova (2012) has shown that finan-
cial institutes adapt their forecasts to fit with front-stage conventions. Based
on work on German and Swiss banking institutes before and during the 2007-
2008 crisis, Svetlova demonstrates that when following their audiences’ ex-
pectations, economic agents

make the predictions that they present at the front stage rigid, formal, number-
oriented and rather artificially precise. Because the frontstage convention is to
present a scientifically justified and unambiguous definition of the situation,
major uncertainties and lack of knowledge are downplayed and largely ex-
cluded; among many possible scenarios, only one is selected and presented.
(Svetlova 2012:157)

The conventions of scientificity described by Svetlova are in turn supported
by a “trust in numbers” (Porter 1996) that premiers quantitative and unambig-
uous presentations of predicted futures and tends towards obscuring the crea-
tive work put into forecasting as well as any qualitative inputs, which may be

20



adopted to fit with expectations of calculative objectivity. Moreover, the ad-
aptation of quantitative and unambiguous predictions have been shown to in-
volve a decoupling and translation of any qualitative uncertainties away from
unknowns and into lists of criteria to be met for the prediction to be realized
(Reinertsen and Asdal 2019).

While studies of prediction makers illuminate how predictions are made in
different domains, e.g., weather meteorology and finance, they tend to be lim-
ited to boundaries of their respective cases. In addition, studies of prediction
makers tend to focus on the “backstage” (Goffman 1956) workings and pro-
fessional culture in which these predictors operate, rarely providing an ex-
haustive insight into how predictions are made and weighted, the exception
being the work by Svetlova discussed above. To address this gap in
knowledge, this thesis proposes an expansion on this work by broadening the
discussion of predictions’ role in managing uncertainty to include a close at-
tention to the details of prediction making as well as to the justification of
predicted futures and the consequences predictions have when put to use.

With this broadened focus, it also becomes necessary to ask what predic-
tions allow predictors to do. Discussing how the arctic nations use forecasting
to stake claims on natural resources in the Arctic, Jenny Andersson points to
the “urgent need to understand the socio-economic processes by which claims
on the future are made, and by which expectations serve dominant or less
dominant interests” (2018:98). Here, different methods of taming the future’s
uncertainty through prediction involves the production of expectations that
make claims on and about the future and motivate actors to act in the present
as they highlight certain futures while simultaneously close the door on others
potential futures. One important role of understanding how this takes place is
to understand the futurework that goes into producing futures as well as the
work that takes place when a future has been produced. Stressing this point,
Barbara Adam builds on the pioneering work by Wendell Bell, produced
partly in collaboration with James A. Mau (1971, see also; Bell 1999), to pro-
pose that sociologists launch inquiries not only into “the knowledge practices
associated with approaches to the future” but also into “how futures are lived
and enacted” (Adam 2011:595). Following Andersson and Adam, there exists
a present need for a better understanding of the practices associated with mak-
ing claims about as well as on the future, and this need stretches beyond
merely understanding the backstage world of prediction making. To accom-
modate a perspective that produces such understanding, this thesis further-
more proposes that a thorough study of predictions need to attend not only to
the backstage activities involved futurework but also the frontstage applica-
tion of predictions and their consequences when used to manage uncertainty,
and to do so under the umbrella term “prediction work.” This proposition con-
cludes the present outline and discussion of the literature on predictions. The
next section goes on to review and outline the larger body of work investigat-
ing uncertainty and risk.
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1.2.1 A closer look at risks and uncertainties

The literature analyzing uncertainty and risk as well as their consequences in
different social domains and phenomena is significantly larger than the litera-
ture analyzing predictions and encompasses a number of different literatures.
These literatures include work on financial analysis, risk management, plan-
ning, and business management and have seen contributions from a broad
spectrum of disciplines, including sociology, economic sociology, economics,
economic anthropology, and history. Before adopting a finer grained perspec-
tive, this overview takes a broad perspective to tease out central aspects of
these literatures and to establish a foundation for the coming discussion of
prediction as uncertainty management in mineral exploration and other uncer-
tain environments.

Notably, the diverse literatures on risk and uncertainty span different eras
and different strands of social science. The list of classical works in these lit-
eratures includes, but is not limited to, Max Weber’s (1978) discussion of ra-
tionality and Frank Knight’s (2006) and John Maynard Keynes’s (1937) work
distinguishing uncertainty from calculable risks. In addition, Alfred Schiitz’s
(1959) and Pierre Bourdieu’s (1998) discussions of the roles of protention and
projections as constitutive parts of action are additional classics in these liter-
atures. Similarly, the risk society perspective launched by Ulrich Beck, An-
thony Giddens, and others (Beck 1992; Beck, Lash, and Giddens 1994) as well
as the bounded rationality perspectives provided by, for example, Amos
Tversky and Daniel Kahneman (1974) and Herbert Simon (1991) have influ-
enced how uncertainty and risk are understood.’ Although each of these con-
tributions is a classic in its own right, most works on risk and uncertainty are
developed from Frank Knight’s seminal distinction between the two phenom-
ena wherefore Knight’s contribution is given a more thorough introduction
here.

Measurable uncertainty and true uncertainty: The contributions by
Knight and Keynes

In his groundbreaking 1921 work Risk, Uncertainty and Profit, Frank H.
Knight introduced a distinction between two types of uncertainty into eco-
nomic theory. The first type was measurable uncertainties, or risk, for which

5 As many sociological discussions of risk and uncertainty tend to challenge neo-classical eco-
nomics and other literatures that make a case for instrumental rationality, the sociological liter-
ature on risk and uncertainty also feature a number of “negative classics.” Notable works in this
group are those of: Friedrich von Hayek (1944), Milton Friedman (e.g., 1994), and Eugene
Fama (1970).
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probabilities may be estimated, and the second was true, unmeasurable uncer-
tainties. Because the world is characterized by uncertainty, Knight (2006)
wrote, actors base their decisions on workable knowledge made from classifi-
cations of things into categories from which they may infer similarities and
differences among objects and situations; and it is the accuracy of these clas-
sifications that make up the foundations for separating risks from uncertain-
ties. Risks, Knight specified, are situations characterized by empirical speci-
fications of instances where there are enough similarities between cases to
render the potential distribution of outcomes calculable within a group. This
calculability is not present in uncertain situations, as they are too unique to
allow for the type of calculated estimation. In situations of uncertainty, Knight
concluded, there is “no valid basis of any kind for classifying instances”
(2006: 225 [emphasis in the original]).

This distinction between calculable risk and incalculable uncertainty places
important limits on how far uncertainty can be reduced into risk in any given
situation. However, it also opens up economic phenomena to the study of how
actors seeking rational foundations for their choices can transform uncertainty
into risk using devices that make uncertainty more or less measurable, e.g., by
introducing systems for rating risks as in the case of credit ratings (Carruthers
2013). Although such devices are common (as will be discussed below),
Knight appeared quite pessimistic about their usefulness in many everyday
situations, writing that

Business decisions, for example, deal with situations which are far too unique,
generally speaking, for any sort of statistical tabulation to have any value for
guidance. The conception of an objectively measurable probability or chance
is simply in applicable. (2006: 231)

According to Knight, unmeasurable uncertainty is therefore hard to avoid, as
measurability is not possible in unique situations. In addition to this, Knight
also placed important restrictions on how much uncertainty can actually be
translated into risks, stressing that the relationship between uncertainty and
risk is far from linear even in situations where this translation is possible. In-
vestments into reducing uncertainty by implementing some form of calcula-
bility comes with its own uncertain outcomes. However, there is a twist to this
in Knight’s thinking: Although uncertainty impedes on the type of rational
foresight characteristic of theories of rational choice, the presence of uncer-
tainty is a vital dimension of business, as it is known today. It is uncertainty
that makes competition imperfect and therefore allows businesses to make
profits, something that would not happen if all market actors had perfect fore-
sight, which would work to equalize any divergences between production
costs and selling prices (Knight 2006:198, 232). Following from this, uncer-
tainty in Knight’s definition is very much a double-edged sword as it both
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enables profit making and simultaneously impedes the ability of individual
actors to use predictions to gain profits.

Fifteen years after Knight published his original work; John Maynard
Keynes published his main contribution to the discussion of risk and uncer-
tainty in The General Theory of Employment, a follow-up and development of
his 1936 magnum opus The General Theory of Employment, Interest, and
Money.S In this publication, Keynes discussed what he saw to be the difference
between uncertainty and risk. Although Keynes’s conceptualization of the
phenomena in many respects differs from Knight’s, there are enough similar-
ities for them to be discussed together.”

Uncertainty, Keynes (1937:314) wrote, is present in cases where there is
“no scientific basis on which to form any calculable probability whatever,”
whereas risk implies situations where probabilities can be calculated. Accord-
ing to this distinction, Keynes continued, the “prospect of a European war” or
“the price of copper and the rate of interest twenty years hence” are uncertain,
whereas a game of roulette, in contrast, is ruled by risk as its outcomes can
only fall within a known distribution of probabilities. There are, after all, only
so many numbers and colors that can emerge as the “winner” on a roulette
table, and it is this distribution of possible outcomes that Keynes argues char-
acterizes risk.

Therefore, the central distinction between risk and uncertainty, as defined
by both Knight and Keynes, is that of the calculability of the potential out-
comes of an act and the fact that estimation depends on the degree of similarity
between cases and situations. In addition to this, one may note a further dis-
tinction that defines uncertainty as something different also from complexity.
Providing an example of the differences between the two, Peter Katzenstein
and Stephen Nelson noted that while chess is a very complex game, its out-
comes are not uncertain (2013:1103, see also; Blyth 2002), and David
Dequech emphasized this distinction further concluding that compared to un-
certain situations games of chess change “only according to predetermined
and possibly complex patterns” (2001:919). Based on these distinctions, one
arrives at three different situations, one of uncertainty where no calculability
is possible, one of calculable risks, and a third situation where the complexity
of the situation makes risk difficult to estimate as the distribution of potential
outcomes is hard to read.

Odd as it may seem given how straightforward Knight’s and Keynes’s dis-
cussions of risks and uncertainties are, no agreed upon definition exists for the
two terms® in economics (their home disciple) or sociology. Instead, there are

¢ See Keynes (1936).

7 For a discussion of the similarities and dissimilarities between Knight’s and Keynes’s work
on uncertainty and risk, see Sakai (2016).

8 An example of this lack of consensus is Sniazhana Sniazhko’s (2019) finding that significant
inconsistencies exist in how uncertainty has been conceptualized and measured only in the in-
ternational business literature focusing on multinational corporations.
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several takes on and approaches to risk and uncertainty. Mainstream econom-
ics (Lawson 1994; Poovey 2018) and economic sociologists (Azarian 2016),
for example, have long neglected the relevance of uncertainty in economic
action. Instead, economists and economic sociologists have tended to favor a
focus on risk, both at the level of the individual actor and on levels of markets
and societies. In the few cases that uncertainty has factored into these discus-
sions, it has tended to be in the form the “animal spirits” (or intuition) that
Keynes (1936) proposed entrepreneurs rely on in situations of uncertainty.
Historically, also general sociologists have tended to overlook the contribu-
tions made by Knight and have instead produced a number of parallel risk
perspectives, each with their particular definition of what constitutes risk and
its consequences (Lupton 2013). One example of such a perspective are the
risk sociologists and the literature on the “risk society” (Beck et al. 1994) that
emerged in the 1990s. This literature featured a somewhat peculiar reading of
Knight where risk somehow became uncertainty as a result of a conceptual
definition akin almost to a mirror conflation of the two terms from that dis-
cussed above (see Power 2007). Nevertheless, a few economic sociologists,
including Jens Beckert (1996) and Bruce Carruthers (2013), have picked up
on Knight’s writings about uncertainty and have begun to incorporate this
view into their work. Moreover, following the 2007-2008 financial crisis, a
growing number of economists had begun to discuss uncertainty and the role
it plays in economic processes. Therefore, research has increasingly begun to
focus on the relationship between risk and uncertainty, which the following
section will outline and discuss in relation to the present study. In addition,
the section discusses how the intersection between studies of prediction and
risk and uncertainty studies opens up possibilities for investigations into how
predictions are used to introduce calculability in the face of uncertain futures.

Approaches to risk and uncertainty in empirical research

While much of the work that has followed Knight and Keynes relies on some
version of their distinction between uncertainty and risk, there are important
differences in how these more recent works interpret and adapt the distinction
in empirical research. These differences establish the central dividing line be-
tween different schools on risk and uncertainty as different approaches have
different views on how far risk viz. calculable uncertainty can be used to re-
duce or manage un-calculable uncertainty. This section outlines five main ap-
proaches to the study of risk and uncertainty and builds on Deborah Lupton’s
(2013) influential review of risk research in its categorization of different ap-
proaches to risk and uncertainty scholarship. Lupton’s original classification
included techno-scientific approaches, critical realist (or weak constructionist)
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approaches, and constructivist approaches. To these categories, two more
schools are added in the form of institutionalist and performativist approaches
to risk and uncertainty. This section also discusses how each approach distin-
guishes unique and therefore uncertain situations from situations of calculable
risk and the implications of this.

The first approach, the techno-scientific approach, views risk and uncer-
tainty as hazards to be managed through calculation (Lupton 2013). Therefore,
this approach tends to de-prioritize unmeasurable uncertainty in favor of cal-
culable risks in a way that keeps with the positivist epistemology perhaps best
summarized by the Marquis de Condorcet who wrote that

all that is necessary, to reduce the whole of nature to laws similar to those
which Newton discovered with the aid of the calculus, is to have a sufficient
number of observations and a mathematics that is complex enough. (Marquis
de Condorcet, quoted in Armytage (1968:29))

The techno-scientific approach is common in science, technology, and psy-
chology, and social science work using this approach is often influenced by
science and economics (Zinn 2009). Based on their focus on probability cal-
culation, techno-scientific perspectives tend to view risks, or hazards, as
something that exist as real “things” in the world. Furthermore, this literature
often explores how actors can use objective measures to manage and reduce
risks.® Therefore, techno-scientific approaches tend to view risk (and by ex-
tension uncertainty) as products of a deficiency in knowledge and therefore as
an epistemic challenge that affects, e.g., organizational behavior (Jeong-han
and Won 2010). Methods of overcoming such knowledge deficiencies have
been studied in counter terrorism policy (Kessler and Daase 2008) and in first-
order analyses of how risk can be managed in, for example, forest manage-
ment (von Detten and Hanewinkel 2017). Additional approaches include the
emerging field of neuro-economics, where risk is approached primarily as a
cognitive process and where rationality is analyzed in reference to the cerebral
processes involved in economic decision making (Bissonnette 2016).

While the techno-scientific perspective tends to favor risk over uncertainty
and views risk as a consequence of imperfect knowledge, critical realists tend
to perceive risk and uncertainty as reflecting not only actors’ lack of under-
standing of the rules and regularities that shape events, but also as effects of
disruptions. Uncertainty, in other words, remains a hazard, but one that is “me-
diated through social and cultural processes” as uncertainty and its hazards
“can never be known in isolation from these processes” (Lupton 2013:50). In
a critical realist perspective, the future is predictable to those knowledgeable
of the rules that drive its realization. Nevertheless, the future in the critical
realist definition is also a moving target as regular development is seen to be

° An example of works drawing the distinction between objective risks and subjective responses
to these is the Royal Society (1992) report Risk: Analysis, Perception and Management.
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disrupted and transformed through processes such as innovation (Beckert and
Bronk 2018) and systemic changes. Based on these premises, critical realists
conceptualize risk and uncertainty as real forces that are the products of sys-
temic change where endogenous and exogenous shocks together with struc-
tural changes such as economic globalization render actors unable to rely on
their knowledge of the past to foresee future events (Boyer 2018), a central
tenet also of the techno-scientific view.

Unlike the techno-scientific view, which posits that actors may reach suf-
ficient knowledge to reduce any uncertainty to risk, actors in the critical realist
view are instead forced to find alternative ways to cope with and benefit from
uncertainty. Ways to accomplish this navigation of uncertainty is by econo-
mizing it, as in insurance (Lehtonen and Hoyweghen 2014), by embracing
uncertainty as in arbitrage investment (Mellor and Shilling 2016), or by using
emotions such as trust or fear as means to stabilize uncertainty (Pixley 2012).
One recent and prominent example of a critical realist proposition of how ac-
tors navigate uncertainty has been provided by Jens Beckert (2013, 2016),
who invokes Knight’s work on uncertainty and Benedict Anderson’s “imag-
ined communities” (1991) to argue that actors use imaginaries and fictions to
navigate the uncertainty of the future.'® According to Beckert, contemporary
speculative financial capitalism has opened up the future in an unprecedented
way, making present futures more uncertain than were those of previous soci-
eties. Because of this new openness, actors today need to find ways to manage
uncertainty in order to find ways to benefit from the opportunities for specu-
lation uncertainty provides while at the same time avoiding any detrimental
uncertainties or risks and they do so by creating points of reference against
which to orient themselves. These points of reference, what Beckert calls “fic-
tional expectations” that function as “as-if statements,” provide a degree of
orientation in the face of uncertainty (Beckert 2016). Examples of such fic-
tions include technical products such as financial models and analyses (Espos-
ito 2018; Leins 2018) as well as the narrative logics (Lane and Maxfield 2005)
that help actors orientate themselves in relation to uncertain futures—e.g., the
narratives used by writers and artists to project career paths in highly uncertain
labor markets (Fiirst 2017; Menger 2014) and narratives that promote actors
to engage with the financial sphere in order to manage risk and protect them-
selves from uncertainty (Maman and Rosenhek 2020), or drive people into
artisanal diamond mining in the hope of future riches (Engwicht 2018).

Although fictional expectations and other imaginaries of the future help
actors gain reference and coordinate their actions, imaginaries, narratives, and
expectations may also lead actors astray. Heuristics and other narratives can
become self-referential and the hype surrounding them can produce herd be-
havior and bubbles as actors flock to and act on a common imagined future.
This tendency has been outlined by Lukas Linsi and Florian Schaffner (2019,

10 For a discussion of Beckert’s invocation of Anderson’s work, see Carter (2019).
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see also; Boyer 2018) in relation to the hype surrounding the emerging econ-
omies of Brazil, Russia, India, and China (BRIC) in the mid-2000s. Neverthe-
less, these heuristics still provide some point of orientation that is in turn made
the object of analysis in critical realist inquiries. Whereas techno-scientific
approaches tend to view uncertainty and risk as imperfect knowledge, critical
realist approaches add additional layers of analysis in the form of uncertainty
management strategies such as fictional expectations that pertain to managing
the un-foreseeability of a future that is constantly being remade because of
continuous innovation and change.

Related to the critical realist view are the institutionalist approaches that
tend to operationalize risk and uncertainty along similar lines as the critical
realists but with an emphasis on how institutions reduce uncertainty. For ex-
ample, 1944 the Bretton Woods Agreement has been discussed by institution-
alists as an uncertainty reducing institution that promoted stability in markets
(Pryke and Allen 2000). Similarly, the differences in institutional environ-
ments has been used to explain the differences in the US and Russian credit
card markets. For example, Alya Guseva and Akos Rona-Tas (2001) argue
that the prevalence of institutions that allow for verification and accumulation
of information enable US credit card issuers to reduce uncertainty into risk.
As they do not have access to the same uncertainty reducing institutions, credit
card issuers in Russia, Guseva and Rona-Tas continue, must instead rely on
social networks and trust to manage credit uncertainties. Additionally, institu-
tions such as industry standards have been theorized to reduce uncertainty by
providing points of reference that in effect limit the scope of potential actions
among a group of market participants (Aspers 2018). In this line of reasoning,
institutions have been discussed as strategically implemented with a view to
contribute to “the creation of a consistent structure of mutual expectations
about the preferences, rationality and actions of agents” that helps facilitate
stable patterns of cooperation over time (David 1994:209)." In this perspec-
tive, institutions such as standards and conventions can reduce uncertainty by
providing points of reference around which action and interaction can be or-
dered. However, this ability of institutions soon becomes a double-edged
sword as standards can malfunction, underestimate risk, or even produce new
uncertainties. For example, Value-at-Risk (VaR) methods used in finance
have been shown to underestimate the risks associated with property trading
positions (Turner 2009). Moreover have boiler plate clauses in sovereign debt
contracts been shown capable of producing significant uncertainty when dis-
agreement arises around their interpretation (Choi, Gulati, and Scott 2017;
Gelpern, Gulati, and Zettelmeyer 2018). Likewise, conventions and institu-

1A similar argument has also been made with respect to the function of networks (Azarian
2016) and organizations (Ahrne, Aspers, and Brunsson 2015) in reducing uncertainty among
market participants.
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tionalized narratives can—as the imaginaries discussed above—produce over-
confidence in the face of uncertainty. Institutionalized “new era stories” that
promote confidence on the basis of narratives of historical development have
been argued to drive the formation of bubbles (Akerlof and Shiller 2010) as
when the common belief that home prices would rise indefinitely helped pro-
duce the housing bubble that eventually led to the already mentioned 2007-
2008 economic crisis (Nelson and Katzenstein 2014).

In contrast to techno-scientific, critical realist, and institutionalist inquiries
into risk and uncertainty, constructivist approaches view risk as something
that is not an inherent feature of the world, but something that needs to be
constructed (Douglas 1992; Lupton 2013; Power 2007) and which is inher-
ently intertwined with the practice that produces it (Besedovsky 2018). From
a constructivist perspective, calculative uncertainties, or risks, “do not exist
suis generis but must of necessity be organized, ordered, rendered thinkable,
and made amendable to process and practices of intervention” (Power
2007:9).

Keeping with Keynes’s metaphor of the roulette table, constructivist ap-
proaches to risk and uncertainty ask how roulette-like regularities are super-
imposed onto uncertain situations in order to re-construct uncertainty manage-
ment into a management of risk objects. As a result, constructivists tend to
emphasize uncertainty over risk and may be highly critical of disciplines such
as neo-classical economics that approach the future as “an exhaustive list of
possible events” and therefore overlook the radical uncertainty of (economic)
time (Orléan 2010:14). Instead, constructivists such as Michael Power
(2007:26) propose that much of what is presently called risk management is
actually, from a Knightean perspective, uncertainty management as the prob-
abilities and outcome data for the risks being managed “are, at a point in time,
unavailable or defective” (2007:26). Examples of this have been provided in
studies of cost-benefit analysis technologies (Porter 2008), credit rating and
credit scoring (Carruthers 2017; Marron 2007), the work of financial securities
analysts (Beunza and Garud 2007), governmental planning programs (Anders-
son and Keizer 2014), and risk management in finance (Lockwood 2015;
Mikes 2011; Nelson and Katzenstein 2014) as well as in environmental policy
(Wynne 1992). Based on a study of VaR methodologies and the failure of
those wielding them to foresee the 2007-2008 financial crisis, Erin Lockwood
proposes that the output of risk management methods such as VaR should be
seen not as

an approximately accurate measure of an objective reality, but rather as a con-
ventional, contestable practice that is itself implicated in the workings of fi-
nancial markets. (2015:720-21)
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In a similar argument, Elena Esposito discusses how the statistics used in the
stress tests put in place to monitor banks’ abilities to withstand economic cri-
ses and to re-instate confidence in US banking institutions produces “second
realities.” Statistics, like fiction, Esposito writes

neither describes nor “imitates” the real reality but builds a second reality,
more structured and manageable than the uncertain world modern society has
to face. This reality is used to eliminate arbitrariness and to govern contin-
gency, to behave in a “reasonable” way when rationality becomes doubtful and
unattainable. (2015:97)

According to constructivist approaches, in other words, risk management
technologies create futures that are made predictable and manageable by the
introduction of measurements and these futures will operate predictably as
long as the uncertain reality they claim to describe does not take an unexpected
turn and render the risk unruly.'? The extrapolations from which these second
realities are built, Helga Nowotny points out, do after all “meet their limits
when surprises hold in store what has been unthinkable before” (2016:32).
That is, although one may dress uncertainty as risk, true uncertainty, as Bruce
Carruthers puts it, “nevertheless remains uncertainty” (2013:543). In other
words, although any situation may be approached as if it were a roulette table,
any underlying uncertainty would merely be absorbed (March and Simon
1958) and hidden from view. For example, the post-mortem performed on the
2007-2008 financial crisis has shown that the use of statistical models to man-
age risk created their own worlds that did not always align with the world
proper. During the crisis, it has been reported, the banking institute Goldman-
Sachs experienced losses estimated as rare as “a once-in-every-fourteen-uni-
verses” event on several consecutive days (Nelson and Katzenstein 2014:385),
placing the bank in the peculiar position of experiencing extremely uncertain
events with almost certain regularity.'?

In addition to asking how risks are constructed and what the implications
of this are, constructivists have also highlighted the highly political and ethical
dimensions of risk and risk management. Using statistics and quantification,
which on their own have political and ethical implications (Espeland and
Yung 2019), to transform arbitrariness and contingencies into manageable
risks means risk management does not describe the world in total; that is,

12 The use of “unruly” here is based on Brian Wynne’s (1988) discussion of technology as open-
ended technical-social systems whose functions become unruly due to unforeseen and uncon-
trolled uncertainties.

13 A stunning example of such improbabilities can be found in how unlikely the financial crisis
of the last decade was, according to those estimating it. Nelson and Katzenstein (2014:385)
provides an example: while estimates of the probabilities of large scale deviations from the
average such as a plus twenty-two sigma event (one sigma being one standard deviation’s de-
viation from the average in a Gaussian distribution) is as low as one in a googol — or 1 in
1x10'%9), three such events occurred in the 20 years between 1987 and 2007.
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quantified risk management merely describes a particular place and time, and
it does so in the interest of certain actors. Therefore, studies of risk manage-
ment, Liliana Doganova argues, should ask not only how risks are constructed,
but also what any particular risk construct does and “when and for whom”
these risks are taken to matter (2018:287).

Finally, performativist approaches stress the reflexive dimensions of risk
assessments and the epistemological challenges involved in producing risks.
Risks, performativists argue, are not only produced through risk management
and analysis but are also performed through the same. For example, Horikazu
Miyazaki (2003) describes how Japanese Sekai traders’ theoretical under-
standing of arbitrage as a shrinking opportunity, resulting from more arbitra-
geurs entering the market, highly influenced their interpretation of the market,
how it functioned, and the opportunities and risks it held. However, theory is
not the only way objects and practices are performed; conventions and expec-
tations play important roles in shaping practices too. This view is evident in
Svetlova’s aforementioned study of prediction making: economic forecasters
tend to down play uncertainties and knowledge deficiencies to conform to
conventions and audiences’ expectations that forecasts are a “scientifically
justified and unambiguous definition of the situation” (2012:157). This ability
of forecasts and risk management technologies to obscure certain dimensions
of the uncertainties they seek to manage has also been described in risk man-
agement technologies such as IT-based risk control systems. Analyzing the
risk predictions produced in a certain risk management framework used in a
large infrastructure project in Denmark, Tim Neerup Themsen and Peter
Skeerbaek demonstrate how the computer-based framework used to manage
risk became an active mediator that in the end “distorted the process and led
to unexpected effects” (2018:30). This view echoes Svetlova’s findings of
how conventions play into forecasting as Themsen and Skarbak found that
the risk management framework only admitted some uncertainties to be added
to the program to be managed as risks while other uncertainties not granted
significance by the management framework were left aside. Finally, conven-
tions may even help actors navigate situations where the ability of theories
and models to perform (e.g., a market) is disrupted due to contingencies af-
fecting the actors, who are forced to rely on skillful coping and cooperation to
negotiate the conflict between market and realm of production (Dobeson
2018).

In addition to the contributions outlined here, performativists also stress a
second level of performance in how narratives of utopian or dystopian futures
shape activities in the present. This argument follows the same lines as that
put forth by the sociology of expectations (e.g., Borup et al. 2006). However,
whereas the sociology of expectations focuses on science and technology, in-
cluding studies of the ways in which technology influences how actors make
sense of the future (Verschraegen and Vandermoere 2017), how forecasts in-
fluence the development of new artefacts (Pollock and Williams 2010) and
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how ideas about the future shape technology and knowledge in the present
(Brown and Michael 2003), performativist approaches tend to focus on the
economy and financial markets (e.g., MacKenzie, Muniesa, and Siu 2007).
For example, studies of central bankers illustrate this as central banks public
communications use language that intends to manage expectations and to
promulgate and sustain ideas about the future as well as the desires of eco-
nomic actors (Braun 2015; Holmes 2018). In addition, central bankers are not
alone in relying on the ability of narratives to intervene in the present. Finan-
cial actors often use predictions not to manage risky futures, but as a means to
intervene in financial markets (Esposito 2013). Moreover, although the futures
depicted in these interventions may calm actors in the face of a crisis as in the
case of the stress-tests of US banking institutes put in place by the US Federal
Reserve during the 2007-2008 financial crisis (Langley 2013), narratives
about the future may also limit the scope of imaginary futures. For example,
the eschatological nature of narratives about techno-utopias tend to close
down alternative futures by promoting a form of promissory inevitability in
stories about future technological change (Geiger 2020). In addition, financial
analysts’ forecasting work has been argued to perform predictability in unpre-
dictable financial markets (Leins 2018) and re-produce financial markets as
orderly phenomena (Preda 2007).

Towards a sixth approach: Pragmatism and the paradox of futurity

Predictions and uncertainties are two dimensions of the future that are seldom
joined together in sociological research. Instead, prediction research has
tended to focus on the professional realities of futureworkers, whereas risk
and uncertainty research has outlined different ways in which actors attempt
to overcome uncertainty despite the inherent impossibility of their undertak-
ing. The discussion here highlights not only how risk and uncertainty scholar-
ship illuminates challenges involved in negotiating the uncertainty of the fu-
ture but also how work to make these uncertainties manageable in order to
allow actors to make claims, as Andersson (2018) points out, not only about
the future, but also on the future. The paradoxical nature of the future does not
only position actors in an uphill battle against uncertainty, but also open up
the future to be colonized (Giddens 2003) by predictors making claims not
only about what the future may look like but also what should be done to re-
alize or avoid particular futures.

The five approaches to risk and uncertainty studies discussed here: the
techno-scientific, critical realist, institutionalist, constructivist, and performa-
tivist, all highlight different prediction techniques that actors use to manage,
or seek to manage, risk and uncertainty although with quite different ideas as
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to exactly how far uncertainty can be managed. Together, these five ap-
proaches to risk and uncertainty produce a multifaceted canopy of ways to
understand these phenomena from different ontological and epistemological
perspectives. Depending on which position one takes, risk and uncertainty can
be viewed as intrinsically different things. In the highly realist techno-scien-
tific approach, risks are objective hazards that need to be managed and tamed
through probabilistic calculation. However, such a position becomes naive
from a critical realist position as it neglects to consider how hazards are me-
diated through social processes wherefore they still tend towards uncertainty.
The techno-scientific approach becomes even more impossible still if a con-
structivist frame is adopted as risks, in this view, are ultimately the products
of historically contingent cultural processes. These differences mean that any
study of the use of predictions to manage risk and uncertainty needs first to
determine whether to position itself solely within one of these approaches,
thereby accepting any shortcomings of each particular position, or to reconcile
these differences into some type of dialectic of risk. For example, Peter Kat-
zenstein and Stephen Nelson (2013, 2014) combine the techno-scientific and
constructivist optics to develop a more nuanced understanding of the 2007-
2008 financial crisis.

A second way to reconcile the different positions in risk and uncertainty
research is to bracket their immediate claims, and therefore their central dif-
ferences, and focus instead on the practical implications of managing risks and
uncertainties within a particular context. Such an approach is made possible
through a pragmatist position that focuses on the “tangible and practical” roots
of uncertainty management in a given context (Peirce 1878:293). This ap-
proach allows for a study of risk and uncertainty management through predic-
tion that simultaneously focuses on the possible positionalities also within, so
to say, “hard” calculative techniques such as statistics (see, e.g., Desrosiéres
2001) while focusing on how groups of actors seek to resolve the practical
problems that stem from engaging in forward-oriented actions without being
able to know the future. Focusing on this “futurity paradox” as Benjamin
Braun (2015) has named this tension between action and uncertainty, opens
the door to simultaneously acknowledging the context-dependent rationalities
that guide actors’ approaches to predicting the future and the inherent un-
knowability of the future. This approach may appear cynical as it could con-
ceptualize risk management as a vain Sisyphean struggle rather than a rational
approach to managing uncertainty; however, this is not the case. In his fero-
ciously eloquent critique of techno-scientific approaches to risk, André Orléan
(2010) outlines how radical uncertainty of (economic) time means that the past
does not provide a sufficient basis for predicting the future. However, despite
this actors still need to make predictions to accomplish some degree of ration-
ality in their decisions and actions. Here it is may be useful to remember that
what is rational is situationally determined, or as Max Weber (2002:38) put it:
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one may—this simple proposition, which is often forgotten should be placed
at the beginning of every study which essays to deal with rationalism—
rationalize life from fundamentally different basic points of view and in very
different directions. Rationalism is an historical concept that covers a whole
world of different things. It will be our task to find out whose intellectual child
the particular concrete form of rational thought was '

Therefore, a pragmatic study of how groups of actors seek to manage the fu-
turity paradox needs to consider not only the techniques of risk and uncertainty
management, but also the context in which they make sense. Whether that
which is being managed is truly risk—a point of considerable contention in the
five literatures reviewed above—is only of secondary interest as it is the prac-
tices of using predictions to manage uncertainty and the context in which this
is made sense of that is takes center stage here. Moreover, assuming such a
pragmatist approach has two consequences for how uncertainty and its nego-
tiation is to be studied. First, it requires an investigation that goes beyond
black box concepts (Latour 1999) such as fictional expectation by accounting
in detail for the practical processes involved in managing problems of uncer-
tainty. Second, it means bringing the study of uncertainty and risk back to the
Weberian and pragmatist underpinnings that characterize much of Knight’s
original discussion of the phenomena (see Hands 2006; Nash 2003). This shift
means refocusing the inquiry into risks and uncertainties away from the ap-
proaches discussed above towards a more context-conscious approach that
factors in not only particular risks or uncertainties, but also the problems with
which they are associated and the social environment in which they make
sense as rational means to manage the uncertainty of the future. In addition, a
pragmatist approach to uncertainty ought to consider the way in which risk
management such as predictions allow actors to make claims about the future
and their right to said future. Regardless of whether actors work on the basis
of fictional expectations based on imagination or careful calculation, the ways
in which actors negotiate their paradoxical temporal positions is by anticipat-
ing and claims as their a future that they cannot know anything about.

14 Weber is not alone among the classics to offer such as contextual definition of rationality as
Karl Polanyi (2011:4) also defined rationality as contextually dependent, writing that rational
action is any choice of means in relation to ends as long as these means are “appropriate to
serve the end, whether by virtue of the laws of nature or by virtue of the laws of the game.”
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1.3 Uncertainty and predictions of the minability of
mineral resources

This thesis aims to demonstrate how the paradoxical relation between future-
oriented action and the uncertainty of the future is negotiated in mineral ex-
ploration by focusing on the role of predictions in how explorationists manage
uncertainty while making claims about the future minability of a deposit. As
the introduction to this chapter demonstrates, mineral exploration is a process
characterized by a very low likelihood of success and a corresponding high
risk that as poor failures—such as that of Northland Minerals—are costly. These
characteristics coupled with the forward-looking nature of mineral explora-
tion, its distant temporal horizons, and high level of uncertainty make mineral
exploration a hot spot for prediction making and therefore an intriguing venue
for studying processes of prediction in uncertain environments. That is, in
mineral exploration, predictions matter, and they matter because the stakes are
high.

Uncertain natural resources

Thematically, this thesis connects a focus on prediction with an inquiry into
how uncertainty is managed as a practical problem in economic processes,
particularly in mineral resource economies. The thesis investigates the pro-
cesses through which pieces of “nature” are transformed into natural resource
commodities and the work that goes into identifying and predicting which sec-
tions of “nature” can sustain this transformation into profitable “second na-
tures” (Cronon 1991see also; Tsing 2015).'

The production of natural resource is primarily a matter of transformation
and re-location of materials, but it is also a process that involves alienating

15 William Cronon (1991, 1996) describes the process of turning nature into natural resources
as a transformation of first natures into second natures. Writing about the natural resource econ-
omies that helped Chicago emerge as a metropolis in the American West, Cronon discusses
how the Chicago markets laid under itself the natural riches of the western frontier and opened
them up to the markets in the East. These natural riches, Cronon (1991:266) writes, “had once
been members of ecosystems defined mainly by flows of energy and nutrients and by relations
among neighboring organism. Rearrayed within the second nature of the market, they became
commodities: things priced, bought, and sold within a system of human exchange.” One clear-
cut example of this transformation of systems of energy, nutrients, and organisms was the stand-
ardization of grains that developed around the Chicago Board of Trade and Chicago’s grain
elevators and resulted in the introduction of a grading system for wheat and other grains in
1857. This introduction of standards for grain meant that the heterogeneous realities of wheat
and other grains were transformed into homogenized groupings that turned real grain into ab-
stract categories of classes of wheat, oats, and other grains that could be traded at the Chicago
Board of Trade.
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materials (Tsing 2015) and of creating stable homogenous categories where
there previously was only heterogeneity. This transformation may be cheap
and straightforward as when a timber is categorized into different classes ac-
cording to its quality and length, or open to human manipulation as in the use
of fertilizers and pesticides that promote elements of control and help farmers
manage uncertainties. However, some natural resources do not allow for such
manipulation as they are situated in complex systems not open to such forms
of manipulation such as small-scale fisheries who fish unpredictable fish
stocks to be sold on a quota market. In his ethnographic study of fisheries in
rural Iceland, Alexander Dobeson (2016a, 2018) demonstrates how the com-
plex system of relations between fishers, “nature,” and the quota market forces
fishers to adopt different strategies to manage contingencies by adapting their
work to suit the realities of both the fish and the market. Such uncertainty is
also present in mineral exploration. Moreover, mineral resources are even fur-
ther removed from human manipulation than most other natural resources. For
example, while fish stocks are replenished by reproduction and may recover
and grow were their exploitation to be halted for a period, the concentrations
of mineralized material that explorationists seek have been deposited in the
bedrock over billions or millions of years of geological process and are there-
fore non-renewable resources as they cannot be improved or replenished by
human intervention. Furthermore, deposits of mineralized material are hidden
underground, obscured, and transformed by geological shifts and thrusts,
making them challenging to survey. Gaining access therefore depends on ex-
plorationists sampling the bedrock to learn their qualities while managing the
complexity of the geological environments.

The transformation of a deposit of mineralized materials into marketable
second nature mineral products such as concentrates and bullions requires that
the deposit possess such quantities and qualities of mineralized material that
it can sustain this transformation. Therefore, mineral exploration is about man-
aging uncertainties about whether deposits can be transformed into second na-
ture mineral products. At the heart of this process, explorationists explore and
valuate first natures in order to identify those portions of it that can be turned
into second natures to feed not only the market but also the portfolios of min-
ing corporations presently depleting already discovered mineral riches. This
latter dimension of mineral exploration is one of the hallmarks and peculiari-
ties of mining and any natural resource economy that works faster than nature
can replenish the resource. As a CEO of a Swedish mining company once said:
“Any mining corporation that does not continually search for new discoveries
has indirectly decided to someday shut down.” In addition to searching for
sustained supplies of minerals and metals, successful mineral exploration is
about ensuring the survival of mining companies that depend on a continuous
appropriation and transformation of new stretches of first nature. But which
parts of “nature” can be turned into profitable mining operations? In order to
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navigate the uncertainties involved in such questions, explorationists turn to
predictions.

1.3.1 A note on terminology: Resources and explorationists

Before turning the full attention to the work of developing answers to the ques-
tions listed earlier in this chapter, some clarification in terms and terminology
is necessary. First, mineral exploration is a broad field that includes hard rock
mineral exploration, exploration for hydrocarbons such as oil and gas, and
alternative forms of exploration such as the methods used in artisanal mining.
While the approaches and methods used in these different types of mineral
exploration overlap, there exists important differences between them. There-
fore, it is necessary to delimit the scope of this inquiry in these respects. The
empirical materials gathered as part of the work leading to this dissertation
concern industrial hard rock exploration for base, industrial, and precious min-
erals as well as iron ore and rare earth elements (REEs) wherefore any use of
the term “mineral exploration” here refers to this limited set of resources and
approaches to exploration. In addition, mineral exploration, as in most spe-
cialized fields, uses a specialized language that grants specific meanings to
otherwise everyday words and terms.

One specialized term that has some relevance for this thesis is the term
“mineral resource,” which has different meanings when used by some social
scientists and when used by mineral explorationists and miners. From the so-
cial science perspective, Ferry and Limbert’s (2008) work on resource making
in which they stress that natural resources do not exist in “nature” but are con-
structed through social and political processes. Following this, a mineral re-
source is a cultural entity just as much as it is a natural object. However, while
most mineral explorationists would agree with this, they would find it prob-
lematic that social science scholars such as Ferry and Limbert locate the emer-
gence of mineral resources at the very beginning of the exploration process
and therefore ascribe a broader meaning to the term than industry actors do.
Instead, the mineral exploration and mining industry is much more specific as
to what constitutes a mineral resource. From the industry’s point of view, a
“mineral resource” is a technical term that denotes a body of mineralized ma-
terial that has seen a certain amount of exploration work as defined in industry
standards such as the Australasian code for reporting exploration results and
mineral resources (JORC). The JORC code defines a mineral resource as a
concentration of mineralized materials that holds “reasonable prospects” for
“eventual economic extraction.” The code also states that enough survey work
should be done so the deposit’s geological qualities “are known, estimated or
interpreted from specific geological evidence and knowledge, including sam-
pling.” The making of a resource in this sense begins when there is enough
geological data available to estimate the deposit’s size and qualities. In order
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to reduce the risk of confusion, this thesis uses the term in accordance with its
usage in the field; therefore, mineral resources are here understood as the po-
tentially economically extractable parts of an explored mineral deposit.

Finally, mineral exploration sees contributions from actors of different pro-
fessions and fields of expertise. In addition to geologist and geophysicists
sampling the underground in search for concentrations of mineralized mate-
rial, mining engineers, economists, biologists, lawyers, and others contribute
to the process. Whenever applicable, these groups will be referred to individ-
ually. However, when discussing the generalized group of actors who contrib-
ute to the mineral exploration process, this dissertation will use the term min-
eral “explorationist” as a shorthand for the multiple groups of actors involved
at the different stages of the process.

1.4 Outline and summary of the argument

This thesis is structured as follows. Chapter 2 describes the contextual back-
ground to this study and builds an account of the empirical field by combining
an outline of existing sociological and social science research into mineral
exploration and the exploration and mining industries with an account of past
and present developments of industrial mineral exploration in Sweden. In
Chapter 3, some points of entry into a study of prediction making and justi-
fication are discussed to assess the relevant sociological literatures and to
identify concepts that can capture and help unpack prediction making and jus-
tification in mineral exploration. The chapter complements the discussion in
chapter 1 by adding perspectives from the sociology of the future and valua-
tion studies to the conceptual toolkit through which mineral explorationists’
work in predicting deposit minability can be dismantled and analyzed in its
parts.

Having laid out the conceptual foundations, the thesis examines the meth-
odological aspects of studying processes, such as mineral exploration, and the
epistemic objects the process produces. Chapter 4 outlines the approach
through which the dataset, which combines interviews, ethnographic field-
notes, and archival material, has been assembled to create a fine-grained de-
scription of how estimates and predictions of minability are produced and used
in mineral exploration. In addition, the chapter outlines how these materials
have been collected and analyzed. The chapter concludes with a review of the
ethical dimensions and considerations involved in gathering the materials for
this project. The chapter is complemented by four methodological appendices:
the first discusses some first-hand experiences and challenges that arose in the
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work leading up to this thesis, the second and third list observational and ar-
chival data sources, and the final appendix provides an example of an inter-
view guide.

The empirical section of this thesis begins with Chapters 5 and 6. The two
chapters account for the mineral exploration process and the work explora-
tionists engage in when producing predictions with which they work to “de-
risk” exploration projects. Beginning with a general outline of the mineral ex-
ploration process and its different stages, the two chapters provide in-depth
accounts of early, intermediate, and advanced stage exploration of the differ-
ent types of prediction produced by explorationists at these stages and the
work involved in making these predictions. Chapter 7 examines how explo-
rationists justify their predictions. Specifically, the chapter describes how ex-
plorationists engage in two different lines of justification: one consisting of
claims regarding the prediction as a correct depiction of a realizable future and
one consisting of claims about the desirability of realizing the futures depicted
in these predictions. The chapter demonstrates that justifications in mineral
exploration rely on values expressed in institutions, such as private and public
regulation, as explorationists actualize these values to support claims of the
prediction as an accurate and precise depiction of the future. Moreover, the
chapter also shows how explorationists tie their justifications to narratives and
current debates to claim the desirability of realizing the predicted mining fu-
tures. Chapter 8, the final empirical chapter, answers the “then what ques-
tion” (Fourcade 2011). That is, what happens when a prediction has been made
and is put to use by explorationists? In addition, the chapter analyzes the in-
teractions between explorationists and their different publics over exploration-
ists’ access to resources such as equity, debt, or legal permits. The chapter
pays particular attention to the assessments, or metapredictions, publics such
as investors, financiers, and permit granting bodies make of explorationists
predictions and the consequences these assessments have for explorationists’
abilities to realize their mining futures.

Chapter 9 summarizes the empirical findings and discusses prediction
making as a strategy to navigate uncertainty. Theorizing explorationists’ use
of predictions, the chapter develops an account of prediction making that high-
lights the practical role predictions serve in uncertain social and economic
spheres while emphasizing the preliminary status of predictions as well as
their political nature. As with the discussion on the dissertation’s theoretical
contributions, this chapter highlights dimensions and questions of potential
interest in future research on mineral exploration and prediction work. The
chapter also discusses some practical implications of the findings.

39



2. Contextualizing Mineral Exploration

Mineral exploration and the search for commercially viable deposits of metals
and minerals in the earth’s crust do not take place in a vacuum. That is, explo-
ration follows logics prescribed in both standards and practice. This chapter
gives context to the themes raised in the previous chapter and outlines the day-
to-day realities of contemporary industrial mineral exploration. In doing so,
the chapter combines existing social scientific research on mineral exploration
and mining with primary sources such as industry publications, legal docu-
ments, and standards. A review of the existing literature shows that social sci-
entific research in this domain is centered on a limited number of key perspec-
tives and disciplines. One of the largest contributions to the literature on min-
eral exploration and mining has come from anthropology in the form of in-
depth studies of artisanal small-scale mining in the global south that detail the
conditions and conflicts surrounding artisan mining communities (see e.g.,
Fraekaland Vangsnes 2018; Hilson 2010, 2011; Verbrugge 2015). In addition,
the literature includes historical and economic historical case studies of mines
or economic phenomena such as the rationalization of mining through double
entry bookkeeping (see, e.g., Allen 2007; Libecap 1978; Vent and Milne
1989). Third, there is also the debate in economics as to whether mineral re-
source exploitation in developing economies tend to produce a “resource
curse” by undermining inefficient state institutions while fueling corruption
(see e.g., Alexeev and Conrad 2009; Boschini, Pettersson, and Roine 2007;
Murshed and Altaf 2007). Finally, there exists a relatively large body of work,
primarily sociological, that researches conflicts and contestation of mineral
exploration and mining by local communities and indigenous groups (see be-
low). Because of the concentration of the sociological and social scientific
literatures around particular strands, this chapter relies on primary materials
to fill-in the gaps that result from the present scarcity of research into mineral
exploration. The primary data have been sourced from industry organizations,
government archives, and services that review the mineral exploration indus-
try in Sweden and internationally, including reports from mineral exploration
and mining agencies such as the Mining Inspectorate of Sweden (MIS) and
the Geological Survey of Sweden (SGU).

This chapter includes three sections that outline the context of the present
study. The first section reviews historical and present trends in mineral explo-
ration. The second section reviews the different categories of actors involved
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in contemporary mineral exploration. The third section outlines mineral ex-
ploration’s legal context both in terms of public regulation and the private
regulation in the form of standards that guide mineral exploration in Sweden
and internationally.

2.1 Overview: Mineral exploration in history and in the
present

Ever since iron and coal laid the foundations for the emergence of capitalism
(Weber 2003), modern society has depended on a steady supply of iron, steel,
copper, aluminum, gold, silver, and, in recent years, rare earth elements, va-
nadium, cobalt, and nickel. Second perhaps only to the clock, as Mumford
(1946) noted, metals and minerals have helped shape the world as we know it
today, and it would be hard to imagine a world without them. In other words,
the exploration for mineral resources is not only of interest to the members of
the mineral industries but also to anyone who depends on its products.

The history of mineral exploration is deeply entwined with the history of
mining and the use of minerals in human societies, a history that dates to the
Paleolithic age when pre-historic people began extracting non-metallic mate-
rials, such as flint, for use in tools and weaponry (Kennedy 1990). Later came
the extraction of metals as people started using native gold for decoration and
meteoric iron for weaponry (Waldbaum and Muhly 1980) and metallurgic
treatment of tin and other metals with melting points not requiring special fur-
naces. Finally came rudimentary hot metallurgical techniques for smelting of
copper at the start of the Chalcolithic era around 5000 BCE (Radivojevi¢ et
al. 2010). The history of mineral exploration is a very long and it is tied to
humanity’s, so to say, promethean transition.

16 The historical overview here focuses on the developments and current state of industrial min-
eral exploration in Sweden and the Global North. However, not all exploration and mining has
been part of these dramatic changes. While many actors in the industrialized mineral explora-
tion and mining that characterizes the work done by mining companies and corporations in the
Global North rely on state-of-the-art exploration equipment, the Global South hosts a range of
actors involved in small scale artisan exploration and mining. That is, there is a variation within
the larger field of mineral exploration and mining. This richness of variations on the same form
means that mining and exploration involve anything from the techniques and methods discussed
in this dissertation via small-scale mining using low-tech methods (Banchirigah and Hilson
2010) to examples of mining cultures where local chiefs distribute mining rights according to
rotational systems based on local tradition (Lanzano 2018). The consequence of this diversity
in exploration and mining is that this dissertation does not speak to all forms of mineral explo-
ration but mainly to those employed in industrial mineral exploration.
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The early forms of mineral exploration consisted of looking for visible out-
crops of mineralized rock or using dowsing rods and mining compasses'’ to
identify deposits of magnetic minerals. In modern history, mineral exploration
has seen dramatic development as these historical methods have been replaced
by geophysical survey methods, geochemical analyses, and, in recent years,
machine-learning approaches through which algorithms scour through large
sets of data to identify localities of exploration potential. However, these new
technologies have not completely replaced old practices (perhaps with the ex-
ception of the dowsing rods) as prospectors still search rock outcrops for traces
of minerals and geophysical magnetometry surveys are based on the same
logic as the mining compass but on a much larger scale and through high tech
applications (Nabighian et al. 2005). Therefore, mineral exploration remains
a phenomenon in which attempts to read the geology are central to identifying
places that promise hidden deposits of mineralized material in significant vol-
umes and grades.

In addition to the introduction of new exploration methods, mineral explo-
ration and mining has also seen significant changes arise from innovations that
have rendered previously unminable deposits technologically and economi-
cally viable. One arena where significant developments have been made
throughout the history of mining is furnace and smelter technology. The de-
velopment of high temperature furnaces powered large changes in the mining
world with the most important change coming with the introduction of the
Bessemer converter, which made it possible to smelt phosphorous iron ores
such as the massive deposits around Kiruna and Griangesberg, Sweden. This
technology helped pave the way for mass-produced inexpensive steel (for an
in depth account, see Heckscher 1954). Another important transition was the
increase in productivity that enabled low-grade large-scale mining (Hum-
phreys 2019) as lower grade deposits were opened up for mining using more
productive extraction methods such as large-scale pit mining. In addition to
these changes, technological developments in general society that have made
most metals of the periodic table sought after resources to be used in a large
range of high-tech applications have made mineral exploration and mining the
industry it is today.

17 Mining compasses consist of a dual gimbal compass that dips downwards when positioned
above magnetic materials such as magnetite ores.
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2.1.1 A small global industry

Today, mineral exploration is a global enterprise feeding new reserves to the
international mining industry and exploration has become an important con-
tributor to the mining industry and, by extension, to all down-stream producers
that use mineral and metal raw materials to produce, for example, cars, wind
turbines, steel, iPhones, and medical equipment. Although holding a central
role as a supplier of raw materials, mineral exploration is at the same time a
relatively small industry. In 2018, the combined budgets of exploration com-
panies worldwide was 9.62 billion dollars across 1651 companies spending 80
percent of their budgets in only 25 countries'® (Geological Survey of Sweden
2019b). As a small, globalized industry, mineral exploration is also relatively
integrated with large parts of the world as it is covered by the same industrial
standards and with international events such as conferences and trade shows
providing venues that attract explorationists, miners, equipment manufactur-
ers, consultants, investors, politicians, and governmental agencies from all
around the world.

Furthermore, contemporary mineral exploration is part of an internationally
integrated market where metal and mineral prices are set at central exchanges
such as the London Metal Exchange (LME) and the London Bullion Market.
Because of the relative integration of the minerals market and the relative
standardization of mineral products such as concentrate, producers in the ex-
ploration and mining industry are “price takers” (Cairns and Lasserre 1986).
That is, these miners and explorationists do not set the prices of their products
as these depend on the spot prices in the global market.!” Explorationists and
miners working in ferrous minerals (i.e., iron ores) are an exception as ferrous
contracts are negotiated with individual smelters, an arrangement that makes
the market for ferrous mineral less integrated. However, the lack of a large
central market does not render their situation much different from that of ex-
plorationists and miners working in non-ferrous minerals as ferrous contracts
follow international prices too. The largest difference between the two instead
depends on the relative price per ton of product as ferrous products fetch lower
prices meaning that producers of iron ore products are more sensitive to
transport costs than are producers of non-ferrous products, which fetch higher
prices per ton (or even per ounce). Furthermore, the impact of the price taker
role on mineral exploration relates to the fact that the access to finance capital
tends to vary with the global market prices. Therefore, positive movements in

18 The main exploration destinations in 2018 were Canada, Australia, the U.S., Peru, Mexico,
Chile, China, Russia, Brazil, the Democratic Republic of the Congo, Argentina, Burkina Faso,
Papua New Guinea, Ecuador, Ghana, Céte D’Ivoire, Mali, South Africa, Colombia, Sweden,
Finland, Indonesia, India, and Senegal.

19 Some variation, however, does occur in prices as smelters use systems of penalties for impu-
rities and premiums for higher grades when they purchase concentrates.
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prices tend to result in increased exploration efforts as incentives to explore
and, by extension, the willingness to risk capital increase with rising metal
prices (Borenstein and Farrell 2007).

Turning to the case at hand, despite having been a historical powerhouse
with a near monopoly on iron exports on the early modern European metals
market (Hildebrand 1987), present-day Sweden is one of the smaller members
of the 25 largest exploration destinations. However, Sweden remains an im-
portant mining and exploration destination with more exploration dollars in-
vested relative to country size than does exploration and mining giant Canada
(Geological Survey of Sweden 2019b) and the Swedish mineral exploration
sector has grown significantly since it was opened up in 1992. Before 1992,
Swedish mineral exploration and mining was in the hands of a restricted group
of actors with governmentally owned LKAB concentrating on ferrous miner-
als and Boliden Mineral concentrating on non-ferrous minerals. In addition,
the Swedish governmental agency SGU and the publicly-owned exploration
company SGAB made up the core of the exploration industry in the country.
This concentration of mineral exploration into a limited set of hands led to
Sweden being relatively underexplored compared to other destinations at the
time. When Sweden was opened up for private and foreign exploration, it be-
came an attractive exploration destination as investors recognized Sweden’s
underexplored nature as well as its geological similarities with large mining
destinations such as Eastern Canada as well as Greenland, a realization that
made the country stand out as a destination of significant exploration poten-
tial. Another important part of the quick success of Sweden as a new interna-
tional exploration destination was the Geological Survey of Sweden’s services
that include one of the world’s largest drill core archives, which, in addition
to storing drill cores, includes other exploration data and material produced
by government organizations as well as mining and exploration companies
such as Boliden throughout the 20™ century. Furthermore, Sweden is often
ranked by industry organizations as a low risk jurisdiction (for an example of
such a ranking, see, e.g., Cutifani 2017). Part of the reason for Sweden’s low
risk rating has been the country’s relatively stable legislation and political sit-
uation; two factors that have helped the country emerge as an attractive desti-
nation for mineral exploration

Although a small member of the international exploration sector and min-
ing industry, Sweden is one of the largest producers of metals and minerals in
the European Union, producing 91 percent of EU productions of iron, 40 per-
cent of lead, 33 percent of zinc, 11 percent copper, 21 percent silver, and 23
percent gold (Geological Survey of Sweden 2019b). These products come
from the three mining regions: Norrbotten, Vésterbotten, and Bergslagen. The
map below shows the mines in Sweden as of January 2019 with the three min-
ing regions visible as three clusters with Norrbotten in the far north, Vésterbot-
ten in the middle, and Bergslagen to the south.
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Figure 1. Mines in Sweden January 2019 (Geological Survey of Sweden 2019a)

2.2 Multi-national giants and small scale entrepreneurs

At the center of the mineral exploration and mining industry stand the mining
and exploration organizations, companies, and corporations, which range in
size from large multinational mining corporations such as Glencore, Rio
Tinto, and BHP to individual entrepreneurs prospecting for deposits around
which they could launch an exploration company. Between the multinationals
and the entrepreneur, sit smaller mining companies such as the Swedish com-
panies LKAB, Boliden, and Lundin Mining and even smaller junior explora-
tion companies. These four categories of actors are often referred to in the
industry as majors, mid-tiers, juniors, and entrepreneurs. These four categories
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of actors furthermore make up two distinct groups in the industry. The first
group includes the major and mid-tier organizations who own and operate
mines and therefore are able to finance their exploration using existing cash
flow. The second group includes junior companies and entrepreneurs who do
not operate mines and therefore depend on equity and other sources of capital
to finance their exploration work. These differences in how explorationists
finance their exploration efforts means that explorationists working within
majors and mid-tiers first and foremost need to convince their own internal
reviewers and decision makers to finance discovery and further exploration
activities, whereas juniors and entrepreneurs depend on their ability to attract
investors to fund their work. In addition to seeking new mines to replace their
current operations, majors and mid-tier companies tend to be incentivized to
explore around their existing mines in order to identify and develop resources
that can be mined and processed using already existing infrastructure. Juniors,
on the other hand, more often carry out exploration work in new regions, so
called green field exploration, or near their established mines, so called brown
field exploration. Because of their tendency to work in new regions or rework
old mining sites, juniors are sometimes labeled, as was observed during field
work for this dissertation, “the lifeblood of the industry” as they are more
prone to make new discoveries.?* Majors and mid-tier companies, in contrast,
tend to carry out much of their exploration efforts closer to home and may
even effectively outsource their exploration to juniors by investing in them or
by acquiring juniors who have made substantial discoveries. The fourth cate-
gory of explorationists, the entrepreneurs, are regularly small groups or indi-
viduals who rely on private equity and who carry out exploration work to dis-
cover deposits that may allow them to transition into becoming juniors them-
selves.

In addition to the explorationists themselves, the industry furthermore
houses a large range of consultants, entrepreneurs, laboratories, and manufac-
turers that offer exploration equipment and services and some of these actors
play important roles in making exploration possible. Specialized drilling com-
panies, for example, often carry out drilling, and accredited laboratories are
employed to analyze drill cores for metal or mineral content. Other important
suppliers to the industry are geoengineering consultants, who use the geolog-
ical information from laboratory analyses to produce models used to eventuate
mineral discoveries, and environmental consultants, who undertake environ-
mental impact assessments for exploration projects.

A third important group of actors in the industry are the governmental agen-
cies and offices tasked with supporting, overseeing, and regulating exploration
in Sweden. Among the different agencies working with the industry, the Ge-
ological Survey of Sweden (SGU) and The Mining Inspectorate of Sweden
(MIS) are two central actors performing two distinctly different roles. The

20 Field notes: International conference and trade-show.
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current incarnation of the SGU is headquartered in Uppsala and works on all
matters that relate to geology in Sweden. As part of their mission, the SGU
are to market Sweden as an exploration destination internationally and provide
support to explorationists in early stage exploration. One key resource in the
SGU’s work in mineral exploration is the agency’s office in Mala, which
houses Sweden’s drill core archive and other geological information such as
maps and records of historical exploration. These materials, available for a
small fee, are useful resources for explorationists in the early stage of explo-
ration. The Mining Inspectorate of Sweden (MIS) is the main regulatory
agency in the exploration and mining sector. The MIS handles exploration
permits and mining leases (or exploitation concessions as they are referred to
in Sweden) and carries out annual inspections of active mines in Sweden. The
head of the MIS is the Chief Mining Inspector or Bergmydstare, an office es-
tablished by Kristina I of Sweden and Axel Oxenstierna in 1637. Other offices
and actors involved in overseeing and regulating mineral exploration in Swe-
den are the County Administrative Boards (CABs) in the 21 counties, the five
regional Land and Environment Courts that rule on environmental permits,
and the Swedish Environmental Protection Agency, which stands as a party in
environmental permit cases with the Land and Environmental Courts.

2.2.3 Non-industry stakeholders

In addition to the exploration organizations, consultants, and governmental
agencies, there is a fourth group: publics directly impacted by the mining and
exploration industry’s activities and the organizations and movements that op-
pose exploration and resource exploitation. The, at times hostile, relations be-
tween mineral explorationists and local communities has been approached in
a significant number of sociological and social science studies that address
community contestation of mining and mineral exploration (for a review of
this literature, see Conde 2017). Although the majority of this research has
examined opposition in, so called, developing countries, exploration and min-
ing contestation have increased in the Global North and the Arctic (Zachrisson
and Beland Lindahl 2019). The sources of contestation and conflict are many,
ranging from community depletion (Askland 2018) and the creation of fly-
in/fly-out economies (Perry and Rowe 2015; Storey 2001) to issues of owner-
ship rights and underperforming property and resource regulation (Acuia
2015; Anshelm, Haikola, and Wallsten 2018b; Coxshall 2010; Engels 2018).
Poised on the edge between value destruction and creation, mineral explora-
tion and mining have been objects of opposition by local communities seeking
to defend environmental or community values in the face of potential destruc-
tion or disruption from mining (Gallardo et al. 2017; Martinez-Alier 2001;
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Persson, Harnesk, and Islar 2017; Walter and Martinez-Alier 2010). In addi-
tion, many conflicts between local communities and explorationists or miners
have been shown to be catalyzed through social movements (Bebbington
2007; Bebbington et al. 2008). Following this, the contestation of mineral ex-
ploration and mining projects is done not by the local town hall alone but by
networks of community members, NGOs, churches, student organizations,
and other organizations (see, e.g., Holden and Jacobson 2008).

Besides conflicting values, struggles for recognition, and ownership rights,
one central source of conflict in mineral exploration is time and the temporal-
ities held by the different actors involved. Mineral exploration projects often
work with distant time horizons and research has shown how the extractive
industry’s “timescapes” do not always coincide with the temporal perspectives
held by the affected communities, a difference in expectations that may give
rise to friction between the parties (Kesselring 2018; Lanzano 2018). One
source of friction between explorationists’ time and communities’ time lies in
how mineral exploration inspires expectations, which, if realized, may either
not materialize in the time anticipated by community members or perhaps not
at all (Weszkalnys 2008, 2015) and which are often tied up with discourses of
development and anticipation of better futures conditioned on resource extrac-
tion (Wiegink 2018).

Turning once again to the case at hand, challenging relationships between
explorationists, miners, local communities, and NGOs are also present in Swe-
den and have been outlined in a recent anthology investigating the relation
between Swedish mining regulation and community contestation (Anshelm et
al. 2018b). One of the most significant conflicts between local communities
and exploration organizations in Sweden?' is between the mineral industries
and the reindeer herding Sdmi communities in the country’s northern half. The
many unresolved conflicts over the rights of indigenous people and land use
in Sweden’s Arctic and Sub-Arctic regions leaves the geopolitical situation
unresolved as Swedish governmental actors and Sami districts and organiza-
tions grapple with each other in the Swedish courts over rights to land in the
region.?? Reindeer herding Sami especially see their traditions and sustenance
threatened by the continuous expansion of industrial and government interests
in the region (Sorlin and Wormbs 2010).2> While the conflicts today are related

21

22 The conflict over fishing and hunting rights between the Girjas Sami district and the Swedish
government is a clear and important example of the conflicts in the region. In this case, the
Sami district went to court to seek the sole right to fishing and hunting on the district’s tradi-
tional lands, thereby ending the government’s management of fishing and hunting rights
through the local County Administrative Board. Trials began in 2009 and the conflict received
its final ruling in January 2020 when the Swedish Supreme Court ruled in favor of the Sami
district (The Supreme Court of Sweden 2020).

23 For an account of the lived experiences of Sami in relation to land use conflicts and the
political treatment of Sdmi rights in contemporary history, see Elin Anna Labba (2020).
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to contemporary conflicts over land use, their roots can be traced to the re-
peated waves of Swedish colonization beginning in the 17" century (Béérn-
hielm 1976). In relation to this it may furthermore be noted that Sweden, as in
many other mining jurisdictions, has yet to ratify the ILO Convention no. 169
on the rights of indigenous peoples and that while the Sdmi are an internation-
ally recognized indigenous people, few in the mining and exploration industry
recognize them as such (Lawrence and Moritz 2019).2

From the side of the industry, these conflicts are often incorporated under
the umbrella of corporate social responsibility (CSR). CSR efforts have been
shown to improve the conditions around mines in the Global South belonging
to northern corporations (Dashwood 2007). However, CSR efforts are far from
universally adapted and research in Sweden (Tarras-Wahlberg 2014) has
shown that CSR spending in order to gain community license to operate is
skewed towards juniors and foreign companies. The established Swedish mid-
tiers, this research shows, tend to do no more than they are legally obliged to
do as part of permitting procedures and that this trend is reflected in the af-
fected communities. One reason for this appears to be that communities in
Sweden tend to be more approving of local mid-tiers than they are of juniors
despite the juniors doing more work to gain social licenses to operate. Finally
it may be noted that CSR is but one among many strategies adopted by mining
corporations to overcome local community resistance to new projects and that
additional efforts include legislative efforts to escape local control and legal
challenges to local zoning initiatives as well as media campaigns and attacks
on aboriginal sovereignty (Gedicks 1998).

2.3 The regulation of mineral exploration

Mineral exploration in Sweden is regulated by national public regulation and
local and international private regulation, and this regulatory environment
structures the exploration process and provides targets that explorationists
need to reach in exploration. Examples of such targets include proving the
profitability of exploiting a particular deposit of mineralized material, demon-
strating the socio-environmental feasibility of a future mine, and demonstrat-
ing sufficient understanding of the quantities and qualities of mineralized ma-
terial in a deposit. The regulation of mineral exploration, in other words, plays

24 A list of other countries that have not ratified the convention as of 2017 includes mining
destinations Australia, Burkina Faso, Canada, China, the Democratic Republic of the Congo,
Cote D’Ivoire, Ghana, Indonesia, India, Mali , Papua New Guinea, Saudi Arabia, Senegal,
South Africa, and the USA as well as fellow Nordics Estonia, Iceland, and Finland (Interna-
tional Labour Organization 2017).
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an important role as it defines the playing field within which explorationists
work their projects and engage in prediction work. This section will outline
the regulation under which mineral exploration takes place in Sweden and, as
this matters are of material importance to how explorationists work to predict
the future minability of deposits, it will do so in the form of an in-depth ac-
count of both national regulation and international private regulation in the
form of code and standards.

2.3.1 Public regulation: The Minerals Act and The
Environmental Code

From an international perspective, public regulation of mineral exploration
tends to differ between jurisdictions, while much private regulation has gained
international distribution. One example of how public regulation may differ
between jurisdictions is how the tools for collecting rent or taxes from mineral
exploration and mining operations differ between countries and territories
with some jurisdictions aggressively taxing the mining sector while others,
including Sweden, use relaxed tax and rent regimes (Wilson 2016). In Swe-
den, the present day mineral regulation dates back to the early 1990s when the
industry was deregulated. This deregulation effectively dismantled the older
system, which favored exploration and mining by public companies and or-
ganizations. In addition, this wave of deregulation also revoked legislation that
granted the state ownership of half of all new mining concerns and that re-
quired foreign companies interested in exploring or mining in Sweden to apply
for special wavers as foreigners, up to this point, had been prohibited from
owning property.

Today, mineral exploration in Sweden is regulated under the Minerals Act
of 1991 (Minerallag 1991:45), the Mineral Ordinance of 1992 (Mineralfor-
ordning 1992:285), the Environmental Code (Miljébalk 1998:808), and the
Ordinance on Land and Water Husbandry (Férordning (1998:896) om
hushdllning med mark- och vattenomrdden).?> Together, these laws and ordi-
nances set out a number of permits and conditions applicants need to satisfy
at different stages of the exploration process in order to move a project for-
ward from exploration to implementation. While there are many different per-
mits and waivers explorationists need to acquire, there are four key permits:
exploration permits, exploitation concessions, environmental permits, and
building permits. The MIS manages the first two but relies on the local CAB

25 These statutes are complemented by additional legislation concerning cultural heritage sites
and monuments (Kulturminneslagen), construction and zoning (Plan och bygglagen), and the
use of off-road vehicles (Terrdngkoringslagen).
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for assistance in assessing the environmental impact of the proposed mine as
part of the exploitation concession review. The environmental permits are
awarded by the environmental courts, something that is relatively unique in a
global perspective. Lastly, the local municipal authorities award building per-
mits. These permits follow each other in succession.

The exploration permit is the first regulatory instance of the exploration
process and permits are awarded by the MIS following five criteria: (i) the
suitability of the applicant as defined by a review of the applicant’s previous
exploration records; (ii) whether the content of the application adheres to what
is prescribed in the Minerals Act; (iii) the likelihood that exploration in the
area applied for will result in a discovery of a mineral deposits, assessed on
the basis of records from previous exploration, surveying or mining and in
keeping with this criterion, the MIS does not, for example, generally grant
exploration permits within already surveyed areas; (iv) whether the applicants
have access to resources significant enough that they can be expected to suc-
cessfully carry out an exploration of the area applied for; and (v) applications
for exploration permits must adhere to the conditions necessary to protect the
rights of the general public and of particular rights?® of holders such as ease-
ments or reindeer herders. Therefore, applicants must explain why the area in
question is a suitable site for exploration. If the applicant and the application
meet these prescribed conditions, the explorationist will be granted a permit
lasting three years with the chance of renewals of up to a total of 15 years if
the explorationist can show that they have actively been carrying out explora-
tions within the area.?’

If awarded, an exploration permit grants its holder exclusive right to carry
out exploration work within the area in question. However, the exploration
permit does not award the holder any right to carry out exploration using in-
vasive methods? such as collecting samples through exploratory drilling or
geophysical measurements using airplanes, helicopters, tracked vehicles,
snowmobiles, or other terrain vehicles. To carry out such surveys, the explo-
rationist needs to formulate a work plan and get it approved by the MIS as
well as apply for applicable wavers from environmental regulation such as
prohibition of the use of off-road vehicles. In addition, the explorationist needs
to share the proposed work plan with property owners and interested parties
(e.g., people who have easements or reindeer herding rights) before the MIS

26 Particular right (sdrskild ritt) is a legal term for groups owning some particular right of access
or use to an area.

27 A factor in extending exploration permits is that the permit is designed to grow increasingly
expensive over time. This is argued to motivate explorationists to move forward toward exploi-
tation concessions. The cost of an exploration permit consists of an application fee of 500 SEK
($53) per 2000 ha area and an exploration fee, which during the first three years amounts to 20
SEK ($2.1) per hectare but which increases with further extensions.

28 Non-invasive surveys may, however, be used and may provide useful data. Examples of non-
invasive exploration methods include analyses of historical data and field investigation of out-
crops or other visible sources of geological information.

51



will approve a permit. These groups have the opportunity to comment on or
object to the plan, and any objections are handled by the MIS with a view to
negotiate a solution where exploration work is made possible.

While the exploration permit grants its holder the right to explore an area,
it does not grant the permit holder the right to any discovered mineral. To
acquire the right to exploit a discovered deposit, explorationists need to ac-
quire an exploitation concession. Exploitation concessions are awarded by the
Chief Mining Inspector at the MIS following consultations with MIS staff and
the local CAB. Assessment of applications is done using two sets of regulatory
criteria: (i) whether a mineral deposit of such dimensions and qualities have
been discovered that it can be expected that future exploitation of the deposit
will be economic over a 25 year period and (ii) whether the location or quality
of the mineral deposit and the proposed mining operation is likely not to cause
such impacts to private and public interests that future exploitation of the min-
eral deposit is rendered unsuitable.

To facilitate the review, applicants must provide the MIS with documents
supporting their claim to an exploitation concession. These documents include
descriptions of the results produced in their exploration work together with
geological and geophysical maps and other surveys that can be of significance
when assessing the economic recoverability of the deposit. Moreover, plans
for the proposed operations are to be provided to the MIS as well as an outline,
in the form of a preliminary Environmental Impact Assessment (EIA), of the
proposed operation’s impact on public and private interests as well as what
measures the applicant believes need be taken to protect public interests and
private rights.? The MIS and the chief mining inspector review the applica-
tions according to these criteria in collaboration with the local CAB, which
reviews the application to provide their recommendation on the environmental
impact of the proposed operation as part of the review according to the second
criterion.*

The Environmental Code demands that explorationists demonstrate that the
deposit and the proposed mining operation are not located in such a place or
of such a nature that exploitation of the mineral deposit would violate the code
and the principles outlined therein. The review of a project’s environmental
impacts and suitability is guided by the core principles of the Environmental
Code, which must “promote sustainable development meaning that present
and coming generations are ensured a healthy and sound environment” (The
Swedish Riksdag 1998a, 1* chapter 1 §). Such sustainable development is later

29 See the Mineral Ordinance, paragraphs 17 and 18 (The Swedish Riksdag 1992).

30 As the assessments of the tolerability of the projected environmental impact from the pro-
posed operation is carried out both by the MIS and by the local CAB, conflict at times arise
between the two. In such instances, the case is transferred to the Swedish government, which
either rules on the matter or refers it back to the MIS for re-processing.
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connected to the promotion of long-term resource husbandry, which is defined
in terms of the land and water areas being used:

for that or those purposes for which said areas are best suited in respect of the
nature and situation, and the present needs. Precedence shall be granted such
usage that entails a, from a general point of view, good economic administra-
tion. (The Swedish Riksdag 1998a, 2™ chapter 1 §)3!

In relation to this, the code furthermore lists qualities that may set land and
waters apart as worthy of particular status protected from interventions that
may hamper the use of this quality. One of these eight qualities concerns met-
als and minerals® and states that “Land and waters containing valuable sub-
stances or materials shall, to the extent possible, be protected from measures
that may substantially obstruct the exploitation of these” (The Swedish Riks-
dag 1998a, 2™ chapter 7§).

As part of determining whether an exploitation concession and subsequent
mineral extraction and exploitation can be deemed the most appropriate use
of a section of land or water, the applicant of an exploitation concession must
provide a study of the potential environmental consequences of future mineral
exploitation in the form of an EIA. In such a study, the applicant is to do the
following:

account for and describe the immediate and indirect effects that the planned
activity might cause persons, animals, plants, land, water, air, climate, land-
scape and socio-cultural environment, in part in relation to the administration
of land, water and the general physical environment, in part in relation to the
economies of materials, resources and energy. The aim is further to enable an
overall assessment of these effects impact to persons’ health and the environ-
ment. (The Swedish Riksdag 1998, 6" chapter 3 §)*

31 In the original Swedish: “Mark- och vattenomréden skall anvindas for det eller de dndamél
for vilka omradena ar mest lampade med hénsyn till beskaffenhet och lige samt foreliggande
behov. Foretride skall ges sadan anviandning som medfor en fran allmén synpunkt god hushall-
ning.”

32 The full scope of qualities according to which an area may be set apart and classified as
protection worthy are as follows: (i) reindeer herding, (ii) fishing, (iii) environmental preserva-
tion and recreational use, (iv) cultural heritage preservation, (v) the national interest regarding
valuable substances and materials (such as metals and minerals), (vi) industrial production, (vii)
energy production and distribution, (viii) nuclear waste storage, (ix)Infrastructure and commu-
nications, (x) waste management, (xi) water distribution, and (xii) military defense (The Swe-
dish Riksdag 1998b).

33 Syftet med en miljokonsekvensbeskrivning for en verksamhet eller &tgérd dr att identifiera
och beskriva de direkta och indirekta effekter som den planerade verksamheten eller dtgérden
kan medfora dels pd ménniskor, djur, véxter, mark, vatten, luft, klimat, landskap och kultur-
miljo, dels pa hushallningen med mark, vatten och den fysiska miljon i dvrigt, dels pa annan
hushallning med material, rdvaror och energi. Vidare &r syftet att mgjliggora en samlad bedom-
ning av dessa effekter pd ménniskors hilsa och miljon.
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The environmental impact assessment produced for the exploitation conces-
sion application process is later to be expanded in preparation for the applica-
tion for an environmental permit. In Sweden, environmental permits are man-
aged by the regional environmental courts. Before rendering a decision, these
courts assess the testimony of the applicant and of the relevant governmental
agencies, e.g., the Swedish Environmental Agency or the Swedish Agency for
Marine and Water Management. As part of environmental permit procedures,
applicants apply and argue for any additional permits such as water manage-
ment permits and waivers from environmental protection designations such as
species protections or Natura 2000 classifications. For the environmental per-
mitting process, the applicant must provide, in addition to an expanded EIA,
a waste management plan and a plan for how the area will be rehabilitated
when the planned operation is eventually closed. Environmental permits are
managed in two stages: the environmental permit and the eventual inclusion
of terms and conditions with the permit. In addition to the environmental per-
mit, explorationists must apply to the MIS to have land allocated to the mine
as well as file applications for construction permits with the local municipal-
ity. Land allocation rulings are typically based on what has been agreed on by
the explorationists and the landowners. However, if these parties fail to reach
an agreement, the MIS may rule on the matter with support from the Swedish
Expropriation Act.** In addition to the regulation discussed here, Sweden fur-
thermore possesses a Mineral Strategy (Ministry of Enterprise and Innovation
2013), which lists a range of strategies meant to promote mineral exploration
and mining to fuel economic growth and to develop Sweden as an attractive
investment destination for foreign investors.

2.3.2 Private regulation: From fraud to framework

In addition to public regulation, mineral exploration is also regulated under a
canopy of private regulation. These regulations are codes and industry stand-
ards for mineral resource classification and reports on mineral exploration re-
sults. Since their emergence in the 1990s and 2000s, these standards have seen
international harmonization under the umbrella of The Committee for Mineral
Reserves International Reporting Standards (CRIRSCO), an international
body that organizes entities responsible for developing mineral reporting
codes in most mining jurisdictions except China. While each individual stand-
ard applies primarily to companies and corporations listed and traded on the
stock markets where the standards originate, the harmonization provided by

34 Expropriationslag (1972:719).
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CRIRSCO in effect renders the local standards as part of an international net-
work regulating mineral resource classification and exploration results report-
ing in the majority of the world’s mineral and metal producing jurisdictions.
In addition, some cases, including Sweden, use some of these standards inter-
changeably.

Although commonly used in the exploration industry today, the standards
under CRIRSCO have a peculiar history as they were initially put in place not
with explorationists in mind but to protect investors by reducing uncertainty
regarding the accuracy and quality of the information available regarding min-
eral resource estimates and exploration results. One of the standards, the Ca-
nadian Institute of Mining, Metallurgy and Petroleum’s National Instrument
43-101 (henceforth NI 43-101), was even put in place as a direct consequence
of one of the largest mineral exploration frauds in modern history. In 1993,
the Canadian junior exploration company Bre-X Minerals Ltd. reported hav-
ing discovered a huge gold deposit near the Busang River in Borneo, Indone-
sia. Reports of the discovery set the company’s shares skyrocketing and this
led in turn to aggressive competition among major mining companies seeking
to gain shares in the deposit. In 1997, the mineral resource estimates for the
project amounted to 70.95 million ounces of gold, making it one of the largest
gold deposits in the world (Nicholls 1999). However, the entire project came
crashing down later the same year when external actors carrying out confirm-
atory test drilling failed to reproduce Bre-X’s assay results and investigations
concluded that there was no significant deposit at the Busan site. Instead, it
was concluded that Bre-X had been salting their samples with gold from other
sources and that the Bre-X success story was nothing but a hoax (Ruffell, Ma-
jury, and Brooks 2012).

The codes and standards put in place at stock exchanges following Bre-X
provide a system of categorizing and classifying mineral deposits according
to the level of geological knowledge available for a deposits or sections of
deposits. These systems of classification define geological knowledge as the
confidence in estimating the quantity, quality, density, shape, and physical
characteristics of the mineralized deposit and provide two different categories
into which deposits may be categorized. The first of these categories is a min-
eral resource and depending on the level of geological knowledge and the de-
gree of confidence in the estimate, mineral resources may be divided into sub-
classes of inferred, indicated, and measured resources. The second category is
amineral or ore reserve although which term is used differs between the stand-
ards. The Joint Ore Reserves Committee’s Australasian Code for Reporting of
Exploration Results, Mineral Resources and Ore Reserves (or JORC Code for
short) uses ore reserves to denote this category, and the NI 43-101 and the
Pan-European Standards for Reporting of Exploration Results, Mineral Re-
sources, and Reserves (henceforth the PERC-Code) both use mineral reserves.
As these two terms are essentially interchangeable and denote the same thing,
this dissertation will use “mineral reserves” to denote both ore and mineral
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reserves. The more important difference is that which separates mineral re-
serves from mineral resources. While the definition of a mineral resource is
that it is potentially minable, mineral reserves are estimated with extraction in
mind and rely on what the standards refer to as “modifying factors” for their
estimation. These factors include assumptions about mining, processing, met-
allurgical, infrastructure, economic, marketing, legal, environmental, social,
and governmental factors, which are added to resource estimates to produce
mineral reserves. In addition, the standards provide two subclasses of reserves
in the form of probable reserves, which are based on indicated resources, and
proved reserves, which are based on measured resources. Figure 2 below out-
lines this system of categories and the ways different categories relate to each
other as it is stated in the CRIRSCO (2019) reporting template.

Figure 2. General relationship between Exploration Results, Mineral Resources and
Mineral Reserves as outlined by CRIRSCO (2019)

The guiding principles behind the codes and standards discussed here state
that exploration companies’ reports to the public should be unambiguous,
based on relevant information, and that reports should be produced or in-
spected by someone with the appropriate competence of the type of resource
concerned and who is “subject to enforceable professional codes and rules.”3*
Moreover, the codes and standards also provide systems of accreditation
through which individual geoscientist and engineers (i.e., the experts with the
appropriate competence) can receive the necessary accreditation to review

35 Field notes: Class on Mining Economy and Risk Evaluation
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mineral resource and reserve estimates. Such accredited persons are known as
“qualified persons” or “competent persons” depending on which standard is
used in accreditation. In order to become an accredited qualified person, one
needs to show competences such as a university degree in engineering or ge-
oscience, sufficient experience, often defined as having five years’ experience
in exploration, mine development, mine operation, or project assessment, and
relevant experience in the specific subject matter on which he or she is writing
the report. Competency, however, is not only measured in terms of experience
but also in terms of social standing as an expert also needs to be “in good
standing with a professional association” in order to receive the accredita-
tion.*¢ The role of the qualified person is a form of self-regulation put in place
by members of the field. Qualified persons often work in teams and evaluate
projects in line with what is stated in the standards in terms of estimates made,
assumptions used, and modifying factors assessed. The role of accredited
qualified or competent persons in exploration is discussed in detail in chapter
6.

This chapter has outlined the contextual and legal-juridical background of
mineral exploration in Sweden. The public and private regulation discussed
here demand that explorationists produce predictions for what future exploi-
tation of a mineral deposit would entail in terms of profitability, design of
operations, and environmental impact. By attending to regulation, explora-
tionists gain legal resources such as exploitation concessions as well as legit-
imacy for their estimates provided to investors. In the domains of permitting
and investment, mineral explorationists thereby gain different forms of re-
sources from state and market actors.

36 Field notes: Class on Mining Economy and Risk Evaluation
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3. Theory: Prediction Work in Mineral
Exploration

“Guitar groups are on their way
out, Mr. Epstein.”

Prediction is hard. The infamous words quoted above with which then Decca
Records A&R man Dick Rowe is said to have turned down The Beatles is just
one of many famed examples of how people historically have been painfully
wrong in their predictions. As in the cases of the blown predictions by miners
LKAB, Northland Minerals, and explorationists Rubicon Minerals, Decca
Records and Dick Rowe were unable to make the connection between what
they could see in the present and what would eventually emerge, so to say,
around the next corner. However, while examples of flawed predictions are
numerous (often making for good banter for those left unscathed by their con-
sequences), prediction remains an important and prominent feature of human
endeavor in an uncertain world. Despite this, there exists no sociology of pre-
diction the way there are sociologies of, for example, art, culture, or organiza-
tions. Instead, a study of prediction is both free and forced to choose between
many different sociological approaches that together can help unpack and an-
alyze predictions and prediction work.

This chapter therefore reviews some theoretical and conceptual approaches
to predictions to build a conceptual toolkit suitable for studying prediction
making under uncertainty. In doing so, the chapter provides a more thorough
introduction of the term prediction work as an umbrella for the different ac-
tivities actors engage in when producing, justifying, and using predictions to
manage uncertainty. To accomplish this, the chapter assesses the relevant so-
ciological literatures in relation to their abilities to capture prediction making
under uncertainty in mineral exploration and beyond. The result of this assess-
ment is an outline of a conceptual toolkit through which prediction work can
be dismantled and analyzed in its parts in order to build an understanding of
how predictions are made in mineral exploration. This chapter first discusses
the root of the problem facing predictors—i.e., the peculiar challenges involved
in attempts at prediction. Following this discussion, the chapter discusses a
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conceptual definition of predictions based on a sociological reading of philos-
opher Nicolas Rescher’s (1998) work on predictions in which predictions are
conceptualized as epistemic challenges involving data collection and trend
identification. Because of the importance of data collection and trends in
Rescher’s discussion of predictions, the subsequent section turns to valuation
studies for an in-depth look at sociological perspectives on valuation, quanti-
fication, and commensuration as means of data production and pattern identi-
fication. The chapter ends with a section on justifications, lifting the perspec-
tive from making measurements for predictive projection to the justification
of prediction correctness.

3.1 The status of the future

The uncertainty of the future has long beset those trying to predict its qualities.
It is therefore not surprising that across history, different societies have devel-
oped different methods of divination through which to overcome the uncer-
tainty of present day decisions and future events. Examples of divinatory de-
vices range from the oracles to which Cicero saw kings and peoples turn in
antiquity,’” through astrology, which was once a premiere vehicle of predic-
tion (Curry 1987), to present day cost-benefit analysis, market analysis, and
forecasting (Rescher 1998, see also; Porter 1996). Mineral exploration is no
exception to the use of contemporary forms of divination. Its distant temporal
horizons, low probability of success, and regulation that demands proof of
future minability and the permissibility of its environmental impacts make the
industry a hotspot for prediction work; and explorationists need to ask them-
selves a series of questions about the big and small as well as long-term and
short-term futures. Is it that the project they are presently working on will be
one of the few to produce success and make the full journey from prospect to
profitable mine? Will the costs of developing, constructing, and operating the
projected mine be covered by future profitability? Will the project’s impacts
on environmental and social values be limited to such an extent that they are
justifiable in relation to the benefits predicted to come from the project? The
number of questions to answer in mineral exploration is great, and they all
concern a future that needs to be made available to explorationists in the pre-
sent. However, while mineral exploration work attempts to provide precise
answers to such questions, there is little reason to expect that explorationists,

37 Cicero asked what King or people there had been who did not make use of divination: “Quis
rex umquam fuit, quis populus, qui non uteretur praedictione divina?” (Marcus Tullius Cicero
1730:43)
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or anyone else for that matter, are capable of producing precise predictions
because the future proper is not available to those trying to learn its qualities,
making prediction an epistemological headscratcher.

The reason why the future is not available to predictors is because, onto-
logically speaking, the future does not yet exist (Rescher 1998). While ideas
and expectations of what the future will hold are directly available in the pre-
sent, the object to which they correspond is not. This problem lies at the heart
of discussions of the uncertainty of the future, a discussion that emphasizes
that the future cannot be known. Because of this, managing uncertainty in or-
der to negotiate the futurity paradox discussed above cannot mean reducing
uncertainty by making the future known, but rather finding ways to navigate
unescapable uncertainties. One illustrative discussion of this is found in the
writing of Saint Augustine of Hippo, who discussed the inaccessibility of the
future and how this inaccessibility limits the foreseeability of future events to
extrapolation from the present. According to Saint Augustine, the future’s sta-
tus of not yet having come into existence means that to those attempting to
observe it in the present

Future things therefore are not yet; and if yet they be not, at all they are not;
and if so they bee not; possible to bee seene, they are not; yet foretold they may
bee by somethings a present, which both are already, and are seene. (1631:770
[emphases in the original])

There is a corollary to Augustine’s argument: as the future cannot be known,
any attempt to predict it will need to be made on basis of the present. Moreo-
ver, in this line of reasoning, the present is a point that passes on and trans-
forms the future into the past, existing only as an infinitely brief “now” in a
sea of non-existing pasts and futures. Based in this view of time in which only
the infinitely brief present truly exists, Saint Augustine concluded that the fu-
ture does not have an extension in and of itself: “the long future time, is
meerely a long expectation of the time to come” (1631:801 [emphases in the
original]). Following Augustine, it is not possible to talk of the qualities of a
future state but only of one’s expectations of this future state.*® This peculiar

38 This proposition is as follows: While commonly not recognized as such, the future is essen-
tially based on a philosophical presentist understanding of time and while it may appear strange,
its practical consequence is merely that until the future has become present there can, ontolog-
ically speaking, not exist a “future” of which one can have knowledge. Alternatively, an eter-
nalist conceptualization of time would mean that the future is conditioned in such a way upon
the past, present, and perhaps even the future’s future that it is already present, so to say, in the
present. One example of such a position is that of the Marquis de Condorcet mentioned earlier.
According to Condorcet, all things are calculable given a sufficient number of observations and
a sufficiently complex mathematical model to capture the unfolding of the laws that guide nat-
ural and cultural events. A second eternalist position is that of dialectical historical materialism
in which the historical present is dialectically contingent on the past and future in such a way
that the historical object, Walter Benjamin (2002:475) wrote, “finds represented in its interior
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nature of the future as expected but non-existing means that it is not possible
to speak of truth in relation to predictions, forecasts, or other statements about
what the future will look like. Statements about the future can, simply put, not
be true or false as the object to which they correspond does not yet exist; they
are merely more or less correct (Rescher 1998). Therefore, statements about
the future cannot be based on knowledge about the future but must be based
on knowledge of something else, as philosopher Lars Gustafsson (1971:120)
put it in a discussion of the emergence and growth of futurology as a field of
research in the latter half of the 20" century:

Therefore, when futurology comes with claims of being a science of the future,
these claims must either be empty since we cannot have any knowledge of the
future; or its content must be a different type of knowledge than knowledge of
the future.’® [author’s translation]

The consequences of the future’s non-existence should not be over-empha-
sized, however. While the lack of a corresponding object makes fore-
knowledge proper impossible and prediction challenging as it voids any claim
of absolute certainty, much of everyday life carries on with relative stability
and regularity, which leaves plenty of room for anticipation and prediction,
albeit with the qualification that they remain uncertain.** Instead, it is im-
portant to note the implications the future’s ontological status has on its epis-
temic status. Given that there exists no way for an actor to engage directly
with the future, the future must be approached through some other way. This
is where predictions become uncertainty management. Through prediction,
actors are able to produce measurable present futures that function as stand-
ins for the uncertain future present. This distinction, introduced by Niklas
Luhmann (1976), distinguishes between the future as it is perceived in the
present (i.e., the present future) and the future as it is when it has become the
present. Following this, there may be many (often competing) present futures,
but only one realized future present to which the expectations contained in the
present futures may or may not correspond. One of the key features of Luh-
mann’s distinction between these two realms is that there is room for discrep-
ancies between them. Therefore, the future may be defined as two separate

its own fore-history and after-history.” In this approach to time, the present caries within itself
its past as well as its own future consequences—i.e., prediction, once again, becomes the struggle
to unpack correctly the future from the present. However, considering how complex the present
is, the scope of potential futures is still so great that foreknowledge, arguably, becomes an im-
possibility wherefore the entire discussion reverts back to its presentist beginning.

3 In the original German: Wenn also Futurologie mit dem Anspruch einer Wissenschaft iiber
Zukunft auftritt, muB3 ihr Inhalt entweder leer sein, denn wir keine als Kenntnis tiber die Zukunft
haben; oder ihr Inhalt muf} eine andere Art von Kenntnis sein als Kenntnis iiber die Zukunft.
40Tt is after all quite likely that even though one cannot claim it with absolute certainty, the sun
will rise also tomorrow.
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objects: the present futures projected from present expectations stand as a
placeholder for the uncertain future present.

3.2 Patterns and projections: Sociologies of the future

The projection of present expectations onto the future depends on predictors
performing what philosopher Nicholas Rescher (1998) calls an “epistemic
leap.” Such leaps from the present into the future are accomplished by rational
evidentiation and this, Rescher continues, is the one and only window into the
future. According to this reasoning, the quality of a prediction of future events
is conditioned on the predictor providing rational evidence for why a trend
observed in the present is likely to continue also in the future. However, what
separates rational from irrational evidentiation is a question of what counts
and what does not count as relevant information and data processing. That is,
to a community that places equal faith in the stars and predictive econometrics,
astrology and cost-benefit analysis would make up two equally rational modes
of prediction. What makes up rational evidentiation and therefore the scope of
available methods through which to attempt to create foresight is a socio-his-
torical matter; therefore, the concrete system of what counts and what does
not count as rational is more an empirical question than anything else. Eviden-
tiation therefore becomes rational evidentiation when the information and
tools used are deemed appropriate by those who attempt this epistemic leap
into the future as well as by the publics positioned to assess the success or
failure of these attempts.

3.2.1 Data and linkage in prediction work

The fundamentals of prediction work has already been hinted at in the discus-
sion of the epistemic leap involved in prediction making above, but given the
central role predictions play here, this note will be developed further in this
section. Discussing a general theory of prediction, Rescher (1998:86) lists a
series of characteristics that set predictions apart from other forms of foretell-
ing. According to Rescher, one defining characteristic of predictions is that
they attempt to answer questions and that they require predictors to commit to
the prediction’s answers (Rescher 1998:40); that is, prediction work goes be-
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yond sketching potential futures such as is done in scenario making. In addi-
tion, Rescher continues, the work to answer these questions is characterized
by its reliance on data describing the past and present as a means to foresee
the future. Rescher thereby places great emphasis on the role of data collection
in prediction by making the availability of data that can be obtained in a
timely, accurate, and reliable way, as well as the exhibition of discernable pat-
terns in this data, and the stability of these patterns over time three key condi-
tions for the production of rational predictions. Predictions are therefore dif-
ferent from other forms of future-oriented statements, Rescher argues, as
while other forms of foretelling may produce scenarios and imaginaries of
what the future might be, predictions deal “in indicating what the future will
be” (Rescher 1998:40 [emphasis in original]). In addition, there also needs to
be some form of theoretical or experience-based justification provided in the
aforementioned evidentiation. Such evidentiation, Rescher continues, is pro-
vided through linkage that rationalizes the connection created between the
predictions made and the data used to produce the predictions:

Rational prediction pivots on the existence of some sort of appropriate /inkage
that connects our predictive claims with the input data that provide for their
justification. This linkage can be based either on explicitly articulated princi-
ples—explanatory regularities or presumed laws of nature—or on personal judge-
ments that exploit a knowledgeable expert’s tacit, unarticulated, and some-
times articulable background knowledge about the matter. (Rescher 1998:87
[emphasis in the original])

In Rescher’s definition, rational predictions depend on the availability of ade-
quate data as well as a theoretical or experience based link that can support
the projection of patterns identified in present day data into the future. To-
gether, these different components are the prerequisites for rational prediction
as without them prediction becomes an impossibility. That is, there is not
enough evidentiation and linkage necessary to sufficiently support the epis-
temic leap from present to future meaning that prediction instead becomes
speculation. In this perspective, prediction making depends on the use of pat-
terns identified in data through which questions about the future are answered
by means of projecting these patterns into the future through linkage. Follow-
ing this, any study of prediction work needs to consider how to best capture
the processes through which predictors assemble data and how they then iden-
tify projectable patterns in this material. This dissertation therefore proposes
that the work on data production and measurement provided in valuation stud-
ies and the literature on quantification and commensuration offer useful tools
with which to unpack the work that goes into producing predictions to manage
uncertainty.*!

4! The combination of perspectives from the sociologies of the future, the sociology of predic-
tion, and valuation studies has been argued for previously by the author (see, Olofsson 2019).

63



3.3 Making numbers: Measurement and valuation in
prediction work

A mathematician, like a
painter or a poet, is a maker of
patterns. If his patterns are
more permanent than theirs, it
is because they are made with
ideas. (Hardy 1967:84)

Valuation studies, or the sociological study of valuation and evaluation,* host
a range of approaches to the study of how values are established (Lamont
2012) and ask questions about the processes and relations from which values—
i.e., measurements of relative positions—are produced through valuation.
Moreover, valuation studies tend to approach valuation practices with a view
to unpack them so that the “establishment, assessment, and negotiation of val-
ues” is opened up as a topic for discussion and scrutiny (Doganova et al.
2014). In the eyes of pragmatist philosopher John Dewey (1939; see also
Kornberger et al. 2015), valuation studies pertain to establishing understand-
ing of the practices of valuation, making valuation studies effectively about
studying how values are assigned to things and objects through processes such
as ranking and comparison (i.e.,, to study what ideas went into producing the
patterns). In this tradition, valuation is perceived as layers of classification
through which things and people are sorted and distinguished from each other
and which reflect the techniques, contexts, and motivations of those doing the
valuing (Espeland and Lom 2015). However, while being unified in terms of
subject matter and in viewing value as something ascribed to things and per-
sons rather than being inherent to these things and persons in and of them-
selves, valuation studies are home to a pluralism of approaches to how valua-
tion is to be studied.

Scholars maintaining John Dewey’s (1939:5) original proposition tend to
define valuation as an appraisal of objects and persons in which values are
ascribed through the use of different means of comparison such as ratings and
rankings. A second strand has instead chosen to focus on the structural aspects
and on the status orders and standards that shape what values are assigned in
valuation (Aspers 2011; Beckert and Aspers 2011). In this approach, the focus
lies with the “collective process in which products become seen as possessing
certain traits and occupying a specific position in relation to other products in

42 While these terms are sometimes jointly referred to as (e)valuation, the present thesis will
refer to the joint field of research as “valuation studies” while distinguishing between them
when discussing instances of valuation or evaluation.
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the product space” (Beckert and Musselin 2013:1) as well as with the role
played by standards and status hierarchies in how objects are assigned to dif-
ferent categories in a market (Aspers 2009). Lastly, a third perspective is the
more conflict-oriented situationalist perspective, which focuses on the situa-
tional dynamics and the dissonances that shape “moments of valuation” (An-
tal, Hutter, and Stark 2015). Together, these three approaches—the pragmatic,
the structural, and the situationalist—provide different points of entry into the
field of valuation studies. Although all three strands provide insights into how
valuation takes place, there are important differences between them that need
be considered in relation to this thesis. First, the general focus in this inquiry
is with the production of data and patterns that support prediction making. As
a result, this dissertation is more closely aligned to the more pragmatist ap-
proach and the definitions of valuation provided by Wendy N. Espeland and
Stacy E. Lom (2015) and Trine Pallesen (2015), who write about valuation as
collective actions that produce assemblages of heterogeneous values that are
later translated and expressed in common singular metrics. Following this, this
study uses valuation to denote the process through which values are ascribed
to things and people. This positions this thesis in relative conflict with the
situationalist perspective and its conceptualization of value as a verb and val-
uation as “contested processes” (Antal et al. 2015) as the pragmatist approach
instead tends to favor an approach to value as a noun and valuation as the
process through which different values (plural noun) are assigned to persons
and objects. The reason for positioning this dissertation in such a way is both
empirical and theoretical. Empirically speaking, mineral exploration produces
values (noun) that enter a realm of already existing values and while valua-
tions may rely on similar methods of valuation such as tonnages, emission
estimates, and economic costs and incomes, and it is not certain that these
values correspond to values already in place within this realm. Theoretically
speaking, this opens up possibilities for asking questions about value hetero-
geneity and about the production of different values in reference to the same
thing or person depending on how the valuation of the same has taken place,
something that is less available in the situationalist approach.

In addition to the conceptual distinctions detailed above, this dissertation
will furthermore employ the term valuation device (Dobeson 2016b) to denote
methods used in valuation. Following this, valuation processes are here de-
fined as the processes in which valuation devices are used to produce expres-
sions of values based on a translation of often heterogeneous values into some
common metric. Therefore, valuation processes constitute processes in which
questions regarding the value of something or someone are answered by use
of valuation devices that enable valuators to sort, rank, rate, or produce other
systems of differences that answer such questions. The invention and devel-
opment of cost-benefit analyses (Porter 1996), statistical methods such as the
BMI, and other methods for determining the mean human person (Desrosiéres
1998), systems for ranking universities (Espeland and Sauder 2007) or credit
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ratings (Carruthers 2013, 2017) in this conceptual framework become intro-
ductions of new valuation devices that may be employed in valuation pro-
cesses by actors seeking to answer old and new questions regarding the value
of something or someone relative to the value of something or someone else.

Commensuration

Moreover, to provide practical answers, valuations rely on the resulting values
being expressible as a homogenous system of values (Pallesen 2015). Homog-
enous systems of values allow things, people, or alternatives to be ranked and
thereby place that which has been valued into a relation to other valued things
where they are made to be more or less valuable than the other. One particular
and powerful way of establishing such homogeneity in value relations and that
hints at the negotiations that underlie the creation of these relationships is
commensuration (Espeland and Stevens 2008:408, see also 1998). Commen-
suration is a process that

creates a specific type of relationship among objects. It transforms all differ-
ences into quantity. In doing so it unites objects by encompassing them under
a shared cognitive system.

While there exists other methods for establishing homogenous value relations
to rank or rate objects and persons, commensuration’s ability to absorb the
underlying political nature and consequences of their use arguably makes
them one of the more important ways of doing so (Espeland and Stevens
1998). Furthermore, while methods to commensurate are commonplace (e.g.,
in different systems of rating restaurants, educational performance through
grading, or by expressing value in monetary terms), the positioning of objects
in relation to other objects on the basis of commensuration has ethical and
moral implications (Espeland and Yung 2019) and may produce resistance
through contestation or suspicion. Examples of such resistance can be found
in discussions on the commodification and commensuration of things per-
ceived of as incommensurable such as public resources in the form of fish
stocks (Dobeson 2016a; Helgason and Palsson 1997) or culturally sacred
things such as human life (Zelizer 1978).

Valuation processes produce homogeneity from assemblages of heteroge-
neous values as it expresses potentially complex relations in a single common
metric by means of commensuration. When predictors work to predict future
events or developments by means of identifying patterns in the past and pre-
sent in order to project these as present futures, they are reliant upon measure-
ments that express and describe present and past occurrences of that phenom-
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enon which future they are trying to predict. Sometimes such values are read-
ily available as the result of others having already done the valuing as in the
case of past and present prices; sometimes predictors need to produce these
values themselves (e.g., by inventing systems for rating different alternatives
when rating different dam and canal projects) (Espeland 1998; Porter 1996).
What measurements are adequate for prediction work and what is the value of
a prediction? The next section adds justifications as a third dimension to the
present discussion.

3.4 Justification of uncertain futures and the trust in
numbers

As with statements about some future time or the value of someone or some-
thing, the products of prediction and valuation seldom stand alone. That is,
they are supported by some vehicle of legitimacy and justification through
which their worth can be claimed. Therefore, justification is an important di-
mension of valuation as it grants legitimacy in the form of worth to any value
ascribed to a thing or person. This connection between values, justification,
and worth has been outlined in the “sociology of critical capacities” launched
in the work of Luc Boltanski and Laurent Thévenot. Together, Boltanski and
Thévenot (2006) investigated the relationship between different “orders of
worth” and the justifications for why a thing or a person was assigned a spe-
cific worth. One example of this relation is how, according to Boltanski and
Thévenot, industry operates with an order of worth that promotes values such
as efficiency, productivity, and performance. According to this order, ensuring
successful normal operations and the going concern of the industrial entity are
indicators of positive worth. Likewise, the same order associates waste of cap-
ital as well as of human capabilities, unproductivity, and failure to adapt to
present or future demands or problems with negative signs of worth. Based on
these sets of values, the worth of an industrialist or any other thing or person
from the eyes of someone operating within the industrial order of worth can
be justified through references to these values. For example, someone be-
comes a good manager because of one’s ability to ensure stable production
and high productivity.

The industrial order of worth is just one of a series of different orders. In
their original work, Boltanski and Thévenot (2006) listed six self-enclosed
orders of worth that gather different grammars through which worth is referred
to actors and objects: civic, inspired, domestic, fame, market, and industrial.
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While these six orders have been institutionalized through subsequent re-
search leaning on the work of Boltanski and Thévenot, the six particular orders
of worth are not set in stone. In later work, Boltanski discusses how new orders
may emerge (Boltanski and Chiapello 2007), and some scholars have sought
to develop the theory further by leaving aside the orders of worth in favor of
an approach that focuses on the grammars of worth positioned within orders
of worth, which are actualized in claims about the worth of something or
someone. An example of the latter is the work of Laura Centemeri (2015).
Arguing from the empirical observation that justifications of the worth of the
environment mobilize competing and incommensurable orders of worth to
define the value of the environment, Centemeri proposes that while retaining
orders of worth as an analytical dimension, studies of justification ought to
emphasize engagement with that which is being valued as a foundation for
justifications over focusing on which order of worth a justification belongs to.

The orders of worth approach to justification and its subsequent develop-
ments open up a path to analyze how justificatory claims mobilize values to
support claims about the worth of someone or something. However, as the
present inquiry has less to do with which orders of worth are involved in jus-
tifying predictions in mineral exploration and more to do with the values ac-
tualized in valuation, this thesis proposes to move one step further and sepa-
rate the underlying mechanism of justification from the larger orders of worth
perspective discussed by Boltanski, Thévenot, and others. The reasons for this
are threefold. The first reason is that reducing justifications to their basic
mechanisms and therefore leaving aside the orders of worth means keeping in
line with the overall conceptual framework and its pragmatist orientation to-
wards empirical analysis of how prediction work takes place in the field. The
second reason is that there are epistemic reasons to forego frontloading prede-
fined orders of worth into the conceptual framework of this study as its prob-
lem is not one of predefined values but one of how explorationists mobilize
values in their work. The third reason is based on the empirical observations
undertaken for this dissertation where conflicting orders of worth frequently
co-occur in justifications of explorationists’ predictions. Therefore, this dis-
sertation will maintain the link between values, justifications, and worth out-
lined by Boltanski and Thévenot (2006) but with a broader focus on what val-
ues are actualized as signifiers of worth in justifications of predictions in min-
eral exploration rather than on what the correct taxonomy of these values are
in terms of what order of worth they belong to.
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3.5 Concluding remarks: A toolkit with which to unpack
prediction work

This chapter has discussed different sociological and philosophical perspec-
tives on prediction. Based on these discussions, it is now time to weave the
different threads together to form a tapestry consisting of different concepts
that together contribute to unpacking and analyzing prediction making while
considering the dimensions of valuation in prediction work and the ontologi-
cal and epistemological challenges involved in predicting the future. These
concepts hang together like the different layers in a Russian doll with Knight’s
conceptualization of risk as measured uncertainty and a sociological reading
of Rescher’s “philosophical anthropology” of prediction as pattern projection
forming the outer shell. Beneath this shell, which helps explain why predic-
tions matter (i.e., they help manage uncertainty as they provide rational and
evidentiated accounts of what may come), is a shell that more closely analyzes
how measurements describing the past and present are produced and how pat-
terns are identified in these measurements. Finally, comes a third and final
shell: the tools for an analysis of the justification of predictions and how actors
ascribe worth to predictions and predicted futures.

Following this review, a stylized conceptualization can be added to the gen-
eral outline of prediction work sketched earlier in this thesis (see chapter 1).
In this conceptualization, prediction work is an umbrella term that captures
efforts to navigate uncertainty through predictions; therefore, the term covers
the entire process from the practical production of a prediction to its justifica-
tion and use. Prediction work therefore starts, as Rescher (1998) stresses, with
a question about the future that is to be answered in the form of a prediction.
To provide answers, prediction workers need to identify data that describe the
past and present and in which stable and projectable patterns can be identified.
These patterns are then projected onto the future using some method of linkage
through which past and present trends are carried onwards to form a present
future. Having made the projection prediction, workers need to commit to the
prediction and doing so means justifying the prediction and its parts as being
a viable answer to the question it set out to answer. This concludes this dis-
cussion on the conceptual toolkit used in this inquiry. The next chapter com-
pletes the first section of the thesis by outlining the methodological approach
through which this conceptual toolkit has been deployed in this study.
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4. Methodology: Tracing Prediction Processes

Arthur Stinchcombe (1978) once remarked that the formulation of social the-
ory should be founded in the detailed study of facts. This thesis adheres to this
imperative as it aims to combine a detailed description of the prediction work
undertaken by mineral explorationists while seeking to make a theoretical con-
tribution to the study of predictions as a way to manage uncertainty in partic-
ular as well as to the study of future as a social domain in general. However,
to establish facts one needs first to identify, codify, and understand them. One
needs, in short, a methodological approach that allows one to accomplish this.
Methodologically speaking, this dissertation traces its DNA to two sources:
the first is the ethnographic approaches that developed out of the Chicago
School and the second is the American and French pragmatist traditions (see,
e.g., Barthe et al. 2013; Frére and Jaster 2019; James 1907; Peirce 1905)* and
Alfred Schiitz’s (1962) combination of pragmatism, phenomenology, and We-
berian sociology. Among the ethnographic traditions to which this dissertation
has turned for guidance and inspiration are the participant observational ap-
proach pioneered by William Foote Whyte (1993) and Straussian grounded
theory (Glaser and Strauss 2005, 2009; Strauss and Corbin 1998, see also;
Howard-Payne 2016). Additional sources of inspiration have been the ethno-
graphic work by Howard S. Becker (1977, 1991) and Gary Alan Fine (1993,
2003). The pragmatist influence joins the ethnographic approach and focuses
the attention of the sampling and data collection on the establishment of prac-
tical truths and knowledge, particularly in the form of predictions and justifi-
cations of predictions, in the field. Adhering to these two lines of influence,
the work leading to this dissertation has focused on tracing explorationists’
understandings as well as the conventions, ideas, and know-how that goes into
their prediction work. In addition, the thesis has furthermore sought to avoid
drawing on extraordinary cases. Mining and mineral exploration is home to a
series of larger-than-life stories about great successes and bleak failures. Alt-
hough such cases may be inspirational and educational, they seldom reflect
the day-to-day realities of mineral exploration. While extraordinary events
may help illuminate the challenges of mineral exploration (see introduction

43 Although questions have been raised regarding to what extent French pragmatism is a prag-
matist approach, this dissertation views French pragmatism as a development of its American
forerunner. The reason for doing so is based on Tanja Bogusz’s (2014) treaties on the relation
between American pragmatism and the works of French pragmatist forerunner Luc Boltanski
(see also Frére and Jaster 2019).
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above), this dissertation follows William Foote Whyte’s (1993) observation
that extraordinary events can only truly be understood if one first understands
the everyday patterns from which they arise. Therefore, the focus of this study
lies with the mundane day-to-day work of mineral exploration.

4.1 Methodological approach

Although based in an ethnographic approach, this study combines traditional
ethnographic data such as observations with interviews and archival research.
This combination of an ethnographic orientation coupled with interviews and
archival research under a pragmatist umbrella was chosen because it allowed
for adjusting the sampling strategy to accommodate some of the particularities
of the field. Mineral exploration is a multi-sited and multi-temporal endeavor
in which different actors become involved in the process at different times and
where old predictions are remade and revised as projects mature. In order to
accommodate these realities of the field, the methodology needed to consider
the different domains in which the prediction work takes place in mineral ex-
ploration and how this work is expressed both in explorationists’ personal ex-
periences and in written communications such as the reports produced as part
of mineral exploration. One of the challenges of studying mineral exploration
is, in short, that although it is possible, to paraphrase Clifford Geertz (1988),
to gather information about the people living “there” and later make this in-
formation available to one’s scientific community, it is not obvious where
“there” is located in this particular case. As the field consists of different actors
working in different fields of expertise and much of the work explorationists
do takes place in documents such as exploration reports, permit applications,
and models, a variety of data needs to be combined for a thorough analysis of
prediction work to be possible in this case.

These challenges mean that the strategy for this study needs to consider
several factors. First, although interview data and ethnographic observation
capture the subjective experiences and actions of actors involved, modelling
is notoriously hard to study ethnographically as it is difficult to follow what
the actor or actors producing the model are doing (see Sundberg 2005). This
appears to be especially true for mineral exploration as the majority of predic-
tion work undertaken by explorationists takes place in models, documents,
and reports. Second, although the predictions tend to be situated in these doc-
uments, the documents cannot be fully understood without understanding the
processes behind their creation nor without insights into the overall field in
which they are produced. Based on these considerations, this study combines
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interviews, archival materials, and ethnographic observation to produce a da-
taset that describes prediction work in mineral exploration from different sides
and in its different dimensions. Interviews were conducted with informants in
key positions along the exploration process in order to capture explorationists’
subjective experiences and understanding of prediction work at different
stages in mineral exploration. At the same time, documents in which predic-
tions are made and publicized have been analyzed for how explorationists pro-
duce and present predictions. Moreover, participant observation has been car-
ried out on classes and courses that address the skills necessary in prediction
making in mineral exploration. In addition to this, observations of events
where industry members met and discussed present trends and debates in min-
eral exploration are used to build an understanding of the field in general and
of the context in which explorationists’ prediction work takes place.

In addition to questions regarding what types of data best depict the day-
to-day realities of the field, there was also a question of whether to focus this
inquiry on a select number of cases or whether to look more broadly. Would
it, for example, be possible to follow a few cases of mineral exploration in
detail? The answer to these questions grew increasingly clear as work began.
First, it became apparent that there existed potentially important differences
between exploration organizations of different sizes (i.e., between majors,
mid-tiers, and juniors) and that any sampling strategy would have to accom-
modate these differences. Second, as exploration projects take about ten years
to finalize and the low likelihood of success means that only a few projects
make it through the entire process, the challenges of identifying and following
a specific project as explorationists work them appeared less than feasible as
there was nothing to guarantee that the projects would not be terminated dur-
ing the observation and data collection. To navigate these challenges it was
decided that the approach that best could manage the idiosyncrasies of study-
ing mineral exploration would have to include looking broadly and sample
across the exploration process rather than on a case study basis. Therefore, the
methodology and ultimately the analysis focused on the exploration process
as it is expressed in several cases rather than on specific actors or projects. As
a result, this dissertation follows and maps the processes of prediction work
in mineral exploration and the stepwise structure through which predictions
are developed, revised, and tested as they are moved through the exploration
process. This process-oriented approach also extended to the sampling strat-
egy, which involved a stepwise theoretical sampling strategy based on Glaser
and Strauss’s (2009) grounded theory methodology. As a result, each moment
of data collection was followed by a reflection upon how each new data point
contributes to the understanding of the prediction work process and what ad-
ditional data would be needed to complete and develop this understanding.
The outcome of this reflexive process was the creation of a map of the explo-
ration process where each new “piece” of empirical material laid the ground
for the next and where each wave of data collection was followed by reflection
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on what information was necessary to complete the emerging picture and add
new dimensions to the data gathered to date. This reflexive process also in-
volved triangulation as the sampling of different types of data made it possible
to gather empirical materials that illuminated and illustrated different dimen-
sions of the same fact. One example of this is how observations of a training
session on financial modelling in mineral exploration helped create a richer
and more grounded understanding of the models and estimates presented ex-
ploitation concession application materials and other parts of the archival ma-
terial.

The continuation of this chapter accounts for the details of the methods
employed in compiling the dataset upon which this thesis builds. The chapter
also describes the coding and analysis of the collected empirical materials and
ends by discussing ethics in research as it relates to this dissertation. In addi-
tion, the contents of this chapter are supplemented by four appendices. Ap-
pendix 1 provides an extended methodological discussion and reflection on
the work involved in producing the materials discussed here. Appendix 2 and
3 provide tables detailing the observational field work and the archival mate-
rials included in the dataset. Appendix 4 offers an example of one of the in-
terview guides used in this study.

4.2 Methods and data

The majority of the empirical data was collected in Sweden, a country that,
thanks to its long history of mining, relatively stable legislature, and beneficial
freedom of information legislation allows for sampling of archival materials
concerning mineral exploration over long time spans. The materials that orig-
inate outside Sweden consist of ethnographic field notes taken at an interna-
tional metals and minerals trading site as well as at the 2018 Prospectors &
Developers Association of Canada (PDAC) conference, which is a major in-
dustry conference and trade show that gathers a large international attendance
of explorationists, consultants, and governmental agencies, including geolog-
ical survey offices.

In assembling the dataset, interviews, observations, and archival research
methods were employed in parallel. Eighteen open in-depth interviews were
carried out with informants in key positions within the field. All informants
either work or have worked in mineral exploration, within related governmen-
tal agencies, or in proximity with the industry. The sample of informants con-
tains both senior and junior members of exploration organizations, govern-
mental agencies, and consultancy organizations. Because of the relatively
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small size of the Swedish mineral exploration sector, the sampling of inform-
ants for interviews needed to manage the relative scarcity of potential inform-
ants and the complexity of the exploration process. Therefore, the sampling of
informants for interviews were directed towards identifying and interviewing
informants based on their areas of expertise and their position in the mineral
exploration process. Efforts were also made to ensure that the different types
of organizations (e.g., mid-tiers, juniors, and consultants) as well as domestic
and foreign organizations were represented in the sample. The sample of in-
formants is skewed in terms of gender: three of 18 informants identified as
female. This distribution roughly corresponds to the distribution of female
workers in the entire Swedish mining industry.* Contacts with informants
were made by e-mail, telephone, or as part of ethnographic fieldwork. A sum-
mary of the informants’ positions and fields of expertise is provided in Table
1. To ensure the informants’ confidentiality, several measures were taken.
First, pseudonyms are used for all informants. Second, although the pseudo-
nyms reflect the informants’ gender, the use of Anglophone names does not
connect to informants’ backgrounds but were chosen to better match the lan-
guage of this thesis. Third, informants’ expertise is described in general terms
s0 as to avoid presenting any information that can help in identifying any in-
dividual person.

All interviews were carried out by the author, who used a brief interview-
guide containing a small set of themes to be raised in relation to what the in-
formants related in the interview. The interviews began with the informants
being asked to describe their work and continued with questions regarding
when in the exploration process their expertise comes in and how they work
with uncertainty. Informants were furthermore encouraged to describe actual
practices rather than merely express their views about mineral exploration in
an abstract sense. The shortest interview lasted 36 minutes and the longest
lasted 2 hours and 21 minutes. The interviews were conducted in either Swe-
dish or English depending on the informants’ language preferences. The loca-
tion for the interviews was chosen by the informants to ensure the least possi-
ble inconvenience to informants. Interviews have therefore been carried out in
offices, hotel lobbies, office lobbies, and conference rooms at governmental
agency buildings, university campuses, and airports. Three informants were
not able to find a suitable day for a meeting wherefore interviews were con-
ducted via telephone or Skype. Interviews were recorded with the informants’
permission using a recording device in order to enable subsequent verbatim
transcription. Transcripts were anonymized through the removal of identifia-
ble information such as names of persons, organizations, and locations. On

4 According to SGU statistics, the proportion of female workers in the Swedish mining industry
stood at 17 percent in 2018, while the number of female office workers at Swedish mines the
same year stood at 30 percent (Geological Survey of Sweden 2019b). While these numbers
concern the industry in its entirety, no specific information has been found on the proportion of
male and female workers and officers in mineral exploration.
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some occasions, noise from the surrounding environment rendered brief parts
of the recording inaudible. This was noted in the transcripts and made a point
for consideration in subsequent analysis. Two informants declined the use of
recording equipment wherefore only 16 of the 18 interviews were recorded
and transcribed in this way. For these two interviews, extensive notes were
taken during the interview and transcripts were made immediately after the
interview. Notes were furthermore taken before and after each of the 18 inter-
views; before interviews as preparation and after the interviews to catch any
immediate reactions, thoughts, or ideas resulting from the interview. These
notes were also used for reflection as they enabled an objectification of any
reactions, pre-cognitions, and pre-judices contained in them (Schiitz 1953; see
also; Overgaard 2015).

Table 1. Summary of informants (gender in parentheses)

Alias Area of Expertise
Anne Senior governmental agency officer (F)
Briana Person with experience from working in mining and smelting at a Swedish

mining company. Non-recorded interview (F).
Carl Mining engineer and qualified person working in consultancy (M).

Dave Mining engineer working in mining regulation and supervision with gov-
ernmental agency (M).

Eric Geologist working in a senior position in a junior mineral exploration or-
ganization (M).

Frank Geologist and retired mineral explorer (M).

George Geologist and former mineral explorer now working as consultant in envi-
ronmental impact assessment (M).

Hank Geologist working in geological mapping and with consulting and provid-
ing information to mineral exploration organizations. Holds senior position
at governmental agency (M).

Ian Senior member of a junior exploration organization (M).

John Geologist, consultant and qualified person. Working with international
consultancy firm (M).

Keith Geologist working in mineral exploration with a domestic major organiza-
tion. Non-recorded interview (M).

Lars Senior member of major Swedish mining corporation, head of valuation
division (M).
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Maxwell Senior member of junior mining company (M).

Niels Chairperson of Sami district located in a mining region (M).

Olaf Geologist working with major Swedish corporation, previous experience
of senior position within international corporation and governmental
agency (M).

Peter Geologist working with Swedish governmental agency (M).

Quinn Geologist working as a consultant for foreign corporations operating in
Sweden (F).

Richard Geologist and senior member of major Swedish mining corporation, previ-

ously with other major Swedish mining corporation (M).

Ethnographic observation amounting to approximately 90 hours was carried
out at active mining operations, governmental agencies, and different industry
related events such as training events, seminars, and conferences. The material
includes classes on mineral exploration, a course on financial modelling in
mineral exploration, industry conferences and presentations, exploration pro-
ject presentations, and a trading session at a major international market site
for metals and minerals. Artefacts collected during observations included pho-
tographs, exploration material, books, leaflets, presentation materials, project
overviews, and prospectuses.

The observations undertaken in this study served three purposes. First, they
allowed for additional dimensions to be added to the understanding of predic-
tion work in mineral exploration. For example, being able to ride in a four-by-
four with a mine engineer to the edge of a large open pit mine and, standing
on the edge of the mine, be able to ask them about how they work when they
plan their mining schedules arguably adds depth to the descriptions of mine
planning available in technical studies and other archival materials. Second,
the observations provided first hand experiences and insights into some of the
techniques used by mineral explorationists. Third, observations also made it
possible to explore and map the professional culture and current debates in
mineral exploration and the mining industry. By participating in conferences
and trade-shows it was possible to capture the discourses at play in talks given
at these events while informal conversations during lunch, coffee breaks, and
dinner at conferences offered insights into how mineral explorationists talk
about mineral exploration and about themselves. Together, these approaches
offered ample opportunities not only to check descriptions in interviews and
documents against facts (Becker and Geer 1957) but to gain a richer and more
detailed and multifaceted account than would have been possible through in-
terviews and documents alone.
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As the ethnographic observations were carried out in different settings and
with the observer in different roles, the degree of participation varied not only
between sites but also between times of day. At industry conferences, for ex-
ample, participation during sessions was reduced to the anonymity of a “fly-
on-the-wall” as the author sat among the audience taking notes of what was
said in the presentation. However, between and after sessions, the degree of
participation rose as the observer mingled with the crowd, talked to informants
and their associates, and played the participatory part of “just another at-
tendee.” As a result of this, the type of observation varied between situations
as the relation between observer and actors in the field moved from one of
mutual awareness between informants and observer, a characteristic that Gold
(1958) calls the “participant-as-observer,” to that of a detached observer anon-
ymously sitting in a crowd or walking the aisles of a trade show taking notes
of what is going on around them.

Extensive field notes were taken as part of ethnographic observations.
Whenever possible, notes were taken during observations (e.g., during a train-
ing sessions, presentations, or class). When the situation did not permit
notetaking, notes were instead produced immediately after leaving the field
for the day. All notes were furthermore transcribed from the notebooks into a
digital format for later analysis. At the beginning and end of each day of par-
ticipant observation, as with the interviews, preparation for the observations
included writing down thoughts and ideas in notes. Reflections after the ob-
servations were also written down in notes.

The archival material consists of texts and materials produced by mineral
exploration organizations and related actors as well as industry standards and
other private regulation documentation. Although the materials consist of
multiple types of documents from different sources, these all sort under four
corpuses of materials. The first corpus is a collection of annual reports pub-
lished by mineral exploration organizations in Sweden. The second corpus is
a collection of 43 applications for exploitation concessions filed with the Min-
ing Inspectorate of Sweden between 2010 and 2016.% This second corpus con-
tains concession applications summarizing exploration efforts in projects as
well as supporting documentation such as environmental impact assessments,
mineral resource estimates, technical studies, and protocols from meetings
with governmental agencies, Sami districts, and local interests or property
owners. The materials also includes the rulings delivered by the MIS on each
application. The third corpus consists of the three main industry standards: the
JORD, PERC, and N143-101 as well as private regulation specific to Sweden.
The fourth corpus is a collection of the relevant laws and ordinances regulating
mineral exploration in Sweden.

45 The time span was chosen to allow for a significant but manageable number of documents
for analysis.
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The 151 annual reports that make up the first corpus were collected from
the individual webpages of SveMin members.“ The exploitation concession
application materials were accessed through freedom of information requests
to the MIS. In total, these requests returned 43 cases of applications amounting
to 577 documents consisting of a total of 7,855 pages. The industry standards
were collected from each issuing organization and the legal documents were
assembled through the Swedish Code of Statutes.

In addition to the three main strands of data, this project benefited from
access to information in the form of newsletters, reports, and databases avail-
able through the websites of The Geological Survey of Sweden (sgu.se), The
Mining Inspectorate of Sweden (sgu.se/bergsstaten), The British Geological
Survey (bgs.ac.uk/mineralsuk), The U.S. Geological Survey (miner-
als.usgs.gov/minerals/), Bundesministerium fiir Wissenschaft, Forschung und
Wirtschaft (bmwffw.gv.at), and The World Bank (worldbank.org). The re-
sources provided by these agencies were of great assistance in the early stages
of this project and with building an understanding and an orientation of the
industry. They also helped the author keep himself updated about events and
trends in mineral exploration and extraction also during the writing stage of
this thesis.

4.2.1 Learning the ropes

One important step in approaching and interacting with the field was to grow
successively more familiar with its logics, with engineering, and with theoret-
ical and applied geology. The field of industrial mineral exploration is a highly
specialized field in which different professionals, experts, and other skilled
personnel come together in projects to explore and valuate potential mineral
deposits. As such, it is also a field that relies on specialized knowledge and
uses highly specialized language. For a non-geologist with no engineering
background, it can therefore be challenging to grasp what is going on in the
field and to understand what people are actually talking about during inter-
views and fieldwork.” One informant referenced this saying that:

Yeah, as a non-geologist this can get pretty heavy. But if you’ve really read up
on it, then some of it may fall into place (John).

46 The decision to sample based on SveMin membership was to identify and sample documents
from exploration companies with established operations in Sweden.

47 An illustrative example of how impenetrable geological language can be to the uninitiated
person can be found a piece of archival material that in its discussion of the geology in a location
stated that the rocks “in the Koli Nappe” included rocks from the “Tjopasi Group” or that an
area may consist of “phyllite and felsic to mafic metavolcanics.”
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To prepare for the field work, the author visited closed down mining opera-
tions around Sweden to develop a sense of what a mining operation entails
and what the ultimate end-point of the mineral exploration process looks like.
Across the span of the years leading to the finalization of the thesis, six closed
mines have been visited in addition to the active mines visited as part of the
ethnographic field work. Image 1 below shows the author at one of the mines
visited for this dissertation.

Written sources were furthermore employed in attempts to gain orientation
and overview. Such written sources include newspaper articles and field spe-
cific materials such as information folders, exploration guidelines, exploration
reports, and standards. The initial stages of sampling were guided by the in-
sight that some informants’ knowledge and experiences would be too ad-
vanced for an uninitiated sociologist so the first contacts were made with in-
formants in positions and organizations that work in more generalized rather
than technical areas.

Image 1. The ethnographer underground (photograph by author)
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4.3 Coding, analysis, and presentation

The transcribed interviews and ethnographic fieldnotes were coded with the
aid of computer software Atlas.ti and consisted of a three waves coding strat-
egy derived from the grounded theory approach developed by Anselm Strauss
and Juliet Corbin (1998). The first wave consisted of open coding using the
line-by-line approach where descriptive codes are created for each line or sen-
tence of the transcripts and field notes.*® The second wave consisted of sys-
tematizing the codes produced in the first wave and on combining sub-codes
to reduce the complexity across the materials by using themes to gather related
codes into code families based on what type of activity or experience they
described. In the third and final wave of coding, the coded material was ar-
ranged into super-codes based on the dimension of prediction work in mineral
exploration they related to, (i.e., prediction production, justification, and the
later use and assessment of predictions). These super-codes were then ordered
to produce a narrative of coded materials that gathered that was structured
them along the parameters outlined in the research questions. The result of this
coding procedure was that the 2176 codes produced in the descriptive line-by-
line coding were gathered into 71 code-families, which were then joined to-
gether into seven super-codes according to their position in the narrative con-
structed around the exploration process and this thesis’s three research ques-
tions.

Due to the bulkiness of the archival material, line-by-line coding was ren-
dered inefficient and therefore a less fine-grained approach was used for each
corpus of materials. The analysis of the annual reports was explorative in na-
ture and focused on understanding how mineral exploration organizations
work in exploration and on mapping the types of risks discussed by explora-
tionists in these materials. The first focus was accomplished by reading
through the materials during which extensive notes were taken. The second
focus used the auto-code function in Atlas.ti. Set to extract each mention of
risk and uncertainty,* the auto-code procedure returned a body of codes that
were later coded manually in a second wave where the coded statements on
risks were divided into categories depending on what type of risk they de-
scribed (e.g., geological risks, currency fluctuation risks, and commodity price
risk). The exploitation concession applications and their supporting materials
were coded more closely and in greater detail than were the annual reports.

4 QOccasionally, whole paragraphs of field notes were coded as one unit. This was especially
true in instances when the paragraphs contained one multi-sentence descriptions of a single
event or situation.

49 This was accomplished using a search string defined to return chunks of text containing some
variation on the two terms. As the documents were written in either Swedish or English, the
procedure were adopted to include mentions of the terms in both languages.
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However, because the extensive volume of this material also rendered it un-
suitable for the line-by-line approach, a more thematic approach was selected
in which each document in the corpus was read through and entered into an
index together with details of the type of document® and a summary of its
contents. Memos pertaining to capture analytical ideas and reflections were
written throughout the coding process.>'

When constructing the empirical narrative, the ambition has been to pro-
vide a detailed account and exploration in the form of “a collection of com-
posed set-pieces” (Fine 2003a:54) that reflects the activities involved in ex-
plorationists’ prediction work. In order to accomplish this, empirical examples
from interviews, observations, and archival materials were included in the nar-
rative on the basis of their ability to illustrate and explain the different dimen-
sions of practical work involved at each stage of predicting the future mina-
bility in an exploration project. The quotations were selected by reviewing the
narrative of coded materials for examples that best illustrated the everyday
practices in the field.”> However, care was taken to ensure that any instances
of conflict and disagreement are accounted for and that all sides are made vis-
ible in the narrative. Finally, in cases where the data were recorded or pro-
duced in language other than English, translations of quotations are provided
in the text and the original transcript is provided in the footnotes.

4.4 Ethical considerations

The mineral exploration and extraction industry is a relatively small world that
at times faces heavy contestation, wherefore it has been necessary to take

30 The classification of documents contained the following types: application formulae, tech-
nical reports, mineral resource estimates, technical report supplements, drill profiles, maps, en-
vironmental impact assessments, environmental impact assessment supplements, MIS rulings,
MIS administrative notes, letters (including details on sender), and government rulings.

31 The industry standard corpus was coded into the themes constructed in the analysis of the
interviews and field notes. The corpus of laws and ordinances was read through and relevant
paragraphs were highlighted and ordered according to which point in the exploration process
they apply to.

52 This focus on the quotation’s ability to illustrate general practices means that some inform-
ants and observations feature more often in the narrative than others. This is merely a reflection
of their ability to provide more illustrative and exhaustive examples and not of any deficiency
on part of other informants or visits to the field. This is also true of the primacy of interviews
and observations over archival materials. As the interviews and observations to a larger extent
concerned general practices and generalizations across individual projects, these have been se-
lected as examples to a larger extent than were documents, which tended to concern specific
projects at specific points in the exploration process.
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measures to protect the confidentiality of the informants. Therefore, steps
were taken to de-identify informants and de-contextualize the informants, lo-
cations, and organizations present in the materials to whatever extent possible.
Although full anonymity may not be possible, steps were taken to ensure that
the identities of those who feature in the empirical materials are kept as con-
fidential as possible. Confidentiality was primarily accomplished by removing
names of persons, organizations, and locations in the transcriptions of the
field-notes and interviews. In addition, the corpus of permit applications were
anonymized by removing any names from the database constructed during the
analysis of the materials and by placing the code key necessary to de-anony-
mize the database in a separate and password-protected document. Finally,
pseudonyms were used when referring to informants and the companies or
corporations they work for.?

All participants in this study participated in their professional capacities
except for one informant who had retired from the profession before the inter-
view and whose participation was based on their former profession. Through-
out the project, all contacts made and all interactions in the field were taken
place in accordance with the recommendations put forward by the Swedish
Research Council (The Swedish Research Council 2002, 2011). The 18 in-
formants were informed of the purpose of the interviews, their right to confi-
dentiality, the nature of the research project, and their rights to withdraw their
participation. Having received information on their rights as participants, all
participants featured in this dissertation gave their oral consent to participate
and, in the cases where recording equipment was used, consent to have the
interview recorded for future transcription, analysis, and possible reproduc-
tion. When participant observation was carried out this was done with full
disclosure of the author’s name and place of work. The author made sure to
inform anyone with whom they interacted of the purpose of their presence in
the space in question. The notebooks used in the field as well as any materials
gathered during fieldwork were stored in locked compartments to ensure that
no outsider would be able to gain access. Informants who requested it where
given copies of the interview guide before the interview. One informant also
asked to review the transcript of their interview. The informant was therefore
sent a copy of the transcript and given the opportunity to comments on the
transcripts. The informant chose not to provide any additional comments after
having received the transcript.

33 On the few occasions when actual names are given, this is done only to relate publicly avail-
able information, e.g., as in the case of the Northland bankruptcy.
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5. Prediction Work in Mineral Exploration

The remainder of this thesis will present the results from the analyses of the
empirical materials in relation to the research questions presented in chapter
1. Across the following five chapters answers to how predictions are produced
and justified in mineral exploration, and of what consequences predictions
have when they are put to use by explorationists in their interactions with pub-
lics will be presented. The first question—i.e., How mineral explorationists pro-
duce predictions and how predictions help them manage uncertainty?—is the
focal point of this and the next chapter. This chapter focuses on predictions
produced in the beginning and early stages of the exploration process. Based
on the discussions in chapter 3, the chapters make particular reference to the
prerequisites for prediction outlined by Rescher (1998) and the valuation pro-
cedures and devices that help produce projectable patterns. The chapters in
this section also investigate what methods of linkage are used to project these
patterns to construct present futures. By outlining how predictions are made
in mineral exploration, what data and methods are used to identify projectable
patterns, and what linkages are used in projection, these two chapters provide
not only an answer to how minability is predicted under uncertainty, but also
provide a foundation for the coming chapters on prediction justification and
consequences.

The first section of this chapter provides an initial orientation of the explo-
ration process in general terms whereafter it closes in and focuses on describ-
ing the exploration work undertaken in the beginning and early stages of the
exploration process. This focused account is divided into two sections: the
first focusing on how explorationists select areas in which to located explora-
tion projects and the second focusing on the work carried out in order to gen-
erate targets within the selected area. Each of the two sections contains in-
depth accounts of how explorationists produce data for prediction work by
strategic use of valuation devices and how they project patterns found in the
data into the future as predictions. Following these in-depth accounts, the
chapter then moves to account for the larger picture emerging from explora-
tion work in these early stages before it ends with a discussion that summa-
rizes the findings presented in this chapter. Chapter 6 picks up where this
chapter ends as it looks closely at the later stages of mineral exploration before
it ties together the findings presented across the two chapters in one conclud-
ing discussion on how mineral explorationists predictions of the future mina-
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bility in exploration projects can be understood in a theoretical, or second or-
der (Schiitz 1962), perspective. The empirical section of the dissertation then
continues with chapters 7 and 8, which focus on the questions of prediction
justification and its consequences in use, respectively. This empirically fo-
cused part of the dissertation ends with chapter 9, which summarizes the re-
sults of this dissertation in a concluding discussion of the results presented
here and of their implications for the sociological literature on mineral explo-
ration and the overall problem of predictions and actors’ attempts to manage
uncertainty.

5.1 The exploration process

In its entirety, mineral exploration is a long process that begins with the search
for areas of exploration potential and continues with the initiation of explora-
tion and then moves between different stages at which different lines of ex-
plorationists work the project towards maturity. The time it takes to move a
project from initiation to an operational mine is often said to be around ten
years and sometimes more.** However, the vast majority of projects will not
last ten years as only a small portion of all projects manage to identify deposits
and resources that are of such quantity and quality that they are estimated to
be able to support a future mine. The few projects that are carried through the
entire exploration process will be subjected to a range of activities through
which explorationists from various fields of expertise gather, process, and an-
alyze data in order to produce predictions both for the long-term minability of
the project and its short-term exploration potential. Each stage of the explora-
tion process, in other words, involve explorationists valuating projects and
making predictions that help answering questions as to whether or not to move
forward and invest in the measures to be taken at the subsequent stage. Retired
exploration geologist Frank explained how this takes place in a, so to say, high
stakes decision tree as exploration means making decisions about moving pro-
jects forward while often having very little data to base such decisions on
wherefore the basis for evidentiation often is relatively weak. Asking whether
it would make sense to take a project to the next stage in the exploration pro-
cess, one must therefore look backwards to see what is ahead, Frank ex-
plained:

4 This is primarily true of mineral exploration in the field of industrial mining. Other forms of
mining may rely on different practices or logics producing different conditions. For an example
of such practices, see Lanzano (2018).
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If you look at it from an economic point of view, then you’ve got the budget
for the work you’re to do. And then, when you have done it, then you have to
look at the results of that work and ask “Do I know enough about this [deposit]?
Would it be worth it to spend any more on it, or should we write it off?”” If you
write it off then you leave it. If you want to do some more work then you
decide; “What information should I go look for now?” and then you go get
financing for that. And then you get this tree.>

Mineral exploration is, as Frank emphasized, a stepwise process that contains
several decision points; while this is not unique for mineral exploration, it of-
fers a structure around which one may build an understanding of mineral ex-
plorationists’ prediction work as consisting of many predictions with different
temporal orientations. The decisions being made at the different points Frank
pointed to revolve around explorationists asking questions about what might
potentially come—short-term and long-term—from doing one thing or another
based on the information that is presently available as explorationists valuate
projects’ potential and in relation to the costs of obtaining more data. In his
discussion on the decision points in exploration, Frank also explained that in-
vestments into additional information come with uncertain returns. This prob-
lem of uncertainty reduction, which is highlighted in Knight’s (2006) work on
uncertainty, complicates decision making as explorationists need to consider
not only the geo-economical potential in a project, but also the cost of further
investigating a project’s potential, or as Frank said:

You’re constantly asking: How much will this cost? What chances do I believe
there is that this will turn up something? Do I believe it is worth it to spend this
much money here, or should we close this project down? That’s a question you
have to ask yourself repeatedly.>

Across the exploration process there are, roughly speaking, four stages at
which the decision making discussed by Frank comes to the foreground as
they involve changes in what work is carried out by explorationists. These
four stages, summarized in Figure 3, are as follows: (i) conceptual studies and
project generation in which areas expected to hold exploration potential are
selected and surveyed; (ii) target generation in which the geological environ-
ment and identified deposits of mineralized materials are mapped; (iii) re-
source definition and resource evaluation where the quality, quantity, and ge-
ometry of identified deposits are valuated to produce an estimate of a mineral

3 Och ser du fran ekonomisk synpunkt s& har du ju en budget p& det du ska gora. Nér du har
gjort det, da far du ju titta pa det resultatet och stélla dig fragan Vet jag tillrdckligt om den hér
nu? Ar den vird att géra nigot mer pa, eller ska vi avskriva den?” Avskriva, di limnar man
den. Vill man gora mera, da bestimmer man sig for ”Vilken information ska jag sdka nu?” och
sedan tar man fram budgeten for att soka den. Och sedan far man ett sddant hér trad.

36 Det 4r hela tiden: Hur mycket kostar det nu? Hur stora dr chanserna, tror jag, for det hir?
Tror jag att det dr vért att lagga sa mycket pengar, eller ska vi ldmna det? Och den fragan far
man stélla hela tiden.
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resource; and (iv) feasibility studies that provide comprehensive evaluations
of exploration projects as well as their estimated economic value. Connected
to each stage in the exploration process are sets of activities that need to be
accomplished for the process to move forward. However, as all deposits and
all projects are different, how much work is required at each stage differs. If,
for example, one seeks to identify new deposits near an operating mine, one
may be able to spend less time and energy on project generation as the general
area of exploration has already been identified. If, however, one seeks to iden-
tify new deposits in previously unmined areas, one may need to spend much
more time undertaking field surveys and examining available data on existing
geological environments to tease out and select areas for exploration. The
same goes for the resource definition and evaluation stage. Certain types of
mineralization are harder to define and evaluate than others. Large magnetic
iron ore deposits, for example, tend to be more homogenous and therefore are
more easily defined than, for example, gold deposits found in narrow quartz
veins. The differences in how challenging the estimation between these two is
because of the properties of the two kinds of deposit. While a large magnetite
deposit stands out against the surrounding bedrock due to its magnetic prop-
erties, gold is often deposited as nuggets distributed unevenly throughout nar-
row quartz veins wherefore more samples need be collected to support an es-
timate of the gold deposit’s grades and tonnages. Despite these differences
between mineral deposits and projects, there are enough commonalities be-
tween the works carried out at the different stages to discuss them jointly. Each
of these stages are discussed in detail below.

Conceptual Target generation Resource definition | Feasibility studies

studies

—

Desktop explo- Survey of prospective Drilling and modelling to Mineral reserve estima-
ration and area sites establish a mineral re- tion, financial model-
selection source ling, and comprehensive
evaluations
| I | |
1 I | I
\/ \/ \/ \/
Continuation Continuation Continuation Continuation
or closure? or closure? or closure? or closure?

Figure 3. A stylized outline of the exploration process
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5.1.1 Early stage exploration: Desktop exploration

While the term “mineral exploration” might conjure up images of exploration
geologists scouring a far afield area in search for mineral discoveries, mineral
exploration projects tend to begin far from the rugged terrains with which it is
so connected.”” The reason for this is very simple; before explorationists put
their boots on the ground and begin the work to discover mineral deposits,
they first need to figure out where to look. Therefore, the first stage of mineral
exploration focuses on identifying and selecting areas in which to search for
exploration targets. In practice, this means asking in what jurisdiction, region,
and location it is likely that discoveries of significant deposits of mineralized
material can be made. Prediction work in early stage exploration is therefore
primarily about using global and regional data to predict where future discov-
eries are more likely to be made and this work often begins in one of two
places: in an office somewhere or in a large unheated warehouse in a remote
Swedish town.*

As different minerals are formed in different geo-tectonic environments,
explorationists may begin their exploration work by looking at regions char-
acterized by geological make-ups that tend to host certain types of mineral
deposits. Understanding something about plate tectonics, junior exploration
company CEO Ian said, is therefore important in early stage exploration as
“you need to be in the right place to look for the right thing.” Identifying areas
that may be suitable for exploration work can therefore be based partially in
applications of geological theory and supported by already existing geological
and exploration data. This information is then analyzed with a view to identify
prospective sites that fit what explorationists refer to as their exploration mod-
els. An exploration model details what minerals explorationists are looking
for, what geological environment they believe may host deposits of these min-
erals as well as what size of project they wish to work and what region they
wish to work in. There are many exploration models available; when used,
they may be adapted to fit the particularities of a project. One example of a
model that has been used successfully to identify new mineral deposits is the
Lowell-Guilbert porphyry copper model describes a type of copper deposits
characterized by rings of hydrothermally-altered rock that may extend several
hundred meters from the mineralized deposit (Lowell 2014; Lowell and Guil-
bert 1970; Misra 2012). Using an exploration model, explorationists narrow
and delimit their search to types of deposits and environments that suit their
expertise or the profile of their organization.

57 A connection that is highly visible in the type of images returned from a simple online search
for images of mineral exploration.

38 This is not to say that exploration fieldwork to map unexplored territories and areas no longer
take place, but that the volume of available historical exploration data available (e.g., in Swe-
den) today means that much of that work has already been done.
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The majority of exploration work at the early stage is therefore not primar-
ily fieldwork, but desktop exploration. However, in order for desktop explo-
ration to be possible, someone will have to have made the initial work to gather
the information that may be pooled by desktop explorationists. Such data in-
clude survey work done by a Geological Survey Department such as the
SGU,* historical exploration work, or modern remote sensing data such as the
mappings done using LANDSAT satellite imagery (see Sabins 1999). One
important resource for the desktop explorationist working in Sweden-and a
resource that is relatively unique in an international perspective-can be found
in the small Swedish town Mala. Located in the Swedish northern inland, the
relatively unassuming town is home to one of the world’s largest exploration
archives and therefore is a popular destination for domestic and international
exploration organizations looking to find new areas to explore. The SGU,
which owns and manages the archive, agency officer Peter explained, provides
consultation services as well as access to exploration reports, hundreds of
thousands of geological maps, and a drill core archive containing three and a
half million meters of drill core.® In addition to archiving and maintaining
these materials, the office is part of SGU’s larger mission to map the general
geology of Sweden and providing the results for popular consumption, for ex-
ample, through resources such as the geological Survey’s website where users
may access a range of maps from the SGU’s databases. An example of the
more general services available from the SGU is depicted in Figure 4, which
shows three examples of maps available from the agency’s archives and online
services. The three maps describe the Swedish bedrock in geological and ge-
ophysical terms. Moving from left to right, the first map details the geology
of Sweden’s bedrock, the second shows the gravimetrical variation (i.e., the
different strengths of gravity) across the country, and the last outlines the mag-
netic characteristics of the bedrock. Together, the three maps provide exam-
ples of how the underground is measured and codified using geological and
geophysical methods.

When asked how the SGU usually approaches inquiries from exploration-
ists, two SGU officers, Peter and Hank, outlined the services the agency offers
and explained that the exploration companies that come to them often do so
with a particular exploration model in mind. These models consist of the ex-
plorationists’ approach to project generation and what type and size of miner-
alization they are looking for and in what geological environment they believe

3 Other countries have also undertaken significant amounts of state-led exploration. Accounts
of government-led prospecting and geological mapping by the U.S. Department of the Interior
is, for example, available in Black’s (2018) historical research on the same agency.

0 Had these cores been gathered from one single drill hole, this drill hole would span the entire
diameter of the moon, 55 percent of the way from the earth’s surface to its core, or the full 2175
miles of the renowned Appalachian Trail between Springer Mountain, GA to Mount Katadhin,
ME, USA.
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they will be able to make such discoveries. Peter also said that most explora-
tionists who come to Mala had previously studied Sweden’s geology to find
areas that fit their exploration model. Peter outlined what services explora-
tionists can use in Mala:

If we’re talking about those who are coming to spend a few days here, then we
usually email them ahead of time to see what it is they would like to know and
what ideas they have, what they could work with, and then we go find out
where there are deposits that are available, because many deposits are already
placed under exploration permits, and then we pull out reports concerning the
area in question. So when they get here they can go sit down in a room and
review this information. And then, you know, some people want access to
maps, to be able to pull up maps on a computer and look through it to see what
is there and so forth. So based on the [explorationist’s] assessments, they then
pick out what they themselves see as most promising leads.®!

In addition to reviewing maps and exploration reports, the office’s clients can
also access its drill core archive. The drill cores available in the archive are
stapled in long rows that make corridors in the vast hall where the SGU stores
materials stemming both from their own work over the years but also from the
now closed governmentally-owned exploration company Swedish Geological
(SGAB). In addition to these materials, the archive includes cores handed over
to the SGU by private companies working in Sweden.

61 Ar det sadana som verkligen ska hit och kanske spendera nigra dagar, si mailar vi i regel
fore och klargdr vad dom vill veta och méjliga uppslag, vad dom skulle kunna jobba med, sa
tar vi reda pa var det finns fyndigheter som dels da &r lediga, for det &r ju vildigt mycket upp-
taget under undersokningstillstand, och sa kan man ta fram rapporter som ror det hiar omréadet.
Sa niar dom kommer hit sa kan dom sétta sig i ett rum och gé igenom det hér sjdlva. Plus att en
del vill ju ha kart-service, att man kan ga in och ha en karta pa datorn och kolla vad som finns
och sé vidare. S utifran deras bedomning sé plockar dom sedan ut vad dom sjilva tycker ser
mest vettigt ut.
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Image 2. Inside the drill core archive (photograph by author)

One important aspect in relation to the drill cores stored in the archive is that
the majority of the cores stored in Mala have not been analyzed or are under-
analyzed. The reason for this, Peter explained, is because core analysis has
historically been very expensive wherefore many older projects could not af-
ford comprehensive analyses of the cores wherefore analyses were only made
for a smaller spectrum of metals and minerals. In addition, many cores were
gathered in a time when the span of marketable minerals was much narrower
than today as recent technical development has introduced markets for miner-
als that previously lacked industrial and therefore economic value. In addition,
Peter explained, methods for analyzing drill core material have developed sig-
nificantly over the years wherefore explorationists today have access to a
larger scope of analyses than did their predecessors. The lack of analysis of
these cores have consequences for explorationists as it means that new discov-
eries are possible without having to spend a single moment doing survey work
in the field. Instead, one can just go to Maléd and explore the archive. Explora-
tion geologist and consultant Quinn, who has worked with the archive mate-
rials, described the archives at Mala as a “Pandora’s box™ that can reveal po-
tential discoveries. Developing this point, Quinn explained that old drill cores
can be used to identify new projects and that access to this archive of largely
un-analyzed cores means that new discoveries can be made also in cores that
were previously believed void of interesting mineralization:
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Only fifty, sixty, seventy years ago, when they were looking for zinc, analyzing
for gold was too expensive. So they never did that. Maybe twenty years ago
too, undertaking gold analyses was very expensive. And maybe even for lith-
ium, cobalt [. . .] the technology has changed so much with batteries and all
that, so today we have telephones and TVs and cars that need cobalt and nickel
and lithium and vanadium. But twenty years ago, fifty years ago, and a hundred
years ago you did not need those minerals.®

Because of the richness of data available in their archives, the SGUs Mala
office and provides an important starting point for many exploration projects
in Sweden. Having access to maps, reports, and cores at a low cost provides a
cheap alternative to early stage exploration field work, especially as the SGU
allows explorationists to take pieces of core for analysis as long as the agency
receives a copy of the results, which reduces the need for exploration drilling
in the field.

Figure 4. SGU’s maps of Sweden's bedrock geology, Bougher (gravimetrical) anom-
alies, and magnetic anomalies (Bergman et al., 2012; Jonberger, 2012; Wedmark,
2012)

92 Men for kanske femtio-sextio-sjuttio ar sedan nir dom letade efter zink.. det kostade for
mycket att analysera for guld. S& dom gjorde aldrig det. Men &ven for kanske tjugo ar sedan
var det jattedyrt att ta guldanalys. Och kanske till och med litium, kobolt.. teknologin har for-
andrats s& mycket med batterier och allt mojligt att idag har vi telefoner och TV och bilar som
behover kobolt och nickel och litium och vanadin. Men for 20 ar sedan, 50 ar sedan och 100 ar
sedan behovde man inte dom mineralerna.

9 The SGU permits those who rent access to the archive to examine, split, and analyze cores
as long as at least one-quarter of the core remains in the archives.
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Exploration models and philosophies

Although many explorationists turn to resources such as the SGU Mala office,
exploration projects can begin in different ends and may be initiated in differ-
ent ways. One may, for example, look for sites of interest directly in the field
or one may begin one’s search by looking through available data in archives
such as the one in Mala, or one may combine the two to assemble a more
comprehensive material. However, no matter what first approach is used, the
overall goal at this stage is to identify areas where one may situate exploration
projects. How this is done, informants such as Peter and John explained, boils
down to the aforementioned exploration model with which explorationists de-
limit their work as well as their exploration philosophy. The two terms—mod-
els and philosophies—suggest two ways in which explorationists describe how
they approach project generation. As was hinted at earlier, an exploration
model outlines the type of mineralized deposit explorationists are looking for
in terms of the minerals they interested in, what indicators are associated with
this type of deposit, what type of geological environment the minerals are ex-
pected to be found in, and how large a project they desire to establish. There-
fore, exploration models help reduce the complexity of desktop exploration as
they delimit the scope of potential targets. Although some informants argue
that the use of models place unnecessary limitations on desktop exploration,
exploration models remain a common way for explorationists to define the
scope of their early stage work. In addition, explorationists furthermore tend
to base their early stage approach on their own profiles and strengths, combin-
ing them with the models used. Different explorationists have experience
working different types of projects—e.g., gold projects, copper projects, or iron
ore projects—in different environments. Additionally, as exploration organiza-
tions of different sizes lend themselves better to small or large projects, the
exploration model also helps them narrow their search further.

Moreover, exploration models consider geological theory to define geolog-
ical signs of exploration potential. Hank discussed one example of this ex-
plaining that a model emerged in the 1990s based on the mineral deposit at
Olympic Dam in Australia and its characteristic combination of iron oxide,
copper, and gold. Armed with a description of this new type of ore, an Aus-
tralian company visited the SGU Mala office proposing the hypothesis that
the Kiirunavara-type hematite iron oxide ore found in northern Sweden was
another type of this form of iron-copper-gold deposit. Working this new angle,
the company searched for exploration targets in Sweden that matched the
model and telltale signs found in the Olympic Dam deposit, Hank explained:

And then this Australian company came over and started talking about these
iron oxide-copper-gold type deposit. And we didn’t know anything about it.
But they began describing it, what it looks like and that it featured something
called “’red rock alteration,” y’know, a transformation in the types of rock that
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make it turn red and so. And that’s when the penny hit the floor. And y’know,
we knew where the apitite deposits are so on. So we could point to some areas
that we thought could be of interest.®*

Unfortunately (at least for the Australian company), the majority of the areas
of interest had already been picked up by another company. Nonetheless, this
example helps demonstrate how explorationists develop and use geological
knowledge to fine-tune their exploration efforts using different models.

In addition to the exploration model, explorationists also approach early
stage exploration with different views on how to best identify potential targets.
This is known in the field as the “exploration philosophy,” which has to do
with whether explorationists prefer to go in broad by surveying many sites or
whether they prefer to work with a smaller set of projects and focus their re-
sources more narrowly. Which philosophy is preferred, exploration geologist
and consultant John explained, depends on both explorationists’ preferences
and the financial resources they have to spend on exploration. A small explo-
ration company is often restricted, for example, by the limits of their financial
resources, which determine how many projects they can afford to work sim-
ultaneously. Another dimension of the exploration philosophy, which also ties
in with the exploration model used by explorationists, is whether one chooses
to explore in previously non-explored regions or whether one chooses to situ-
ate one’s exploration work in already established mining regions. The differ-
ence between these two is the difference between green field and brown field
exploration. Whereas green field exploration means starting more or less from
scratch, guided perhaps by some historical data and maps of the general geo-
logical make up of a region, brown field exploration focuses on areas with
historical or established mines. As mineral deposits seldom exist in isolation
but as parts of larger systems of mineralized materials, the existence of one
substantial deposit in an area may therefore often be used as an indication that
there are other deposits in the area.

Early stage concerns: Non-geological aspects and hindrances to
exploration

While desktop exploration depends on reviewing available geological
knowledge, geology is not the only dimension at play when explorationists

% Och dé dok det upp ett australiensiskt bolag var det, som borjade tala om just den hir Iron
oxide-copper-gold. Och vi hade ju inte hort talas om den. Men dom beskrev litegrann hur den
sag ut och det var bland annat ndgonting som kallas red rock alteration” alltséd en omvandling
av bergarterna s& att den blir r6d och saddr. S& da borjade det ringa klockor, och sen
apatitjirnmalmer visste vi ju vart dom lag och sadant dér. Sa vi kunde peka ut nagra omraden
som skulle kunna vara intressanta.
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valuate areas for their exploration potential. In addition, environmental and
social factors may prevent future exploration work or mining. National parks
and areas designated as Natura 2000 areas and other protected locations are
examples of areas where mineral exploration may come into conflict with
other interests. Exploring and working a site in such a location may either be
impossible from the start or hit dead ends as explorationists find themselves
unable to carry out the necessary work to successfully execute a project due
to regulatory restrictions. In some cases, such limitations are relatively
straightforward. For example, Keith, an exploration geologist, explained that
few would even imagine attempting to explore in a city or town or around
docks, railroads, or freeways as the chances of mining eventual discoveries
would be limited by present land use in such areas. However, some limitations
may be harder to spot at first. This is particularly true of different social limi-
tations that also need be considered as local communities opposing explora-
tion and mining may either slow down the exploration process or even force
it to a halt. This is, for example, the case for the much publicized projects in
Norra Kirr and Kallak.

Among the communities affected by exploration and mining, Sdmi com-
munities often play a central role. The centrality of Sdmi communities in gen-
eral and reindeer herding Sami in particular is due to mineral exploration and
mining impacting reindeer herding, an activity of significant tcultural and eco-
nomic importance to the Sami. Reindeer are migratory animals and herding
them requires large areas that allow the reindeer to migrate from summer graz-
ing at higher altitudes to winter grazing at lower altitude woodlands. Explora-
tion activities, and more so mining operations, risk disturbing grazing reindeer
wherefore explorationists, together with other rural industries such as forestry,
motorized tourism such as snowmobile tourism and tours, and infrastructure
such as freeways and railroads, are often at odds with reindeer herding Sami
and the districts into which they are organized. Niels, a reindeer herder and
Sami district officer, explained how reindeer herders within his district see
cumulative effects from the many industries that encroach on reindeer grazing
lands and migration routes:

It makes many things harder. It disturbs the reindeers, and then they don’t get
any peace when gracing. After all, it’s harder to grace reindeer close to these
mines. And when you carry out exploration in the winter in these locations,
where we have winter gracing lands, then the reindeer get frightened and run
off, you know. And that’s not only here close to the mines. When reindeer are
frightened and set off from near a mine, you get a chain reaction. It’s like dom-
ino tiles falling, you know.%

%5 Det forsvérar ju mycket. Och sen blir renarna storda ocksd s& f&r dom ju ingen betes-ro. Det
dr ju svarare att beta i nirheten till dom hér gruvorna. Och gor du da en prospektering ocksa
vintertid i sddana land dér vi har sddana vinterbetesland, dé blir ju renen skrdmd pa flykt. Och
det r ju inte bara just hir i ndromréadet. Nar du skickar bort renar i ndromréadet sa blir det som
en dominoeffekt. Det &r ju som brickor som rasar.
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The potential impact to reindeer herding caused by mineral exploration activ-
ities come as reindeer are disturbed or frightened when grazing. According to
Niels, exploration activities force reindeer herders to work harder to keep the
herds together, work that ultimately translates into increased costs and labor.
Therefore, mineral exploration can contribute to the increased challenges ex-
perienced by reindeer herders in Sweden and this, in turn, feeds into the pos-
sibility of potential resistance to mineral exploration in reindeer herding areas.

Quinn, an exploration geologist and consultant, discussed how these social
and environmental dimensions factor into desktop exploration. Referring to
her own work on a gold project, Quinn said that when she had taken the project
as far as having identified an area that showed signs of geological potential,
she made sure to check that there were no other factors present at the site that
could affect the project negatively and reduce the likelihood that the project
would survive permitting processes:

I have a few things I check up myself, and these things need to fit already from

the start. So, are there any parks or Natura 2000 zones there, yes or no? Is there

any other piece of nature or environment, it could be anything, is there some

bird or something there in this place that may affect the project, yes or no?

What is the situation with the Sdmi? Are there any reindeer migration routes,

or vast gracing land, or reindeer calving place in the area, or is it merely Sami

district land? The community, is the site close to a town or something like that?

And already then, as soon as possible, am I going to file for a permit or not, |

have to ask myself, if I apply, will that bring a lot of problems on my hands,
should I not apply?6¢

In Quinn’s case, she chose not to apply for an exploration permit before she

was satisfied that there were no social or environmental factors that could

cause difficulties attaining an exploration permit. However, how exploration-

ists weigh the different dimensions discussed here varies from person to per-

son and company to company. After all, environmental restrictions can be

waived, technical solutions can reduce impacts to the socio-environmental

surroundings, and corporate social responsibility engagements can help sway

unfavorable public opinion. Nevertheless, there are two things that cannot be

circumvented by any measures on the explorationists’ part: the geology and

the deposit. Most exploration geologists will remind you that deposits are

where they are. They are locked in position somewhere and cannot be moved.

Therefore, geology remains the key dimension in the valuation and evaluation

undertaken in desktop exploration. The prediction work undertaken in early

% jag har nigra saker som jag kollar sjilv och dom méste passa redan di. S4, finns det ndgon
park eller Natura 2000, ja eller nej? Om det finns det, da vill inte jag vara dér. Finns det ndgon
annan natur eller miljo, det kan vara vad som helst, finns det nagon fégel eller ndgonting dér
som kanske kan paverka ett projekt, ja eller nej? Hur ser det ut med samerna? Finns det nagon
led eller jéttebetesomrade eller kalvningsomrade eller &r det bara i deras omrade, ja eller nej?
Samhiillet, r det jittenédra en stad eller ndgot sddant ddr? Och redan da, s tidigt, om jag ska
ansoka eller inte, jag maste fraga mig sjilv; ska jag ansoka, far jag jattemycket problem eller
ska jag inte?

95



stage mineral exploration therefore pertains to identifying localities where
there is a potential that further exploration efforts will reveal mineral deposits
that can be carried forward throughout the remaining exploration process.
Desktop exploration lays the foundation for doing so as well as for future
fieldwork in the target generation stage when the area is valuated and evalu-
ated further on the basis of early-stage predictions.

Exploration permits and the end of desktop exploration

The sections above describe how mineral explorationists identify and select
areas deemed to possess sufficient potential to warrant future exploration. Alt-
hough uncertainty and complexity are prominent issues at this stage, the com-
bination of exploration models and resources such as regional geological data
and historical exploration materials help explorationists narrow their search
for areas of exploration potential and allow them to move towards establishing
exploration projects in these locations. Asking where discoveries may be
made, prediction work in desktop exploration pertains to tracing geological
clues while attempting to avoid locations pregnant with factors that may stand
in the way of future exploration work and eventual mining before applying for
exploration permits and leave the desktop for more boots on the ground type
of work.

As discussed in chapter 2, exploration permits grant the holder the exclu-
sive right to explore an area, and obtaining this permit is the first step towards
later stage exploration and the use of invasive exploration methods.” Anne, a
senior MIS officer, explained how exploration permit applications are as-
sessed by the MIS. To be receive an exploration permit, explorationists need
to demonstrate that there is reason to believe that discoveries can be made in
the area. That is, areas are off limits that previous exploration has ruled out
unless applicants can persuade the MIS to open up the area for more explora-
tion work. A second criterion to be met by exploration permit applicants is
that they should have the means, resources, and intent to carry out exploration
work within the area applied for. Explorationists, in other words, may apply
for permits covering areas no larger than they have the resources to explore,
and they are not allowed to amass exploration permits for other reasons than

%7 Invasive methods are any methods that cause such impact or disturbance to a location that
the activity cannot be carried out under Swedish freedom to roam rights. To use invasive meth-
ods, explorationists need to formulate a work plan detailing the exploration activities to be un-
dertaken in the project. Moreover, before work can commence, the work plan needs to be ac-
cepted by affected property owners and interested partners and confirmed by the MIS (see chap-
ter 2).

96



mineral exploration.®® Applications, therefore, need to be supported with ma-
terial that outlines the area’s potential and the area needs to be limited so as to
ensure successful exploration. If they have been successful in their desktop
exploration, explorationists can apply for exploration permits and begin prep-
arations for the next stage of exploration, target generation.

5.2.2 Target generation and drilling

Following the exploration permit and approval of the work plan outlined in
chapter 2, explorationists go on to seek out particular locations within the cho-
sen exploration area that may host sizable deposits of mineralized materials.
Selecting an area at which to place a mineral exploration project allows ex-
plorationists to take the step from area selection to target generation. This tran-
sition means that explorationists begin work to identify and outline explora-
tion targets in the form of deposits of mineralized material. After identifying
a location, work begins to actually locate, map, and valuate deposits of min-
eralized material. During this step, mineral explorationists have access to a
range of methods that provide a closer assessment of an area than was possible
based on the historical, global, or regional data employed during desktop ex-
ploration. Three methods commonly used to accomplish this are geochemical
sampling and analysis, geophysical surveys, and different forms of explora-
tion drilling. This section will outline the roles these methods play in explora-
tion work and how they aid in explorationists’ prediction work at this stage in
the exploration process.

Geochemical methods

Geochemical exploration methods rely on analyses of samples drawn from
soils, till, riverbeds, and rock outcrops. The method works by combining sam-
pling and analysis with stratigraphy and knowledge of the glacial morphol-
ogy—i.e., how ice age ice sheets and ice melts have shaped and affected an
area—in order to identify areas of relatively high concentration of mineral
traces. As deposits do not exist in isolation and as minerals have been spread
across larger areas by erosion, faults, and the movement of the ice age ice

% Although this may seem farfetched, the reason for why this may be done is similar to why
environmentalists may buy up of carbon emission quota to prevent carbon emissions. Given
that exploration permits in practice supplant property ownership, one could imagine an inter-
ested party not willing to accept mineral exploration on their lands applying for an exploration
permit to render the area unavailable to explorationists.
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sheets, analyses of the geochemical composition in an area can direct explo-
rationists toward localities with a greater concentration of minerals deposited
in soils and rock. Frank, a retired exploration geologist, explained the theory
behind this use of geochemical methods in Sweden and other areas affected
by the ice age saying that

the theory guiding this is that the cover in these places is usually made up of
moraine, and moraine was formed when the ice sheets shaved off pieces of the
bedrock. And then you figure out what direction the ice sheets moved in. Most
of the time it moves downhill when it melts, like most things in life [laughs].
And when it moves it drags along soil with it. So if this was a deposit that the
ice sheet had moved across [refers to a candle holder on the table in front of
him] then you get traces of it down-stream, so to say, in the direction of the
ice’s movement.®

Using geochemical methods, Frank continued, is therefore a way of assessing
the exploration potential of an area. If there are plenty of traces of mineral in
the samples drawn, then chances are that there is a deposit from which these
traces originate somewhere nearby.

Using geochemical methods, explorationists are able to assess the general
presence of mineralized materials in an area, but they may also use the meth-
ods to attempt to trace dispersed mineral matter back to their point of origin
in a deposit. George, a former exploration geologist and experienced gold ex-
plorationist, provided examples of the latter. Talking about his experiences
from gold projects he had worked on he recalled how they used geochemical
analysis of soil samples to identify gold deposits by following the traces of
gold dispersed across the area by the movements of the ice sheets in the last
ice age. By tracing the prehistorical movement of the ice, George and his col-
leagues worked their way toward the gold deposit. This method, George ex-
plained, relies on observations of variations in the concentrations of mineral
in the samples. Identifying where the samples showing the highest concentra-
tions of gold were taken, George and his colleagues produced a new wave of
samples and successively worked their way to the point where the traces stop
and where one may assume is the far edge of the deposit. Geochemical meth-
ods, in other words, can identify localities within areas that show greater po-
tential based on traces of desired minerals in surface materials and riverbed
sediments.

% teorin bakom det, det dr ju att jorden som ligger det dr ju for det mesta morén och morénen
har bildats utav att inlandsisen har hyvlat av berggrunden. Och da tar man reda pa vad isen har
gatt at for nagot hall. For det mesta gar den nerat nédr den smaélter. Som det mesta gor hér [skrat-
tar]. Och da drar den med sig jord i den riktningen. Om man da séger att det hér skulle vara en
malm som isen har gatt 6ver [visar med en virmeljushallare pa bordet], da far man ju spér av
den nedstroms, sa att sdga, i is-riktningen.
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The use of geochemical sampling and analysis, therefore, provides a way
to evaluate and valuate an area in order to identify targets for further explora-
tion as well as offer a way for explorationists to confirm or refine the predic-
tions made in desktop exploration. John, a geologist and qualified person, de-
scribed this refinement of previously made predictions as “grounding” the re-
sults produced thus far. Speaking before a class of advanced level geology and
geo-engineering students, John continued by saying that fieldwork such as ge-
ochemical sampling allows explorationists to confirm, or ground, the desktop
predictions. By gathering and analyzing physical samples, new layers of data
are added that can be used to guide explorationists in the subsequent explora-
tion efforts. A second method that helps explorationists ground their early
stage predictions are geophysical surveys.

Geophysical surveys

Geophysical methods map qualities of the bedrock and can produce both
global and regional data. Global data are an important resource to exploration-
ists when seeking to locate areas of interest and one prominent source of such
data are the airborne geophysical surveys carried out by the SGU. Regional
data, on the other hand, are used to map the bedrock’s geological properties
within project areas. Like geochemistry, regional geophysics is another tool
that explorationists can use to identify targets within larger areas, and since
much of the equipment can be carried by hand or on the back of a person
walking or skiing across an area, geophysical surveys can often be carried out
without causing much impact to the area surveyed. Although much geophys-
ical work can be carried out with relatively mobile equipment, some methods
are more cumbersome and invasive. For example, bedrock conductivity meas-
urements use long cables placed in the terrain and some methods include
mounting the equipment on terrain vehicles, airplanes, and helicopters.

By measuring differences in the bedrock’s conductivity, variations in radi-
ation levels, shifts in gravity, or variations in the magnetic properties of the
bedrock, it is possible to identify differences in the bedrock compositions and
use these to identify potential exploration targets. This is more easily done for
some types of mineralization than for others, however. The magnetic proper-
ties of some iron ores (e.g., magnetite) make them stand out against the non-
magnetic rock surrounding them, explained exploration geologist Olaf. Alt-
hough all types of deposits come with their challenges, compared to other
metals and minerals, magnetic iron ores lend themselves comparatively better
to geophysical methods, he continued. Exploration for other types of deposits
still rely on and benefit from the use of geophysical methods, but the results
tend to be more ambiguous than for magnetic iron ores. One example of how
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geophysical methods often provide less clear-cut results in exploration for
other types of deposits than iron is the case of copper bearing mineralization,
where it is hard to know whether the anomaly observed really is a copper de-
posit or a deposit of some non-economic mineral with similar geophysical
properties. Eric, a geologist and senior officer at a junior exploration company,
explained why this is, saying that

if you were to take a bit of copper and burry it under the ground, let’s say fifty
meters underground, and you didn’t know it was there; the signal that it would,
ehm, or the character that it would have in your survey method is not unique.
It could be the same as a lump of metal that doesn’t have copper in it. So you’ve
probably heard of fool’s gold, pyrite? It would probably have a similar charac-
ter. You can drill that and not have any copper.

Because different styles and types of mineralization may produce the same
readings on the geophysical instruments used, geophysical surveys alone can-
not provide sufficient information for any concrete prediction work beyond
saying that based on the different physical properties of the rock in an area,
there might be a copper-bearing deposit here. However, the indications given
in the studies might also be something else, like pyrite, as different minerals
share physical properties, effectively meaning that telling one mineral from
another based solely on its magnetic or conductive properties may be compa-
rable to attempting to tell a glass of water from a glass of gin on the basis of
color alone. Therefore, it is important, Eric said, to gather many different lay-
ers of information using different exploration tools, summarizing it by stress-
ing that

The whole, ehm, one of the most important things of mineral exploration is
that there’s no one method that gives the answer for everything. So you build
up layers of information.

That is, geophysical methods provide one layer of information used in explo-
ration work and by identifying geological anomalies through geophysical sur-
vey, explorationists are able to outline areas that differ in their geological
make-up from the surrounding bedrock. This helps explorationists construct
maps of different underground zones, narrowing the area of exploration to
marked anomalies that can be explored further using a third layer of infor-
mation, analyses of drill cores produced through diamond drilling.
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Exploration diamond drilling

While geochemical analysis and geophysical surveys are important resources
in mineral exploration, exploration drilling is the premiere tool on the explo-
rationist’s workbench. Although other exploration methods produce depic-
tions of geophysical anomalies or show traces of mineralized materials in riv-
erbeds, soil, or till, drilling produces drill core samples from holes punched
into the bedrock and allows explorationists to see, touch, and study the rock
itself rather than approximations of the rock.”

In early stage target generation, drilling is used to check the results of desk-
top exploration and the geochemical and geophysical surveys, thereby
grounding the predictions further. Based on the results accrued so far, Frank
said, explorationists, or often the companies contracted by the explorationist’s
to produce the drilling, position the drill rigs and punch the first hole into the
predicted deposit. Having done so, explorationists study the core produced
and then decide on how to proceed. If the drill core does not contain the min-
eral sought, explorationists, Frank continued, will have to ask themselves
whether they are “stupid” and have succeeded in missing the deposit all to-
gether or whether it is that no deposit is present there, despite what the desktop
exploration and fieldwork predicted.

70 There is also a second method of drilling available to explorationists: the cheaper but less
detailed coax drilling, which extracts materials from the top of the bedrock, allowing explora-
tionists to analyze the more general composition of the bedrock.
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Image 3. Drill cores, intact and split (photograph by author)

How exploration work proceeds when drill cores have been produced depends
on whether the materials in the cores confirm the likely existence of explora-
tion grade targets. Based on analysis of the drill core, explorationists decide
how to proceed—perhaps the drill core contained too low amounts of mineral
or perhaps it contained more mineral than expected. When faced with low
levels of mineralization in the core, explorationists follow up on these by re-
positioning the drill rig and continue the search for the expected mineral de-
posit by punching another hole into the bedrock. However, while it is neces-
sary to follow up on negative results, many informants discussed how contin-
uous drilling without producing viable targets that support further exploration
work is a poor strategy as it puts explorationists at risk of spending resources
without finding any minerals. Drilling the “wrong” targets is perceived as an
important risk in mineral exploration as core drilling is both expensive and
time consuming. While, early stage desktop exploration costs little more than
the salary of the person doing it, diamond drilling is expensive and contributes
to the steadily increasing costs of mineral exploration over a project’s lifetime.
Each meter drilled cost about SEK 700 to 1000 ($74 to $105) and the cost of
collecting and analyzing the tens of thousands of meters of drill cores that are
typically needed to carry a project all the way to a mine development is a
significant post in explorationists’ budgets. Moreover, Olaf explained, in ad-
dition to being costly, diamond drilling is also time consuming as, depending

102



on the quality of the rock and the depth of drilling, one day of drilling” will
only produce about 50 meters of core. Therefore, making sure that one is drill-
ing in the right place is key to successful exploration, or as junior company
senior officer Maxwell put it:

And I can tell you that, it sounds a bit weird, but you often have to kill your
babies, you know, kill your darlings. It is easy to spend too much money on
bad projects, y’know. So what you need to do, is to find ways to kill off projects
as quickly as possible [laughs] so that you are not spending time and money
on the wrong things.”

While an important resource and a necessary undertaking in mineral explora-
tion, as Maxwell notes drilling also comes with risks. Therefore, deciding
where to position the drill and being prepared to abandon a location at the
earliest signs of poor exploration results is the next step in the chain of deci-
sions that began with explorationists choosing what areas to explore and
which to ignore. Given a project returns results that keep it going, analysis of
drill core materials allow explorationists to assess the mineralized materials in
the cores, begin work to generate and define potential targets, and build a pic-
ture of what the deposit looks like in terms of its grades and mineralogy (i.e.,
mineral composition).

Target generation drilling is the culmination of the target generation phase
and provides an important line of data with which explorationists can further
ground the predictions they made during desktop exploration and geochemical
and geophysical work. That is, target generation in essence builds on combin-
ing different methods and materials to produce a foundation for predicting
whether a deposit is likely to possess qualities that validate spending more
time and money drilling, defining, and evaluating. Moreover, target genera-
tion involves comparing and ranking different projects according to their esti-
mated exploration potential. Therefore, ranking projects means ranking them
not only into categories of “go” and “no go,” but in terms of their estimated
potential. This approach implies explorationists are open to dropping projects
that have discovered mineral deposits but which have been deemed less prom-
ising than other projects. Richard, a senior officer with a mid-tier organization,
explained how he and his colleagues approach this and provides an example
of how target generation combines all the different aspects discussed here to
compare and rank the targets generated:

7! The time it takes to drill a meter of core increases with depth as the drill rods need be taken
apart as the core is lifted; the deeper one drills, the more rod there is to take apart.

72 Och det kan jag siga, det later lite konstigt men manga ginger ér det s att du méste kill your
babys, alltsé kill your darlings. Alltsa, det &r ldtt att spendera for mycket pengar pa daliga pro-
jekt. Sa darfor géller det att hitta vagar att doda projekt sa fort som mojligt [skrattar] sé att du
inte héller pé och Odslar tid och pengar pa fel grejer da.
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You have many parameters; geophysics, geochemistry, all these that you com-
bine to figure out that: Alright, if you have two drill holes that are fifty or five
hundred meters apart and you have a clear anomaly between these two holes,
then of course the anomaly between the holes five hundred meters apart is more
interesting than the one with only fifty meters between the drill holes.”

However, although target generation helps explorationists determine which
potential targets to drop; target generation ranks possible targets using a very
limited understanding of the geological qualities at the different sites. Several
informants confirmed that project generation and the subsequent evaluation
and valuation of the targets generated aim to identify projects that possess
sufficient qualities to warrant more work. Therefore, target generation is not
meant to identify the best project, but to identify the projects that are good
enough. It is not even certain that explorationists will work all the projects
they have on hand, as this would strain resources. Maxwell provided an ex-
ample of this: if one has five projects and gets lucky with projects 1 and 3 (but
not with project 2), one may choose not to do any work on projects 4 and 5.
According to Maxwell, this would allow one to concentrate exploration efforts
and resources on the projects that have already been shown to host potentially
minable deposits instead of risk spreading resources too thin by also carrying
out exploration work on projects 4 and 5.

5.2.3 Geological mapping

Whereas the outcome of desktop exploration are predictions of exploration
potential and an application for an exploration permit, the outcome of target
generation work described here is a map of the geological environment where
a project is located. Such geological maps contain the qualities and shapes
(i.e., lithology and morphology) of different host rocks™ and other rock in the
area, an outline of mineralized zones, and statements on ore genesis in the area
—1.e., a description of how the mineralization was formed, where it came from,
how it was transported, and how it was trapped in its position. Peter, compared
this assemblage of information to a large jigsaw puzzle where explorationists
need to sort the pieces into piles and then assemble them section by section.
Using the picture that emerges in these assemblages, geologists create geolog-
ical maps that outline the geology of the area complete with a story of how it

73 Man har ju ménga parametrar; geofysik, geokemi, alla dom hér som man kombinerar for att
se: Okej, om du har liksom tva hal som har femtio meter mellan sig eller tva hal som har fem
hundra mellan sig och du har en tydlig anomali mellan dom hér femhundra, det 4r klart att den
ar mer intressant d4n den som dr bara femtio meter mellan halen.

74 Host rocks are bodies that host mineralized material or other types of rock.
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originated and of its mining potential. Keeping with the jigsaw analogy, cre-
ating these assemblages involves two very different skillsets: one skill is to
grasp the overall pattern of colors, shapes, and motives of the jigsaws pieces
and a different skill is to be able to act on the emerging patterns and to begin
putting the jigsaw together. Maxwell explained how these two different skill-
sets apply in mineral exploration:

One can say that you work with two kinds of exploration geologists; first, you
have the ones who want to write the third chapter in the Book of Genesis, and
then you have the ones who want to open a mine. And you need both, right?
For the first bunch, it’s all about understanding how the geological environ-
ment was formed, right? You know, who want to make a sort of origin story
for how this has come to be, right? So you need them. But at the same time,
these guys are perhaps not really on the ball “tschikk-tschikk let’s go make a
mine!” [. . .] So you need to make sure to have the right kind of people working
on that dimension so that you get it forwards, so to say. For the first group, risk
does not exist. To them it’s all about knowledge, right? To build knowledge.
For the second group it’s all about risk and benefit. To those prospectors it’s
like: Is there enough here to make this a success or not?”

The creation of geological maps and the outline of host rocks, transformation
zones, and mineralized bodies depend on explorationists building an under-
standing of the geological events that took place in the area. Ian, a junior ex-
ploration company CEO, explained this as an attempt to understand events
that took place a long time ago and relate these events to the present mineral-
ization and its future minability:

It’s a very forensic kind of way of thinking. Because you’re dealing today with,
you know, probably in our area anyway, just under two billion years of earth’s
history. So how does that apply?

The geological maps produced during these early stages support further ex-
ploration work as they provide the foundation for the addition of new infor-
mation. As such, geological maps play an important part in reducing the un-
certainty of what geological qualities there are in the project, and accomplish-
ing this depends on the combination of several layers of information. Signs of

75 D4 kan man séiga att man jobbar med tvé sorters prospektorer, prospekteringsgeologer; dels
ar det dom som vill skriva tredje kapitlet i skapelseberittelsen, och sedan &r det dom som vill
starta gruva. Och béda behovs, va? For det handlar om att forstd hur den hir geologiska miljon
skapats, va? Alltsa att gora ett slags skapelseberittelse for hur det hér blivit till, va? Sa att man
behover dom ocksa. Men dom ar samtidigt lite mer, kanske inte sadar pa hugget “tschikk-
tschikk att hér ska det jéklar starta en gruva” (...) Utan da maste du se till att man har rétt
ménniskor som jobbar med den delen ocksa sa att man féar upp, sa att siga.. For dom forsta finns
inte risk, d& ar det kunskap det handlar om, va. Att bygga kunskap. For dom andra handlar det
om risk och benefit, liksom, for dom prospektdrerna; Finns det tillrackligt mycket for att det
hir ska kunna bli en framgang?”
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geophysical anomalies or intercepts of mineralized materials in drill cores, af-
ter all, are not necessarily evidence of large bodies of minable mineralized
rock. For example, the mineralized materials found in two drill holes might
have originated in small isolated lenses of mineralized material rather than
from one large mineralized deposit. Combining early stage exploration data
in geological mapping, explorationists make interpretations of the geological
make-up of the underground so that the patterns produced from survey work
and drill core analysis can be extrapolated into an estimated deposit of miner-
alized rock.

After explorationists have surveyed a project area’s geology and outlined
an anomaly by surveying and drilling to confirm its mineral content, compo-
sition, and grades, work can begin to transform it from a geological entity into
a second nature artefact based on its economic, technical, legal, and socio-
environmental qualities. Such a transformation relies on the combination of
information about the past and present in the form of the forensic information
on plate tectonics and ice age ice sheet movements described by Ian and
George, and present day observations on geophysical anomalies and grade
distributions. Based on these efforts, explorationists are able to outline the po-
tential minability of the project. It is at this point that prediction work turns
from being primarily concerned with answering questions about the potential
for discovery to answering questions about future minability as defined in re-
lation to present future resource exploitation and mineral markets. However,
before turning attention to the next stages of the exploration process, some
concluding remarks on early stage exploration are needed.

5.4 Concluding remarks

Based on the accounts above, what stands out about early stage mineral ex-
ploration is that the high levels of complexity and uncertainty involved in the
search for areas of exploration potential makes early stage exploration work
sound almost like looking for a needle in a haystack.” However, early stage
exploration is something very different altogether. The work through which
explorationists use different valuation devices to search for patterns of explo-
ration potential is, actually, nothing like looking for a needle in a haystack.
Rather, the search for areas of exploration potential and the work to identify
and drill exploration targets is more like looking for a certain quality of needle

76 The use of this expression “a needle in a haystack” as a reference point in discussing explo-
rationists decision making is borrowed from March and Simon’s discussion of rationality in
choice situations (1958).
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in a stack of needles. Deposits of mineralized material can be found in many
places in the earth’s crust, but only a few of these deposits are of such quantity
and quality that they are minable, so mineral exploration is a very different
activity to the idiomatic search in a haystack, and there are two reasons for
this. First, mineral explorationists have access to a wide range of support, a
condition the analogy does not consider. For example, explorationists have
access to historical data and support from actors such as the Swedish Geolog-
ical Survey, who provide a general foundation of data, which can be combined
with theoretical and experiential models to allow explorationists to value the
potential in different localities in order to narrow down their search for dis-
coveries. Moreover, the haystack analogy does not consider whether the nee-
dles are more likely to be found in some parts of the haystack and not in others.
That is, explorationists use information, albeit incomplete, to uncover trends
or patterns that they can use to make predictions about where minerals might
be located. The haystack analogy implies a search for a needle will be ran-
dom-i.e., exploration without any knowledge that can be used to predict where
the needle might be located. In addition, explorationists regularly work in lo-
calities that are far from blank slates. Mining is a human activity with a very
long history and has left traces both physically and in historical accounts. Even
green field explorationists working in new areas where no mines have been
established are often aided by materials such as the Geological Survey of Swe-
den’s archives and global or regional geological survey work. Furthermore,
desktop exploration and target generation use tools that provide exploration-
ists with increasing volumes of information that allow them to highlight areas
of interest for further exploration while dropping other areas.

The second and most important difference between early stage mineral ex-
ploration and searching for a needle in a haystack is that mineral exploration
does not aim to identify any deposit but one that appears rich and large enough
to warrants further exploration work. Explorationists, in other words, are not
looking for any old needle, but for specific needles, targets that indicate a pro-
ject should continue to the increasingly costly and complex stages of interme-
diate and advanced mineral exploration. Maxwell emphasizes the importance
of “kill darlings” (i.e., dropping projects) as quickly as possible, and Frank
emphasizes how each step along the exploration process means asking oneself
whether the expected gains from investing in further exploration justifies the
costs of doing so. Therefore, early stage mineral exploration entails a form of
prediction work that asks two questions: What areas are likely to hold suffi-
cient exploration potential and does the targets generated in this area possess
the qualities sought? Moreover, these two questions make prediction in min-
eral exploration different to predictions discussed in the existing sociological
literature on predictors. The source of these differences can be found in how
explorationists make predictions. Although explorationists follow the same
logic of data collection, pattern identification, and projection as meteorolo-
gists (Fine 2010; Sundberg 2005) or financial analysts (Leins 2018; Pilmis
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2018), few would expect prediction workers in these fields to first have to go
out and look for weather or roam the streets of large cities looking for financial
markets. As a result, mineral exploration involves a first step of prediction
work not present in meteorology or financial analysis as explorationists must
first predict where to find a mineral deposit before they can predict what its
minability prospects are.

Following the selection of an area in which to situate an exploration pro-
ject, work begins to generate and map targets. As was discussed in chapter 3,
predictions are meant to help answer questions and the way explorationists
seek to accomplish this is by gathering data in which they identify projectable
patterns. As long as a project shows potential, they keep working on the pro-
ject. To determine whether a project should continue, explorationists rely on
a set of valuation devices that are deployed to produce the geochemical, geo-
physical, and drill core data and to establish patterns in the gathered materials
that can then be projected onto the future. Among these valuation devices, the
exploration models that outline the geological environment and mineralization
sought for as well as what social and environmental circumstances are tolera-
ble play a central role. The importance of exploration models comes from how
they enable explorationists to delimit the scope of materials and patterns
sought for in exploration work. This delimitation is one of the first valuations
that explorationists undertake and it helps them negotiate the complexity of
geological nature and provide a baseline against which projects can be valu-
ated and ranked, an approach similar to March and Simon’s (1958) discussion
of the role of rationality in the discovery and selection of optimal contra suf-
ficient alternatives.

According to March and Simon, most human decision-making concerns
itself with identifying and selecting alternatives that are sufficient rather than
optimal. This, March and Simon argue, is because identifying optimal alter-
natives is an exercise “several magnitudes more complex” than merely iden-
tifying and selecting a satisfactory alternative as the former implies “searching
a haystack to find the sharpest needle in it” and the latter implies “searching
the haystack to find a needle sharp enough to sew with” (March and Simon,
1958:141). Based on the accounts above, it is fair to say that the first two
stages of mineral exploration work primarily on sufficiency and this suffi-
ciency is determined in relation to the estimated geological and economic po-
tential in a project and the socio-environmental circumstances surrounding it.
However, these criteria do not primarily concern the present but they concern
the present future in that they revolve around the potential of something turn-
ing out to be of such quality that it warrants more exploration work or that the
socio-environmental circumstances are of such a nature that they will not
cause issues in future exploration and permitting processes. That is, although
a project may be sufficiently promising, these promises are mere projections
of potential futures and therefore remain uncertain. This concludes the discus-
sion of the desktop exploration and target generation stages. The next chapter

108



outlines the final two stages of the exploration process and the prediction work
carried out as explorationists turn from attempts to predicting the likelihood
of making discoveries to predicting the future minability of discovered min-
eral deposits.
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6. Intermediate and Advanced Stage
Exploration

This chapter focuses on the stages in the exploration process that follow the
initial exploration work outlined in the previous chapter. At this point in the
exploration process, explorationists tend to have reduced the number of active
projects; they have, as Maxwell put it, effectively “killed their darlings” and
are now focusing their efforts and capital on a smaller number of projects. By
reducing the number of areas under exploration, explorationists give them-
selves room to move in closer and study the most promising sites in greater
detail. Intermediate and advanced stage exploration entails that explorationists
begin work to ground their estimates even further by confirming the quantity
and quality of mineralized material in the ground. However, to predict the
minability of the mineral, explorationists also need to lift their gaze to look at
the deposit’s minability as second nature, taking into account future econom-
ics as well as its location within and potential impacts on a social and natural
environment. What are, for example, the projects potential environmental im-
pacts and how can they be managed? Are there any foreseeable challenges that
need be overcome to obtain the necessary permits? What will the market look
like when the projected mine is expected to begin operations? While early
stage exploration needed to find ways to manage the complexities and uncer-
tainties of geological nature, intermediate and advanced stage exploration pro-
jects face economic, technical, legal, and socio-environmental uncertainties
that need to be managed before explorationists are in a position to establish
confident predictions regarding the future minability of the projected mine.
This chapter will outline the work undertaken by explorationists to produce
such confident predictions as well as the different stages of prediction work
they go through to get there. The first of the following sections outlines the
data collection activities undertaken by explorationists at this stage. Following
this first section, the chapter follows explorationists as they return to the desk-
top where they assemble the data collected in the field and use it to construct
geological models of the deposit and estimate the quantity and quality of min-
able mineral. The chapter’s third and final section outlines the different studies
that assess overall project feasibility and deposit minability in light of what is
known and what is predicted at the time.
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6.1. Intermediate stage fieldwork

The previous chapter ended with explorationists establishing geological maps
and reducing the number of active projects in order to focus their efforts and
capital on the project or projects seen to possess the greatest potential to turn
out producing minable mineral deposits. Picking up where the previous chap-
ter left off, this chapter will now map the prediction work undertaken in the
subsequent stages of mineral exploration and the exploration efforts that go
into building increasingly detailed predictions of the projects’ future minabil-
ity. This first section focuses on how explorationists assemble increasingly
detailed data on their projects to facilitate predictions, and it does so by focus-
ing on three areas of exploration work that come into play in intermediate and
advanced stage mineral exploration: (i) intermediate and advanced stage fol-
low up and resource drilling; (i) metallurgical analyses and pilot studies; and
(iii) environmental impact surveys and analyses.

6.1.1 Drilling a project

The exploration drilling initiated in the final stages of the early exploration
work is intensified during the intermediate and advanced stages. Moreover,
while early stage drilling aims to confirm the results of other geological survey
methods and generates exploration targets, intermediate and advanced stage
drilling aims to establish a knowledge base of deposit quality, quality, and
geometry based primarily on drilling results and analyses of drill core materi-
als. However, while more data ultimately translates into reduced complexity
and better estimates, drilling is a time consuming and expensive exploration
method wherefore explorationists need to balance the need for and cost of
drilling. George, the former exploration geologist, emphasized this point say-
ing that: drilling should be deployed to obtain as much information as possible
from as few holes as possible. This is evident in the archival materials such as
the exploitation concession applications where explorationists-in order to sup-
port the claims they make about the minability of a deposit-provide detailed
descriptions of the exploration work undertaken on the deposit. Across differ-
ent projects, one can follow how explorationist have drilled their projects in
increments, using the results from previous drilling to justify further drill
holes. Senior exploration geologist Olaf provided additional depth to this de-
scription when he explained how this stepwise movement between data col-
lection and decisions to continue drilling differs between projects:
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At first, you have something like two or three drill holes in a profile, and then
you continue a bit to the side. What happens then depends on what you are
looking for. If it’s iron ore, then you can space the profiles a bit further apart.
If it’s gold, then you might have to space them more closely.”’

Starting with a few drill holes, explorationists adapt their work according to
what type of mineralized deposit they are working on so that their drill work
matches the challenges and properties of the type of mineralization explored.
For example, large iron ore deposits are easier to estimate then are nuggety
deposits such as gold or diamonds wherefore explorationists working on iron
ore projects are free to space their drill holes more sparely than they would if
they were working a gold project. Nevertheless, despite these adaptations, drill
plans essentially follow the same logics and if the results from the initial drill-
ing is promising enough, Olaf continued, additional drilling will be under-
taken:

Well yeah, you try to keep the drilling to a minimum in these initial stages. But
when you begin to see that there might be a mineralization of some significance
here, then you will want to drill even more closely in order to confirm what the
deposit looks like.”®

Exploration drilling in the intermediate and advanced stages of a project, in
other words, entails a trade-off between data collection and costs as explora-
tionists need to gather more data to improve their estimates and confirm the
continuation of the mineral deposit between drill holes while at the same time
keeping expenditures as low as possible. Drilling profiles along the length of
the deposit, explorationists thereby add to the results from the target identifi-
cation and generation stages and this allows them to develop an increasingly
detailed picture of a mineralized deposit’s quantity, quality, and geometry.

In addition to the trade-off between data collection and costs described by
by Olaf, Richard, a senior mid-tier company officer, identified projections of
a deposit’s minability as a third important factor in intermediate and advanced
stage drilling. According to Richard, the way explorationists approach drilling
is generally more abductive than inductive as the guiding question remains—
as it was in early stage exploration—whether or not the deposit can be expected
to be sufficiently minable. The important question is therefore not how large
a deposit is, but whether it is large enough to support a profitable mining op-
eration. When approaching drilling, Richard said, explorationists begin by
drawing up what they perceive to constitute a minable deposit given what they

771 borjan s har man ju kanske tvd-tre borrhal i en profil och sedan gér man lite lingre 4t sidan.
Sedan beror det pa vad man letar efter. Ar det jirnmalm dé kan man ta lite lingre mellan profi-
lerna. Ar det guld s& kanske man maste ha titare mellan

78 Men alltsd, man forsoker ju hdlla ner borrningarna i det hir forsta skedet. Men sen nér man
borjar se att det kanske dr en mineralisering av nagon dimension, da vill man ju gé in och borra
annu tdtare for att bekréfta att det verkligen &r sé den ser ut den hér kroppen.
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know about the mineralization under exploration and what they believe will
be the future conditions for mining it in terms of costs and potential incomes.
Drilling in intermediate and advanced exploration, Richard said, begins with
the observed grades in the drill cores produced in target generation. These
observations are then combined with cost estimates for the projected mining
operation. Using these two factors, explorationists estimate how rich and large
a deposit would need to be to carry the costs of exploiting it. Given the ob-
served grades and proposed mine plan, explorationists calculate the potential
minability of a project, Richard explained:

You say that this is the situation right now and then you make an estimate; “We
are going to need so and so many tons” and then you see that “We have two
drill holes five hundred meters apart, but for this deposit to be minable we are
going to need it to be two kilometers long, and two hundred meters deep, and
of a certain width” so it’s nothing more than setting up a volume that contains
enough copper for it to carry itself economically. And then you develop your
strategy; “How are we going to drill this thing?””®

As explorationists add more data to the image they are developing of the de-
posit, they are able to reduce complexity and evaluate the minability of the
estimated deposit against a background of grades and volumes taken to mark
sufficient minability in a project. However, while complexity is reduced, un-
certainty remains, as it is still far from known whether the deposit can be
mined and concentrated at a profit.

Having identified deposits believed to possess such qualities and quantities
that they warrant further exploration, further drilling commences as explora-
tionists begin to work toward improving the foundations for prediction. Such
improvements often mean increasing the total volume of data. Exploration
projects regularly produce many kilometers of drill cores as large volumes of
data are necessary to build accurate and precise estimates of the tonnages,
grades, and geometries of the mineralized deposit underground. Exactly how
much core is produced varies from project to project and between new green
field projects and projects where explorationists rely to some extent on re-
usable historical exploration work. This variation is visible in the archival ma-
terial and the exploitation concession applications that cite intermediate stage
exploration drilling amounting to between 1.5 km and almost 16 km. When
asked how much work is typically put into drilling, Carl, a mining engineer
and qualified person, stated that, depending on the size of a project, most pro-
jects end up producing between 50 and 100 drill holes, which together
amounts to thousands of meters of cores. As drilling progresses, these holes

79 Man siger att den ser ut sahir ungefér och sedan riknar man Vi behdver s& ménga ton” och
da ser du ”Tva, borrhal, fem hundra meter, men ska den vara brytvérd sa behover den vara tva
kilometer ldng och tvd hundra meter djup med en viss méktighet da, bredd” sa det &r helt enkelt
sa att du mélar upp en volym som innehaller tillrickligt med koppar for att det ska bdra sig. Och
da lagger du upp en strategi for "Hur ska vi borra upp den hér?”
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begin to form a grid of successive cross-sectional profiles that stretch the
length of the deposit.

In addition to producing significant volumes of drill core material, explo-
rationists also seek to ensure that the quality of the data is sufficiently high.
As deposit estimation depends on each inch of core being relatable to a posi-
tion in the mineralized deposit, drill-hole deviation and sample integrity are
important factors in determining the quality of the data produced. To facilitate
sample integrity and data quality, CRIRSCO standards outline quality assur-
ance and quality control programs (often abbreviated as QA/QC), including
everything from drill-hole deviation measurements to drill core storage secu-
rity and tests for accuracy and precision in metallurgical analyses.

6.1.2 Drill core analyses

Once pulled out of the bedrock, the drill cores produced in exploration drilling
are logged, photographed, and divided into sample sections before they are
sent to a laboratory for preparation and metallurgical analysis. The preparation
of drill cores for analysis generally includes halving or quartering them using
either a diamond cutting blade or a core splitter® whereafter one half the core
is archived and the other half is used for analysis. The sample lengths of at
least a quarter of the core®' are then crushed, ground, and divided down into
small samples of a few hundred grams®? before they are sent to a laboratory.
The images below depict examples from this process. The first image shows
the un-split cores stored in a core box with blocks inserted between the core
sections; the core sections and sample intervals are marked on the partitions
(Image 4). The second image shows a bag of finely ground sample material
(Image 5).

The laboratory analysis used, of which there are many, depends on the type
of mineralization. Carl explained that, as there are many different tests avail-
able at the laboratories and different tests are better or worse suited for ana-
lyzing different types of deposits, explorationists always need to be able to
argue for why they selected one method of analysis over another. When the
core has been prepared for analysis and a method of analysis has been selected,

80 A core splitter consists of a diamond-encrusted blade that is dropped on the core along its
length in order to cleave it.

81 Whether half cores or quarter cores are sampled depends on the explorationists’ approach as
they may be using the other quarter of the non-archived half for further analyses later in the
exploration process.

82 The recommended size of the ground samples depends on what diameter drill core is used,
but lie in the regions of between 200 and 700 grams.
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explorationists usually send their samples to an accredited laboratory. As ac-
curacy of test results is a prerequisite for high quality mineral deposit estima-
tion, the procedures involved in shipping drill core samples for analysis are
relatively intricate. Explorationists may choose to send their samples to dif-
ferent laboratories and then have the results from these laboratories analyzed
against each other. Examples of this can be found in the reports present in the
archival material describe explorationists comparing the precision of labora-
tory analyses using regression analysis and comparing R? values for the vari-
ance between two populations of laboratory analyses. Standard practice fur-
thermore involves additional QA/QC measures to test laboratory accuracy and
precision. These tests involve including different forms of controls with the
samples such as duplicate samples, standardized samples with known grades
of mineral content (such samples can be purchased from different laborato-
ries), as well as blank samples. When used, these duplicates, standards, and
blanks are included with the drill core samples and help explorationists estab-
lish confidence in the laboratory results. By analyzing the drill cores, explora-
tionists are able to assemble data on the grades of mineral in the deposit and
relate these results to specific locations in the bedrock.

Image 4. Drill cores laid out in boxes and marked for sample intervals (photograph
by author)
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Image 5. A bag of finely ground sample material (photograph by author)

In addition to data on grades and grade distributions, analyses of drill core
samples also provide information on the metallurgical qualities of the miner-
alized materials. Deposit metallurgy (i.e., its properties and behavior in rela-
tion to its purification and concentration) is a central dimension in determining
the minability of a mineral deposit as it determines what rate of the mineral
can be recovered in concentration processes as well as to what degree of con-
centration can be achieved in the resulting product. While small scale metal-
lurgical testing uses drill cores materials, later stage analyses may use samples
drawn from test mining to provide sufficient volumes of material for the pro-
cesses. At either stage, the test work analyzes the composition of the mineral-
ized deposit and studies how the materials react to concentration processes in
order to estimate how much mineral can be recovered from the ore using a
certain processing method. Using small or pilot-scale analysis methods, one
can evaluate the returns produced when using a certain method such as mag-
netic concentration, gravity concentration, flotation processes, or leaching®

8 The listed processes are different means of extracting mineral from the ore and reducing it
down to a sellable product. Reduction typically involves beneficiation of the extracted or and
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as well as what degree of beneficiation (i.e., crushing and grinding) of the ore
is required to achieve sufficient mineral recovery. The exact circumstances,
such as where these tests are carried out, depends in the explorationist’s or-
ganization. Some organizations hire laboratories or consultants and some,
mainly mid-tier and major organizations, own their own pilot testing facilities.
Mining engineer Lars, who works in project evaluation for such an organiza-
tion, explained that his organization uses metallurgical pilot testing to estimate
the potential future value of a mineral deposit:

And then of course, when the project has come a bit further, then we do actual
concentration tests. We have a so-called pilot plant at hand where we can crush,
grind, and concentrate using drill cores, for example. Those are the first studies
undertaken. And when doing this, we create a sellable concentrate in miniature
format. And this can then be valuated.*

Following such analysis, explorationists are able to select the methods show-
ing the greatest promise as well as begin work to design and optimize concen-
tration process to be used in the mining operation. Metallurgical analysis also
alerts explorationists to any presence of polluting minerals or materials in the
ore. Polluting materials are an important risk in mining operation design as
impurities in the sold ore concentrate may cause problems further down the
value chain, so market actors such as smelters tend to apply premiums to con-
centrates of grades above market standard and penalties to concentrates of
lower grade or with too many impurities. The problems of impurities relate to
the chemical properties of different materials. For example, phosphorus or
magnesium have such metallurgical properties that they cause problems in
iron ore smelting and in the quality maintenance in iron ore processing. In
addition to affecting the quality of the product, ore impurities can also produce
higher costs of concentration as in the cases of uranium in copper ores. How-
ever, phosphorous, magnesium, and uranium are far from the only substances
that may affect the minability of a deposit. According to exploration geologist

later treatment using one or a combination of concertation methods. Magnetic separation is
based on the magnetic properties of certain ores through which they can be separated from the
gangue by means of magnetic sorting. Gravity concentration separates ores from rock by use
of differences in their movement when subjected to a force such as shaking. Flotation concen-
tration relies on methods of rendering finely ground ores hydrophobic or hydrophilic depending
on the method and then separating ore from gangue by blowing bubbles through the solution
whereby the ore adheres to the surface of the bubble and floats to the top of the solution. Leach-
ing concentration methods use chemicals such as cyanide, ammonia, alkalis, and acids that con-
vert the ores into soluble salts. An alternative method of leaching is bioleaching, which relies
on mineral oxidizing bacteria.

84 Sedan ir det klart att nir projektet kommer lite lingre, di gor vi ju faktiska forsok. Vi har ju
ett sa kallat pilotverk dér vi kan krossa, mala och anrika fran borrkérnor, till exempel. Det 4r ju
de forsta forsoken som gors. Och skapar da i miniformat en siljbar slig. Och da kan ju den
vérderas.
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Keith, toxic heavy metals such as mercury, arsenic, and cadmium are, what he
called, “show stoppers™ as too high concentrations of these metals in ore sig-
nificantly increase the complexity and cost of concentrating the product,
thereby decreasing the chances of successfully mining and concentrating the
ore. The metallurgical properties of a mineral deposit are therefore crucial for
determining its minability. The presence of impurities and challenges to
achieve sufficiently high recovery rates, thereby producing too low grade
product are therefore two potential “show stoppers” that explorationists need
to manage in the intermediate and advanced stages of the exploration process.
Explorationists therefore often conduct repeated metallurgical studies in order
to analyze and fine-tune their product and concentration processing.®

6.1.3 Environmental investigations and impact assessment

A third domain of fieldwork and studies in intermediate and advanced stage
exploration is the work that goes into assessing the degree of future environ-
mental impacts as defined in the Environmental Code. Consisting of surveys
of the socio-environmental landscape and a classification of environmentally
valuable objects as well as archeological remains and mappings of the flora
and fauna in the area, environmental impact work in mineral exploration fo-
cuses on producing a knowledge base for environmental impact assessment.
Regulated by the Swedish Environmental Code, an Environmental Impact As-
sessment (EIA) is required to account for the direct and indirect effects that
the projected mine could have on the environment (The Swedish Riksdag
1998, 6" chapter 3 §). An EIA, a relatively large undertaking, requires explo-
rationists to undertake surveys as well as studies in which the present condi-
tions of the flora, fauna, air and water quality, landscape, climate, and socio-
cultural environment are mapped and the mine’s potential impacts on each of
these dimensions are analyzed. In addition, an EIA requires explorationists to
estimate a mine’s impact on national and regional environmental quality ob-
jectives and environmental quality standards.

In practical terms, EIAs are often produced by specialized consultants and
are based on a combination of surveys and models. The surveys undertaken

8 This is regularly done on table top or pilot scale in order to fine tune the processing before
scaling up to operational size. Risk do remain, however, as the product from the full scale pro-
cesses may produce different results than the small scale versions did.
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include mapping and classifying any environmentally valuable species, sub-
strates, and biotopes in the area around the deposit,* surveys of the water qual-
ity, fish stock sampling using nets or electrofishing, studies of river and
lakebed faunas, surveys of archeological remains around the site, as well as
noise, vibrations, and pollutant emission analyses. Based on these surveys, a
present day status is produced for each of the dimensions listed in the Envi-
ronmental Code as well as for the 16 national environmental quality objec-
tives®’ and the environmental quality standards. Estimated impacts based on
studies and assessments are then presented in relation to the present day values
in each dimension. Examples of such estimations are common in the archival
material and include the use of continuous measurements of the noise emitted
from an established mine to estimate the likely implications of increased pro-
duction levels, model-based estimations to project a mine’s impact on the wa-
ter table, and geological mapping to estimate the volume of acidifying rock in
future gangue (i.e., commercially valueless materials) piles. In addition, a sub-
set of an EIA analyzed for this dissertation rated the predicted environmental
impact along a scale of positive impact, no impact, negative impact, and tem-
porary negative impact. In EIAs that did not employ ratings for the predicted
impacts, these impacts were described in qualitative accounts of the impacts
and the magnitudes of the impacts.

The explorationists’ approach to EIA in mineral exploration is a relatively
straight forward method of establishing a knowledge base, checking it against
existing regulation, and estimating whether impacts can be expected to exceed
the limits defined in regulation. Exploration geologists and consultant John,
for example, explained that to him, the environmental dimensions of mineral
exploration and project feasibility are primarily to do with engineering and
finding technical solutions that limit the environmental impact. The challeng-
ing part of environmental work, he continued, is instead the social dimension,
as while environmental impacts may be solved through technical solutions,
disgruntled stakeholders may slow down permit processes to the point of in-
creasing uncertainty.

However, while explorationists tend to approach the environmental dimen-
sions of a project’s minability as issues to be resolved in engineering, the Swe-
dish environmental agencies, the environmental courts, and contemporary en-
vironmental policy often take a broader perspective. As a result, approaches
come into conflict, which can be expressed either in terms of frustration with
a lack of transparency in Swedish environmental regulation or in cynicism.

8 Environmental value classification in Sweden is often conducted using a four tier system
denoting particularly valuable environmental values, high environmental values, some environ-
mental values, and low environmental value.

87 The 16 national environmental quality directives include targets such as limited impacts to
the climate, preservation of the ozone layer, reduced acidification, and were put in place by the
Swedish Riksdag in 1999 and revised in 2005.
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Exploration geologists and consultant Quinn expressed the former when sug-
gesting that the broad approach of Swedish environmental agencies introduces
uncertainty into the process. Therefore, she proposed, Swedish agencies have
a lot to learn from their counterparts in other mining jurisdictions such as
Western Australia, where environmental issues are dealt with in, what she per-
ceived as, a more straightforward manner. Maxwell, on the other hand, had a
distinctly cynical view on environmental impact assessment and regulation
saying that:

As an engineer, one would like to think that one should be able to calculate
what the right thing to do is. But then you realize, as you get older that, it is the
power over the words that matters [laughs]. And this is important. Classifying
iron ore mining as environmentally hazardous, for example, that’s awful, re-
ally! Sure, it causes environmental impacts, but there is nothing hazardous
about it. There are many things in our lives that pose greater hazards to the
environment than iron ore mining does!®®

Based on the explorationists’ accounts of the permit process, the practical
work described in EIAs, and the agencies’ management of environmental fac-
tors described in the permit process documentations, environmental impact
investigation in mineral exploration is a contested site. For explorationists,
environmental impact assessment revolves around estimates of how existing
socio-environmental values and conditions in an area could be impacted by
the projected mining operation. Although engineers and CEOs such as Max-
well may wish to reduce this issue to manageable and calculable problems,
the environmental regulation demands that explorationists prove that a pro-
jected mining operation will contribute to long-term resource husbandry; and
doing so is a much broader question than merely finding technical solutions
to minimize environmental impacts. However, building up a knowledge base
with which to demonstrate that impacts are likely to be within the legal limits
is a big step towards establishing minability in a project.

6.1.4 Summary

Although the early stages of exploration work focused on locating sites of ex-
ploration potential, intermediate and advanced stage exploration work require
explorationists to engage extensive data collection activities as the questions
at hand shift from where a significant deposit may be located to assessment of

8 Som ingenjor vill man ju gérna tro att man ska kunna riikna fram allt vad som &r ritt, men s
inser man med stigande alder att det &r makten 6ver ordet som dr viktigt [skrattar]. Och det ar
det som &r viktigt. Sa att klassa jarnmalmsbrytning som miljofarligt, till exempel, det &r ju
hemskt egentligen! Visst, det dr miljopaverkande men det finns ingenting farligt med det. Det
finns méanga saker i véra liv som &r mycket farligare for miljon &n vad jirnmalmsbrytning dr
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the qualities of the deposit itself as well as its socio-environmental impacts.
The systematic data collection work undertaken by explorationists at this stage
sets the foundation for predictions of deposit minability as explorationists use
drilling, drill core analyses, and environmental investigations and studies to
assemble bodies of heterogeneous values to be used as data in predictions of
present futures. This section has provided an account of how explorationists
produce these assemblages. The next section will outline how explorationists
use the data produced in exploration work to produce models of the geological
environment, estimate the quantity and quality of minable mineral resources,
and estimate the total economic value of the mine in the present.

6.2 Laboratories and desktop work: Modelling and
prediction

Parallel to intensified drilling, drill core and metallurgical analyses, and socio-
environmental investigations, explorationists begin working towards pooling
these different pieces of information together to produce improved estimates
of deposit minability. Such estimates involve geological modelling as well as
models of the minable sections of deposits and calculations of the best ap-
proach to mining them in reference to maximizing the available economic
value in a future mining operation. As part of this work, the exploration geol-
ogists and geophysicists who perform most of the exploration work up to this
stage are joined by new categories of explorationists: deposit geologists and
mining engineers. Senior mid-tier company officer Richard explained how
their company is organized with these two different groups collaborating to
manage the growing complexity of exploration projects as they mature to the
intermediate and advanced stages:

[O]n one hand we have the prospecting crew and then we have what we call a
technology crew where we have the mining engineers and metallurgists, and
it’s a back and forth between them and you work together. [. . .] And it’s a
continuous collaboration between these two as when projects move forward.
If you’re having success, then more and more people are going to get interested
and then you get more people to help you with prioritizing what needs to be
done.¥

8 [V1i har dels prospekteringsgiinget och sedan har vi det vi kallar for ett teknologi-ging och
dér har vi gruvingenjorer, metallurger och det &r som ett bollande fram och tillbaka och man
jobbar ihop [...] Och det dr ett samspel hela tiden mellan dom hér olika dérfor att allt eftersom
det hér projektet gar framéat; har du framgéang da blir fler och fler intresserade och da far du fler
som hjdlper till med prioriteringar av vad som ska goras.
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Together the prospectors, who are often exploration geologists, and the tech-
nicians work to add new layers to the predictions of the projected mine’s min-
ability. Doing so, they move back and forth between first and second natures:
estimating geological properties in a project before turning to estimate what
consequences the geology has in terms of the volumes of minable second na-
ture resources. This section describes how these estimates are made, what val-
uation devices are used, and how using them enables explorationists to trans-
late heterogeneous values into common metrics in geological modelling and
resource classification.

6.2.1 Geological modelling

Like early stage geological mapping, deposit modelling gathers geological in-
formation into a unified estimate of the geological reality underground and it
does so using calculative devices that relies on geostatistical interpretation of
the geological data in order to expresses the relation of observed grade sam-
ples as the result of a random function in a three-dimensional space.” The
results of the geostatistical estimates are used in combination with topograph-
ical data to produce a three-dimensional model of the mineral deposit.

There are generally two types of models used to estimate mineral deposits
where the first is a geological model that describes the geological reality un-
derground while the second type is known as a block model and consists of an
estimate of the volumes of minable material in the deposit. The difference
between the two types of model was explained by a lecturer in a class on min-
eral exploration, economy, and risk and was captured in the field notes taken
during this class:

Geological models are wireframes of deposit volumes that differentiate the ge-
ological environment into sections of different characteristics. A block model,
on the other hand, divides the mineral or ore model into geometrical shapes.
Before you can develop a block model, you need to establish a geological
model that differentiates different sections of the bedrock depending on their
characteristics. This means that geological models precede block models in the
estimation process.

Building a geological model entails loading observed and estimated mineral
grade concentrations onto wireframes to describe the geometry and grade dis-
tribution underground. In contrast to this relatively descriptive approach, the
more analytical block model takes the estimation further on the road towards

0 This distinguishes geostatistics from general statistics as the latter holds samples to be reali-
zations of a random variable rather than function and usually ignores sample positions.
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becoming a prediction of second nature resources. This is done by explora-
tionists adding layers of economic and technical considerations to the model
to essentially cut away sections of the deposit that are deemed non-economic,
leaving only its minable parts. However, while modeling may appear straight
forward it requires explorationists to consider several issues related to the
model’s quality. Models need to be specified in such a way that they best cor-
responds to what is known about the deposit. As the geological realities un-
derground do not necessarily correspond to the logics of geo-statistical esti-
mation, explorationists therefore need to divide their model of the overall min-
eralized body into homogenous zones in terms of zone lithology, structure,
mineralogy, weathering or structural alteration, grade distribution in space,
degree of sampling, and analytical precision. Were explorationists to fail in
correctly zoning the deposit, the resulting geostatistical estimate would be
skewed meaning that the resulting image of the underground would be flawed.

The way in which a block model estimates the quantity of minable material
is through dividing the estimated mineralized deposit into blocks between half
to one-third the size of the drill spacing. Using statistical estimation, these
blocks are then populated with grades based on the results from drill core anal-
ysis whereby also blocks lying between drill holes are assigned grade values
based on a weighted composite of observed grades. Common statistical meth-
ods used in block modelling include inverse distance weighting and variations
on Gaussian process regression analysis, or “kriging.” Kriging analysis pro-
vides an interpretation of block grades based on the grades of the surrounding
blocks and the relative distance to observed grades. When the block model has
been populated with grades, explorationists begin work to delimit the minable
sections of the deposit and divide them into categories based on their qualities.
Such delimitation is done by applying cut-off grades to the model. Cut-off
grades provide thresholds of minability and come in different levels corre-
sponding to the estimated economics of extracting ores at different levels of
profitability. Marginal cut-off grades denote the limit for when the extracted
ore is economic to process if already mined. Such material can be extracted
and stockpiled for later processing but does not in itself cover the cost of ex-
traction. Operating cut-off grades are the limit for when the value of the ex-
tracted ore is estimated to cover all costs involved in extracting, processing,
and selling it. Exploration geologist and consultant Quinn stressed the im-
portance of working with appropriate cut-off grades: “[I]t’s the geologist who
has to decide what cut-off grade that fits the deposit best and that really is a
lot of responsibility for a resource geologist.” The grades included in the block
model depend on what is appropriate for each project and therefore the ex-
pected cost for the project’s products, the cost of mining, and type of mine.
Carl explained how he uses different cut-off grades depending on what type
of operation is planned:
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Yeah, you make an estimation. You set a lower limit for what to include. For
example, it could be that if you’re going down to a depth of 150 meters then it
might be that you need at least one percent or 0.8 percent copper in terms of
value if you’re going to afford to mine this underground. It’s more expensive
to mine underground than in an open pit, right? While in an open pit mine, then
you might be able to get by with zero-point-five percent copper. So you’re
taking this into consideration already when you’re making your model. And
when you do this you have a cut-off. So when you’re drawing the boundaries
of the ore body underground, then you’re following that [cut-off] limit.*!

In a break during the interview, Carl decided to show how block models work
by turning on his computer to demonstrate a block model he was working on
at the time. The model, which to an untrained eye resembles a jumble of
Legos, is depicted as many brightly colored blocks and a series of thin lines
representing drill holes all set against a dark background. The colors in the
model, Carl explained, represent different mineral grades at different the cut-
off levels. Using the translation of geological data into a block model, explo-
rationists are then able to estimate the volumes of mineralized material at dif-
ferent cut-off grades. By doing so, explorationists can estimate the minable
deposit at different future metal and mineral prices and to divide the overall
deposit into units of varying profitability. Geologist and consultant John ex-
plained how this is done:

It’s pretty common to have an internal part of the ore body that is high grade
and then you have some material out here that is low grade and perhaps even
something here that is really low grade. If prices were to drop, then that’s usu-
ally not good for the mine, but then you may alter this cut-off grade [. . .] until
you’re mining only high grade material in order to adapt to this new price or
cost situation. And that’s a way to manage this risk.*?

Using block models and cut-off grades is one way to valuate mineral deposits
as future mining operations. This method allows explorationists to combine
geological data, technological considerations, and economic forecasts to out-
line a potentially minable mineral body. Mineral deposit models, in other
words, help explorationists project and plan for different present futures as

°1 Jo, men man riknar. Man sitter ju en ligsta grins for vad man tar med. Till exempel da, det
skulle kunna vara, om du ska ner p& hundrafemtio meters djup att du, det kanske behdvs minst
en procent koppar eller noll komma &tta procent koppar virdemassigt for att du ska ha rad att
bryta under jord. For det &r dyrare att bryta under jord 4n i ett dagbrott, medan du kanske i ett
dagbrott kan ndja dig med noll komma fem procent koppar. S& redan nér man gor sin modell
sa tar man hénsyn till det dér. Och da sidger man att man har en cut-off. Sa nir man ritar sina
malmgréinser da under jord sa foljer man den déir grénsen.

%2 Det dr ganska vanligt att man har en intern del i malmkroppen som ir high grade och sedan
en del som ligger hér ute som ar low grade och kanske till och med nagonting hér som é&r riktigt
low grade. Om metallpriserna skulle sjunka, oftast dr det inte bra f6r gruvan men man kan ju
andra den hér cut-off grade (...) tills man bryter bara det som &r high grade ore for att méta den
nya pris- eller kostnadsbilden. Och det &r ju ocksa ett sétt att hantera den dér risken.
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they allow them to divide the proposed mining operation into different sec-
tions that can be mined given different future circumstances. The importance
of models in predicting the future value of a mining operation is even more
evident in the application of block model results in pit-optimization studies.
Pit-optimization assesses different mine construction alternatives of open pit
mines. That is, a large number of mine pits are estimated and valuated. In
essence, an open pit mine consists of a series of cuts where each level is cut
into the previous level resulting in a pit whose walls descend in step-wise in-
crements creating a stair-like design where the ridges provide stability as well
as surface for driving trucks, drill rigs, and other equipment into and out the
mine. As the slope of the pit walls as well as the breadth and height of the
ridges affect the costs of extraction, different pit designs produce different
overall valuations of the exploitable deposit. A mining engineer working at an
open pit mine explained how pit optimization is done saying that when run-
ning pit optimization, explorationists begin with the model of the mineralized
body and then estimate 45 or so different pits before selecting the option that
is estimated to deliver the highest economic value.

In creating models, mineral explorationists use different valuation devices
that assemble geological data and economic assumptions to produce three
types of depictions of the underground that to an increasing degree, starting
with the geological model and ending with the pit optimization model, trans-
late geological nature into marketable second nature commodities to be real-
ized in a future mining operation. This translation is accomplished by first
drawing up and categorizing the bedrock according to its geological properties
before adding socio-environmental, technical, and economic layers of as-
sumptions to cut away the unminable sections of mineralized bodies.

6.2.2 Resource classification

Although block models provide one estimate of the minable volumes, the
models do not necessarily distinguish between the levels of knowledge asso-
ciated with different sections of the overall deposit. However, when reporting
on their exploration results in adherence with industry standards (see chapter
2), explorationists need to distinguish between exploration results, mineral re-
sources, and ore/mineral reserves, a process that adds further layers to the pro-
jected image of the deposit.

As discussed above, a mineral resource is a technical term for an occurrence
of mineralized material for which explorationists have amassed enough data
to classify it as such. Data sufficiency in mineral resource classification de-
pends in part on the degree of confidence placed on the geological estimates
in terms of what knowledge there is about the grades of mineralized material
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and their continuity in space. In addition, mineral resource estimation also
considers the spacing of the data (i.e., the distance of the drill holes) and the
quality of the interpolation of grades (e.g., in the block model) as well as a
certain amount of economic considerations in terms of there being reasonable
prospects for the mineral resource to be extracted and concentrated at a profit.
Assessments of future profitability in mineral resource estimates are often
based on the results of the pit-optimization analyses discussed above.

As shown in chapter 2, the standards for classifying mineral resources un-
der the CRIRSCO umbrella provide a number of sub-classes of the mineral
resource and reserves. One sub-class, the inferred resource, is estimated with
higher confidence than an exploration result, but is still connected to a large
amount of uncertainty in terms of its tonnage, grades, and mineral content. To
upgrade an inferred resource to the next level (i.e., an indicated resource), ex-
plorationists must reduce the uncertainty of estimates by carrying out addi-
tional drilling and analysis in order to increase the quantity and quality of data
to increase the confidence in estimates of grades, tonnages, deposit geometry,
and density. The highest degree of confidence is found in the final sub-class
of mineral resources, measured mineral resources. A measured resource re-
quires more data still from more drilling and analysis as well as a review of
the estimates by an accredited qualified person who certifies that the estimates
represent an acceptable degree of confidence. As valuation devices, the clas-
sifications of mineral resources follow the exploration process. As explora-
tionists undertake more work, they are able to produce ever more specified
and precise models and measurements upon which better resource classifica-
tions may be produced as the geological complexity is reduced.

As confidence in the estimates increases, explorationists also begin work
to turn the mineral resource estimate into estimates of minable reserves. Clas-
sifying a section of a mineral deposit as a probable or proved mineral reserve
requires that additional layers are added to the calculation as the criteria for
classifying a deposit a mineral reserve include accounting for, what the
CRIRSCO standards call, the “modifying factors” involved in determining the
amounts of minable mineral in the ground. Junior company senior officer and
geologist Eric explained the difference made by adding this additional layer
of modifying factors:

So there’s this concept in exploration and mining about a mineral resource and
a mineral reserve. They’re two different things. A mineral resource is an esti-
mate of how much metal is in the ground, and a mining reserve is how much
metal you’ll be able to recover; so it has a lot of commercial layers wrapped
around it.

Mineral reserves, in other words, are the parts of a mineral resource that are

minable whence commercial factors have been considered. The following fac-
tors make up the modifying factors described in CRISCO standards: mining,
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processing, metallurgical, economic, legal, environmental, infrastructure, so-
cial, and governing factors.”? As reserves depend on these dimensions for their
estimation, any changes in these (e.g., in the commodity prices) means that
the reserve grows or shrinks depending on how the economically minability
is affected by the change. Junior company CEO Ian outlined how this happens
in response to the observation that reserves decreased substantially in 2012
due to a drop in ore prices:

Major! Yeah, yeah! Yeah, yeah! So, you make a study and you put, like, a shell
around your deposit, but it’s set at a current price. So the boundaries of the
rock to be mined attach to a certain business plan, a financial model, yeah, then
if that metal price changes by 30 percent, then, wow! You got another shape.
So you have to factor these in.

Therefore, mineral reserves are second nature techno-economic projections of
the degrees of first nature resources that are estimated to be able to support its
future exploitation. Furthermore, reserve estimates are advanced stage explo-
ration products that rely on large volumes of exploration work to identify the
geological and metallurgical dimensions, outlined earlier in this chapter, as
well as considerations of foreseeable investment and operation costs, future
commodity prices, and assessments of a project’s environmental impacts. As-
sessments of these modifying factors mean assembling data with which ex-
plorationists seek to reduce uncertainty in the minability of the mineral de-
posit. The end products of this work are estimated volumes of resources or
reserves within different categories of certainty. In other words, the heteroge-
neous assemblages of drill core data, price forecasts, and environmental im-
pact negotiation are translated, commensurated, and expressed in a unified
metric tons of mineral resource or reserve with grades of certain percentages
or grams per ton. What began as a set of indicators of exploration potential
has, in other words, here been translated into a body of second nature de-
scribed along the lines of 2500 ktons inferred mineral resource of 0.3% Cu,
0.1% Zn, and 0.6 g/ton Au.** However, while the increasing amount of geo-
logical data means that the material dimension of minability in terms of the
first nature properties of the deposit become increasingly known and less com-
plex, the introduction of economic, social, and environmental parameters at
the same time means that the project grows increasingly uncertain.

93 The list of factors is taken from the Australasian JORC Code (see The Joint Ore Reserves
Committee of The Australasian Institute and of Mining and Metallurgy, Australian Institute of
Geoscientists and Minerals Council of Australia 2012).

%+ Or 2,500,000 tons of inferred mineral resource consisting of 0.3 percent copper, 0.1 percent
zinc, and 0.6 grams per ton of gold.
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6.2.4 Summary

Intermediate and advanced stage exploration work pulls together different
types of data amassed through exploration fieldwork and analysis and trans-
lates them into measurements of minable mineral material and three-dimen-
sional models of deposit geology and mineral bodies. These translations are
produced using a range of valuation devices through which measurements are
pooled to estimate quantities and qualities of different values in the ground
and around the exploration area. The most clear-cut example of this is the ge-
ostatistical calculations and subsequent application of modifying factors
through which explorationists take measurements from drill core samples and
use these to produce a model of the geological realities underground and to
predict the amount of minable mineral resources and reserves within the geo-
logical body. However, the EIAs discussed in the previous section are instruc-
tive of the exploration process movement from measurement to estimate. The
environment is valuated in terms of classifications of environmental values
and inventories of fauna in the area combined with measurements of potential
emissions and environmental alteration which are then rated according to the
estimated degree of foreseeable impacts to the dimensions of the environment
outlined in the environmental code and additional regulations.

Although these efforts of valuation and prediction reduce much of the het-
erogeneity of the amassed data, this is not the final definition of minability.
Until this point, the majority of exploration work has been carried out in dif-
ferent lines of work and the estimates of minability have been denoted in dif-
ferent dimensions. The next section outlines how these estimates are pooled
to translate the remaining heterogeneity into a unified metric of minability in
the form of a net present value (NPV).

6.3 Project feasibility studies: Estimating the net present
value of a future mine

As described above, the exploration process is not a unified process, but rather
anumber of parallel efforts that produce a range of predictions about the future
minability of a projected mine. However, while each line of work is important
in outlining the overall minability, they mainly answer questions particular to
each individual line of work such as a project’s geological properties and
quantities, mine engineering, or socio-environmental impact. A comprehen-
sive overview of the overall mine and its minability is accomplished first in a
feasibility study. A feasibility study, the last in a series of studies undertaken
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in exploration, consists of a document that gathers all the results of the explo-
ration efforts into one unified assessment of a project’s feasibility as deter-
mined by the projected minability of the mineral deposit. The feasibility study
is therefore the culmination of many years of exploration work and as such
plays a vital role in explorationists’ decisions on whether to go ahead and
begin development and construction of a mining operation. Senior junior com-
pany officer Eric explained the role of the feasibility study saying that it is the
report where you say:

This [feasibility study] is how we’re gonna build our mine. This is the size
we’re gonna build it at. This is how much metal we’re gonna produce. This is
how many trucks we’re gonna buy.” All of that is what’s put in front of a board
of directors to say “Yes, we’re willing to provide two-hundred million dollars
to build this mine.” and the banks will say “Yes, we agree with all your as-
sumptions. We are willing to give you a hundred million dollars of debt to
enable you to build your mine.”

Although the feasibility study in many ways is the final piece of the explora-
tion puzzle, it is a long way to walk to get there. As there are significant costs
involved in bringing a project to, what explorationists call, the feasibility stage
the need to sort out the most promising projects remain. Before arriving at the
feasibility stage, explorationists therefore bring projects through a series of
smaller studies aimed at outlining the future costs and potential involved in
bringing a project further along the exploration process. The remainder of this
section will outline these smaller studies and provide a closer analysis of the
feasibility study as a prediction of future minability.

6.3.1 Scoping studies or preliminary economic assessments

A scoping study, or preliminary economic assessment as they are called in the
Canadian NI 43-101 standard, is the first step towards a comprehensive eval-
uation of a project, and it pertains to answering questions of whether it makes
sense to spend more money and effort on a project or whether one would better
close the project down. Undertaken at a relatively early point in the interme-
diate to advanced stages of exploration, scoping studies are inherently uncer-
tain but provide some guidance as to the potential minability of a project.

In an advanced class on mining economy and risk evaluation, John told the
attendees that a typical scoping study reviews existing data to produce a first
mineral resource estimate. Moreover, as the data hitherto assembled by the
explorationists at this stage tend to be sparse, data accessible from public
sources or from an organization’s experience base is used to fill in any gaps
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in the estimation process. Carl explained the practical realities of this: explo-
rationists seldom have access to the resources or time necessary to collect first-
hand data for all dimensions in a scoping study, so they tend to rely on publicly
available data to estimate possible costs and incomes for the project:

Tobias: So you’re making comparisons with other mines working under simi-
lar conditions [Yes] in terms of projects too?

Carl: Yeah, definitely. And you do the same thing when you begin working on
estimating the profitability in a project. At that point you usually have only a
small team, you usually don’t have time and money to collect quotes on eve-
rything you need for a concentration plant, for example, or for all the mining
vehicles you’re going to need. Therefore, when you’re doing your scoping
study or your preliminary economic assessment, you usually rely on public
figures, or figures you can get from other projects that are similar to yours.*

Because data is sparse at this stage, public and experience based information
is an important resource when estimating the potential minability in a project.
Being able to pull data from an organizations experience and previous work
therefore provide explorationists working for mid-tier and majors that already
operate producing mines an advantage compared to junior exploration organ-
izations. Exploration geologist Keith and mining engineer Lars, both working
in mid-tier organizations, expressed how the availability of experience-based
data helps in minability prediction as it can be used as inputs when calculating
future mining costs and sale incomes. This, they continued, means that organ-
izations who have experience-based data to draw on can compare their own
data with data from public sources. According to Lars, not having to “start
from zero” to estimate the future costs of mining a deposit the way juniors
must is a significant advantage.

No matter what data they have access to, public or experience-based data,
explorationists’ scoping studies all feature a series of dimensions through
which they try to predict the short-term benefits of bringing the project for-
ward as well as the long-term minability of the project. These dimensions are
as follows: geological measurements in the form of exploration results or in-
ferred mineral resources; initial mine designs with outlines of flat-lined pro-
duction schedule (i.e., a production schedules that assume homogenous out-
puts and do not consider details such as differences in the production volumes
and grades at different points in time); a processing outline in the form of a

%5 Tobias: S& du jamfor och tittar du pa gruvor med liknande forutsittningar [Ja] projektméssigt
ocksa?

Carl: Jajamén. Pa samma sitt ndr man borjar med att kalkylera pa lonsamhet pa ett projekt sa..
Da har man ju i regel ett litet team, man har inte tid och rad att gé ut och ta in offerter pa allting
som behdvs till ett anrikningsverk till exempel, eller alla dom gruvmaskiner som behdvs. Sa
ndr man gor sin scoping study eller preliminary economic assessment, da anvdnder man i regel
bara sadana siffror som &r publika eller, eller som man far tag pa ifran andra likvérdiga projekt.

130



costed rudimentary flowsheet design using processing cost data from compa-
rable projects (own or public); and rudimentary studies for the design of tail-
ings and gangue management, water management, and environmental im-
pacts. In addition to these dimensions, financial models are developed in order
to test the project’s sensitivity under different future scenarios defined as
ranges of positive and negative variations in dimensions such as prices,
grades, costs, recovery grades, and other modifying factors. Based on the rel-
ative access to data in these dimensions, the scoping study mainly discusses
geological and processing data in combination with assumptions and estimates
on the remaining dimensions. Therefore, the scoping study outlines a pre-
dicted minability in terms of the geological knowledge and the estimated costs
of extracting and processing the mineralized deposit using a particular mining
and processing method, whereas most other dimensions are placed in the back-
ground pending further exploration work.

Being based on early to intermediate stage exploration work, the uncer-
tainty of the estimates included in a scoping study is significant as many di-
mensions affecting the minability of a project have yet to be sampled and an-
alyzed thoroughly while other dimensions will not be studied in any detail
until much later in the exploration process. Despite this, scoping studies are
generally held by explorationists to be accurate to between +/- 30 percent to
+/- 50 percent. Now, a positive or negative 30 percent is a large span, but to
the outsider it still may seem surprisingly confident given that estimates are
produced using limited knowledge of the complex geological and ecological
systems in a project as well as of the social dimensions involved, such as mar-
kets, public opinions, and juridical permitting processes. This confusion sig-
nals an important distinction which has been growing ever since the start of
the exploration project, that is, that between a site as a host of complex systems
and relations, and a site as an exploration project vis-a-vis other exploration
projects. Remembering the distinction Maxwell drew between geologists
wanting to understand a site as a result of geological processes and geologists
wanting to start new mines, the +/-30 to 50 percent uncertainty of the scoping
study estimates does not denote uncertainty in relation to the first type, but
rather to the second type. What the scoping study does, in other words, is to
produce an account of the site as an exploration project and second nature and
not an account of the site as a set of complex relations and processes, which
is first nature; and it is the estimates attached to this second nature that are said
to be accurate to +/-30 to 50 percent. Following from this, the scoping study
valuates the exploration project along the lines of what is seen to be relevant
from the explorationists’ and their publics’ horizons; that is, the site is trans-
lated into standardized qualities and in the end made commensurable to any
other exploration project. This translation reduces the complexity of first na-
ture into a standardized series of measurements, a second nature, and this is
the whole point of a scoping study as it enables explorationists to compare
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their project and its predicted resource potential to other exploration projects
and even other investment opportunities in general.

The scoping study is therefore a first overview of an exploration project
and this overview helps explorationists introduce equivalences between the
still complex and uncertain project and already operating mines. By doing so,
explorationists put themselves in a position to evaluate the project both in
terms of what can be estimated from the exploration results as well as what
the project promises in terms of exploration potential was it to be subjected to
further investment. Carl described this role of the scoping study and provided
an idea of what further investments entail in terms of costs:

So when you’ve reached this stage, the stage where you’re undertaking a scop-
ing study, the purpose of doing that is to see “Should we move forward? Is it
worth it to spend twenty million dollars to take this to a feasibility study from
where we are now, when we might have spent twenty or twenty-five million
already? Should we move ahead or should we go somewhere else? Are there
better places for us to invest our money in?”*°

The first overview of an exploration project and the first evaluation of its po-
tential is based on relatively uncertain predictions of a mineral deposit’s future
minability. In summary, scoping studies provide important guidance against
the uncertain future as they form a basis for a first comprehensive review of a
project to determine whether to put more work and capital into it. Despite be-
ing based on sparse geological data and a large number of assumption regard-
ing the future costs and incomes from constructing the mine and extracting,
concentrating, and selling the ore product, the scoping study builds a point of
reference against which explorationists can orient themselves in order to nav-
igate the uncertainty in their projects. If the project is found to be of sufficient
potential to be brought ahead it will then be subjected to more intensive studies
both in terms of drilling and analysis but also in terms of an increase in the
scope of dimensions used to assess minability.

6.3.2 Pre-feasibility studies

If explorationists decide to take a project further, they will eventually have
amassed enough data to warrant a second study of the project, a pre-feasibility
study (PFS). Compared to the scoping study, a PFS is based on considerably

%6 S4 man brukar siga att nir man kommit till steget, stadiet att man gér en scoping study, syftet
med den det #r ju att se ”Ska vi g vidare?” ”Ar det virt att ligga tjugo miljoner dollar pa att ga
till feasibility study ifran det hir dér vi &r nu, nér vi kanske har lagt da tjugo tjugofem miljoner?
Ska vi gé vidare eller ska vi g& ndgon annan stans? Finns det béttre stdllen att investera véara
pengar?”’
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more data as projects will have undergone at least some of the data assembly
and analysis work outlined in the first sections of this chapter. Following from
this, the PFS uses geological data minimally consisting of indicated mineral
resources and combines this information with plans for the necessary infra-
structure to develop and construct a projection of the future mine, including
geo-technological considerations, environmental investigations, intermediate
mining and mineral processing plans, hydrological surveys, and tailings and
waste disposal plans. As more data are involved in producing a PFS than pro-
ducing a scoping study, the PFS can be seen as a more detailed study than a
scoping study. However, it is not only the increased quantity of data that sep-
arates the PFS from the scoping study; the precision of data used to estimate
the feasibility of a project will have increased between the scoping study and
PFS stages. That is, instead of relying on publicly available data on construc-
tion and operation costs, explorationists may have worked to narrow down the
cost estimates to bring them closer in line with the geological, environmental,
and technical dimensions in a project. Moreover, also the quality of the geo-
logical data will have improved at this point, as explorationists, at the time of
the PFS, will have subjected the mineral deposit to infill drilling so to increase
the frequency of core samples. In addition to this, the introduction of results
from laboratory analysis and quality assurance and control measures also pro-
vide a stronger foundation for grade estimates.

The practical implications of the increased quantity and quality of data is
that when they arrive at the PFS stage, explorationists have undertaken work
to qualify and quantify a series of dimension seen as relevant to a mineral
deposit’s future minability. On the technical side, PFS work is based on min-
eral resource estimates at the indicated level or higher, technical proposals for
how the mine is to be designed, a rough production schedule including the
quality of ore to be mined at different points in time, and a model of the oper-
ation costs for the proposed mine design. In addition, explorationists are to
have produced improved processing flowsheets outlining how the ore is to be
crushed, milled, and refined as well as plans for how waste material and tail-
ings are to be removed and stored. Moreover, the qualities of the rock material
at the site will have been analyzed to test the properties of the waste material
in terms of leaching and acidifying materials In addition, explorationists will
have made a design of the future industrial area complete with locations for
gangue storages and tailings dams. Finally, the PFS also sees the introduction
of hydrological and hydrogeological considerations as studies at this level de-
mand that explorationists study the water supply in the area and the potential
inflow of surface or ground water into the mine.

Located between the scoping study and the full scale feasibility study, the
PFS assesses what has been learned since the scoping study and asks what are
the impacts of the exploration work undertaken at the PFS level on the scoping
study’s assumptions about the project’s minability. Second, in addition to as-
sessing whether the addition of PFS level data has strengthened or weakened
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the predicted minability in a project, the PFS is also used to identify and select
different options for how the project can be developed. Therefore, the PFS
looks both backwards and forwards as it reviews whether the assumptions put
into the scoping study are still relevant or whether they need to be updated
following the addition of new and more detailed data. The forward-looking
dimension of the PFS, on the other hand, consists of PFS outlining a scope of
different alternative mines that may be developed from the project, alterna-
tives that will be studied in detail in future studies—given that the project is
moved forward following the PFS. Geologists and junior exploration com-
pany senior officer Eric explained how they worked with the PFS in an ongo-
ing exploration project:

So the concept of a pre-feasibility study is a study that will provide to you
various options that are then assessed in the feasibility study. So an example
with [the project] would be that we would identify, ehm, the building of a mine
at a certain scale or the building of a mine at a different scale and both of those
would then be studied in more detail during a feasibility to tell you which one
is the appropriate scale.

When discussing the role played by PFSs, Eric connected their use to the over-
all ambition to reduce risk in exploration projects, or as an investment banker
at an international conference and trade show put it, to “de-risk” projects. In
mineral exploration, de-risking is accomplished by increasing the volume of
data as well as improving the quality of the measurements in each dimension
deemed relevant in exploration. According to this logic, it is through the in-
troduction of better measurements that makes the future minability of a project
increasingly calculable and therefore less uncertain. De-risking is approached
as a continuous process where project risk is reduced step by step as the quan-
tity and quality of data increase and less is left unmeasured or uncertain.

In the PFS, the scoping study’s +/-30 to 50 percent risk is reduced to +/-25
to 30 percent meaning that explorationists, supported by the increased vol-
umes of data and more accurate and precise measurements, employ narrower
margins of error to their estimates and to the scenarios used to test project
sensitivity. Moreover, PFS level work ties into the reporting on the mineral
deposit as a resource and reserve as PFS level work is the minimum level for
reporting mineral or ore reserves. That is, the PFS determines whether there
is sufficient confidence both in the geological estimates and the work on mod-
ifying factors to translate resources into profitable minable reserves. The PFS
stage is also the stage at which most exploration organizations have produced
more detailed studies of a project’s environmental impacts. Armed with these
studies, explorationists usually begin to consult the local communities in order
to assess the social impacts of the proposed mine and to seek to gain ac-
ceptance (i.e., a social license to operate) for their plans from local actors.
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Situated much later in the exploration process, the PFS thereby provides a
much more comprehensive and detailed review of the project in many of its
different parts than does the scoping study. However, the PFS is only an in-
termediate study that allows explorationists to attempt to predict the costs and
potential gains involved in investing time and resources to take the project
further. What emerges as the result of the PFS is a number of variations of
present futures in which the projected mine takes different shapes depending
on the approaches, techniques, and other considerations that make up the
scope of alternatives to be investigated in an eventual feasibility study.

6.3.3 Feasibility studies

What has been described so far is the path to a feasibility study. The feasibility
study is the most in-depth, laborious, and comprehensive study in the explo-
ration process and as such it contains the most detailed examples of prediction
work in the exploration toolkit. As with the scoping and pre-feasibility studies,
the feasibility study is made up of an assemblage of diverse information gath-
ered and analyzed in order to de-risk an exploration project in relation to its
minability as determined by the geological estimates and modifying factors.

As with two previous studies, the feasibility study is a multi-disciplinary
valuation and evaluation of a project. Being an advanced stage product, how-
ever, the feasibility study stands apart from the scoping study and PFS in that
often it is not based on data from ongoing exploration work, but from com-
pleted field and laboratory work. The authors of feasibility studies, in other
words, have access to the totality of data in each domain and pools them to-
gether in the study. In practice, the feasibility study data consist of the follow-
ing parameters: improved geological models and block models based on ad-
ditional drilling; completed laboratory test work to assess grades; metallurgi-
cal analysis using pilot plants rather than desktop studies; analyses of the wa-
ter supply and flow; a detailed EIA; and detailed mine and process designs for
the one option chosen following review of the different potential designs of
the mine laid out in the PFS, including the waste and tailings management
facilities. In addition to these advances in data quantity and quality, the feasi-
bility data tend to be based on actual quotations of the costs for all significant
capital investments rather than assumptions based on publicly available or ex-
perience-based data from other mines.

It is, perhaps, at the feasibility study that the overall complexity of an ex-
ploration project is at its clearest and at which the diversity of the group here,
simply referred to as explorationists, is at its most apparent. The feasibility
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study pulls together the work done by a range of different groups of profes-
sionals working in exploration geology, exploration geophysics, drilling, la-
boratory analysis, geological modelling, environmental investigations, rock
mechanics and engineering, community relations, legal permitting, financial
analysis, geo-hydrology, and even commercial archeology. Some of these pro-
fessionals work within the exploration organization, but many work in one of
the many consultancy firms that provide their services in drilling, modelling,
environmental impact assessment, legal support, and etcetera. Given the range
of professionals involved in providing the materials for a feasibility study, it
is not surprising that these studies are described by informants as being “gi-
gantic exercises” that are very capital intensive and lengthy, taking between
12 and 24 months to complete.

This advanced stage work also tends to see exploration project change
hands as new divisions within an exploration organization may take over the
project, as in the case of the previously described Swedish mid-tier organiza-
tion where the prospectors handed over management of projects to the com-
pany’s technical team as projects mature. This handover, mining engineer Lars
explained, takes place when projects have reached the point where the quality
and quantity of exploration data support estimates at the indicated mineral re-
source level. At this point, the technical division takes over and, while sup-
ported by the prospector team, begin work to raise the project from resources
to reserves by conducting a feasibility study. A second group of actors that
make their entrance into the exploration process in full in the feasibility stage
are the accredited qualified persons described in chapter 2.7 While they fea-
ture in earlier stages as well, qualified persons are important actors at this stage
as industrial standards and practices require the use of qualified persons in all
feasibility studies. Along with the managers, financial modelers, and mining
engineers, who together tend to make up project management divisions, the
qualified persons possess a privileged position within the exploration process,
as they are the ones responsible for bringing together the many different di-
mensions of exploration work into one coherent measure of minability. Be-
cause of this, they are the first people to see a project in its entirety and there-
fore the first people positioned in such a way that they are able to produce
predictions based on a comprehensive view of a project. John, a qualified per-
son and consultant, explained that because they are the first to gain a compre-
hensive view of a project, the authors of feasibility studies often see projects
in a very different light compared to those working in the different lines of
exploration work that contribute data to the feasibility study:

97 As stated in chapter 2, a qualified (or competent) person is someone accredited under an
industry standard for the reporting on exploration results, resources, and reserves. While the
present thesis uses the term qualified person, the standards have different ways of referring to
this function with the European PERC reporting standard using the terms interchangeably
while, qualified person is the term used by the Australian JORC code and competent person is
the term used in the Canadian NI 43-101 standard.
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And the interesting thing is that sometimes, if you’re working on a financial
model and you have this birds-eye view of the project, you often come with..
I’m gonna pick on environmental engineers, they come to you and they’ll say
“Shit, we have a rehabilitation cost that will be sky-high! This will be impos-
sible. You’ve gotta see this! How are we gonna manage this?”” And then you
feed it into the model and view the project in its entirety and realize that it will
only have a marginal impact, if any.®®

Explorationists working in their respective domains, John continued, mainly
provide information to the project managers and the rest of the team working
on the feasibility study and therefore only see their own part of the project.
Therefore, were they to make any predictions, like the environmental engi-
neers in the quotation above, they are usually based on their expectations re-
garding how what they observe in their specific domain will affect minability.
As John put it, “they seldom give a green light, they give red lights.” In isola-
tion, therefore, the valuations undertaken to assess and predict minability in
mineral exploration only provide parts of the answer, as different valuations
need to be brought together and weighed to comprehensively assess the min-
ability of a future mine.

The result of prediction work in advanced stage exploration may therefore
differ significantly between those made by explorationists working in data
production and analysis and the explorationists responsible for pulling to-
gether all available data into a definite valuation of a project. But what is this
definite valuation? The answer to this question was hinted at earlier in this
chapter: the net present value (NPV) of the projected mine. The NPV is an
estimate for the overall value of a future mine given predicted capital expend-
itures (CAPEX), operational expenditures (OPEX), and price, including any
penalties or premiums as determined by predicted quality of the ore product.
Therefore, the fundamental determinant of the NPV is the relative proportion
of sellable material that can be produced in the mine and the costs involved in
doing so. Valuing future mines therefore works by pricing the estimated vol-
umes of sellable ore and the process of extracting it. Exploration geologist
Quinn explained this by paraphrasing an old and well-known geologist in her
region:

Yeah, moving dirt is expensive and there’s this well-known geologist, espe-
cially around these parts, who’s been very successful in his career. And I re-
member him telling me that there are only two types of rock, there’s “dollar
rock” and “waste rock.” And it’s only the proportion between them that make

%8 Och det intressanta ir att ibland, om man sitter héir och jobbar med en finansmodell och har
den hér 6verblicken 6ver projektet, man brukar oftast komma med, I’m gonna pick on environ-
mental engineers, dom kommer fram och sdger att ”Shit, vi har ju en rehabiliteringskostnad
som kommer vara skyhdg! Det kommer att vara omojligt det hdr. Du maste se det hédr! Hur ska
vi klara det?” Och sé sdtter man det i modellen och ser projektet i sin helhet och man inser att
det paverkar projektet ytterst lite.
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or break projects. And like I said, you could have the best deposit in the world,
but if you can’t get it out of the ground making a profit, then that deposit isn’t
worth anything.®

At the end of the day, it is therefore the relative proportions of dollar rock and
waste rock that determine the NPV in a project and to minability in general.
Whether the mineral can be mined profitably is the central question in feasi-
bility studies and this further highlights the privileged position project man-
agers and qualified persons have as predictors. While explorationists working
on resource definition or evaluation learn a great deal about the geological
properties of the deposit under exploration, they do not have access to the
perspectives of other domains, such as rock mechanics engineering or metal-
lurgy, that are important co-determinants of minability. John explained that in
order to estimate the NPV, one first needs to know what everyone else is doing
in this process. Moreover, one needs to have an understanding of what is im-
portant in the process so that one can ask the right questions. Saying this, John
then went on to draw up the content of a feasibility study and how they relate
to the NPV:

And then you get the first overall image. Both of the physical flow of materials
from the mine to the concentrator and to the tailings dam. [. . .] I’m talking tons
and grades for all stages and what happens when you get to the concentrator,
yeah. Then this tonnage with these grades are there and there and there and
there. And then maybe this is the tailings dam and this is residue product and
this is low grade product and this is high grade product. And this is the first
time you see how the entire mine will behave under its whole live-span. And
from this you get the NPV.1%

While saying this, John grabbed a pen and paper and began drawing a mine as
two elliptical shapes, one situated within the other. Pointing at different loca-
tions within this very rudimentary open pit mine, he then began placing the
tons and grades at different locations in the mine before drawing lines and
boxes denoting high grade product, low grade product, residue product, and
the tailings dam. From all of this, comes the NPV: an economic measure of

% Ja, det kostar pengar att flytta jord och det finns en vilkind geolog, sérskilt hér ikring, som
har varit véldigt framgangsrik i sin karridr. Och jag kommer ihag hur han beréttade for mig att
det finns “dollar rock” eller ”waste rock” och det finns ju det bara. Och det 4r bara méngden
som styr projektet egentligen. Och som sagt, man kan ha vérldens vérsta fyndighet men om
man inte kan fa ut det pé ett [onsamt sitt da ar han vérdelos.

100 Och sedan har man den hir forsta helhetsbilden. Bade pa det fysiska flddet av material fran
gruvan till anrikningsverk till sandmagasin (...) jag pratar da ton och halter for alla steg och jag
menar da vad som hinder ndr man kommer in i anrikningsverket. Ja da far det hir tonnaget med
dom hér halterna dit och dit och dit och dit. Och det hér kanske &r sandmagasinet och det hér &r
restprodukt och det hér dr low grade product och det hér &r high grade product. Och det &r forsta
gangen man ser hur hela gruvan under hela gruvans livslingd kommer att bete sig. Och det man
far ut hérifran da ar NPV.
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the projected mine’s overall worth expressed in terms of an up front, present
day price tag. But how precise is this valuation?

Figure 5 below shows an estimated pre-tax NPV, expressed in terms of
millions of Canadian dollars, for a training example worked on by the author
while doing ethnographic fieldwork in a day-long training class on mining
financial modelling. The section of the model depicted here is the final stage
after a long line of data points, estimations, and assumptions that together lead
to the estimated NPV visible in the lower left corner of the figure. Technically
speaking, the NPV is estimated using the following equation:

N
R

it
o 1+

where i 1s the discount rate and R;is the net cash flow at time t.

In practical terms, the calculation of the NPV as expressed in the model is as
follows: the NPV is the sum of the discounted pre-tax unlevered free cash flow
(“Pre-Tax UFCF” in the model) across the mine’s life span and this sum is in
turn estimated by dividing the pre-tax unlevered cash flow by one plus the
weighted average cost of capital (WACC) raised to the power of the discount
period. Tracing this operation across the section of the model depicted in the
figure, one can derive the NPV from dividing the sum of the annual pre-tax
unlevered cash free cash flow—which in turn is the sum of the cash flow in-
cluding EBITA, royalties, cost of goods sold, exploration expenditures, and
reclamation contributions—with one plus the WACC raised to the discount pe-
riod. The NPV, in other words, is an expression of the estimated difference
between the cash inflow and the cash outflow from constructing and operating
the mine and concentration plant. By tracing the NPV back through the me-
chanics of measurements used to produce it, it becomes apparent that the rel-
ative certainty of the NPV as a comprehensive valuation of the projected mine
is less solid than it may first appear. It is, for example, worth noting that the
EBITA is an estimate based on subtracting assumed costs from the yearly rev-
enues estimated as the combination of the scheduled annual production of ore
materials and the annual price per unit of concentrate. Put briefly, the NPV
therefore still harbors uncertainty as much of the measured inputs remain far
from certain while other inputs are based on mere assumptions. This ability of
valuations to express certainty and clarity while rendering opaque the uncer-
tainties upon which they are based have been described as a form of “uncer-
tainty absorption” (March and Simon 1958). Absorption of uncertainty arises
when valuations summarize relatively complex questions into straight forward
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answers and ties in with how valuations reduce complexity by assigning val-
ues to heterogeneous and therefore, as Knight (2006) argued, uncertain phe-
nomena or circumstances. In the feasibility study, this type of absorbtion of
uncertainty occurs as the uncertainties embedded in the geostatistical model-
ling, flowsheet designs, cost projections, EIAs, and market forecasts are sum-
marized into a straightforward value here in the form of a certain number of
millions of Canadian dollars.

Figure 5. A financial model

In addition to the NPV, explorationists also have access to additional tools
with which they can evaluate the minability of a project. One such tool is the
cash cost curve. A cash cost curve is a comparative tool where explorationists
valuate their project in relation to other projects in order to rank the project’s
future minability vis-a-vis existing mines. Using publicly available data, ex-
plorationists plot the predicted costs and incomes in their project together with
the known costs and incomes in similar projects, thus ranking the plotted min-
ing operations and projects according to their relative cost of producing min-
eral product. Technically, the cash cost curve produces histograms of the
ranked companies with the Y-axis denoting a mine or a producer’s cost per
unit of production (e.g., tons or ounces of mineral concentrate) and the breadth
of the bar representing each respective company along the X-axis denoting the

140



company’s share in the cumulative volume of produced mineral product.!!
Layered on top of this histogram are horizontal lines reflecting the predicted
commodity price (or prices); that is, the bars with Y-vales (costs of producing
one unit mineral product) that intersect the predicted price are producing their
ore product at higher costs than what is estimated to be the future price. Cash
cost curve ranking provides explorationists with another dimension through
which to valuate their projects in terms of their relative minability compared
to other projects. A “better” position in the cash cost curve denotes the project
as being less susceptible to variations in commodity prices than those in
“poorer” positions as well as the potential supply deficiencies to be created
were a less favorably positioned producer to exit the market. Together with
NPV estimates, cash cost curves, in other words, provide explorationists with
opportunities to commensurate and compare their projects against operating
mines to evaluate whether the project appears sufficiently minable given the
value and cash cost of existing projects.

This section has outlined how advanced stage exploration projects undergo
comprehensive, multi-disciplinary valuations through which a project’s over-
all value in the form of its NPV is predicted. Such comprehensive valuation is
the final stage of the exploration project and predicts a unique value of a pro-
ject in terms of the estimated difference between the estimated present value
of the inflow and outflow of cash in the mine. In addition to these project
unique valuations, explorationists also produce predictions about a project’s
position in cash cost rankings to predict the project’s relative susceptibility to
future market movements. However, while all these efforts pertain to de-risk-
ing projects by increasing the quantity and quality of the data available to ex-
plorationists in prediction work, the uniqueness of each project poses hinders
on the road to establishing the equivalences necessary to truly transform un-
certainties to risks. According to the Knightian rule (chapter 1), assessing risk
(i.e., measurable uncertainty) is only possible when cases or situations are suf-
ficiently similar for actors to be able to infer similarities and differences
among them. According to Knight, true risk is therefore very rare, as uncer-
tainty is only made measurable if there is a significant degree of equivalency
between situations. Similarly, explorationists face specific challenges related
to uniqueness of a case as uniqueness presents more potential for uncertainty
with respect to quantifiable and translatable risks. Therefore, it is not surpris-
ing that some mines fail despite all efforts spent on establishing credible esti-
mates of their future minability. The next section takes a closer look at the
main reasons for failed predictions and ultimately failed mines.

101 Cash cost curves can also use individual mines as their unit of analysis.
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6.3.4 Blown predictions

Prediction work throughout the exploration process produces both long-term
and short-term predictions where the long-term predictions pertain to answer
questions about the would be mine and its minability and the short-term pre-
dictions support decision makers in determining whether they see a project fit
to be taken forward in the exploration process. The goal of prediction work
in mineral exploration is therefore to provide resources to explorationists fac-
ing decisions as to whether they should continue to work a project or whether
they would do better closing it down and re-focus their efforts somewhere
else. In an enterprise characterized by a low probability of success as well as
significantly rising costs of working projects as they move through the explo-
ration process, mineral explorationists need to balance their investments into
uncertainty reduction and improved data for prediction with the likelihood that
the project they are currently working most probably will turn out to be un-
minable. It is therefore not surprising that Eric claims optimism to be a mineral
explorationist’s most important characteristic. In a world where failure is a
likely companion, the belief in striking gold is an important driver and moti-
vation. Maxwell summarized this by saying

And then you know, this thing to explore.. like, at the end of the day you’re
doing exploration because you believe [that you will have success], and when
you’ve been doing this for a while then you realize that many of the projects
you work on will never become anything, right? You have some indication
there might be something there but you never succeed in proving it. Instead,
you’re hoping and believing that someday you’ll make that one in a thousand
discovery that motivates all the work you’re putting into this, right?!%?

Making discoveries and carrying them through the entire exploration process
is challenging work. Failure is therefore a common companion in mineral ex-
ploration. Despite this, failure as a topic has led a peripheral existence in the
discussions of exploration methods and risk reduction above. However, as
mineral exploration is rife with uncertainty both because the deposits can only
be accessed, so to say, from a distance and because the future itself is uncer-
tain. Unpacking Maxwell’s reflections on how most projects never become
mines, one finds two types of failures that explorationists need to navigate.
These two types of failure were first discussed in the introductory chapter but
can now be appreciated in in detail. First there are the false negatives The first

192.Och d& just det hér att leta.. alltsd ytterst s& vill du ju leta dérfor att du tror [att du kommer
lyckas], och du inser ju d& du hallit pa med det hér ett tag att ménga av dom projekt du har
kommer aldrig bli ndgot, va. Du har en indikation pa ndgonting men du lyckas aldrig leda i
bevis att hér finns ndgonting. Utan du hoppas ju och tror att du ska hitta den dér en pa tusen
som motiverar allt det arbete du lagger ner, va?
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type of failures are failures to establish any certainty in whether the many pro-
jects deemed unminable are actually unminable or merely false negatives.
While explorationists, as this and the previous chapter shows, have access to
a wide scope of exploration methods, these methods do not guarantee that ex-
plorationists be able to accurately and precisely measure the actual distribu-
tion of mineralized material in the ground. There are therefore no guarantees
that one may end up predicting a deposit unminable because of failures to
produce valuations that better corresponded to the true distribution of minable
mineralized material in the ground. However, while false negatives may weigh
heavily on individual explorationists and exploration organizations, they are
not as problematic from an industry perspective as they produce results that
future explorationists going through the Malé archives might discover and
pick up. In addition, chasing potential false negatives in ongoing exploration
work is a problematic strategy for the individual explorationists as this can
casily lead explorationists spending resources on projects that will eventually
turn out unminable. Discussing this problem, Eric referred to economic theory
and, what he referred to as, “the gambler’s ruin” saying that:

There’s a concept in economics called gambler’s ruin. Hm.. Gambler’s ruin is
the concept of continuing to think that you’re going to be successful so you
keep spending money, you keep gambling. But the odds against you are so
high that you actually go bankrupt before you get to your successful point.

In mineral exploration, the gambler’s ruin involves spending capital chasing
good results as drilling is expensive and ultimately translates to poking nee-
dles into a big and complex body; such chases may end up costing explora-
tionists capital that could have been better spent elsewhere. This is why, Eric
said, the “decision to say stop is as important as the decision to say keep go-
ing” and why it is important, as Maxwell phrased it, to work with experienced
people who “can tell a dead horse when they see it and who know that there’s
no point of whipping it because it’ll never run anyway.”!%

Nevertheless, while false negatives may cause explorationists to have head-
aches, false positives keep them up at night. For example, the Northland bank-
ruptcy discussed in chapter 1 in many respects came down to false positive
minability predictions. Part of the incorrectness of the predictions made in the
case of Northland had to do with a large unforeseen drop in commodity prices
that slashed iron ore prices by 50 percent in mere months. However, there
were other miscalculations factoring into the bankruptcy as well. Amomg
these were the optimistic estimate that the mine would be able to carry the
costs of transporting the ore product by truck all the way from the mine’s in-
land no-railroad location 165 kilometers to a railroad for continued transport

103 Och det #r dir det kommer in att, liksom, ha erfaret folk som har varit med forut och som
kan kénna igen en dod hést och vet att det &r ingen idé att piska den hér f6r de kommer aldrig
rora pa sig i alla fall [skrattar].
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to a dock from where it would be shipped to the buyers. In fact, when talking
about the Northland bankruptcy, George went as far as stating that the pre-
dicted minability of Northlands mine was been based on unrealistic “blue-
skies estimates.” In other words, the predictions made in the case of Northland
fell short both in terms of foreseeing a huge drop in prices and in terms of the
profitability of mining and shipping iron product from the mine.

One lesson from the Northland bankruptcy is that overconfidence is a poor
bedfellow when making predictions about a project’s minability, but North-
land is far from alone in having been seduced by overconfidence in prediction
work. In August 2006, ScanMining began mining the Blaiken zinc deposit in
Swedish Lappland. According to the company, the Blaiken deposit contained
a significant mineral resource that could sustain a mining operation for many
years. However, by the end of 2007, the company had filed for bankruptcy.
Following the bankruptcy, other companies took over the operation but the
mine was never economically viable. The MIS finally revoked the exploitation
concession in 2014 and since 2018, the SGU has worked on cleaning up the
significant environmental destruction that resulted from the mine’s brief ex-
istence. Today, the Blaiken mine stands as one of the dark examples of how
dire the consequences of mining failures can be: both in terms of failures to
identify false positives in exploration work and in terms of failures in mine
management and environmental impact negation. Do the examples of North-
land and Blaiken accurately reflect the risks and consequences of blown pre-
dictions in mineral exploration?

Today, many explorationists distance themselves from black sheep such as
the Blaiken project. For example, Maxwell, in a conversation with a social
relations consultant, responded to a claim that the public’s negative view of
the mining industry might be informed by failures such as the Blaiken project.
Maxwell’s response was to argue that a case such as Blaiken is highly unlikely
today as regulation has grown stricter in recent years. Maxwell’s reasoning
was captured in the field notes produced in relation to this event and contains
a series of disclaimers for why Blaiken should be singled out as an abnormal-

1ty:

During a break for coffee, Maxwell was talking to one of the social relations
consultants contracted to manage a workshop on sustainable mining featuring
the company and local community representatives. Talking about the general
public’s view and experiences of mining, the consultant raised the issue of the
Blaiken mine. Maxwell responded by saying that it is when people mention
examples such as Blaiken that pisses him off the most. He explains to the con-
sultant that Blaiken was operated by ScanMining, a company that was gener-
ally referred to as Scam Mining in mining and exploration circles. Many were
doubtful of the project’s ability to sustain its mining operation as its zinc grades
were too low and felt that the company was under poor management. As an
example of the latter, he explained that the company had bought used equip-
ment from Australia without considering how Australia uses a different power

144



system to Sweden. In addition to this, he added, Blaiken was developed before
the current regulation was put in place.'%

Maxwell was not alone in describing how the Blaiken project had been per-
ceived of as a failure in the making. SGU officer Peter, for example, explained
how the people behind the Blaiken project had visited the agency while work-
ing towards opening the mine. At the meeting, Peter said, the company spent
an afternoon showing images, sketches, and numbers explaining how the pro-
ject would be minable. However, based on his experience of the area and de-
posits around Blaiken, Peter said, he had subsequently told them that the pro-
ject would never fly. This was not the end of the warnings. George told of how
the company even ignored the concerns put forth by the person in charge of
producing the mineral resource estimates. According to George, the person in
question had highlighted the fact that the data did not support the grades the
company claimed to have in the deposit and that this would lead to the con-
centration costing more than what was estimated as more ore would need to
be processed to produce the same grade product. According to George, the
company did not listen to these warnings but decided to push ahead. However,
he continued, this was the 1990s, a different time, characterized by high opti-
mism and eager investors.

The Northland and ScanMining bankruptcies are two of the most dramatic
examples of blown predictions in Swedish mineral exploration today. How-
ever, failures need not be so dramatic as to produce newspaper headlines.
While false positives carried too far before they are discovered can wreak
havoc with both the exploration organization and the surrounding community
(in the Northland case, the local municipality had made sizable investments
towards accommodating the new mine and all the members of the mining crew
that would come with it), some failures go by more or less unnoticed as the
miner is able to manage any issues caused by inaccurate predictions or because
the failure does not capture the attention of the media. For example, the Mer-
tainen mine south of Kiruna was mothballed before ever going into production
because of falling prices on iron ore. In a press release dated December 19,
2016, the mine owner, LKAB, stated that in 2010, when the mine was being
planned, the market had looked completely different from the market that
faced the mine whence permitting and development was finished in 2016. In
this new market, the products from the mine were not profitable. Before this

104 Informanten sidger dé att det dr nér folk lyfter exempel som Blaiken som han blir som mest
forbannad. Han forklarar for konsulten att Blaiken skottes av Scan Mining som i allménhet
kallades Scam Mining i gruvkretsar. Manga var tveksamma till projektet och for att de hade for
daliga zink-halter for att kunna béra sig, att bolaget skottes daligt. Som ett exempel pa detta
berittar han att foretaget kopte in begagnad utrustning fran Australien utan att tdnka pa att de i
Australien anvénder ett annat elsystem. Till mig séger d4ven informanten att Blaiken kom till
innan den nuvarande lagstiftningen trddde i kraft.
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happened, however, the company had moved ahead with all preparations, in-
cluding felling 200 hectares of primeval forest to make room for a gangue
disposal site. Despite this, the mothballing of the Mertainen mine did not re-
sult in many headlines in mainstream media. However, Sami district chairper-
son Niels strongly questioned the sustainability and economic logic behind the
Mertainen project as did the Swedish Society for Nature Conservation (2017),
which sought to raise public awareness on the matter, even labeling the project
a “crime scene” in their promotional materials.

This section has discussed three exploration projects and mines and the
flawed predictions involved. Together, the three examples provide insight into
potential consequences of flawed predictions in mineral exploration. What
general lessons are there to be learned from these examples? A session from
a class on mining economy and risk evaluation provides some insights. Ac-
cording to John, who led the class, most mines fail because of one or more of
the following reasons: (i) the costs of capital or operations turn out to be higher
than expected; (ii) the recovery grades produced are lower than the metallur-
gical analyses predicted; (iii) sales revenues are lower than estimated; (iv)
ramping up production takes longer than expected; and (v) because of failures
to sustain initial performance throughout the life of the mine. Following from
this, most problems arising when mines are moved into production relate to
blown predictions that, because of their foundation in flawed valuation or in-
correct assumptions, produce incorrect estimates of what the mining realities
will look like in the future present. Turning to the three examples at hand, it
becomes apparent that the Northland, Blaiken, and Mertainen mines suffered
from at least one of these five reasons for failure. For example, bot Northland
and Mertainen experienced lower prices than expected when they were pre-
dicted minable while the Blaiken mine experienced lower recovery grades
than predicted from the metallurgical test work.

In addition, John told the class that some of these issues are more common.
According to John, flawed mine design and flawed scheduling cause the great-
est proportion of problems, followed by poor resource and reserve estimates
and issues with metallurgy. In relation to this, the class was shown lists of
common mistakes in these three domains. This list included overly optimistic
ramp-up and production schedules, failure to consider local variations in min-
eral deposit quantity and quality, overconfidence in statistics and modelling
rather than common sense, failure to understand metallurgical domains within
the ore body, unrepresentative samples used in testing, failure to identify con-
taminants, and unanticipated variation in the process inputs (e.g., differences
in water chemistry). In relation to this, it may be observed that cost estimation
was not listed among the common problems; not by John nor by the inform-
ants. Instead, informants often expressed confidence in their cost estimations,
which were based on experience-based data, publicly available data, and the
use of real-time quotes for each significant investment. The prediction work
carried out in mineral exploration thus appear to run into more problems in
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some areas than others. Although the problems seem to be general, they relate
to the specificity of each project and of the mineralized bodies they are trying
to translate into mineral resources and minable reserves. Therefore, one may
argue that cases such as Blaiken and Northland are not perfectly indicative of
what happens when explorationists blow their predictions but exist as ex-
tremes on a continuum that begins somewhere in the region of slight devia-
tions from predicted production and financial results and ends in social, envi-
ronmental, or economic catastrophe.

This chapter shows how mineral exploration sees a range of actors come
together to valuate a piece of the underground in order to identify patterns of
mineral qualities and quantities, which can be projected into a present future
when combined with other patterns and assumptions forecasting the future
price of metals and the cost of extraction. Through this work, the projected
mine is given a series of price tags that together measure up its minability
expressed as a net present value. Accomplishing this is hard work and the
likelihood that the work put in will produce success is slim given the many
uncertainties involved. When it comes to blown predictions, it is perhaps more
interesting to ask how grave the consequences of the failure are than to focus
on the failure itself. After all, most mineral exploration projects are born to
fail and to explorationists the important question is therefore whether they fail
well and manage to, as Maxwell put it, kill the bad projects in time, or whether
they fail bad.!*

6.4 Concluding remarks

In her study of how the U.S. Bureau of Reclamation valued and weighted dif-
ferent potential dam projects, Wendy Espeland (1998) shows how rational
quantification is colored by the assumptions upon which it is based. This is
because rationality, Espeland argues, is a cultural, organizational, and political
construct. Rationality, in other words, is not a neutral view from nowhere, but
a context-dependent mode of reasoning. Calculative practices, Natalia
Besedovsky (2018:252) adds, “shape ideas” and “calculative devices are con-
crete manifestations of these ideas.” That is, efforts to de-risk a project by
increasing the quantity and quality of projectable data are inherently shaped
by the choices made in terms of what valuation devices to use, what data to
assemble, and how to weight one datum in relation to other data. The previous

105 Put somewhat boldly one may ask whether explorationists manage to kill the bad projects
or whether they fail, thereby killing their companies or—as in the case of the Blaiken mine—end
up killing much of the surrounding natural environment.
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two chapters have detailed how explorationists work to produce quantifiable
knowledge about geological, economic, environmental, and social past, pre-
sent, and future in order to establish projectable patterns to guide their explo-
ration both short-term and long-term. What emerges across the pages of these
two chapters is an in-depth account of the process in which explorationists’
prediction work is embedded as well as a series of outlines of different forms
and stages of exploration work. This section takes this account as its basis for
an analytical discussion of how predictions of future minability are produced
in mineral exploration.

As discussed in chapter 3, predictions attempt to answer questions about
the future and rely on predictors producing data in which they can identify
patterns of such stability that they may be projected into the future with the
aid of some linkage (see Rescher 1998). The work of explorationists follow
this outline as much of exploration work consists of assembling data from
heterogeneous sources to support both short-term decision-making and long-
term minability valuation. Supporting decisions on where to locate an explo-
ration project, whether to move projects forward and invest more time and
capital into further exploration, and whether to move the project out of the
exploration stage into development and construction, the prediction work car-
ried out by explorationists operates on different temporal horizons. First, there
is the immediate problem at hand. Where should the project be located? Is
there evidence that there is a discovery to be made here? Have we managed to
define the mineralized body or are there more to be discovered by drilling
more? Is there enough potential in this project to warrant intensified drilling
and analysis? Did the pre-feasibility study provide results that support under-
taking a feasibility study? These are all questions about the next stage of ex-
ploration and they are questions motivated by the low probability of success,
which encourages explorationists to hold on to their capital so not to spend
their time “beating a dead horse.” At the same time, there are the long-term
horizons, the mine that might become. Mineral exploration, after all, is not
about producing projects that survive yet another cycle of exploration work,
but attempts to produce that one project that is strong enough to go through
the ten or so years of exploration work, attain all relevant permits (and in many
cases a considerably sized loan), and emerge on the other side as a profitable
mine. In exploration, these two temporalities run in parallel as explorationists
work to assemble data that grow cumulatively as the project matures.

One central dimension to the logics under which mineral exploration oper-
ates is through the cumulative assembly of data, which plays a vital role in the
prediction work undertaken by explorationists. However, because of its heter-
ogeneity, this growing volume of data needs to be translated into a common
metric that expresses minability in the form of a de-risked prediction of a fu-
ture mine’s economic value. Initially, this common measure is the estimated
quality and quantity of mineral product derived from geophysical and geo-
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chemical surveys and from drill cores. A project estimated to possess signifi-
cant quantities of good grade mineralized material is predicted minable in
early stage exploration. As the project matures, the heterogeneity of the as-
sembled data grows and minability becomes more of a composite term deter-
mined by heterogeneous values ultimately translated into monetary terms. In-
termediate and advanced stage predictions therefore predict a slightly different
type of minability: a minability determined by the potential profitability of
exploiting a deposit. Here the geological value in the project is supplemented
with other values arising from valuations of the project as a technological en-
tity, as a case of socio-environmental impact management, and as a balance
between costs and revenue. Although the foundations for determining mina-
bility in the later stages of exploration work are heterogeneous, the measure is
not infinitely complex as much data that could potentially be used to predict
minability in a project are left outside the estimation. Prediction work in min-
eral exploration focuses on a narrowly defined set of dimensions—i.e., geology
and modifying factors. Although projects are valued in multiple domains, they
are valued using a pre-determined set of valuation devices outlined in industry
standards and practices. The reliance on this standardized narrow set of di-
mensions enables explorationists to commensurate different projects and their
respective conditions and challenges and treat them as equivalents. It is
through commensuration that explorationists can rate and rank their projects
based on their NPV and position in cash cost curves and it is on basis of these
commensurative efforts that projects are de-risked. However, does this mean
that uncertainty is truly reduced as exploration projects mature? From a
techno-scientific perspective, the answer would be affirmative, but there is a
paradox to this as exploration projects appear to fall under more uncertainty
the further along the process they come.

In the early stages of mineral exploration, explorationists primarily deal
with the complexity of geological nature. Being the result of billions of years
of geological processes, geology as first nature may be infinitely complex, but
enough regularity exists to allow explorationists to use more or less developed
theories and hypotheses in order to narrow down and delimit their search pa-
rameters. However, as a project moves forward and begins to consider mineral
deposits as second nature, it is exposed to infinitely uncertain phenomena in
the form of socio-environmental and economic indeterminacies. The open-
endedness of future commodity markets, techno-environmental interventions
used to negotiate environmental impact, as well as socio-juridical matters such
as social licenses to operate and permitting processes remain despite explora-
tionists’ efforts to order their projects under standardized measures and mod-
els. Because of this, the products to come out of explorationists’ prediction
work effectively reduce many of the complexities that explorationists face in
early stage exploration, but at the same time they stand as “as if statements”
(Beckert 2016) that construct a “second reality, more structured and manage-
able than the uncertain world modern society has to face” (Esposito 2015:97).
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That is, uncertainty management in mineral exploration follows a dual line
where the work to reduce complexity reduces the uncertainties to do with a
deposit’s geological qualities as first nature (i.e., its grades, volumes, geome-
try, and metallurgical properties) while the work to determine a deposit’s min-
ability as second nature re-introduces uncertainty.

Given how so much uncertainty remains at the end of the exploration pro-
cess, the true answer to the question of whether predictions help exploration-
ists manage uncertainty is not straight forward. Instead, there exists a puzzle
as to how explorationists can claim to have de-risked projects while their fu-
ture minability remains uncertain. Chapter 5 outlines how the sorting of ex-
ploration projects is to do with a rationality based around sufficiency (March
and Simon 1958) rather than with finding the most minable mineral deposit;
this focus on finding a sufficiently minable project answers part of this puzzle.
However, sufficiency does not remove uncertainty, so the present future de-
picted in feasibility studies and mineral reserve reports remain potentially un-
ruly (Wynne 1988) as any unexpected development may cause these predic-
tions to collapse in on themselves. Therefore, it remains an open question as
to how explorationists justify the merit of their predictions in the face of the
unforgiving uncertainties of the future. The next chapter looks closer at this
second dimension of prediction work: the justification of minability predic-
tions as correct depictions of desirable present futures.
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7. Justifying Predictions: Claims of
Correctness and Desirability

“In order to call something a mineral
resource, you need to justify how you
may actually mine it at a profit.”
John, to a class on mining economy
and risk evaluation

The two proceeding chapters describe and analyze how mineral exploration-
ists work to produce predictions and in doing so they provide a first set of
pieces for the puzzle of how explorationists use prediction work to manage
uncertainty. However, making predictions is only the first step: after all, few
predictions possess any real merit unless they are recognized as correct and
relevant. This opens the door for approaching the second question posed in
this thesis: How do mineral explorationists justify their predictions? As dis-
cussed in chapter 3, a central conceptual component in understanding justifi-
cations is in the use of particular values through which worth can be ascribed
to an actor or object. Astrology is one example from the history of predictions
and provides a good example of this connection between values, objects, and
justifications of worth. Once a highly respected form of scientific prediction
(Curry 1987), astrology is now seen as little more than superstition. Using the
bare-bones version of Boltanski and Thévenot’s (2006) work on justifications
outlined in chapter 3, the change in the status of astrology over time can be
traced to how the signifiers of worth that once supported claims for the worth
of astrology as a rational method of prediction ceased to apply to astrology.
The decline of astrology from prediction to superstition in recent history is
therefore less to do with astrology viz. prediction than with historical changes
in norms and other institutions that led to there being no justificatory basis
upon which the correctness or relevance of present futures produced through
astrology, palm readings, or any other “superstition” can be justified as a ra-
tional method of prediction. This historical change helps highlight the im-
portance of justification in prediction work and the role of values in granting
credibility to predictors and their predictions.

In formal terms, signifiers of worth describe the relation between the actor
or object for which a justification is made and the value actualized as a meas-
ure of the worth being ascribed to this actor or object. The definition of signi-
fiers of worth therefore follow the definition of justification put forth by
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Boltanski and Thévenot (2006) but without the epistemological baggage of
locating these values in predefined “orders of worth.” Justifications, it follows,
consist of claims that link one person or object to a certain worth based on this
object or person being of or possessing some quality perceived to be relevant
in a particular context. John’s discussion of the worth of a mineral reserve by
referring to its profitability (above) hints at how this takes place within the
context of mineral exploration.'%

This chapter will outline how explorationists justify the products of their
prediction work. It focuses on the content of justifications made and what sig-
nifiers of worth are called upon to justify the worth and merit of predictions
in mineral exploration. Based on the contents of the empirical materials, the
chapter distinguishes two distinct trends in the signifiers used in justifying
predictions. The first of these trends considers the prediction’s correctness and
contains justifications based on claims of precision and accuracy as signifiers
of a prediction’s worth. The second form of justification are justifications of
the desirability of the present futures outlined in the predictions. This second
factor is of some importance here as the predictions made by explorationists
not only describe a present future, but also seek to realize it. Explorationists,
at the end of the day, are not only describing what a future mining operation
would entail in terms of its profitability or socio-environmental impacts, but
also are seeking to persuade others that building and operating this mine is the
preferable course of action. This chapter accounts for both types of justifica-
tion and is divided into two sections with each section focusing on one of the
two.

7.1 Claims of correctness: Accuracy and precision in
prediction

As outlined in the previous chapters, the use of valuation devices in explora-
tion work builds a growing corpus of values across the exploration process.
Using these values, explorationists are then able to identify patterns describing
the past and present and which they can project into the future as predictions.
Based on these predictions, explorationists gain access to a future present that
they can then use to justify whether a particular exploration project should be

196 A more general example of how justifications depend on the use of values to signify the
worth of something or someone is perhaps the justification put forth in the following sentence:
“Marxism is not a scientific theory because it cannot be falsified.” By actualizing falsifiability
in the Popperian sense as a signifier of worth, Marxist theories are thereby said to be of the
(negative) worth of “not being a scientific theory” because they do not meet the criteria of
falsifiability that is central to Popperian positivist theories of science.
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abandoned or be granted further attention and resources. Although the justifi-
cation of a project’s potential can be made referencing the measured qualities
of the mineralized deposit, justification of the prediction of the same deposit’s
future minability is trickier. Arguably, a prediction needs to be correct for it
to be useful. Predictions are, after all, answers to questions about the future
and in an industry that constantly needs to look out for dead ends and false
positives, correct answers are generally better than incorrect ones. However,
given the uncertainty that underlies explorationists’ predictions, despite the
steps taken to reduce risk in projects, correctness is hard to ascertain in a
straightforward manner, as the future in which a prediction will emerge as
having been either correct or incorrect is yet to materialize. The peculiar status
of predictions as claims about the future based on observations of the past and
present (discussed in detail in chapter 3) means justifications of predictive
correctness needs to be based on something other than a direct correspondence
between a predicted present future and the future present it pertains to depict.
In mineral exploration, this chapter argues, this “something” consists of claims
of accuracy and precision in relation to the data and linkage that allow explo-
rationists to perform the epistemic leaps (Rescher 1998) from past and present
to the future described in the two previous chapters.

In explorationists’ terminology, the data collection and analysis undertaken
to improve the knowledge base available for prediction work fall within the
efforts to de-risk exploration projects by assembling data on the aspects of the
project’s material and future dimensions seen as relevant from an exploration
perspective. As described in the previous chapters, efforts to de-risk projects
take different shapes depending the stage of the exploration process. lan, a
CEO of a junior company, discussed these differences in de-risking efforts by
explaining that sometimes de-risking might be as simple as drilling a hole so
one can actually having a look at what is down there beneath the surface.
While costly and time consuming, drilling, after all, offers the only oppor-
tunity to valuate the geological qualities in a project by drawing samples from
the actual bedrock in the form of drill cores. From this data, explorationists
can justify any predictive claims about short-term future discoveries and long-
term minability. However, as the previous chapters have shown, de-risking is
not only about drilling. Instead, each step and method used in mineral explo-
ration in some way pertains to a reduction of risk and uncertainty. Therefore,
de-risking is the central motivation behind each step of the exploration pro-
cess. According to Ian, mineral exploration is in and of itself a process of risk
reduction where explorationists employ different tools in their tool box to re-
duce risk:

We could do geophysics, and then we could do some drilling, and then we
could do some more geophysics, and do some more drilling. And the tech-
niques may vary subtly and the types of drilling might vary, or the depths or
whatever it might be. So the more you go down the line, the more you reduce
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the risk, the more you can actually be confident that you will get an outcome
from a given spend. But all of it, ultimately, is about risk reduction; all of it!
So when you make your mine, it’s there.

Talking about reducing risks and effectively about attempts to manage uncer-
tainty, [an described the importance of confidence as a value signifying worth
in predictions. The source of this confidence is found in the belief that the
cumulative work put into exploration work actually increases knowledge in
such a way that it helps de-risks a project both in the long-term and short-term.
This confidence in turn posits that the each subsequent stage of exploration
contributes to raising the quality and quantity of data in a project in such a
way that a project’s minability can be made known and that the predicted vol-
umes and grades will actually be found the day the ground is opened up to
build the mine. The corpus of heterogeneous values produced in exploration
is therefore not only the, so to say, raw materials for prediction work, but also
one of its most important justifications as it helps explorationists develop con-
fidence in their estimates and predictions. Maxwell, for example, sees such
confidence as evidence that predicting minability lies in establishing a suffi-
ciently strong geo-statistical material that one is able to predict with relative
confidence what grades one would pull out of the deposit where one to drill a
new hole into it.

While Ian and Maxwell emphasized the importance of gaining confidence
by measuring and mapping the underground to manage the geological com-
plexity in a project, exploration geologist and consultant John provided a
bridge between confidence and justification. According to John, justification
and the reduction of risk go hand in hand, as it is the reduction of risk that
ultimately justifies predictions of future minability. When asked to explain
this, John made use of an outline of the exploration process and its different
stages and described how the best justification for predictions of future mina-
bility varies along the process. Referring to early stage exploration, he made
the following observation:

What’s the best justification? What are the biggest risks here? They’re geol-
ogy, aren’t they. The geology, the understanding of the resource, is the biggest
risk here. So the best justification for continuing with something here is a good
understanding of the geology and economically interesting grades. Those are
your biggest risks in this area here.

As projects are moved further along in the exploration process, the growing
body of data on the mineralized deposit allows explorationists to establish
confidence in the geological dimensions of a project and move to work on
other risks in order to justify the project’s future minability in additional di-
mensions. Referring again to the outline of the exploration process, John be-
gan talking about the justification of advanced stage predictions:
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What’s the best justification here? I would say the technical, the modifying
factors, because you’ve gone from understanding your geology, okay, if
you’ve kept going here, then your geology must be easily understood, you must
be getting reasonable grades of economic interest you’ve got to, say, this point
here where you’ve defined your mineral resources, then your biggest risks are
in the modifying factors, so your technical, economic, political, if you call
them modifying factors, those are your biggest risks. Then your best justifica-
tion is to say “Those risks we understand, and they’re manageable, and the
economic model is reasonable and it shows us that we’re gonna make a profit,
and within the context of the study phase we’re at, the NPV looks good.”

Here, John bridges risk reduction in first and second natures. As John de-
scribes it, explorationists in advanced stage exploration justifications of their
predictions on future minability shift from focusing on measurable dimensions
such as the quantity and quality of first nature mineralized material in a deposit
to focusing on the uncertainties connected to the second nature mineral re-
source and reserve. These uncertainties are then approached through the meth-
odologies in place for managing modifying factors and from the economic
model with its combination of measurements and assumptions from which ex-
plorationists estimate the projected mining operation’s NPV, the ultimate
measurement of future minability. However, as the previous chapter argued,
also the NPV is a highly uncertain measurement so its use as a low risk esti-
mate requires explorationists to bracket or leave aside any uncertainties not
accounted for in their estimations.

The means of justification outlined in the quotations above consist of con-
tinuous investments in more data in order to understand the physical properties
of the mineralized deposit and the consequences of the modifying factors on
the project’s minability and bottom line. In practical terms, the process of
building confidence and justifying predictions in mineral exploration is inti-
mately tied to the standards for reporting on mineral resources and mineral
reserves outlined in the previous chapter. The use of these standards allows
explorationists to translate their findings into categories where each category
corresponds to a certain class of risk and confidence.

In early stage exploration, there are no codified risks or confidence levels;
instead, explorationists can only refer in their justifications of exploration po-
tential to the data produced so far and to other qualities that speak to why their
projects may one day be found to be of such quantity and quality that they can
be turned into minable resources and reserves. Justifications of exploration
potential, in other words, relate to dimensions such as exploration potential,
carly stage findings, and a project’s proximity in type or location to known
minable deposits. Examples of this were observed in a venue at an interna-
tional industry conference and trade show. At this event, there was a large
number of booths set up by prospectors and explorationists seeking to attract
investors to their early stage exploration projects and to do so they had brought
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with them sections of early stage drill cores containing promising concentra-
tions of mineralized materials as well as maps and other pieces of information
detailing the potential in their projects. However, as soon as explorationists
are able to move from early stage exploration results and produce a mineral
resource, they gain access to a universe of values with which to justify their
claims of a deposit’s future minability; this is an important difference between
the early and later stages of exploration. That is, early stage exploration is
motivated and justified by references to the potential for significant discover-
ies inferred from interesting exploration results, whereas advanced stage ex-
ploration predictions are justified using other values such as those put forth in
industry standards.

By dividing the exploration process into increments based on estimate con-
fidence and categories of risk, industry standards help explorationists justify
their predictions as projects are moved from one category to the next and from
high to lower levels of risk. This points to an important aspect of the confi-
dence building and justifications discussed by the informants above: how in-
stitutionalized values contained in standards play a central role in guiding
what risk reduction is supposed to look like in mineral exploration. It is against
this backdrop of standards and practices that the values derived from explora-
tion work are made sense of. A discussion of certainty in predictions by mid-
tier mining company senior officer Richard provides an example. When asked
whether explorationists use any rules of thumb in relation to how certain a
prediction can and should be, Richard stated that:

For reserves, you need to have a high probability that the estimate is correct.
However, if you go down to a mineral resource and you take the lowest class
of mineral resource, which is called antagen—or inferred in English—there you
have probabilities of something like plus-minus 100 percent. And that’s an in-
dication of “how certain is this information.” And then when you’re at reserves
then you might say that “we’re somewhere between perhaps five or ten per-
cent.” There’s still some uncertainty, but that uncertainty depends on many
different things, like method of analysis and so on. But I believe that you’re
pretty pleased at that stage. If you’ve done everything correct throughout the

process, then you usually find the estimated metals when you begin mining
it.107

197 For reserver dir ska du ju ha en bra sannolikhet att det dir stimmer. Men sedan nér du gér

ner till mineraltillgang och du gér till den ldgsta mineraltillgangstypen som kallas for antagen
— eller inferred pé engelska; dar dr sannolikheten plus-minus kanske 100 procent. Och det &r en
indikation pa ”Hur séker dr den hdr informationen?”” Medan nér du 4r pé reserver sa kommer vi
kanske att siga att Vi ligger ndgonstans mellan kanske fem och tio procent.” Det &r fortfarande
en viss osdkerhet, men den beror pd méanga saker, liksom, analysmetod, allt mgjligt. Men jag
tror att dir &r man ganska ndjd. Har man gjort det rétt genom hela processen sa brukar man ju
hitta metallen ingen nér man plockar ut den.
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That is, what ultimately defines the quality of predictions is whether explora-
tionists have “done everything correct” and followed the principles laid out in
industry standards, managing their projects, so to say, “by the book.” Now,
doing exploration by the book has three consequences. First, it guarantees that
the exploration project ascribes to what the standard issuing organizations
deem to be sufficient quality exploration work, thereby reducing uncertainty
in as much as it becomes more certain how a project has been worked.!* Sec-
ond, it allows explorationists to claim confidence while at the same time dis-
regarding any uncertainties not covered in standards. Third, it serves a form
of signaling function, as doing things by the book and stating that one has done
so becomes a marker of “good” exploration work.'® Due to their role as de-
terminants of what constitutes sufficient quality in exploration work, private
regulation such as industry standards also provide a system of signifiers of
worth with which the quality of the work from which one is making a predic-
tion can be justified. Justifying predictions, in other words, means establishing
legitimate confidence that the data from which the prediction is made are ac-
curate and precise. Getting everything right in exploration therefore means
producing good data in which to identify projectable patterns concerning those
aspects deemed relevant in mineral exploration practice and standards. Suc-
cessfully doing so means that the mineral reserve predicted to be there in the
ground is probable to materialize once mining commences, but there is a pos-
sibility it will not. That is, industry standards provide a map for making pre-
dictions but they do not comprehensively cover every dimension that may
possibly affect the minability in a project whence mining commences. Instead,
they offer a set of conditions that stock exchange listed exploration organiza-
tion need to meet when reporting mineral resources and reserves; and the way
they do so is through the data quality assurance/quality control programs and
the accreditation systems they have put in place to ensure the quality of the
data used in prediction.

7.1.2 QA/QC and QPs

The quality assurance (QA) and quality control (QC) procedures outlined in
industry standards and partially described in the preceding chapters consist of
efforts to assure and control the quality of data used to predict minability in

108 For a discussion of how standards help reduce uncertainty, see Aspers (2018).

199 Compare this with how other standards such as organic farming certificates act as markers
of status in markets for meat (Baath 2018); the certification stand in as short hand for a whole
range of values connected with the standard of the issuing body.
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exploration work. Quality assurance procedures are protocols for checking ac-
curacy and precision in laboratory metallurgical analyses by means of adding
blank, duplicate, and standard samples in the material sent to the laboratories
as well as by conducting external lab checks and comparing the results re-
turned from analysis of materials from the same source (e.g., a drill core) but
analyzed at different laboratories. Quality control, on the other hand, pertains
to controlling the quality of the data produced in a project. Examples of quality
control issues include controlling drilling performance to prevent the drill
from bending in some unaccounted direction causing drill hole deviation as
well as strategies to maintain sample quality be preventing cores from break-
ing or shattering, both issues that introduce sampling problems as they make
it harder to pin point samples to a certain position in the bedrock. In addition,
quality control also involves protocols for monitoring how drill cores are
stored and prepared to prevent any tampering with or contamination of sam-
ples.

Because of their role in industry standards, QA/QC procedures are central
to the classification of resources and reserves and therefore are important di-
mensions in predictive exploration work. One example that highlights just
how central the role quality assurance and control hold in the industry are the
industry standards. For example, the European PERC-standard states that ref-
erences to recognized QA/QC programs are essential to mineral resource and
reserve reporting. When reporting a resource or a reserve, the code continues,
explorationists must include what measures they have taken to assure and con-
trol sample and analysis quality:

The name of the laboratory responsible for analyzing samples, the assay meth-
ods used, and the laboratory’s level of accreditation for the assay method used
must be reported. If the assay methods used are not generally established, an
explanation shall be given. Quality Control procedures and Quality Assurance
for the assays shall be described.

Taken together, the reporting standards and the QA/QC procedures included
therein build a body of values and practices that legitimize explorationists’
predictions by providing a foundation for what counts as accurate, precise, and
rigorous exploration work and by providing a regulative foundation for pro-
hibiting what Maxwell referred to as “blue skies mining.” Before reporting
standards were introduced as a result of the frauds committed in the Bre-X
exploration scandal, according to Maxwell, many people in exploration “made
whatever claims about the state of things,” liberally interpreting exploration
results and painting overly optimistic images of the potential minability in
their projects. Industry standards regulating what can be said in public reports
of mineral resources and reserves were put in place in order to curtail such
behaviors and have since grown to become standard practice in the field.
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In addition to the demanding QA/QC procedures, the industry reporting
standards also provide a system of accreditation for actors who have sufficient
exploration experience to review and produce public reports on exploration
targets, mineral resources, and reserves. As described previously, people with
such accreditation are referred to as either qualified or competent persons de-
pending on the standard used, and they play a central role in the application of
standards in the estimation of and reporting on mineral resources and reserves.
According to industry standards, any public report on exploration results, re-
sources, and reserves must be prepared by or under the direction of and un-
derwritten by someone accredited under the adequate industry standard.!'

To qualify for accreditation as a qualified person, one must provide evi-
dence of adequate credentials. These credentials include a university degree
or a similar qualification in geoscience or engineering, good standing with a
professional association, and sufficient experience in the mineral type and ac-
tivity they are seeking accreditation for. What constitutes sufficient experience
varies between standards. The Australasian JORC code and the Canadian NI
43-101 define sufficient experience as at least five years relevant experience
in the style of mineralization and activity in question, whereas the Pan-Euro-
pean PERC code provides a looser definition, “probably at least five years.”
Accredited person Carl explained how the accreditation system works:

And if you’ve been working with sulfide deposits, copper, lead, zinc and so
on, for five years, for example, that doesn’t mean that you know pure gold
deposits. So you need, like, five years for each group. And then there are some
overlaps. But you need to be able to show that you’ve worked with this for at
least five years [. . .] and if someone would ask me today if I could, ehm, do
something on the uranium deposit around you hometown I can say that I ha-
ven’t worked with uranium before [. . .] so there my knowledge would come
up short. And that’s the way it should be.!!!

To become a qualified person, explorationists therefore need to demonstrate
competence not only in exploration in general, but in relation to having
worked on a specific type of mineral deposits. Moreover, Carl continued, qual-
ified persons are also to be prepared to defend their work in front of their peers.
The standards thereby create a system of private regulation where accredited
persons are held responsible by their colleagues for the statements they sign

110 The adequacy of the standards depends on what jurisdiction one is reporting under, as the
Australasian JORC Code is not valid in Canada, where a NI 43-101 accreditation is needed, but
both standards are recognized as adequate in Sweden.

1T Och att man da har jobbat till exempel med sulfidmalmer, koppar, bly, zink och si vidare, i
fem &r. Det gor ju da inte att man kan rena guldmalmer. Sa du ska ha liksom fem ar per grupp.
Och sen finns det vissa dverlappande bitar. Men du ska kunna visa att du har jobbat med det
hér i minimum fem ér (...) och om jag skulle bli tillfragad nu till exempel om, ehm, uranfyn-
digheten som finns i dina hemtrakter sa kan jag séga att jag har inte jobbat med uran. (...) Sa
att, dér faller liksom mina kunskaper till korta. Och sé ska det vara [kursivering speglar betoning
i inspelningen].
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off on in public reports. Carl spoke of this as an important factor of the ac-
creditation system, saying that qualified personship is not the same as a license
to practice; instead, qualified persons have to claim their expertise and part of
this is to be prepared to defend their work in the face of criticism from other
qualified persons:

In particular, the rule is that if I make a statement of some sort, it is said that I
shall be prepared to defend it in front of my peers, meaning that another qual-
ified person may come and question my statement and then I need to be able
to demonstrate that my work is correct. And I believe that’s only reasonable.
And there are examples of people who have been qualified persons and who
aren’t anymore because they did some mistake in one way or another. It’s not
common, but it happens.''?

In relation to this almost peer review-like system of qualified persons self-
regulating their activities by reviewing each other’s statements, the standards
furthermore prescribe that the reports underwritten by qualified persons are to
be transparent and provide a reader with sufficient and unambiguous infor-
mation (PERC code) and information such as the prices used in estimation
should be made clear (JORC code). Moreover, in the case of the Canadian NI
43-101 code, forward-looking information (e.g., metal price assumption, cash
flow forecasts, costs, and recovery rates) is to be identified as such in the re-
port.

Together, the QA/QC procedures and the system of accredited qualified
persons are designed to ensure that the reports produced on the estimated min-
eral resources and reserves in exploration projects are transparent and based
on accurate and adequate data. Prediction work in mineral exploration is there-
fore not a place for creative narration as in financial analysis, for example
(Leins 2018; Pilmis 2018). Rather, the standards that guide important aspects
of prediction making in mineral exploration, such as the estimation of re-
sources and reserves, invoke techno-scientific ideals for what makes “good”
mineral exploration work. For example, Eric, a senior officer at a junior ex-
ploration company, discussed the mineral exploration process using meta-
phors borrowed from science. The step-wise reduction of risk in mineral ex-
ploration, Eric argued, is accomplished through the use of short-term predic-
tions in the form of hypotheses that are tested to develop the knowledge from
which to predict minability in a project:

Well, it’s like a science experiment, really [. . .]. You know, you have a hy-
pothesis, you test it, you get a different result to what you expected, you modify

12 Framfor allt s séiger man ju att, om jag gor det uttalande av natt slag sé sigs det att jag ska
kunna defend in front of my peers, det vill sédga att en annan qualified person dé kan komma
och ifragasitta mitt uttalande och da ska jag kunna visa att det ar korrekt. Och det tycker jag &r
bra rimligt. Det finns ju exempel pd méinniskor som har varit qualified persons och som inte ar
det dérfor att dom har gjort da.. tabbar pa ett eller annat sétt. Det 4r inte vanligt men det finns.
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your hypothesis and as you go through those stages your risk, ehm, either re-
duces and you keep going, or the risk doesn’t reduce and you might stop.

Through using metaphors such as hypotheses and experiments, Eric places the
prediction work of explorationists within the realm of science and of techno-
scientific risk management in the form of data driven hazard management.
However, although science may be a compelling metaphor for how explora-
tionists manage uncertainty in exploration projects, the complexities and un-
certainties of mineral exploration make it very different from the controlled
situations upon which the scientific method in its usual conceptualization
rests. Still, science and scientific rigor are important ideals in mineral explo-
ration and a source of values used in justifications of predictions as correct
depictions of the future present. Moreover, science as an ideal also appears in
some of the industry standards in the form of calls for scientificity in mineral
resource and reserve estimation.'” For example, the Canadian NI 43-101
standard states its purpose as establishing “standards for disclosure of scien-
tific and technical information regarding mineral projects,” and the PERC
code lists “ensuring that the scientific and technological contributions [to the
report] are thorough, accurate, and unbiased in design, implementation and
presentation” as one of the responsibilities of qualified persons.

Together, the different checks and balances listed in this section emphasize
transparency, accuracy, precision, and scientificity as important qualities in
mineral exploration and predictions of deposit minability. These checks and
balances add another layer of values to the exploration work and the predic-
tions made by explorationists. These values hang together in sets of signifiers
of worth that define targets that explorationists are to ascribe to as well as a
series of institutionalized measures put in place to ensure that exploration is
transparent and based in data qualifying as facts. To ensure that everything is
done correctly, data collection should be transparently outlined, analysis re-
sults should be crosschecked and validated for accuracy and precision, and
qualified persons should be able to rationalize their work to other profession-
als. By abiding by the expectations on exploration work put in place by the
standards, explorationists gain access to signifiers of worth that they can draw
upon when justifying the qualities of their predictions as correct depictions of
the future.

113 The sole exception being the Australasian JORC code, which instead emphasizes values
such as clarity and enabling investors to make “balanced judgements.”
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7.1.3 Summary: Accuracy and precision as correctness

The present day incarnation of industrial mineral exploration is situated in a
landscape of values originating both from the exploration process itself and
from regulatory sources such as standards and other private regulation. To-
gether, these bodies of values provide a repertoire that explorationists can
draw on when justifying the correctness of their predictive claims. As dis-
cussed here, these values tend to revolve around notions of scientificity in the
exploration methods used in assembling data for prediction work, and this re-
lates to how data that display stable and projectable patterns are a prerequisite
for making predictions. As discussed in chapter 3, Rescher (1998) outlines
two ideal types of prediction: one originating in the expertise of the predictor
and the other based on the use of predictive models and procedures. Based on
the descriptions above, industrial mineral exploration tends toward the latter
rather than the former. Although experience and expertise are important in
exploration in general and in the systems of accreditation in particular, the
justifications of predictions greatly emphasizes the appropriate use of models
and precise and accurate data rather than individual expertise as values char-
acteristic of good predictions.

In a broader perspective, the values put forth in informants’ accounts and
in industry standards, correspond to a broader universe of values in which
quantified measurements are held to be rational and objective descriptions of
the world both past and present as well as future. Expectations that strict quan-
tification through a mechanically objective approach leads to objective meas-
urements, Theodore Porter (1996) writes, feeds into a trust in numbers as be-
ing accurate and true depictions of reality. Porter based his analysis of num-
bers as technologies of trust on an historical analysis on the development and
use of cost-benefit analysis in engineering and other studies of risk reduction
in engineering echo Porters account (e.g., Espeland 1998; Vaughan 1996). As
outlined here, mineral explorationists also trust in numbers. In mineral explo-
ration, numbers reduce risk: the more and the better the numbers, the better
the prediction. This view is hardly surprising. However, what is interesting
about how explorationists justify their prediction work is that they combine a
highly quantitative approach that uses geo-statistical estimation to facilitate
the epistemic leap from past and present to the future with a view of explora-
tion as a fundamentally uncertain enterprise. This combination of quantitative
de-risking and inherent uncertainty forms the foundation for an interesting
tension between uncertainty and the struggle to quantify the exploration pro-
ject and de-risk it. The center of this tension is the conceptualization of risk.
As noted earlier, Knight (2006) emphasized that risk as measurable uncer-
tainty relies on situations being similar to each other. Therefore, uniqueness
in, e.g., an exploration project, reduces the degree to which uncertainty can be
translated into risk. To de-risk a project, explorationists therefore need to do
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away with uniqueness by standardizing their projects, making them as similar
as possible to other exploration projects, and they accomplish this by using
institutionalized standards and procedures. This tension between recognizing
that each exploration project is different and simultaneously working to stand-
ardize and homogenize exploration projects by submitting them to the same
standards and practices is one of mineral exploration’s central paradoxes; ul-
timately, this paradox means bracketing uncertainty in order to focus explora-
tion towards reducing risk. What emerges from this is a particular epoché
(Schiitz 1944) that explorationists subject themselves to in order to reconcile
the rigorously measurable reality created in exploration work and the messi-
ness of geology as uncertain future second nature; and they do so by bracket-
ing unaccounted for uncertainties.

7.2 Desirable futures

While justifications of accuracy and precision in prediction work are im-
portant factors in claiming that the present future depicted in prediction is a
correct image of a future present, a second important factor in the justification
of mineral explorationists’ futures is the desirability of a particular future.
Compared to meteorologists and financial analysts described in the sociolog-
ical literature (e.g., Fine 2010; Leins 2018; Pilmis 2018; Sundberg 2005), ex-
plorationists not only seek to describe the future, but also seek to realize those
projects estimated to be minable; and they often do so in competition with
other interests desiring other futures. It is here the prediction work in mineral
exploration expands beyond the values discussed above to engage in a con-
versation about broader repertoires of values to do, in part with, socio-envi-
ronmental values as defined in public regulation and in part with values called
upon to persuade affected communities and interested parties of the benefits
of a mining future.

This section analyzes the justifications made by explorationists in relation
to the juridical and public domains. First, the section approaches the justifica-
tions put forth by explorationists in environmental permitting where the ap-
propriateness of realizing a projected mining operation needs to be justified in
relation to terms set out in environmental regulations. Here, values such as
land use and long-term resource management are discussed in relation to the
claims put forth by explorationists in interviews, observations, and in the body
of preliminary EIAs attached to concession applications. Second, the section
describes and discusses the justification of predicted mining futures in relation
to competing futures. Central to this discussion are explorationists’ assertions
of the benefits expected to arise from a future mining operation as well as
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arguments regarding the relative and absolute costs of mining in Sweden and
in other localities.

7.2.1 Justification in environmental permitting: Costs and
benefits from resource exploitation

Everyone alters the environment from
self-interest, and all persuade them-
selves of their respect for it. (Fine
2003b:44)

The legal and juridical conceptualization of “nature” in Swedish regulation
and in exploration practices calls forth images of the natural world as a passive
entity under the dominion of man. This is perhaps not surprising as such im-
ages were plentiful in Western enlightenment philosophy and remain strong
in Western culture today (Tsing 2015). However, while modernization drove
a hard distinction between nature and society, such division has recently been
challenged by scholars such as Bruno Latour (1993). In mineral exploration,
the blurriness of such divisions between nature and culture become apparent
when one begins to consider the hybridity of the second natures such as min-
eral resources. Furthermore, the arrival of the Anthropocene (Lewis and
Maslin 2015) has worked to break down this divide even further, in essence
producing a counter-Copernican revolution (Latour 2014) as humanity again
stands at the center of a world, which carries the scars of human impact. This
breakdown of nature and culture as distinct categories provides a fitting back-
ground for an analysis of the justification of future mining operations in envi-
ronmental permitting processes as these assume human superiority as manag-
ers of “nature” as the environmental courts are to determine what future best
fits with ambitions of sustainable resource management and the preservation
of environmental values.

As mentioned previously, environmental impact reviews take place on two
occasions in the exploration process: in a preliminary assessment within the
frame of the exploitation concession process with the MIS and local County
Administrative Boards (CAB) and in the environmental permitting through
environmental courts assessing the legality of the planned operations. Moreo-
ver, these processes are guided by the principles and rules laid out in the Swe-
dish Environmental Code of 1998, which guides what is a valid justification
in terms of the predicted costs and benefits of a projected mining operation.
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At the center of the environmental permitting procedure stands the question
of whether mining a location corresponds to the regulatory demand that land
is to be used for the purpose that best benefits long-term resource manage-
ment. The Swedish Environmental Code is written in such a way that it re-
quires explorationists to rationalize how the futures they seek to realize con-
tribute to “good” resource management and why any other values and re-
sources at a location should be sacrificed to make way for a future mining
operation.

The archival material contains 29 preliminary EIAs produced as part of the
exploitation concession process. In addition to these preliminary EIAs, the
materials also contain significant volumes of supporting documentation.
These materials include water quality surveys, archeological surveys by com-
mercial archeologists, environmental value surveys, social impact assess-
ments, and protocols from meetings with affected communities such as the
Sami and the Sami districts. These materials are not definitive EIAs, but pre-
liminary impact assessments and are reviewed by the local County Adminis-
trative Board (CAB) and the MIS as part of exploitation concession processes.

The justifications put forth in the corpus of preliminary EIAs provide ex-
amples of how explorationists balance costs and benefits that stretch beyond
those outlined in the feasibility studies discussed in the previous chapter and
the accuracy and precision that make up the foundation for justifications of
prediction correctness discussed above. Starting from the economic and tech-
nical valuations of projects, the typical preliminary EIA in this corpus begins
with a report on the estimated quantity and quality of mineral resources and
reserves in a project and moves to outline the socio-economic benefits these
mineral riches are expected to provide the local communities. Moreover, the
outline of these expected benefits is made in relation to the predicted environ-
mental costs of realizing them.

The implicit argumentation involved in contrasting benefits against costs is
at its most apparent in the sections in the EIAs covering the so-called “zero
alternative.” A zero-alternative describes the future that is expected to arise
were the projected mining operation to go unrealized. In the preliminary EIAs,
the costs and benefits of the zero alternative (i.e., not mining the minerals) are
contrasted against the costs and benefits of the projected mining operation in
order to discuss and justify the appropriateness of moving ahead and eventu-
ally mining a deposit. Examples of the justifications made of projects under
the zero alternative heading include operating mines applying for extensions
of their operations claiming that not fully exploiting the whole mineral deposit
would reduce the benefits from the operation while keeping the costs of the
present operation and new projects citing loss of estimated contributions to
local and regional economies and employment opportunities. An example of
the latter can be found in a preliminary EIA for a project in northern Sweden
that cited the loss of 300 potential jobs were the projected mine not opened:
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The zero alternative means that the deposits at [Name of location] is left unex-
ploited. This in turn would means that there will be no conflict between other
interests and mining in the area and that the planned investments will not ma-
terialize. This in turn means that the near 100 jobs that the [Mine] is estimated
to generate directly during its operation, as well as the equal number of jobs
created at the construction stage, will not be realized.''*

The document furthermore states that if the zero alternative is realized, also
100 additional jobs expected to be generated indirectly (i.e., in services and
industries supplying the mine and servicing its workers and their families) will
be lost as well. In other words, turning down the mine would mean turning
down 300 jobs, a significant loss to many of the sparsely populated rural coun-
ties in the mineral rich parts of Sweden.

The prominence of cost-benefit dimension in justifications for why a pro-
jected mine should be realized means that these justifications largely come
down to arguments about which values should be prioritized and questions
such as whether the values realized by opening a mine pose a larger benefit
than would the values preserved were the mineral to be left in the ground. An
illustrative example of this type of prioritization is evident in an EIA from a
large nickel project in northern Sweden. The EIA for this project proposed a
series of locations for a tailings dam and clarification pools, but these locations
required draining large sections of a lake. To identify the alternatives that
would produce the best trade-off between costs and benefits, the applicant
rated and ranked different dam locations according to their impact in several
dimensions: (i) the relative volume of water available to a hydro plant down-
stream of the mine; (ii) reindeer migration routes in the area; (iii) the surround-
ing land areas; (iv) the ground and surface water in the area; (v) the landscape;
(vi) cultural heritage remains in the area; (vii) existing terrestrial environmen-
tal values; (viii) existing aquatic environmental values; (ix) reclamation and
restoration following the closure of the mine. In addition to the alternatives
were also rated according to cost dimensions: (x) the volumes of materials
needed for constructing each alternative; (xi) the costs of transporting and de-
positing tailings at the different alternative dams; (xii) the costs of construct-
ing the respective alternatives; and (xiii) the estimated impacts from a dam
breach. When ranking the alternative plans for waste management in the pro-
ject, the applicant used a three-degree scale to establish which alternative pro-
duced the best trade of between benefits and costs. Reviewing the resulting
ranking, the applicant proposed the alternative that resulted in the lowest over-
all score although scoring relatively high on dimensions such as impact on
reindeer herding and migration in the area, impacts on land areas, surface and

114 Nollalternativet innebdr att fyndigheten i [Namn pa plats] inte bearbetas. Det innebir séledes
att det inte finns négra motstaende intressen med gruvbrytning inom omradet samt att de pla-
nerade investeringarna uteblir. Det innebér i sin tur att knappt 100 direkta arbetstillfdllen som
[Namn pé gruva] berdknas generera under driftperioden, samt lika manga under uppbyggnads-
fasen, inte kommer till stand
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ground water, terrestrial environmental values, and the scope of potential im-
pacts from a dam breach.

Another example of explorationists weighting different values when mak-
ing justificatory claims as to a project’s environmental impacts can be found
in a case in which the applicant had been refused an exploitation concession
on basis of the project’s potential negative impacts on an area classed as a
Natura 2000 zone. In communications with the MIS, the applicant argued
against the CAB’s unfavorable evaluation of the project. The MIS’s documen-
tation of the case made the following observation:

The Company responded to the statement made by the County Administrative
Board and stated, in principle, the following. The County Administrative
Board had made an incorrect assessment of the risk of damage to the Natura
2000 area, the establishment of a mine would affect only a very small part of
the vast Natura 2000 zone and The Company has designed the operations in
such a way to cause the minimum degree of impacts to the area. The Company
believes that their investigation convincingly shows that the establishment of
a mine will not cause any substantial damage to the environmental values in
the Natura 2000 zone [Name of location]. It is furthermore stated that accord-
ing to chapter 4, 1** paragraph of the Environmental Codex extractive opera-
tions may be approved in exceptional cases, if there are particular reasons con-
cerning the size and extent of the deposit. The copper deposit holds, in itself, a
most significant economic value. Where the mine to be developed also the
mining operation in itself would mean a great economic contribution to the
region, for many employees, consultants and suppliers.!!3

In their response to the criticism delivered in the CAB’s assessment, the ap-
plicant challenged the CAB’s position and they did so in legal terms. The chal-
lenges focused on the Natura 2000 zone and the juridical procedures that allow
applicants to waive Natura 2000 protection for their project. Doing so, the
applicant claimed to have fulfilled the requirements for a waiver by studying
and outlining the precautions necessary to prevent unnecessary environmental
damage to the Natura 2000 zone. This claim was made in reference the Envi-
ronmental Code, specifically the paragraphs that allow concessions to projects
concerning deposits of certain qualities. Based on their interpretation of these

115 Bolaget bemétte lédnsstyrelsens yttrande och anforde i huvudsak foljande. Lénsstyrelsen har
gjort en felaktig bedomning av risken for skada pa Natura 2000-omradet, en gruvetablering
skulle paverka en mycket liten del av det stora Natura 200-omradet och Bolaget har utformat
verksamheten pé ett sddant sitt som medfor sa liten paverkan som mojligt. Bolaget anser att
deras utredning Gvertygande visar att en gruvetablering inte kommer att medfora pataglig skada
pa naturvirdena i Natura 2000-omradet [Namn pa plats]. Det papekas dven att utvinningsverk-
samheter kan tillatas undantagsvis vid en avvigning enligt 4 kap. 1 § MB nér det finns sirskilda
skdl med hénsyn till fyndighetens storlek och omfattning. Kopparfyndigheten i sig har ett
mycket betydande ekonomiskt véirde. Vid en gruvetablering skulle dven sjdlva gruvdriften ha
en mycket stor ekonomisk betydelse for regionen for ménga anstillda, konsulter och leveran-
torer.
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paragraphs, the applicant listed several arguments for why the CAB was mis-
taken in its “flawed” assessment of the projected mine’s impact on the area.
These arguments concern economics of worth, including economic values ex-
pected to arise not only for the applicant but also for the local communities
and the region, and these values are weighted against the potential damage to
the Natura 2000 zone.

By placing these values side by side, the applicant put forward a challenge,
or a “test” in the terminology of Boltanski and Thévenot (2006), in which they
related the relative benefits of going ahead with the projected mine against
the, in the applicant’s view, limited costs to the Natura 2000 zone, the reason
CAB refused the concession. In their challenge, the applicant contended that
the relative rarity of the two values should be considered when deciding
whether the mine or the Natura 2000 area should be prioritized. Furthermore,
the application claimed that the impact to the Natura 2000 protected biotope
would be limited to only a small area of the total Natura 2000 zone making
the cost of the environmental impact comparatively low compared to the cost
of not mining such a sizable high quality deposit as the one discovered by the
applicant:

Considering that a deposit of such a size as [Name of location] is very rare, and
considering what The Company has further stated, The Company believes that
the national interest of mineral extraction should be granted priority at [Name
of location] as this is the purpose most appropriate for the promotion of the
long-term management of the land, waters and the physical environment.!!¢

By referencing relative scarcity as a measurement of relative costs and bene-
fits, the applicant frames the abundance of nature as something that forgives
small incursions into select natural environments. Such reasoning exposes the
core of the Swedish environmental regulation and the practices through which
it is implemented, as the justifications made by the applicant in this case are
part of a larger discussion in the industry and between different governmental
agencies in Sweden. At the end of the appeal, the applicant references the na-
tional interest system of classification, where different governmental agencies
can classify areas as being of national importance for reasons of containing
values deemed important (see chapter 2). In the project above, the deposit in
question is a copper deposit classed as a national interest by the SGU. How-
ever, while the deposit should therefore be protected from any intervention
that may limit its exploitability, the area has also been classed as an important
site for environmental preservation, first by the Swedish Environmental Pro-

116 Med hinsyn till att en fyndighet av [Namn p4 plats]:s storlek #r mycket sillsynt och vad
Bolaget anfort i ovrigt anser Bolaget att riksintresset for mineralutvinning bor ges foretrade i
[Namn pa plats] eftersom det &r det &ndamal som pé lampligast sitt frimja en langsiktig hus-
hallning med marken, vattnet och den fysiska miljon.
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tection Agency and second by The Swedish Government, which has desig-
nated the area as a Natura 2000 zone in accordance with European Union reg-
ulation.

In Sweden, situations often occur where different governmental classifica-
tions overlap, as they do in this case. This is somewhat surprising given how
the national interest classification of mineral deposits are supposed to be pro-
tected from measures that obstruct their exploitation. Also in the case with the
project proposing to drain sections of a lake discussed above there were over-
lapping classifications. The nickel deposit was classified a national interest,
but so was also the reindeer migration route on the opposite shore and the
cultural heritage sites upstream of the proposed mining site. These conflicting
classifications, which are to be ranked and prioritized in the CAB’s assess-
ments of exploitation concessions and in later environmental permit trials in
the environmental courts, are part of a larger discussion on values and land
use taking place in Sweden and around the world. The next section will zoom
out, so to speak, from the permitting processes and the justifications made
therein to look at claims that seek to justify mining on a broader level.

7.2.2 Global benefits and local costs: Swedish and foreign
futures

In relation to justifications of predicted mining futures, it is worth noting the
central role of metals and minerals in contemporary societies as well as in
industry and security.!"” Today, metals and minerals are everywhere—in our
computers, our cell phones, our buildings, and our vehicles. They play vital
roles as parts of the “green” technologies that, supposedly, will solve the cli-
mate crisis by replacing hydrocarbon-based energy with renewable electrical
power from wind farms and solar panels. This prominence of metals and min-
erals in 21 century technology and life is something that explorationists and
the overall exploration and mining industry often point to as one of the ulti-
mate justifications for their work,''® positioning metals in a peculiar place—

17 For a historical account of this changed status of metals and minerals since the late 19%

century, see Black (2018). For examples of how minerals have been treated as a matter of se-
curity, see the following original works assessing the reserves of resources available to the U.S.
and other countries and its implications for peace and the war effort during the period leading
up to the Second World War, see Leith (1938, 1939).

118 It is also something explorationists at times criticize their critics for failing to understand.
For example, Ian discussed the criticism directed against the industry saying that critics of min-
ing “are free to behave with that view,” but that before doing so, they should return anything in
their possession that has come from a mine as they “shouldn’t benefit from something and then
complain about it.”
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simultaneously vital for and detrimental to environmental conservation and
preservation.

One illustration of how mineral explorationists and miners in Sweden sig-
nal the “green” qualities of metals and minerals was observed at an annual
meeting and conference with the Swedish Association of Mines, Mineral and
Metal Producers (SveMin). At the event, presenters were asked to perform a
small ritual before finishing their talks and leaving the stage: they were asked
to select a piece of electronic waste from a set of drawers and place it in a
recycling bin with the name of one of Sweden’s largest miners and smelters
written across it. The theme of the conference was “The Swedish Mining In-
dustry: Proud to Contribute to a Better World” and besides this ritual display-
ing renewability it also featured sessions on topics such as the mining indus-
try’s role in the transition to a climate friendly society, sustainability in min-
ing, and innovation. This focus on mining as a part of “green” solutions to the
challenges brought on by the climate crisis has been an ongoing theme with
SveMin and their annual meetings over the last four years and it is part of a
larger story. This story, the story of mining as good, beneficial, and desirable,
circles around two bodies of signifiers of worth: the relatively lower costs of
mining in Sweden compared to mining in other localities and the absolute
benefits of mining in general. This section will outline the contents of each of
these two sets of signifiers and how they are called upon in justifications of
why realizing predicted mining futures is desirable, morally right, and neces-

sary.

Relative costs and benefits

Claims about relative costs and benefits of realizing one mining future over
another are rife in the empirical materials, and they are often made in relation
to proposed moral consequences of mining in different localities. According
to some informants, the decisions on where to locate exploration projects en-
tail a moral dilemma: although mining is generally environmentally impactful,
the degree of negative outcomes is proposed to be lower in some jurisdictions
than in others as some jurisdictions are seen to be stronger on environmental
protection or social sustainability and have more resources to manage social
and environmental impacts than other jurisdictions.'" Ian described the nature
of this dilemma in terms of how one may choose to locate exploration work
in such environmentally sound jurisdictions or to locate them in jurisdictions

119 This conundrum has also been the topic of scholarly debate in the fields of business and
resource supply chain with scholars seeking ways to attain low-carbon goals while at the same
time seizing on new mineral supply chain possibilities and taking steps making mineral extrac-
tion more sustainable (Sovacool et al. 2020).
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that tend to favor mining over other interests such as the interests of aboriginal
people and first nation communities or environmental interests. Situating
one’s exploration and mining efforts in such jurisdictions that are soft on min-
ing, he said, might benefit the individual company but risks giving the industry
in general a poorer name when stories of conflicts between miners and local
communities pushed aside by a mining friendly government or regime are
eventually picked up by western media. Ian developed his thoughts using two
examples: Alaska’s refusal to allow mining at the environmentally sensitive
Pebble Beach and Romania’s refusal to allow mining operation that risked
damaging archeological sites, including a 2000-year-old Roman mine. Based
on these examples, lan made the following hypothesis:

And maybe you would say that in the case of, certainly, the American govern-
ment in Alaska, you’re not going to push them over, never! Obviously, the
Romanian government was pretty strong too, and maybe they would have been
tempted down the years to let that become a mine, but they stood with it.

However, not all countries have the luxury of resisting such temptations, and
this is what produces the dilemma that explorationist refer to in their justifica-
tions for mining futures in locations with, so to say, strong regulation and the
ability to resist offers from miners seeking to realize projects that carry with
them significant environmental or social costs. lan elaborated on this idea:

But you can imagine other poorer countries on the planet that don’t have any
choice. So then here comes the, sort of like, the moral dilemma. So it’s easier
to go to a country like Mali, okay, that has historically been mined for gold, or
Ghana, another one, and set up a new mine. And you know, there a lot more
potential for corruption in the system. And that’s not just today, that’s devel-
oped. So now it’s an industry, if you like, y’know. Which is largely benefitting
the people that work on these mines and also the officials in power of these
countries, y’know. But they probably wouldn’t want to stop such a project be-
cause it might affect some environmental thing, some bush or some frog or
some tree or something like that. There, there would be no chance. In the case
of Pebble Beach, no! But in the case of other poorer countries that need this
revenue, would they, let’s say, the governments of those countries are tempted
by that revenue, they’ll go for it. So you end up then with less control, gener-
ally. And you end up with more environmental problems. More corruption
comes because then the money really does start to flow. So you end up with
issues and the industry gets a poor name.

One way to resolve this dilemma, lan and other informants concluded, is to
choose to locate one’s projects in countries that have good regulation such as
the US, Canada, or Sweden, regulation that demand that

Whatever you find must be the real thing and it must actually meet the require-
ments of becoming a human activity that is in favor of all of us that live here.
Not just this party or that party.
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These claims in light of existing social scientific research suggest that there
are many examples of how the mineral industries cause problems and harm in
communities in the Global South (see chapter 2). It is also true that some ju-
risdictions see greater complications from mineral resource exploitation than
others. Jurisdictions with poorly functioning governmental organizations have
been shown to be susceptible to a “resource curse” where the exploitation of
mineral riches feed into pre-existing corruption (Butkiewicz and Yanikkaya
2010). However, explorationists tend to take these trends one step further.
When explorationists justify why their projected mines in jurisdictions like
Sweden should be realized, problems such as resource curses and corruption
are used to distinguish “good” jurisdictions from “poor” jurisdictions in such
a way that resolving the problems related to exploration and mining in dys-
functional and corrupt (i.e., “poor”) jurisdictions requires opening up “good”
jurisdictions to more exploration and mining. This is where the relatively low
socio-environmental costs of mining in Sweden become a vehicle of justifica-
tion.

At SveMin’s annual meetings, Swedish regulation is often described as be-
ing one of the best and strictest environmental regulations in the world, so
strict in fact, that it can be argued that it practically makes mining in Sweden
environmentally positive. And the mineral industry is not alone in making
these claims as this sentiment is echoed in the Swedish Mineral Strategy
launched by the Swedish government in 2013. Moreover, although members
of the minerals industry often criticize the Swedish environmental regulation
for making permit processes slow and unpredictable, the same actors are quick
to point out that they do not wish for fewer regulations or less strict regula-
tions, only clearer regulations and more predictable regulatory processes. The
perceived strictness of environmental regulation in Sweden and comparable
jurisdictions are actualized in explorationists’ justifications of the desirability
of their proposed mining futures as they signal a better form of mineral ex-
ploitation than what is taking place in the Global South. These justifications
are constructed around a perception of the superiority of Swedish environmen-
tal regulation, which in turn forces Swedish miners to adapt their operations
to become as environmentally sustainable as possible.

This form of regulatory nationalism therefore provides a strong narrative
for why new mines in Sweden can be said to produce fewer costs than mines
in other countries. For example, Carl (as well as a senior officer with a Swe-
dish governmental agency) justified the benefits of uranium mining in Sweden
by pointing to a strong moral dilemma related to how Sweden benefits from
nuclear power but does not mine its own uranium deposits:

We have nuclear power in Sweden and import our uranium from Russia and
Namibia and Canada. And we probably have the strictest environmental regu-
lation in the world here in Sweden. Is it then morally correct that we purchase
our uranium from Namibia, which has a poorer environmental regulation than
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we do, and use it unless we are also prepared to mine our own uranium, under
stricter environmental regulation? That’s something to think about, whether
that’s hypercritical or not. I believe it is. Nevertheless, that’s my personal view.
I believe we should mine our deposits.'?°

According to Carl and others, keeping the uranium stored in the Swedish bed-
rock out of bounds for miners while using Namibian uranium to fuel Swedish
nuclear reactors is an immoral and hypocritical arrangement: outsourcing the
environmental damages of uranium mining to other jurisdictions less capable
of managing its impacts and still benefiting from the products of uranium
mines. Such claims of relatively lower costs are, in other words put forth by
explorationists as justifications for why it is better to build and operate a mine
in Sweden than in other jurisdictions. Furthermore, discussions of the relative
benefits of mining metals and minerals in Sweden than elsewhere are not lim-
ited to environmental concerns but are tied to a large scope of values such as
social sustainability, slavery, and conflicts. This is, for example, highly visible
in the debates on cobalt mining in the Democratic Republic of the Congo
(Mantz 2008; Smith 2011) and in the cases of conflict gold or blood diamonds
as well as other minerals.

Whether it is true that the Swedish environmental code is, as some inform-
ants claim, the world’s strictest environmental regulation is not relevant
here.”?! What is important is how such statements provide a foundation for
justifying mining projects in Sweden by favorably contrasting mining in Swe-
den against mining the same minerals elsewhere. By calling on values such as
environmental protection, explorationists are able to justify the worth or de-
sirability of the present future depicted in their work and contrast this worth
against other possible futures.

Although comparative costs acts as a powerful signifier of worth in the ex-
amples above, the use of such relative values in justifications of mining futures
such justifications run up against problems when faced with cases such as
Northland, Blaiken, or Mertainen. Because of this, these types of justifications
need to do away with problematic examples of significant environmental costs
from mines also in Sweden. After all, it is challenging to maintain claims of
environmental superiority if the mine next door is an environmental liability.

120 Och som vin av ordning kan man ju argumentera.. Vi har ju kiirnkraft i Sverige och impor-
terar vart uran fran Ryssland och Namibia och Kanada. Och vi har vél kanske vérldens strang-
aste miljdlagstiftning i Sverige. Ar det dd moraliskt riktigt att vi koper uran fran Namibia, som
har sdmre miljolagstiftning, och sé anvénder vi det, om vi inte dr beredda att sjélva bryta vart
uran, med stréngare miljolagstiftning? Det kan man ju fundera 6ver om det &r hyckel eller.. Jag
anser att det dr det. Men det &r min personliga asikt. Jag tycker att vi borde bryta véara fyn-
digheter.

121 The reason for why the actual strictness of Swedish regulation is of less relevance is because
such a ranking depends on how one chooses measure regulatory strictness. Here one may want
to note that some informants, among them Peter and Quinn, actually experiences environmental
regulation in Western Australia or Canada as being stricter than is the Swedish environmental
code.
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The common solution to this conundrum of why this particular mine would
produce less environmental impacts than other mines is to draw distinctions
between the proposed project and problematic examples such as the failures
discussed in the previous chapter. Anne, a senior MIS officer, provided an
example of such a distinction when she said that many of the environmentally
problematic mines are actually abandoned mines from another era. Similarly,
SGU officer Peter stated that he could understand if old mines were operated
in such a way that they left lasting environmental damages as “the word envi-
ronment hardy even existed back then” when these mines were operating.
However, these distinctions were not only made between modern and histori-
cal mines; they were made between more contemporary examples, such as the
Blaiken mine and the new mines proposed by explorationists. When drawing
these latter distinctions, informants point to how Blaiken was developed under
a regulation that pre-dates current regulation. By drawing this distinction be-
tween older and current regulation, explorationists maintain the ability to ac-
tualize the values proposed to be safeguarded by Swedish regulation and claim
that mines developed today would face stricter regulation and therefore would
be less costly than Blaiken and similar cases.

Another common way that explorationists maintain claims of relatively
lower costs of situating mines in Sweden rather than in other jurisdictions is
by individualizing problems, thereby drawing another line of distinction be-
tween one’s own project and problematic projects. This second form of dis-
tinction is made by relating failed or impactful projects to individual short-
comings of particular exploration or mining companies. Informants made
many references to projects that they describe as problematic and poorly man-
aged exceptions that have given the industry a bad reputation. George, for ex-
ample, expressed that it is very unfortunate how some poor examples such as
the Northland mines paint the industry in a poor light. Furthermore, Anne
stressed that while there are mines that have left environmental debts that need
to be managed, it would be wrong to “paint all mines with the same brush.”
This notion was most forcefully expressed by Maxwell. Addressing a work-
shop on social sustainability, Maxwell told representatives from the munici-
pality and civil society that while mines may cause environmental impacts,
they are not harmful to the environment. In relation to this, Maxwell was asked
by one representative from the consultancy firm hired to organize the work-
shop if it is not so that some of the worst polluters are mines. Faced with this
question, Maxwell responded by saying that just because Hitler was German
that does not mean that all Germans are bad; that is, just because some mines
produce significant environmental damage, mining in itself is not environ-
mentally damaging.

To summarize, justifications of mining futures based on the relatively
lower costs of mining in Sweden actualizes values such as the adherence to
strict environmental regulation to signify to justify the desirability of realizing
mines in Sweden. These signifiers, based around sustainability themes, also
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feature in justifications of new mines compared to historical mines and be-
tween “good” mines and “bad” mines. Such signifiers of worth are based on
comparisons across boundaries. Through such comparisons, some jurisdic-
tions are characterized by negative values such as corruption or a willingness
to turn a blind eye to environmental deterioration, human rights violations, or
corruption and others are said to be good jurisdictions characterized by regu-
latory systems strong enough to force explorationists and miners to adopt bet-
ter practices and strive towards better outcomes. Using these distinctions, ex-
plorationists can access repertoires if values that can be used to signify, often
in highly moralistic terms, the worth of a future mining operation and thereby
justify why this predicted future should be realized and why the social or en-
vironmental impacts expected from the mining operation are tolerable.

Absolute benefits

A second set of values used to signify the desirability of mining futures is
based on claims to do with absolute benefits of realizing a projected mining
operation. These absolute values tend to concern the role of mining in the
downstream production of new “green” technologies that will solve the cli-
mate crisis and with values such as job creation and growth in rural munici-
palities, counties, and regions.

At one of the SveMin annual meeting and conferences observed as part of
this study, former Swedish Prime Minister and then chairperson of LKAB,
Goran Persson told the assembled participants that: “Without Sweden and Fin-
land, Europe would grind to a halt,” and that the European Union ought to
understand “that without our metals there will be no green transformation.”
At the same event, then Swedish Minister for Business and Innovation, Mikael
Damberg, stated that metals and minerals are crucial for successfully carrying
out a green technological turn. This anticipated “greenification” of technology
and societies is present across the empirical material and was described by
actors in the field in part as a necessary solution to the climate crisis and in
part as a business opportunity for environmentally-minded miners. Based on
this, the exploration and mining industry looks to greenification not only as a
business opportunity—as David Kneas (2020) has shown—but also as a source
of moral arguments for why mines are an integral part of a “green” future.

Arguments stressing “green” metals and minerals as both environmentally
friendly and a business opportunity were repeated on multiple occasions in
this study. For example, a market analysts speaking at an international trade
show and conference spoke animatedly on the expected increases in demand
for technology minerals and copper as the world turns towards “green” tech-
nologies. Another example is how representatives from a Swedish mid-tier
miner at another industry event gave a talk that stressed just how much more
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metals and minerals go into building an electric car compared to a regular
gasoline car and projected that the rise of demand for electric cars would ben-
efit the industry.'? Over coffee in her office, Quinn too talked about how the
minerals industry has a role to play in the transition to a “green” society, em-
phasizing that if society really wants to turn towards green technology solu-
tions to the climate crisis, then the Swedish mining sector should play a role:

To me, it is, how do you say, an opportunity for Sweden. To say that: “We
know that the mining industry is important. We want green energy; we want
all kinds of things, a high-tech society.” But we also know that we need mines
to achieve those things.'?

According to Quinn, realizing projected mining operations is necessary if
Sweden is to play any role in establishing a green energy future and a future
high-tech society. Given that the present levels of metal and mineral recycling
is much too low to supply enough metals and minerals to meet even the present
demand (Ciacci, Vassura, and Passarini 2017), explorationists and miners
have plenty of reason to argue that new mines are a necessary part of green
futures built around new technology and green energy. lan also emphasized
the necessity of new mines for meeting future demands. However, he went
one step further, saying that to provide enough metals and minerals to meet
the aspirations of electrifications, also new deposits need to be discovered and
exploited, so prospectors and explorationists with promising ideas need to be
heard:

If we want to have enough copper for all these views about electrification,
y’know, electrification of cars, getting away from fossil fuels and what have
you. Shi[t] there is a lot of work to be done, ey? So every person that is out
there right now with an idea about trying to find something somewhere, needs
to be taken seriously.

According to Ian, the current pipeline of projects alone cannot meet the emer-
gent rise of electrified transports and “green” technology. These projects pro-
vide a needed addition to the stocks of metals and minerals for new, “green”
technology, but also currently unknown deposits need be developed and ex-
ploited if humanity is to be able to turn society on to electricity and get away
from climate crisis fueling fossil fuels.

When the solution to the climate crisis is electrification and new technol-
ogy, future mines become a necessary good or evil (depending on how one

122 According to a representative from a mid-tier organization who gave a talk at a SveMin
annual meeting and conference, a regular gasoline car contains 20 kg of copper, 4 kg nickel, 10
kg zinc, 0 kg cobalt, and 10 kg lead, whereas an electric car contains 70 kg copper, 46 kg nickel,
17 kg zinc, 14 kg cobalt, and 12 kg lead [field notes: SveMin annual meeting and conference].
123 Och for mig ér det, vad siger man, mdjligheten for Sverige. Att siga att ”Vi vet att gruvin-
dustri &r viktigt. Vi vill ha gron energi, vi vill ha allt mgojligt, high-tech society.” Men vi vet
ocksa att vi maste ha gruvor for att fi dom sakerna.
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chooses to phrase it). Therefore, the absolute benefits of aiding the struggle to
combat climate crisis provide yet another layer of values that explorationists
can draw on to justify their projects. Despite their environmental impacts,
mines are here claimed to provide part of the answer to one of society’s most
pressing issues and in doing so an environmentally impactful industry sud-
denly becomes environmentally beneficial and sustainable. Reducing carbon
emissions is a vital part of keeping global average temperature rise below the
2° C target (Intergovernmental Panel on Climate Change 2015). By calling
forth the idea that electrification can help reduce carbon emissions explora-
tionists, so to say, plug into a narrative of the necessity of mining and corpo-
rate environmentalism for environmental preservation.'?* Doing so, they frame
their projects as integral parts of supplying the raw materials for innovative
new technology that will aid in tackling climate change and this helps them
justify the desirability in realizing their present and future exploration and
mining projects.

Besides arguing for the environmental benefits of mining, explorationists
also justify their projected mines by actualizing narratives about the mining
and natural resource industries’ role in sustaining rural communities. Talking
about how the Australian mining industry, when healthy, brought prosperity
to geologists and local communities, Eric said that “the mining industry can
bring a lot of very, very good things, so long as it’s properly done and properly
managed.” In Western localities, job creation is often one of the premier goods
that mining is said to offer local communities. While communities in the
Global South may see the mining companies around them build schools, in-
vest in infrastructure, and contribute other CSR initiatives, creating jobs for
the local community is a value that is often referenced in contemporary polit-
ical discourse in Sweden.'?s The use of these values as signifiers of worth were
hinted at in the weighting of environmental impacts against job creation in the
section on justifications within the environmental permitting process, but
these will be reviewed in detail here.

Narratives of job creation features frequently in the sections of the prelim-
inary EIAs where explorationists list the benefits expected to come from real-
izing the projected mine. Many of these benefits are social in nature and re-
volve around contributions to regional growth, the sizable investments in-
volved in developing and constructing the mine, increased tax incomes for
local municipalities, and the job opportunities expected to arise at and from
the mine; and as discussed above, these social benefits are often contrasted
against the environmental costs of a mine. In contrasting these two categories

124 Such narratives of corporate environmentalism have been demonstrated to be a highly potent
justificatory resource for corporations seeking both to make their operations or products more
sustainable and to capitalize on the new markets for all things “green” despite simultaneously
being a self-destructive dead end in terms of solving the climate crisis (Wright and Nyberg
2015).

125 For an example of this discourse, see the Swedish Government Official Reports (2017).
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of expected outcomes and impacts from a future mine, preliminary EIAs pro-
pose justifications for a mine’s desirability by comparing, and commensu-
rating, environmental impacts and the expected economic benefits of the mine
for local and regional economy. Although explorationists make these compar-
isons, they do not experience that the comparisons receive sufficient recogni-
tion in the permit process. Maxwell discussed this, saying that in his view the
environmental permitting process was biased towards the environmental di-
mensions and regularly overlooked the social benefits of mining. According
to Maxwell, the lack of focus on social sustainability and mining stems from
a failure to realize that the environment also includes those living in it:

The regulation was written by those who, if you allow for some simplifications,
visit nature and view it, not by those who live and work in it. So the Swedish
Environmental Protection Agency, who is a powerful actor in these matters,
you know, have their main office [in central Stockholm]. I believe it would be
better if they’d move out closer to nature so that maybe they’d have a better
understanding for how you need to build opportunity structures so that they
who want to live and work in the countryside can do so. That’s how you create
a sustainable society.!2¢

Stating that the agency charged with environmental protection fails to recog-
nize social values such as economic sustainment of rural communities, Max-
well challenges the values taken to signify sustainability. In addition, he
claims that the problem, at least partly, stems from those who promote the
value of nature in and of itself; that is, those holding such a view are not qual-
ified to make these judgments as they are people who only visit nature and not
live, so to say, “in it.” In northern Sweden, Quinn explained, the villages and
towns around the mines depend on them for their existence. The conditions in
northern Sweden, she continued, are different to those in southern Sweden.
While the people in the south can rely on plenty of other industries for jobs,
people in the north have limited opportunities. Using the local community
where she lives and works as an example, she made the following observation:

And also here in [Name of town], y’know, we’ve got [Mid-tier miner’s opera-
tion] and many here are employed, yeah if not directly then as consultants or
in businesses, yeah, like the vulcanizing shop does a lot of business with both
[Mine A] and [Mine B] and if just one of those two mines would close down,
it would really affect a lot of people out here. The thought is actually quite
frightening. So having these mines is important for us who live up here, that

126 Men regelverket har skapats av dom som, tycker jag da lite granna om man ska forenkla det,
som besoker och betraktar naturen, inte dom som bor och verkar i den. S4 att Naturvardsverket
som 4r en stark spelar i det har liksom har sitt huvudkontor pa Vallhallavégen. Jag tycker det
skulle vara bra om dom flyttat ut nirmare naturen kanske, sa hade dom haft storre forstaelse for
att man maste ocksé skapa levnadsstrukter sé att dom som vill bo och verka pa landsbygden
ocksé klarar av att fixa det. Sa att vi fir ett héllbart samhille.
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we have mines and mining, definitely! Southern Sweden is different, abso-
lutely; they have many other industries and job opportunities. That’s a fact!'?’

As with the justifications of mining as contributing to the fight against the
climate crisis, the values of community support and regional growth as a sig-
nifier of worth tie into larger narratives within contemporary society. In the
case of rural sustainment, the narrative ties in with a larger narrative to do with
the relation between rural and urban regions, a narrative that in modern Swe-
dish history has been summarized in the notion that “the whole country should
live.” This narrative, which revolves around the metaphorical death of rural
communities in Sweden, is often expressed in terms of maintaining and devel-
oping economic incentives and conditions for rural Sweden. Although these
narratives can easily be criticized for over emphasizing growth and entrepre-
neurship (Olofsson 2019), they still maintain a strong presence in Swedish
debate and governmental reports. For example, the Swedish Government’s
Rural Community Committee frames the “survival” of rural Sweden as a ques-
tion of incentivizing and nurturing entrepreneurial activities in the countryside
(Swedish Government Official Reports 2017).

Mining sustains communities. One only needs to look to Kiruna for an ex-
ample. For more than a hundred years, the government-owned Kiirunavaara
and Loussavaara mines have provided generations of Kiruneese with jobs
while at the same time supplying a steady stream of tax revenue. In these jus-
tifications, the mining industry is given a role akin to that oil has played in
Norway. Former Swedish Prime Minister Fredrik Reinfeldt told the assembly
at SveMin’s annual meeting in 2018 as much. Bringing forth a large-scale
industrial operation where there was previously none is one of the curious
abilities of explorationists and miners. However, the values created from the
exploitation of industries come with significant costs not only in terms of ir-
reparable environmental impacts but also in terms of social costs as other in-
terests must be sacrificed for a mine.

127.0ch dven hir i [Namn p4 plats], vi har ju [Med-tier-bolags gruva] och det &r manga hér som
dr anstillda som, ja om inte direkt men nagon sorts konsult eller verksamhet som, typ, gummi-
verkstaden har mycket att gora med bade [Gruva A] och [Gruva B] och [Gruva C] och dven om
bara en av dom gruvorna skulle stidnga ner sa skulle det paverka ménga hér pa landet, faktiskt.
Sa det ar lite skrimmande. Sé det ar vildigt viktigt for oss hir uppe att ha gruvor och gruvin-
dustri, absolut! Det &r lite annorlunda i sddra Sverige, absolut, dér &r det manga andra industrier
och jobb. Sa &r det!
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7.2.4 Summary

The desirability of explorationists’ predicted futures is often justified by
means of references to sets of signifiers of worth that support claims for why
constructing and operating the projected mine is the most appropriate and de-
sirable course of action. In terms of the content of these sets of signifiers, the
signification of environmental values as defined in the Environmental Code
consists of a series of juridical measures put in place to ensure long-term re-
source management and to regulate land use. The sets of signifiers around
which explorationists build claims of relative costs and absolute benefits, on
the other hand, reference larger debates and narratives within society into
which explorationists can place their predicted futures. Metals and minerals
are only found in a limited number of places, and by drawing distinctions be-
tween better and worse jurisdictions, explorationists make claims about the
relative costs of mining in worse (and often Southern) jurisdictions from better
(often Northern) jurisdictions. Finally, explorationists together with the explo-
ration and mining industry in general also tap into existing narratives and de-
bates that provide absolute values that may be called on to act as signifiers of
worth. When used as signifiers, these values help justify explorationists’ pre-
dicted future by showing a realized mine as contributing to resolve societal
challenges and developments by aiding in the struggle to reduce greenhouse
gases or supply jobs and growth that can help revitalize struggling rural com-
munities.

7.3 Concluding remarks

This chapter has outlined two ways in which explorationists justify their pre-
dictions and by doing so it has provided more pieces to the overall puzzle of
how prediction work is carried out under the uncertainties that characterize
mineral exploration. The previous chapter argued that despite all work put into
exploration projects in order to “de-risk” them, the minability predictions pro-
duced by explorationists remain uncertain. This chapter has outlined how ex-
plorationists, despite this uncertainty, justify their claims about and on the fu-
ture. When claiming that their predictions are correct depictions of a future
present, prediction makers in mineral exploration use sets of signifiers of
worth that denote what makes for good exploration work in terms of the accu-
racy and precision of the data from which predictions are made. This line of
justification focuses on the internal qualities of prediction work—i.e., that the
data assembled are unbiased and therefore serve as a good starting point for

180



projections into the future. To explorationists, values such as accuracy and
precision in their data are key to increasing the potential for correct prediction
work. By collecting more data and ensuring its quality, explorationists work
to translate uncertainty into risk and to reduce risk towards certainty. This
work follows a logic of rational measurement in quantification as signifying
risk reduction, an approach to rationality, uncertainty, and risk management
observed also in other domains (Espeland 1998; Espeland and Stevens 2008;
Porter 1996). However, the previous chapter shows that while explorationists
claim to successfully de-risk their projects, much of this work relates to reduc-
ing the complexity of the geology in a project while many other risks are
bracketed away and unaccounted for.

As the decision to launch the Challenger Space Shuttle speaks to how risk
assessments and their justification are shaped by the organizational structures
such as that at NASA (Vaughan 1996) and evaluation of creditworthiness is
shaped by the institutional embeddedness of banks (Guseva and Rona-Tas
2001), the predictions of minability in mineral exploration are shaped by the
universe of institutions, organizations, and politics within which exploration-
ists carry out their work. In practice, this means that the predictions produced
as part of exploration work follow the logics set out in the industry standards
put in place to regulate and reduce risk and uncertainty in mineral exploration
and it is the same standards that provide the means to justify the predictions
that come out of these processes. Industry standards therefore help reduce un-
certainty in mineral exploration along the lines proposed in the institutionalists
approach to risk discussed previously, but primarily because they support and
provide a logic for how uncertainties are to be re-constructed as measurable
and therefore reducible risks. It is therefore important to consider also the per-
formative dimensions of industry standards. While they were initially put in
place to prevent foul play on part on explorationists, their institutionalization
has meant that following standards and doing things by the book—or doing
them correctly as Richard put it-has come to signify doing good exploration
work and, ultimately, to reduce risk.

However, there is more to the matter than just a performance of standard-
ized best practice. Approaching the justification of prediction correctness from
a practical view, it becomes apparent how important the role played by shared
understandings is in explorationists’ justifications of predictive qualities of
their predictions. Such shared understandings, or culture as Howard S. Becker
(1982) would put it, constitute the backdrop against which the use of these
particular values is made sense of in mineral exploration. These values revolve
around the quantification and measurability characteristic of the trust in num-
bers described by Theodore Porter (1996, see also; Reinertsen and Asdal
2019); it is a trust in projectable numbers that that can satisfy the modo poten-
tiali (Schiitz 1959) harbored in the anticipation that each datum pulled, so to
say, out of the ground is another step on the path towards de-risking a future
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mine. It is therefore not the industry standards alone that are performed here,
but a much larger culture of quantification.

Justifications of a predicted future’s desirability, on the other hand, focus
less on the internal coherence or accuracy of the prediction than on the posi-
tion of the predicted future in a universe of values. This chapter describes three
such universes that together help explorationists make claims not only about
what the future will look like but also on these futures. Jenny Andersson
(2018) stresses the importance of analyzing how actors use predictions to
make claims on the future and this chapter provides some insights into how
this is accomplished in mineral exploration by tracing the values exploration-
ists call upon in justifying why realizing mining futures is a desirable course
of action. First, the chapter described how justification in environmental per-
mitting weights the many different values present in the Environmental Code
against each other in order to formulate and support claims for why mining an
area is the more appropriate and desirable alternative from a legal perspective.
Here, justifications rely on a view of nature as managed and under a juridical
domain in which the worth of a predicted mine is to be determined on legal
grounds and in competition with other potential interests and land uses. Sec-
ond, justifications of a predicted future’s desirability based on its relatively
lower costs rely on comparisons of the predicted future to other potential fu-
tures such as a future in which the minerals sought are mined in a less sustain-
able mine in the Global South. To make these claims, explorationists rely on
distinctions between different jurisdictions in terms of being better or worse
at managing and protecting environmental values and between good and bad
explorationists and miners. Moreover, the values used to signify worth here
draw on morally powerful imperatives connected to claims of a responsibility
to a mine in “developed” nations in order to prevent unnecessary suffering in
less “developed” localities. Finally, the third form of justification described
above is based on a predicted future’s contribution to some absolute value
such as contributing to the struggle against the climate crisis or helping reverse
the decline of rural communities. The signifiers of worth invoked in these jus-
tifications speak to current debates and positions a projected mine in a larger
political domain where the benefits of a future mining operation (e.g., a supply
of metals for green technologies and economic growth in disadvantaged com-
munities) are weighted against its costs to the environment and to non-mining
interests. Together, these three groups of values provide a repertoire of signi-
fiers that explorationists actualize in order to make claims of the worth of their
futures and for why they should be realized.

However, the efforts spent on connecting values to predictions to justify
their worth matter little unless those actors whom explorationists need to con-
vince recognize the predictions as correct or desirable. The next chapter takes
a close look at these interactions between explorationists and their publics to
analyze what takes place when predictions have been produced, justified, and
let out into the world.
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8. Metapredictors in Mineral Exploration

While the previous chapters detailed how explorationists make and justify pre-
dictions the present chapter will, so to say, take a step back and look at the
context of explorationists’ prediction work. This shift from a detailed study of
the internal processes that produce predictions to a more contextual view re-
sembles a move to what Marion Fourcade (2011) calls a “then what” question.
Here, the “then what” question addresses the consequences of the prediction
work outlined in the previous chapters in the context of explorationists using
predictions and communicating them in interactions with their audiences. As
has been outlined across the three previous chapters, predictions serve a num-
ber of purposes in mineral exploration: they describe future values, they guide
explorationists in rating and prioritizing their projects, and they allow explo-
rationists to make claims on the future by promoting their predicted present
futures as the more desirable alternative. In addition, predictions also help ex-
plorationists reduce the complexities of first nature into measurable chunks
that can be treated and translated into projections of second nature mining fu-
tures. In serving these purposes, predictions make uncertainty manageable by
providing points of reference and guidance, not only for the explorationists
themselves, but also for the different publics that make use of predictions in
anything from investment decisions to ruling on permit applications. It is
among the interactions between explorationists and these publics of investors,
permit granting agencies, and the affected communities that this chapter will
seek to answer what consequences predictions have for have for exploration-
ists’ ability to realize their predicted futures.

Returning to Rescher’s (1998) work on predictions, he writes that assessing
a prediction’s qualities in terms of its ability to correctly depict a future present
means making a metaprediction, a form of second-order prediction in the form
of a prediction about the prediction. Just as predictions provide answers to
questions about the future, metapredictions answer questions about whether
to believe that a prediction will turn out to be correct. For example, are there
reasons to believe that the financial estimate for the project mining operation
is correct? Is it likely that realizing the mine would produce the social and
economic benefits claimed in the EIA? Might the predictions be off target, and
if so, by how much? Combining this approach to predictions about predictions
with the distinction drawn by Rescher (1998) between formalized prediction
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and judgment-based prediction, metapredictions may take two different ap-
proaches to ascertain the likely trajectory of a prediction. First, a metapredic-
tion can be based on an assessment of the technical apparatus used in the pre-
diction work. Such an assessment would mean asking questions about whether
the models used in prediction were correctly specified or whether the data used
were adequate for the purpose. The second approach is to assess the qualities
of the predictors themselves, asking whether the prediction was made by
trusted experts who, because of their experience and expertise, are likely to be
able to foresee future developments. Examples of the former type of metapre-
diction can be found in discussions such as those on whether risk analysis
models underperformed in the lead-up to the 2007-2008 financial crisis (e.g.,
Turner 2009, see also; Besedovsky 2018; Langley 2013; Lockwood 2015).
Meanwhile, the latter form of metaprediction has been described in studies on
fields such as financial analysis where expertise, creativity, and experience are
perceived as hallmarks of good prediction workers (Leins 2018). In mineral
exploration, metapredictions of both poles can be found as some metapredic-
tors choose to take the experience of the team behind a prediction as a basis
for their assessments, whereas others focus more or less exclusively on the
quality of the data and the prediction methodology. These variations, it will
here be argued, depend on what stage of exploration work is concerned in the
predictions as well as on what types of values matter to the public engaging
with explorationists’ prediction work.

Among the publics that engage with the predictions produced in mineral
exploration, one finds actors such as investors, governmental agencies han-
dling permit processes, debt financers, and other interested parties. In this
chapter, this multiverse of interactions is described and analyzed with partic-
ular reference to the outcomes of these publics’ metapredictions and their con-
sequences for the future of exploration projects. The chapter begins with met-
apredictions made within exploration organizations and then moves to inter-
actions between explorationists and external metapredictors engaging with the
exploration industry within the contexts of exploration and mine investments
and permit processes. The chapter also analyzes and discusses instances of
conflict and disagreement between explorationists and metapredictors.

8.1 Metapredictors within exploration organizations:
“Project killers” and management

A reoccurring theme in this study has been the importance of identifying and
“killing” less-promising projects in order to free up resources to be spent on
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the select few projects seen to poses greater exploration potential. In the pre-
vious chapters, several examples of how this is strategized have been dis-
cussed with senior explorationists having been quoted discussing project eval-
uation as a key element in successful mineral exploration. This section revisits
this dimension in exploration work and analyzes the metapredictions involved
in how exploration organizations evaluate their exploration projects.

One illustrative account of how exploration organizations evaluate projects
in the early stages of exploration can be found in a book celebrating a Swedish
mid-tier company, Boliden Mineral’s 99 years in mineral exploration. In this
book, the mining engineer who heads the company’s mineral resource office
explains the mining engineer’s role in the company’s exploration efforts and
jokingly admits that their department, which was responsible for sorting
through exploration projects to select those that warrant further exploration
work, are internally referred to as “the project killers” (Lundqvist 2016). In
the book, the project killers at Boliden are described as a team of geo-engi-
neers whose responsibility it is to review the projects worked up by the com-
pany’s exploration geologists and to rate and select those projects deemed suf-
ficiently promising to warrant further exploration work while effectively “kill-
ing” projects seen to show less potential. This division of labor is common
also among the exploration organizations that feature in this study.

While exploration geologists together with geophysicists and geochemists
are the groups of explorationists most often working on the early stages of
mineral exploration, mining engineers often assume management of projects
as they approach the intermediate stage of the exploration process in order to
assess the findings of the geological work by adding technical and economic
layers to the exploration puzzle. Lars, an engineer working on a team like that
described above, explained how his team reviews projects in the early inter-
mediate stage. When projects are handed over from the exploration geologists,
Lars said, enough work would have been carried out by the geological team
for there to be enough data in the project to allow them to undertake initial
modelling and metallurgical analyses. The exploration geologists will, in other
words, have taken a project through some drilling and begun amassing a body
of data that can be used to make an initial assessment of the quantity and qual-
ity of mineralized material in the project. Talking about the Boliden book and
the label “project killers,” Lars noted that when they enter the process he and
his colleagues take the project and the data available:

And then we make an initial.. we make an estimate of what tonnages and grades
you have [in the project] and then we also do a first economic valuation to
determine whether we should take the project further or not. And I guess it’s
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that project management role that may at times can be perceived by some en-
thusiastic geologists as us killing off their wonderful projects [laughs].!??

When valuating projects at these early stages, Lars and his colleagues are en-
gaging in metaprediction in as much as they constitute a second opinion about
the exploration potential in the projects and take over from the exploration
geologists. These projects have been taken through area selection, surveying,
and target generation work and are now re-assessed based on the geological
model and the estimates of its economic minability that are added to the pro-
ject by the engineers.

This change from one set of predictors to another furthermore means that
the decisive moment has arrived for the explorationists who have worked the
project so far. In an industry characterized by very high likelihood of failure,
working a project that actually is picked up and carried forward to later stages
of exploration work means getting to enjoy something as rare as success. Jun-
ior exploration company senior officer lan summarized this dimension of early
stage exploration work saying that every explorationists wants to succeed, to
be successful, and to “drill that next big fantastic deposit.” In the interactions
between the geologists and engineers—or in many smaller companies lacking
such divisions within the exploration team and in relation to a scoping study
or preliminary economic assessment prepared by a consultant—the outcome of
the metapredictions made at this stage implicitly regulates whether you have
initial success. Metaprediction in the early stages of the exploration process
therefore works as a threshold that not only re-interprets the exploration po-
tential predicted in a project into geo-technical and economic terms before
determining whether or not a project should be given the go-ahead but also
whether the team working it is to be counted among the successful few. Rich-
ard explained this duality in metapredictions in early stage exploration:

Every geologists of course feel that they have the best project in the company
[laughs] and of course, everyone wants to promote the thing they are working
on. So you really need to have a system that makes prioritizes projects based
on a set of facts that drive, like, the work forwards and sets aside that which is
less exiting or that doesn’t really live up to the criteria you have set up as you
push forward.'?

Evaluations of project potential in the early to intermediate stages of explora-
tion work help exploration companies sort through their portfolios and “kill

128 Och d& gor vi ju en forsta.. dels gor vi ju en berikning av vilka tonnage och halter som man
har dér [i projektet] och sedan gor vi ju en forsta ekonomisk vérdering av om vi ska ga vidare
med projektet eller inte. Och det 4r vl dér da projektledarrollen av vissa entusiastiska geologer
kan ses som att vi dodar deras fina projekt ibland [skrattar till]

129 Alla geologer har forstés det bésta projektet i foretaget [skrattar] sa alla vill forstés prioritera
sitt. Och dér krévs det att du har ett prioriteringssystem baserat pa ett antal fakta som driver,
liksom, jobbet framét och sitter &t sidan sddant som dr mindre spdnnande eller inte riktigt moter
dom krav man har medan man driver vidare.
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off” projects that do not meet the criteria that denote sufficiency in terms of
exploration potential. These evaluations are a first example of metapredictions
within organizations and new examples follow along the exploration process
with the scoping study, the pre-feasibility study, and the feasibility study being
three examples where qualified persons are brought in to review the potential
future minability in a project.

While the interactions between geologists and engineers are important
when deciding which projects to take further and who gets to enjoy success, a
more high-stakes case of intra-organizational metaprediction takes place when
company boards decide whether to move a project to development and con-
struction. Talking about the company hierarchy, Briana explained that at the
company she worked for these decisions are made “in certain rooms” by a
select few, a group of managers with experiences from different parts of the
company. Consultant and qualified person John who had experience sitting in
these meetings, explained that the authors of feasibility studies, either a qual-
ified person working for the exploration organization or a consultant, presents
the results of the study complete with an estimated NPV, an outline of the
project’s technical and economical dimensions, and a range of sensitivity anal-
yses: 130

And these are the results that you take with you to the meeting with the board
of directors. And say that as a consultant, but also as an employee, if you pro-
duce a model like this, then you sit with the board and they’1l ask ”What have
we got?” And they are primarily interested in these [technical dimensions] but
also in the risks. What does the risk profile look like for the project? What are
the greatest risks? Is it geology, or is it mining, or is it rock mechanics, or is it
the tailings dam?!3!

The board of directors is a vital counterpart in prediction work as they are the
ones who give the ultimate go ahead for an organization to move from pre-
dicting to actually realizing futures. Because of their position as the final
group of metapredictors to evaluate a project within an exploration or mining
organization, the board of directors are more arbiters of success than mining
engineers. Moreover, the stakes are arguably higher still as greenlighting the
development and construction of a project also means allocating significant
resources or taking on substantial debt to finance doing so. This is, in other
words, an example of an interaction between a predictor and a metaprediction
where actual monetary resources are on the line. The examples outlined above

130 As was discussed in chapter 6, sensitivity analyses are analyses of how a project’s NPV is
affected by variations of different inputs.

131 Och det 4r ju det hér resultatet man tar med sig till styrelsegruppsmotet. Om vi séiger som
konsult, och dven som anstilld, om man tar fram en sadan hir modell, da sitter man med sty-
relsen och dom sdger ”What have we got?”” Och dom &r mest intresserade av dom hér [tekniska
dimensionerna], men dven riskerna. Hur ser riskprofilen ut for projektet? Var dr de storsta ris-
kerna? Ar det geologi eller #r det brytning eller ir det bergmekanik eller ir det sandmagasin?
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provide an initial understanding of metaprediction and of what happens to pre-
dictions when they are communicated to a public set to assess the credibility
of what the predictor has seen as a promising or minable project. The examples
described in this section are examples of interactions between predictors and
metapredictors who do not depend on the other for access to resources (beyond
success and recognition). The next section, however, outlines interactions be-
tween predictors and metapredictors in different organizations, where the pre-
dictors’ access to goods or resources needed to realize the predicted future is
determined by the metapredictor.

8.2 Metapredictions in equity and debt financing:
Adventure or qualified judgements?

Investors play a central role in mineral exploration as they provide financing
for exploration work and mine development. Attracting investors to their pro-
jects is therefore a key dimension of many explorationists’ work. This is par-
ticularly true of junior exploration companies, who depend on equity to fi-
nance their exploration work. Richard explained that mid-tiers and majors un-
dertaking exploration work can rely on their cash flow and focus on “getting
exploration done” whereas juniors need to consider how they are going to fi-
nance the next stage of exploration and they do so in competition with other
juniors also looking to finance their most promising early stage projects. How-
ever, as there are limits to miners’ cash flows, these differences tend to disap-
pear when explorationists reach the stage where they need to start looking for
ways to finance the multi-million dollar investments necessary to construct a
mine. This section describes how explorationists and investors interact over
exploration and development financing with particular reference to the strate-
gies used by investors to assess the quality of explorationists’ predictions and
the metapredictions they produce based on these assessments.

8.2.1 Equity as adventure and explorationists as storytellers

When explorationists produce their prospectuses with which they seek to at-
tract investors to finance the next wave of exploration work based on the ex-
ploration potential estimated in a project, they are engaging a world of actors
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that looks much broader than merely the exploration and mining industry. Eq-
uity finance is competitive and explorationists are competing for investments
not only between each other but also with other industries. The challenges
involved in attracting equity financing to early stage exploration work was a
prominent topic of discussion at the international industry conference and
trade show observed in 2018 both in discussions between explorationists and
in the talks given by mining executives, investment fund managers, and rep-
resentatives from financial institutions. One example of these discussions was
how, one presenter representing a large mining corporation used a significant
portion of his allotted time to talk about current trends in investment and how
investors at the time had moved out of exploration into other sectors such as
wheat futures and the, at the time, much discussed bitcoin and block chain
sector.

However, that investors choose to move out of mineral exploration financ-
ing is perhaps not surprising. At the end of the day, mineral exploration is just
one of many sectors financers may choose to invest in, and given the low
probability of success in exploration as well as how trends come and go also
among investors (e.g., Shiller, Fischer, and Friedman 1984), it is perhaps not
too surprising that investors may at times choose to place their money in in-
dustries other than mineral exploration. Explorationists’ dependence on inves-
tors therefore means that they face some intriguing conundrums. One conun-
drum is that of attracting investments to a sector that sees so little success.
Because of the prominence of uncertainty in mineral exploration, senior junior
company officer Eric explained, investors tend to demand high rates of return
amounting to “five or ten times their investment.” Qualified person and con-
sultant Carl too discussed this and in his discussion, he compared the potential
internal rate of return from backing an exploration project that ends up pro-
ducing a mine to the many other investment opportunities equity financers
have access to:

Because if you imagine that you’re getting an internal rate of return of say
fifteen percent, that should then be weighed against, yeah, buying scratch cards
with this money instead, then what would the internal rate of return be? Well,
yeah, it would be in the negative because the state always wins. But if you were
to place them in bonds or if you played the stock exchange or something? You
always have to consider.. if you’re gonna invest your money, which alternative
would be the best possible investment.'*

Now, while he was joking when suggesting investors may choose to invest in
scratch cards, Carl highlights an important fact about the equity market: when

132 Fér om du ténker dig di att du fir en forrdntning, internal rate of return, pd sig femton
procent, det ska ju vidgas mot, om du gick och kdpte penninglotter for dom dér pengarna, vad
far du for forrdntning da? Ja da far du alltid en negativ, for staten vinner ju alltid. Men om du
sitter dom, om du koper foretagsobligationer eller du spekulerar pa borsen eller nagonting? Du
maste ju alltid fundera.. om du investerar pengar, vilket &r den bédsta investeringen jag gora?
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seeking to attract investors, explorationists not only need to compete with
other explorationists to be the most attractive investment, but also with other
actors in other sectors and they do so in an environment that wants premiums
when investing in high risk industries and enterprises. Moreover, becoming
an attractive investment opportunity is not easy. In fact, explorationists chas-
ing equity are not necessarily in a position that helps them do the best explo-
ration work they could do. Talking about the different conditions under which
explorationists financed by cash flow and those financed by equity work,
Richard again saw drawbacks to equity financed exploration as this may push
explorationists to produce results that attract financers rather than results that
bring projects forward. According to Richard, this may express itself in juniors
undertaking more exploration drilling than necessary to get access to market-
able results. Because of this, Richard continued, equity financed exploration-
ists often have to engage in work that larger established companies do not
have to concern themselves with. Financed by cash flow, he said, mid-tier
corporations such as the one he worked with are freer to carry out only the
necessary work and seek to “find, you know, the shortest path to success.”
Although not all explorationists would agree with this view,'® it highlights
one crucial thing about equity financed mineral exploration: explorationists
financing their exploration through equity need to excite investors to the ex-
ploration potential of their projects. Ian spoke on this topic saying that because
of its uncertainties, mineral exploration is one of the few remaining frontiers—
besides, he continued, space and the deep oceans. Uncertainty here becomes
a unique selling point with which to attract investors rather than a problem as
it opens up the future for speculation and imaginaries of mineral riches (Beck-
ert 2016; Engwicht 2018). Because of its uncertainties, lan continued, mineral
exploration:

is about selling adventure. That’s what exploration is about. It’s people that
join in with us, that come in for the ride because who knows what we’re going
to find here, it could be a monster! You know, it sets that expectation. So yes,
it can be a negative if it doesn’t work out. But it is the driver as well. That’s
why people invest in exploration. Especially discovery exploration. So it ap-
peals to human nature, to take a risk and to have luck and to go places.

133 Some might even argue that the reason larger corporations are freer in their exploration is
because Swedish mid-tiers are benefiting from the privileged positions they were able to attain
from operating in the restricted Swedish mining sector in the 20" century when only a select
few companies were allowed to mine in Sweden and these companies could divided the country
up between themselves. In addition, claims such as this one do not reflect the situation outside
Sweden. As previously noted, actors at the international conference and trade show made re-
peated statements of juniors as the “life blood” of the industry as they tend to be the ones en-
gaging in green field exploration and make significant discoveries while mid-tiers and majors,
in an international perspective, tend to be more concerned with building their reserves than
making new discoveries.
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lan’s emphasis on frontiers and adventure illustrates the flip-side of uncer-
tainty as it demonstrates how uncertainty implies a window for speculation on
the future. The name for this phenomenon in mineral exploration talk is the
discovery stage of a “Lassonde curve,” named after mineral explorer extraor-
dinaire Pierre Lassonde. A Lassonde curve reflects the value of an exploration
project as a sudden rise in the discovery stage, when a first discovery has been
made but there is far too little data to tell just how large or small the deposit
is. An equally sudden drop then follows this sudden rise as more work is un-
dertaken on the project whereby its limitless potential is reined in by the data
produced, and finally a slow but steady rise as the project moves towards pro-
duction.

Senior junior organization officer Eric too discussed the role of investors
in early stage exploration but refrained from using terms such as frontiers,
adventure, or human nature. Instead, he discussed what he called the “seed
investors”—i.e., investors who join exploration companies early on and who
may stand by explorationists through what Eric referred to as “some very
tough times” where exploration success is far from certain. The seed investors
supporting his company, Eric candidly stated, had chosen to support him and
his team not because they “think were good guys” but because they “think that
they’ll get a significant financial return, so we [the team of explorationists]
have to make sure that we deliver that financial return.” Saying this, Eric pro-
vides another perspective on the same genre of high uncertainty metapredic-
tion that Ian had described as adventure. Seed investors, in other words, join
with companies in the early and highly uncertain stages of exploration because
they see a potential for significant returns many years down the line, but what
is it that makes them foresee this potential? What is it that adventurous inves-
tors see in projects that make them willing to take a chance and, to speak with
investor’s lingo, take on such a significant risk? As chapter 5 outlined, early
stage mineral exploration is highly uncertain and complex as very little geo-
logical data have been produced beyond the initial desktop exploration and
survey work. So how do investors assess the soundness of the predicted po-
tential in a project when there is so little data to review? What do they base
their metapredictions on? The answer to these questions were provided in ac-
counts from a number of informants—some of whom have experience from
both exploration and investment—and from field notes taken of panel discus-
sions featuring investors and bankers at an international industry conference
and trade show. Based on the informants’ experiences and the panelists’ dis-
cussions, a range of investors’ strategies emerged.
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Assessments of predictors

One of the most common strategies outlined in the materials focuses on as-
sessments of the predictors. Here, metapredictors focused their assessments
on the qualities of the explorationists working the exploration projects. This
line of metaprediction assesses whether the people involved in a project ap-
pear to have the expertise to be successful rather than evaluating the project
itself. Eric stressed how important the people one chooses to work with are
for success, saying that; in mineral exploration, as in any other venture, a lot
comes down to the quality of the people doing the work and the faith investors
feel they can place in them. Mining company CEO Maxwell also explained
the merits of this metapredictive strategy, and he did so by using an example
of a project he said that he would never consider investing in. Earlier in his
career when he was working for a Swedish mid-tier miner, Maxwell recalled:

there was a visit from a British exploration company where the management
consisted of a movie director working extra as the CEO for an exploration
company and his favorite actress, who visited the mine wearing heels. There
and then, I realized that I probably shouldn’t invest even a single cent in that
venture. '3

While this first half of the quotation is more akin to a funny story about an
odd encounter'* than an investment strategy, what Maxwell said next provides
a good summary of the predictor-based approach to metaprediction. Talking
about his experience with the movie director-come-explorationist, he contin-
ued:

However, it’s not always that obvious. Instead you have to look at, so to say,
if you’re gonna reduce risk, then you have to look at the competence of the
person doing it; what results have they produced before? That, I believe, is a
big factor for investors sorting out projects, and it’s a way to reduce risk.'3¢

The predictor-based approach to metaprediction in practice works by review-
ing a predictor’s, or a group of predictors’, previous work, experience, and
expertise and using these as the foundation for metaprediction, asking whether
a prediction is probable to be correct based on the qualities of the predictors

134 s8 kom det ett besdk fran ett engelskt prospekteringsbolag dér ledningen bestod av en film-

regissor som da knéckte extra som VD for ett prospekteringsbolag och hans favoritskadespe-
lerska som kom i hogklackat pé studiebesdk till gruvan. Dé insag jag att det hér ska jag nog inte
sdtta en spann i.

135 However, the high level of uncertainty involved in the movie industry might have left the
director accustomed to many of the uncertainties of mineral exploration.

136 Men det ir inte alla ginger det &r s tydligt utan man ska ju titta pa, sa att séiga, ska man
riskreducera ska man ju titta pa kompetensen hos ménniskan som har gjort det; vad har dom
skapat for resultat forut? Det tror jag &r en sddan dér viktig sorteringsfaktor for investerare, och
det &r ett sétt att riskreducera.

192



producing them. Explorationists who have had previous success are therefore
granted more legitimacy in their present work as they have proven that they
are able to make and work discoveries. This legitimacy granted to successful
explorationists means that some investors are willing to pay what one industry
conference panelist referred to as a “dream team premium” for projects
worked by successful and experienced explorationists. However, while com-
mon, not all investors use such predictor-based approaches. One example of
an alternative strategy was provided by a panelist working for a large invest-
ment company who stated that in their company they prefer to look at the value
of the land where a project is located by comparing it to other areas with
known mineral deposits when assessing the future value of a project. Another
investor speaking at a panel expressed his doubts about predictor-based as-
sessments, saying that he does not “trust success.” Referring to his background
in engineering, he justified his position by arguing the mathematical improb-
ability of repeated success, saying that: “If 3 in 1000 deposits are economical,
what is the likelihood of getting it right twice? 9 in a million.” Instead of pay-
ing “the management dream super-team premium,” he continued, he had made
a strategy of investing early in projects that he thought looked “good” and that
were cheap. But what makes an early stage project look good?

One thing that investors may refer to when assessing the qualities of a pro-
ject beyond the CVs of the explorationists working them is what a senior
member of an investment bank called a project’s “pedigree.” A pedigree con-
sists of a project’s geological similarity or physical proximity to other suc-
cessful projects. Having a project whose geological make-up resembles other
geological environments known to host minable mineral deposits or having a
project that lies physically close to a profitable mining operation are here used
as signifiers of exploration potential since mineral formations tend to follow
certain patterns and seldom appear in isolation but as parts of large systems.
Taken together, assessments of the explorationists working the projects and
the project’s pedigree therefore make up two dimensions of metaprediction
among investors. In early stage exploration, asking whether they trust the ex-
plorationist to possess sufficient expertise to be able to tell a promising project
from a dead end and cross checking the available data on the project against
known deposits therefore provide two points of entry for investors making
metapredictions of whether they believe the predictions of a project’s poten-
tial.

Storytelling: Talking like an investor

One practical implications of how investors assess early stage exploration pro-
jects is that it opens up a door for explorationists to adapt their predictions to
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what investors look for in exploration projects. A senior international invest-
ment banker at the international industry conference and trade show outlined
examples of how explorationist may take advantage of this opening and adapt
their communications to better fit investors’ expectations. In a panel discus-
sion, he told the explorationists in the audience that what matters to investors
in early stage exploration predictions are the stories explorationists are telling.
What exploration companies need to do to stand out and attract capital, he
continued, is to tell a story about the asset’s quality as well as about the team
working the project, their mindset, and what approach they are working from
in the project. After listing these dimensions, the banker moved on to discuss
them in detail saying that in order to attract capital, explorationists need to
“focus investors’ attention on key projects and how you are going to develop
them.” This does not mean that one should not talk about any additional pro-
jects in one’s portfolio, he advised, but investors are more interested in hearing
what you are doing on your “key project.” In terms of the team working the
project and their talents, he continued, investors tend to grow hesitant when
being told that a team is going to take the project all the way from discovery
to mining. Instead, he urged the audience to focus on what you and your team
is good at and then move the project “down the value curve” by doing a joint
venture with another miner or sell it on to someone with more mining experi-
ence. If you are good at grassroots exploration or drilling a project up to size
do that and let others do the rest, he recommended the audience. Coming to
the final dimension of the stories explorationists should tell investors; he said
that

Some explorationists tend to over promote. Try to find a message and a story
you want to get out and focus on the investors you need rather than on quantity.
Speak like an investor and not like a geologist; speak about returns and not size
and so forth. Gain market interest; engage shareholders with purposeful mar-
keting!

By telling the room of explorationists what he, in the role of an investor, wants
to see from them, the international investment banker provided the audience
with a recipe for how explorationists can be more successful in their interac-
tions with investors by adapting how they communicate the qualities of their
projects and their predicted potential to prospective investors. Moreover, by
encouraging the assembled audience to talk “like an investor and not like a
geologist” he highlighted how investors’ metapredictions in early stage explo-
ration is not entirely to do with geology per se. Instead, it is to do with whether
the piece of geology in question is likely to be convertible into profitable com-
modities and what basis there is for believing this.

However, while explorationists might be able to find new financing oppor-
tunities by adapting how they communicate their predictions, explorationists
and investors do not always communicate directly, one-on-one. Within the
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global exploration industry, there are actors that act as intermediaries between
the exploration and financial industries. These intermediaries include market
analysts who work for brokerage firms to seek out promising exploration com-
panies and projects that they can recommend to the firm’s clients in the finan-
cial sector. In a talk on brokerage given by an analyst to a room full of young
geologists at an event for prospective explorationists, the job of an analysts
was described as “pairing up companies and investors” and therefore bridging
the two industries in order to facilitate investment. To accomplish this, the
presenter continued, brokers analyze exploration companies and gather infor-
mation “covering geology, mining, processing, permitting, geopolitics, and
flow of funds” in order to produce “stories” accessible to investors. Behind
brokerage as well as behind encouragements for explorationists to adapt their
communications to better suit investors’ expectations lies a need for the latter
to be able to understand the predictions communicated by the former. When
asking explorationists to formulate stories that investors can understand and
assess, the talk by the international investment banker highlights how adapta-
tion and expectations play important roles in the interactions between predic-
tors and metapredictors. Moreover, when emphasizing how explorationists
can better adapt to and accommodate investors’ expectations, this investment
banker put his finger on a second important dimension to the interactions be-
tween predictors and metapredictors, namely that these interactions contain a
reflexive element. As explorationists interact with several actors within the
same publics, such as different investors, and the interactions reoccur between
different projects or even between different stages of projects (i.e., most junior
exploration companies go through several financing stages for the same pro-
ject), there are many opportunities for explorationists to reflect on and learn
from previous interactions, lessons they can use to adapt their communication
style and, so to say, begin talking like investors (and not like geologists). By
doing so, explorationists would draw the content they put forth in predictions
closer to the language and values that investors and other metapredictors un-
derstand and find important, repeating a trend already observed in finance
where forecasters adapt their forecasts to fit front stage expectations held by
their audiences (Svetlova 2012).

In other words, the use of predictions in explorationists’ interactions with
investors in early stage mineral exploration revolves around explorationists
seeking to attract investors to the potential they see for their projects, a poten-
tial that, to junior exploration companies, hinges on them getting access to
investment capital that can carry the project onwards to intermediate and ad-
vanced exploration. Because the scarcity of data at the early stages of explo-
ration means that the situation is highly uncertain, investors focus their meta-
predictions on the qualities that stand-in for the detailed geological, metallur-
gical, and technical data that would become available further into the explo-
ration process. In the examples described above, many of these stand-in values
center on the perceived expertise of the explorationists, the pedigree of the
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project, and the combination of these two into a story about a project’s poten-
tial for housing a significant discovery. But how do metapredictions in explo-
ration and mining financing change as more data are made available through
intermediate and advanced stage mineral exploration?

8.2.2 Advanced stage metaprediction: It is models all the way
down

As described in chapter 6, the predictions produced at the later stages of ex-
ploration work are far more technical depictions of a projected future than are
early stage claims about a project’s exploration potential, and these technical
dimensions characterize much of the engagements that take place between ex-
plorationists and a second group of investors, namely debt financers. Debt fi-
nanciers such as banks tend not to be involved in early or intermediate explo-
ration work as the outcomes are uncertain and mineral exploration does not
produce any revenue with which explorationists could pay interest or repay
loans. However, as exploration nears its end, Eric explained, any exploration
company not large enough to finance mine construction from their own cash
flow approach banks with the results of their feasibility studies. As was dis-
cussed previously, feasibility studies are comprehensive reports based on
large amounts of geological data, metallurgical analyses, cost and income es-
timates, and techno-economic studies. Together, these sources of information
construct a minability estimate for the whole projected mine in the form of an
estimated NPV.

Being more mature products, the predictions made in feasibility studies en-
joy the full weight of the industry standards, mineral reserve estimates, and
qualified persons’ assessments. This information helps explorationists justify
the quality of their prediction work, and this is reflected in the interactions
between explorationists and financers. Being more concerned with model
specification and prediction correctness than they are with storytelling and ad-
venture, advanced stage financiers such as banks therefore tend towards eval-
uations of the technical application of formalized predictions. According to
one qualified person, banks, as advanced stage financiers approach metapre-
diction by employing independent engineers with qualified person accredita-
tion to evaluate the technical qualities of projects. This use of independent
engineers is part of the due diligence practiced by debt financers and involves
the independent engineers producing their own feasibility studies based on the
data provided by explorationists so they can produce their own valuation of
the future minability of a project. Qualified person and consultant John ex-
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plained how this plays out saying that “banks trust their consultant or inde-
pendent engineer to evaluate the technical qualities of a project in order to
produce a technical financial model.” Based on the consultants’ work, John
continued, the banks “do their jiggery-pokery” and add additional layers of
information to assess whether the explorationists’ predictions hold when
banks add their own macro-economic forecasts to evaluate the robustness of
explorationists’ predictions. Based on their metapredictions, financiers then
evaluate whether the project’s risk profile fits with the bank’s preferences in
terms of the levels and sources of risk.

Although the NPV is a central dimension in assessments of a project’s risk
profile, the metaprediction produced by banks and independent engineers fea-
tures other values. One of these additional values is the estimated reserve tail.
Ian described this as a measure of the health of the estimated NPV. In practice,
the reserve tail is an estimate of the duration of production remaining in a
project when debt has been paid. A reserve tail is, in other words, a safety
margin that takes into account potential delays in loan repayment. If a com-
pany, Ian said, for example was to suffer a production delay or if they for some
reason would have to postpone payment of debt, the reserve tail ensures the
debtor has enough minable material remaining in their mine so that there is
some security beyond the original loan repayment date; meaning that even if
the predictions presented by explorationists were to come up short, there
would still be enough money in a project for it to be minable.

Moreover, as mining operations permanently alter the landscape in which
they are located and pose risks of environmental harm through emissions and
accidents, financiers may seek to also assess a projected mine’s environmental
impacts as part of metaprediction. Therefore, banks may choose to incorporate
environmental and social impact assessments before deciding whether to ex-
tend debt to mining developments. According to a 2015 survey conducted by
the Financial Supervisory Authority of Sweden (2015), all major banks in
Sweden use some form of internal regulation that demands that the bank as-
sesses the environmental risks as well as the risks to the bank’s reputation
when evaluating whether to finance environmentally impactful enterprises
such as mining. Two of these major banks were also members of the Equator
Principle’s Risk Management framework, which provides additional stand-
ards for how financial institutions work with risk and perform due diligence.
Eric discussed this assessment as something banks do to make sure “that
they’re comfortable loaning money to a development that doesn’t have signif-
icant negative environmental or social impacts.” To assure the environmental
and social soundness of the projected mine, banks therefore employ additional
independent experts to assess projects. However, according to John, environ-
mental impacts are largely a technical and economic matter as environmental
challenges are dealt with within the realms of the costs of impact mitigation,
the availability of technical solutions with which this can be accomplished,
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and the severity of the impact in relation to the regulatory definitions of sus-
tainable resource management (see chapters 6 and 7).1%’

The NPV, the reserve tail, and a project’s robustness in relation to price
variations and other macro developments, and a mine’s potential environmen-
tal impact are all technical dimensions in assessments of predicted futures.
Because of this attention to the technical qualities in predictions, the interac-
tions between explorationists and financiers over debt take a different form
from those played out over equity financing. Whereas equity financers largely
base their metapredictions on a trust in explorationists and their abilities to
predict correctly the exploration potential in a project based on expert judg-
ment, debt financers benefit from the standardized nature of advanced stage
predictions. According to the system of industry standards for how mineral
resources and reserves are to be reported, the core of the predictions debt fi-
nancers are presented with consist of mineral reserve estimates underwritten
by accredited qualified persons based on geological and metallurgical data that
have been quality assured and controlled through the use of QA/QC protocols.
Based on this, the metapredictions produced over explorationists’ access to
debt ultimately come down to whether the numbers and assumptions fed into
the models are reasonable or whether the model, specified otherwise, would
contradict the prediction put forth by the explorationists. Moreover, although
the material realities of the geological first nature form the foundation for
these assessments, the multiple layers of estimation are involved in predicting
the minability of a deposit in terms of its second nature qualities. Metapredic-
tions made for predictions made in advanced mineral exploration are an exer-
cise in modelling the credibility of models based on how these models have
modelled the minability of a project, making it appear that at this stage it is
just models all the way, from the NPV and down.!?

Compared to the intra-organizational metapredictions discussed earlier, the
interactions that take place between predictors and metapredictors in finance
more clearly demonstrate how the outcomes of these interactions have real
consequences for the predictors. Because of this, the predictor-metapredictor

137 This can also be seen in how the environmental regulation in Sweden is implemented (see

chapter 7).

138 The phrase “models all the way down” here refers to the phrase “turtles all the way down”
used to indicate problems of infinite regress and the alleged interactions between a prominent
scholar. (There are different versions of this interaction and some of them have Bertrand Russel
or William James as the scholar in question). A woman at the end of a lecture on astronomy is
said to have engaged the scholar saying that they had got it all wrong. Contrary to what the
scholar had said, the lady allegedly explained, the Earth is not a spheroid orbiting the sun. In-
stead, the Earth is really a crust of land on the back of a large turtle. Responding to this state-
ment, the scholar asked the lady that given that her theory was true, what did in turn support
the turtle. When pressed about this, the woman allegedly stated that, naturally, the large turtle
was supported by an even larger tortoise, and when pressed again she simply stated that “it is
no use young man, it’s turtles all the way down!” The story exists in different versions with
linguist John R. Ross (1967) attributing the interaction to William James while Stephen Hawk-
ing (1990) relates the story with Bertrand Russel.

198



interactions in relation to equity and debt financing take on a character akin to
a game. In these games, predictors present metapredictors with the products
of their prediction work for the metapredictors to make their own predictions
based on their assessment of either the predictor’s capacity for correct predic-
tive judgment or the robustness of their estimations. Furthermore, the outcome
of these “prediction games” in which predictors and metapredictors engage
each other over the probable nature of the future have real consequences for
the continuation of the exploration project for which the game is being played.
This is because a favorable metaprediction is a condition for explorationists’
access to vital resources such as investments necessary to finance the next step
of exploration work, or the bank loan that makes it possible to move a project
into construction. In the early stages of exploration work, these engagements
revolve around highly uncertain estimates of a project’s exploration potential
where predictors set out to persuade equity financiers to take the chance and
help them move the project forward. In the advanced stages, on the other hand,
the engagements take place over much more detailed predictions based on
multiple layers of exploration work as explorationists engage banks and other
financiers seeking to convince them to extend debt with which explorationists
can construct the projected mine.

To have success in these “games,” explorationists need to adapt the way
their predictions and the way they communicated them to the language used
by metapredictors and the frame of values granted importance by them. The
importance of communication in determining the consequences of the use of
predictions in order to persuade others to extend resources is of some interest
here as it demonstrates how a shared frame of reference can aid predictors in
their interactions with metapredictors. The importance of a common language
and a shared understanding of what makes good prediction work becomes
even more apparent when looking at conflicts between predictors and meta-
predictors.

8.3 The Mining Inspectorate as a metapredictor

A third domain in which explorationists and metapredictors interact is in per-
mit applications and processing. One clear example of this is the exploitation
concession processes in which explorationists engage the MIS, seeking the
right to exploit a mineralized deposit in the future. As stated previously, ex-
ploitation concessions grant their holders the sole right to a mineral deposit
over a period of 25 years and in order to attain one, the Swedish Minerals Act
of 1991 states, explorationists need to prove that the project for which they are
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seeking a concession is likely to be economically minable within this 25 year
period. Therefore, when explorationists apply for exploitation concessions,
they begin interactions with MIS officers around the correctness of their pre-
dictions of project minability and the robustness of these predictions. This fo-
cus on prediction robustness gives the exploitation concession process a tech-
nical focus resembling the metapredictions in debt financing discussed above.
However, given their focus on the legal-technical dimension of future mina-
bility, the MIS’s assessments of the predictions presented by explorationists
are more technical still, wherefore the “games” played over exploitation con-
cessions are probably the most clear-cut examples of metaprediction based on
assessments of prediction methodology and model specification yet.

In exploitation concession evaluation, senior MIS officer Anne said, the
mission of the MIS is strictly to “apply the law,” meaning that the economic
minability of a mineral deposit over the coming 25 years is solely a matter of
juridical nature. In practice, this means that the MIS evaluates the quantity and
quality of mineralized material estimated by the applicant in relation to what
the MIS officers managing the case see as the technical requirements for mak-
ing the deposit minable. Dave, a MIS officer, talked about how this is done
saying that: “I look at the mineral estimate” provided by the applicant “to see
if it is technically possible to mine the deposit the way they propose to do it.”
Based on the value of the mineral described in the estimate, Dave then makes
what he and Anne both referred to as a “probability judgement” regarding
whether they see that it is probable that the deposit will be minable in the
coming 25 years. When asked to explain what information is weighted in such
probability judgements, Dave specified the following:

It is drill holes, geological data. And how they are planning to mine it. Where
are they going to concentrate it and what the results from the metallurgical
analyses look like? I calculate a value for the mineral reserve based on this.
Thinking something along the line of: well, using this particular mining
method, it will cost them about this much. And then I see what is left [of the
mineral value], or if it’s in the red [laughs].!*°

When evaluating the estimates for the mineral deposits reported by applicants,
Dave continued, one can only rely on historical data: “No one owns a crystal
ball” that can tell them what the future commodity prices will be, so the “only
thing you can do to see if a project is profitable or not is to estimate what the
value of the metal may be.” Using historical prices from central trading places
such as the London Metals Exchange as well as from the MIS’s own data-

139 Ja det &r ju pa all borrhal.. geologisk data. Och s& hur dom har planerat att bryta. Vart ska
dom anrika, hur ser anrikningsresultaten ut? Jag riknar ut ett malmvérde pa det alltsa, ja. Ténker
ungefar: ja med den hédr brytningsmetoden kostar det sahdr mycket, och den hér anrikningen
kostar ungefir sahdr mycket. Och dé ser jag, vad blir det kvar, eller blir det ingenting kvar
[skrattar]?
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bases, Dave and his colleagues weigh the reported quality and quantity of min-
eral and the expected costs of mining it against past prices to see if the project
would be minable under those prices. If the project would have been econom-
ically viable “during eight out of ten years, well then you can assume that 25
years from now [. . .] there is a chance that this really is a profitable endeavor.”
However, Dave concluded, although estimates are a necessary part of the
MIS’s assessment of concession applications, the most important thing is that
the applicant can show that there really is a significant body of mineralized
material in the ground: “That’s Alpha and Omega” [. . .] “that there is enough
there to make something of it.”

When asked if there is a standard or particular method for how MIS officers
are to review exploitation concession applications Dave noted that there are
no standards detailing how the MIS works in these matters. Instead, he said,
how they work depends on the deposit for which the application is filed. An
experienced MIS officer, he stated, can easily tell a good application from a
poor one and will only have to make a closer review of applications containing
deposits that lie somewhere between being minable and unminable:

It depends on the deposit, you know. If you’re experienced you can see that
these grades and this rate of recovery, yeah, then you can tell that there is no
question; here they will be making a billion in profits [laughs]. But when you
get to stuff that is, you know, borderline, that’s where you get cautious. Then
you really go through it with a fine toothed comb. Is this correct and reasona-
ble? And is the deposit rich enough? And where is it? Does it reach the surface
or is at 200 meters depth or 1000 meters depth?'4°

However, what is a good deposit? Although there are no written standards for
how the MIS evaluates economic minability practice has it otherwise as the
MIS has been known to use mineral resources at the indicated level as a min-
imum level when assessing economic minability. In effect, the MIS therefore
borrows the mineral resource and reserve classification provided in industry
standards when assessing the economic minability of a mineral deposit de-
scribed in exploitation concession applications. As was described in chapter
6, an indicated mineral resource is a standardized classification of exploration
results based on the degree of confidence in estimates of the grades, tonnages,
deposit geometry, and density of a deposit of mineralized material. Although
a mineral resource should have reasonable prospects to be economic, eco-
nomic minability is not part of a mineral resource estimate the way it is a part

140 Det beror ju pa fyndigheten. Alltsd, ir man erfaren sa ser man att dom hér halterna och det
hir utbytet, ja da ser man ju att det hér &r ju inga problem; hér &r det en miljard i vinst [skrattar
till]. Men det &r ju nér det dr riktigt sdhdr pa grainsen man borjar bli tveksam. Dé sarskadar man
ju verkligen. Ar det hér sant och ritt och riktigt? Och #r han tillricklig fyndigheten? Och vart
ligger fyndigheten? Ar den i dagen eller dr den pa tva hundra meters djup eller pa tusen meters
djup?
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of a mineral reserve estimate, which also considers modifying factors such as
the assumptions of future costs and prices. Interestingly, there is no legal prec-
edence for this use of industry standards as there are no mentions of standards
or classifications in the Minerals Act of 1991 or in the Minerals Ordinance of
1992. However, the classification is described as the minimum requirement
for exploitation concession in SGU’s “Guidance for permit processing in min-
ing.”"*! In addition, indicated mineral resources feature as a requirement for a
concession in MIS rulings. In 2013, the MIS advised an applicant that their
application would be rejected unless the applicant provided the agency with
additional materials to support their claims of deposit minability. The MIS
order listed the reasons for their warning and among the listed flaws was that
“the distance between the drill profiles [provided to support claims of eco-
nomic minability] in some places is too great for them to meet the require-
ments for an indicated mineral resource.”

Talking about the economic minability criteria in the Minerals Act and ex-
ploitation concessions processing in relation to mineral resource assessments,
John critically summarized his view on the matter: “At times I think it gets
quite hokey.”'*> Recalling how the Minerals Act stipulates that concessions
are to be awarded when “a deposit that is probable to be economically exploit-
able has been identified”'+* (The Swedish Riksdag 1991, 4 chapter 2§), he pro-
ceeded to comment on what counts as “probable” in this context, saying that:

You have to prove that it’s minable and that you can make money from it. And
that is about the same definition as a PFS, a pre-feasibility study, the same
definition as an ore reserve.!4 145

The Minerals Act stipulates that a concession is to be awarded when an appli-
cant can show that the deposit is minable within a 25 year period, and accord-
ing to John, this should require applicants to produce stronger evidence than
a mineral resource estimate at the indicated level. Developing his views on
what the appropriate level of work should be were explorationists actually to
meet the legal requirements for an exploitation concession, John made the fol-
lowing observation:

141 See, Geological Survey of Sweden (2016).

142Jag tycker att ibland dr det dér vildigt flummigt.”

14[E]n fyndighet som sannolikt kan tillgodogéras ekonomiskt har patriffats.”

144 As was stated earlier in this dissertation, an ore reserve is defined according to the same
criteria as a mineral reserve with the only difference between the two being that different stand-
ards use either mineral or ore when discussing reserves.

145 Man maéste bevisa att det &r brytvirt och att man kan tjina pengar p& den. Och det ir ju
ungefdr samma definition som en PFS, som en pre-feasibility study, samma definition som en
ore reserve.
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However, I’ve seen more exploitation concession applications that have had
scoping study level results, at the most! Documents that are this thin and that
cover the largest geological and technical risks in a very superficial manner
that I don’t see meets the level described for exploitation concession applica-
tions and how it is maps onto international terms. !4

According to John, there exists a significant discrepancy between what is
stated in the Minerals Act and what the MIS takes to be sufficient work for a
concession. Although the terms used in regulation present one set of expecta-
tions, the practice is quite different in his view. However, not all exploration-
ists shared John’s assessment of the “hokeyness” of concession permitting.
Mining engineer Lars, for example, had a different take on exploitation con-
cessions, seeing them more like a stage along the exploration process than an
actual demand for detailed predictions. An estimate provided in an exploita-
tion concession application, he said, “is not a detailed measure because it is
handed in to give you more time to do the detailed exploration and estimation.
It buys you time.” For Lars, the exploitation concession is something you do
when you are ready to move towards undertaking more time-consuming work
in intermediate and advanced stage exploration. The exploitation concession
makes this possible as it is valid for 25 years, but exploration permits need to
be renewed every three years and at increasing costs. Any discrepancies be-
tween the legal definition of exploitation concession level work and the prac-
tical application of this definition was less of a concern.

In relation to John’s observation that many exploitation concession appli-
cations quote mineral resource level estimates and his criticism against the use
of indicated mineral resources to define minimum level requirements for eco-
nomic minability of a deposit, a review was undertaken of the corpus of ex-
ploitation concession. Of the 41 cases in the corpus, 31 applications quoted
mineral resource estimates at the indicated level. However, applications also
included the higher level (measured) and lower level (inferred) resources. Of
the remaining ten cases, two quoted mineral reserves and both of these appli-
cations concerned mines seeking a concession in order to add a continuation
of a mineral deposit to the sections already being exploited. In the remaining
eight cases, no information was available for the level of estimate quoted in
the application. These eight cases included cases that, when filed, were exempt
from reporting estimates (e.g., cases concerning transformations of older

146 Men jag har sett fler bearbetningskoncessionsansdkningar som har hat scoping study-nivé, i
det basta fallet! Som &r ett dokument séhér stort och som tacker dom storsta geologiska och
tekniska riskerna pa ett véldigt ytligt sdtt och som jag inte tycker nar det hir begreppet enligt
vad bearbetningskoncessionsansdkan beskriver och hur den kartldggs med internationella be-

grepp.
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forms of permits into exploitation concessions),'#” older cases where the ter-
minology used in applications and MIS rulings was unclear and non-indicative
of estimate levels, and applications that had been withdrawn by the applicant
and where no supporting material or details was available from the MIS.

In his complaints that the MIS uses a level of estimate as proof of minability
other than the one best corresponding to the letter of the law, John drew atten-
tion to an important practical dimension of the MIS’s role as a metapredictor.
Due to their position, the MIS sets the standard for what is a viable prediction
in the early to intermediate stages of exploration work in Sweden and what
the MIS finds viable need not necessarily correspond to the values explora-
tionists use to characterize high quality prediction work. The use of indicated
mineral resources rather than reserves as a measure of minability in exploita-
tion concession permitting goes hand in hand with how the MIS approaches
concession permitting as a legal exercise. To the MIS, minability is solely to
do with the legal aspects of a future mine; and anything not covered in regu-
lation is taken into account. Therefore, Anne explained, the MIS focuses
solely on the mineral deposit for which the application is made and not on
other dimensions such as the suitability of the applicant. Talking about the
Northland mine, she said that in the time that followed the bankruptcy, a prom-
inent investigative journalism program on Swedish Television approached the
MIS over their decision to award Northland their exploitation concessions.
The journalists, Anne said, “tried to squeeze us on how we could approve that
mine when it performed so poorly economically.” However, she continued,
that was the wrong question to ask. What the journalists failed to understand,
she explained, was that reviewing the applicant is not part of the exploitation
concession processing:

Anne: We did a probability assessment, and we did that, you make them based
on the deposit and the mineral resource, not of the company!

Tobias: No?

Anne: That’s not within the law. And the point of that, yeah well, is that the
mine that carries the value. If we’ve got an inept company that goes bankrupt
at some point, then it should be possible for someone else to take this mineral
resource further.'*® And that’s, yeah well, that reasonable somehow. And then
again, things change. They began their operations when prices were really high

147 With the introduction of the Minerals Act of 1991, provisions were put in place that allowed
permits rewarded under the previous mining regulation to be transferred to the exploitation
concession system through a limited exploitation concession review in which the demand for
proven economic minability was waived.

148 The historically-minded person might wish to note that this line of reasoning with the MIS
can be traced back to, at least, the mining law introduced by Queen Christina of Sweden in
1649, where it was stated that the MIS’s predecessor, the Bergskollegium, was to assume man-
agement and “assist” those mines that failed to carry themselves financially.
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and when the drop came they did not keep up, they weren’t skilled enough
[laughs]. But then again, they had some bad luck with the prices collapsing
too.!%

Dave also stressed the separation of applicant and mineral resource in exploi-
tation concession processing. Talking about why some mines fail despite hav-
ing beneficial geological conditions, Dave explained that while a mineral de-
posit may be “okay” the people working it may have too little knowledge of
how best to mine it and how to make it profitable. How to best mine a deposit
is the central question in later stage feasibility studies and mineral reserve es-
timates, but not in the MIS’s assessments of exploitation concession applica-
tions where “good” and “inept” applicants alike may gain a concession as long
as the deposit is of sufficient quality to be deemed minable. In addition, Dave
explained, most companies manage to produce mineral estimates that meet the
legal requirements and that this is especially true for the established mid-tier
companies in Sweden while junior companies may, at times, put forth appli-
cations that fail to correctly estimate a minable resource due to flawed estima-
tion methods. In cases where this happens, he continued, the applicants are
notified of their shortcomings and will often choose to retract their application.

The MIS assessments of the predictions presented by explorationists as part
of proving the economic minability of the deposit in applications for exploi-
tation concessions differ significantly from the stories about the deposit and
the team working it as requested by investors. The MIS does not review the
credentials of the applicants but focuses solely on the predicted minability of
the deposit. This positions the MIS’s interactions with explorationists closer
to those between explorationists and banks than between explorationists and
equity investors in terms of whether the focus of the prediction game played
out is the credibility of the prediction itself or the credibility of the predictor.
Nevertheless, although the MIS focuses on metapredictions based on the qual-
ities of the prediction, both Anne and Dave expressed views and experiences
that distinguished good explorationists from inept explorationists and the line
between the two were at times drawn close to that between established Swe-
dish mid-tier companies and junior companies.

As was discussed above, the MIS assesses more than just predictions of a
project’s economic minability. As part of the exploitation concession review,

149 Anne: Men da dr det ju sd att.. Vi gjorde en sannolikhetsbeddmning, och vi gjorde det, man
g0r ju det av sjdlva gruvan och den hiar malmfyndigheten, man gor det ju inte av foretaget!

T: Nej?

Anne: Det ligger liksom inte i lagen. Sa att det.. och vitsen med det &r ju att, ja men, det &r
gruvan som ska béra virdet. Om vi har en.. ett klumpigt foretag som nagon gang gar omkull
ska det faktiskt vara mojligt att ga vidare for ndgon annan, med den hdr malmfyndigheten. Och
det ar nagot slags, ja men, vettigt tinkande med det. Och sen &r det ju ocksa, tiderna skiftar,
dom kom ju igang nér priserna var vildigt hoga, och sen f6ll dom och dom hiangde liksom, dom
hade inte, dom var inte tillrickligt duktiga [skratt pa en utandning] en sak, men sen hade dom
ocksa lite otur med prisfallet ocksa.
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the agency also assesses whether the predicted socio-environmental impact
satisfies existing environmental regulation. When undertaking assessments of
aproject’s predicted environmental impacts, the MIS follows the same legally
focused approach as when assessing a project’s economic minability. In the
MIS’s rulings on exploitation concession, one can follow the process as the
MIS together with the local CAB review whether the project is located in a
place unfit for a mining operation. When undertaking this review, the agencies
look at whether the area that would be affected in the event of the realization
of the projected mine has any prior legal status such as a national interest clas-
sification, a national park designation, and a municipal zoning or planning
program. In addition, the agencies also review the project’s projected impacts
on socio-environmental values and cultural artefacts in the area (see previous
chapters). The aim of these reviews, Anne explained, is to assess the impacts
of a future mine on other land uses. In practice, she continued, it is the CAB
that makes this assessment and reports the outcome of their evaluation to the
MIS, which then decides whether to follow the evaluation provided by the
CAB or go against it whereafter the matter would be referred to the govern-
ment to decide upon.

8.3.1 When predictors and metapredictors disagree: Criticism of
state actors as metapredictors

Based on their role as a permit granting agency, the MIS’s work as a metapre-
dictor forms an integral part as well as a critical moment in the mineral explo-
ration process. Exploitation concessions are crucial to explorationists as pro-
jects that fail to attain a concession cannot be moved into development and
construction and would therefore be doomed to close down. Therefore, the
exploitation concession application process and the interactions that take place
therein determine explorationists’ access to a vital legal resource. It is there-
fore not surprising that many in the minerals industry has strong opinions
about the performance of the MIS, the CABs, and the environmental courts as
metapredictors. Moreover, while the dataset contains ample examples of such
criticisms from the minerals industry, other scholars have shown that also
Swedish conservationists and activists tend to be highly critical of how the
government and its agencies conduct the permitting process (see Anshelm,
Haikola, and Wallsten 2018). That is, both the explorationists and their critics
are often critical and dissatisfied with how the agencies handle permit pro-
cessing. However, while these conflicts are interesting in their own right, they
also highlight important dynamics in the predictor-metapredictor interactions
as they demonstrate the importance of shared understandings and common
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language when different actors come together to assess the quality of predic-
tions. Keeping with the “game” metaphor introduced above, this section ana-
lyzes the role of disagreement in how predictors “play” metapredictors for
access to legal resources.

During lunch at one of SveMin’s annual meetings and conferences, a CEO
of a Swedish mining company joined the authors and two officers working for
the Confederation of Swedish Enterprise (Svenskt Ndringsliv) at a table.!'?
Having sat down to eat, he then began to discuss how his company had applied
to the MIS for an extension of their concession area. Lamenting the slowness
of MIS processing, the CEO described the application as a simple matter that
should not have taken too long to rule on. However, the agency had taken over
one and a half years to deliver a ruling, an unacceptable amount of time in his
mind. After all, he continued, there had been no foreseeable hindrances to his
company getting their request for expanding their concession approved. After
all, the local CAB had been positive to the application, so there had not been
any environmental concerns standing in the way of approving the extension.
Nevertheless, processing had been slow. In addition to this, he continued, the
MIS had been unable to provide an estimate of how long the process would
likely take.

The CEO was not alone in complaining about the lengthiness of permitting
processes. Over the years that observations were carried out at SveMin’s an-
nual conferences, a large number of actors and SveMin spokespeople used
their allotted time on the conference’s main stage to voice different complaints
about permitting processes in Sweden. Permitting, according to these people,
is too unpredictable and plagued by long processes; and they were heard. At
the 2017 SveMin event, the government minister for business and innovation,
Mikael Damberg gave a talk in which he promised that the government would
look into whether permit processing could be improved. Framing the matter
as a problem of international trade and investment, Damberg concluded that
“no one gains from permitting processes being unpredictable or drawn out” as
this would mean that Sweden might risk losing out on potential investments.

Although industry members often criticize the MIS, the main line of com-
plaints was not directed towards them but towards the government and its en-
vironmental agencies and their work in assessing environmental impacts as
part of permit processing. The CABs and the environmental courts, Maxwell
argued, put too much emphasis on the environmental side when they should
also consider the positive social impacts from a mining operation. Arguing
that the environmental code covers both the “natural” and “social” environ-
ments, Maxwell concluded that the benefits to one should be included when
assessing the costs of the other. Were the social benefits to be taken into con-

150 The Confederation of Swedish Enterprise is a Swedish political organization and an em-
ployer’s organization for private and business sector organizations.
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sideration, he continued, many of the environmental costs would grow insig-
nificant in comparison. However, the slow moving processing and relative
weighting of social benefits and environmental costs are not the only issues
explorationists criticize.

A third and wider reaching theme of criticism levered against the govern-
mental agencies’ work as metapredictors has to do with their roles in reducing,
or not reducing, uncertainty in environmental permitting. As previous chapters
have demonstrated, exploration work uses measurements and classifications
for a series of dimensions taken to denote minability in order to “de-risk™ their
projects and to predict and design minable mining operations. Uncertain and
unpredictable processes in permitting therefore becomes a hindrance to explo-
rationists’ efforts to establish certainty in projects as it introduces additional
uncertainty at important stages in the exploration process, and much of this
uncertainty is said to lie on the environmental side of permitting. Although the
proven economic minability required in exploitation concession applications
in practice is fulfilled if the applicant can show an indicated mineral resource
estimate for the project, the application of the environmental code in permit-
ting lacks the institutionalized thresholds that would constitute appropriate
land use and resource management. Quinn discussed how this becomes a prob-
lem for explorationists as they are rendered unable to form a rational expecta-
tion for whether EIAs and the measures put forth to safe guard environmental
values will be deemed sufficient by the CABs and the environmental courts.
This, she continued, becomes even more true when the MIS and CABs decide
to suddenly change their practices. Pointing to the CAB’s decision to deny an
exploitation concession because the applicant had failed to obtain a waiver for
the Natura 2000 protection in the area before submitting the concession appli-
cation (see previous chapter), she said that at that time:

a company could decide whether to apply for a waiver from Natura 2000, like,
while doing their exploitation concession application or wait until they apply
for an environmental permit with the courts.!>!

However, she continued, practice changed while this case was being processed
as the MIS together with the local CAB decided to remove the possibility of
deciding when to apply for a Natura 2000 waiver. Instead, the agencies deter-
mined the applicant could not obtain an exploitation concession without first
applying for and obtaining a waiver, thereby taking away the option of leaving
the matter until the environmental permit process. According to Quinn, the
CAB and later the MIS made a sudden change to practice and said that: “No,
we don’t want to approve this. We think you should have done the survey and

151 Fran bérjan kunde ett foretag ta beslut att ansdka om dispens frén Natura 2000 typ samtidigt
som dom gor bearbetningskoncessionsansdkan eller vénta till ndr dom ansdker om milj6till-
stand frén domstolen.
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whatnot already with the exploitation concession application.” This sudden
turnaround, Quinn continued, affected explorationists who had been forced to
restructure their exploration work by shifting more of the environmental work
earlier in the exploration process.'s?

The changes to how Natura 2000 waivers are managed in permitting are
not the only recent shifts in how the environmental impacts of a projected
mine are managed in permitting. In February 2016, the Supreme Administra-
tive Court of Sweden delivered a ruling that had far-reaching implications on
the exploitation concession processing. According to senior MIS officer Anne,
the ruling, which concerned the highly publicized Norra Kérr rare earth min-
erals project and which had at that point gone through several rounds of ap-
peals, significantly altered the conditions for assessing the environmental im-
pacts in exploitation concession processing. Before 2016 she explained, the
MIS and CABs had only assessed the impacts from the mine itself and left the
broader review of the impacts from the overall industrial complex around the
mine to the environmental courts and the environmental permit processes.
This, the Supreme Administrative Court ruled, was not in line with the spirit
of the Environmental Code. Instead, the court ruled that the impacts from the
full mining operation were to be assessed in the preliminary EIAs and in the
MIS’s review of exploitation concession applications. Following this ruling,
Anne continued, the MIS saw itself forced to return all active applications to
the applicants and ask that they do more work assessing the mine’s environ-
mental impacts before the MIS would be able to review their application.

The Supreme Administrative Court’s ruling not only affected the MIS and
the explorationists with active applications at the agency, but also the industry
in general. Eric explained that through their ruling, the court introduced addi-
tional uncertainty into permitting in Sweden. The same instance that they de-
cided to overturn the exploitation concession at Norra Kérr and send it back
to the MIS to be processed anew, he suggested, mineral exploration became a
little more uncertain. Discussing the implications of the ruling, he said that
“twelve months ago you would have said Sweden is low risk. Now it’s not as
low, there’s some uncertainty there.” Having said this, he paused before con-
tinuing: Although Sweden has an active exploration and mining industry, he
said, the industry is relatively small compared to Canada or Australia and this
is reflected in the unpredictability of permitting. Few permits are issued in
Sweden, he reasoned, which means that in Sweden explorationists have access
to fewer “case examples of how things have gone” against which they can
orientate themselves.

As data availability and stable projectable patterns are prerequisites for pre-
diction making (see chapter 3), increased uncertainty in permitting relates both
to a scarcity of historical permitting cases to orient oneself against and to how
shifts in the permit process render historical data less suitable for predicting

152 At the time of writing, the application had yet to receive a definitive ruling.
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the outcome of future permitting applications. The low number of cases and
the shifting regulatory practices thereby means that there is little ground for
comparisons between present and past exploitation concessions and environ-
mental permitting cases. Quinn believed that because of the lack of compara-
bility between cases, she saw opportunities for the MIS and the CABs to work
with explorationists and provide clear guidance as to what is expected of them
in their applications. According to Quinn, unlike other countries, Sweden via
the MIS does not offer support or guidance to explorationists. That agencies
are reluctant to help exploration organizations obtain permits, she continued,
is relatively unique in an international perspective as agencies in other juris-
dictions usually work with explorationists to explain what materials are
needed for a successful application. Based on this experience, Quinn contin-
ued, the Swedish system could be improved were the SGU and the MIS to
take the time and visit their counterparts in Perth to learn about how permitting
is done in Western Australia. Moreover, upon their return to Sweden, the
agencies could then write a report to the Ministry of Enterprise and Innova-
tion, to which the two agencies report, with suggestions for how permitting in
Sweden could be improved. The Swedish agencies, Quinn continued, “don’t
have to reinvent the wheel” as solutions are already available that the agencies
can draw on to improve how they work with permitting: “There are places
where this works fucking great, absolutely!” The problem with the present
system, she later said, is that as most projects are caught up in permitting is-
sues, the supply of new projects are stifled. From an explorationist’s perspec-
tive, if the Swedish agencies want to improve their performance as metapre-
dictors and their relationships with permit seeking explorationists, this prob-
lem would be resolved.

Richard too discussed the reported lack of regrowth in Swedish mining and
said that, at the end of the day this is a political question to do with what in-
terests should be given priority in conflicts over land and water use. Talking
about the conflicts around which environmentally permitting issues regularly
revolve, he said that:

You know, anyone can have an opinion on this. If you don’t like the mining
industry, then of course you’re gonna think it’s great to have the Sdmi with
their reindeers, and that doesn’t have to be wrong. But somehow our society
needs to make up its mind: What is it we want and where do we want it? And
we haven’t even managed to do that.'?

In Richards view, political indecision is at the root of the problem in permit-
ting, a view that may not come as a surprise to anyone familiar with Sweden’s

153 Liksom, alla kan tycka nigot. Gillar du inte gruvindustri si tycker du forstas att det ér jittebra
att ha samer med sina renar och det behdver inte vara fel. Men pa nagot sitt sa behdver sam-
héllet i stort bestdmma sig; vad &r det vi vill och vad ar det vi vill vart?” Och inte ens det har vi
riktigt lyckats med.
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mineral strategy. The Swedish Minerals Strategy put in place in 2013 (Minis-
try of Enterprise and Innovation 2013) gives the impression that Swedish min-
eral policy is about having the cake and eating it. The mineral strategy stakes
out a policy that promotes mineral exploration and mining as sources of re-
gional growth and development; however, this policy stands side by side with
political initiatives such as the European Union’s Natura 2000 program that
promote the protection of environmentally valuable habitats. Maxwell de-
scribed the complications of these two parallel policies as the “two faces of
Swedish mining policy,” which ends up promoting mineral exploration while
putting hinders in place of mining. In practice, this dual line of policy produces
contradictory practices. While the SGU are tasked with promoting Sweden as
an international mineral exploration and mining destination as well as with
providing explorationists with services and low cost access to available explo-
ration data, the MIS is tasked with strict application of the law and the Swedish
Environmental Protection Agency often act as part in environmental permit-
ting cases before the environmental courts. Were a project to move all the way
from initiation to environmental permitting, it might, in other words, initially
benefit from the support provided by the SGU before being evaluated by the
MIS before it would finally face the Environmental Agency in the environ-
mental court. During an informal conversation at an industry event, a senior
officer with the SGU blamed governmental indecision for the different lines
Swedish agencies follow in relation to exploration and mining: when govern-
ment ministers cannot reach an agreement on mining and environmental is-
sues, the officer said, they delegate the problem to their respective ministries,
who then delegate the problem to their respective agencies. Tasked with find-
ing a solution, the agencies do what they can to find a solution only to find
themselves criticized by the ministries and ministers for having made too
many compromises. This indecision, the officer continued, is also visible in
exploitation concession cases as the number of concession that have been ap-
pealed and referred to the government for decision has been piling up while
few have received decisive rulings.

The descriptions of the problems in permitting cited above fundamentally
come down to how socio-environmental preservation and economic growth
are balanced in Swedish policy and in the agencies’ practical application of
regulation in permit processing. Many in the exploration and mining sector
are highly critical of this balance and foresee dire consequences for Swedish
mining and the supply of metal and mineral resources to Swedish and Euro-
pean industries. However, others in the industry are more relaxed about the
lack of new mine developments in Sweden. Olaf, for example, is positive that
permitting is far from the only explanation of why the regrowth in Swedish
mining has been slow in recent years. In his view, the lack of significant dis-
coveries in Sweden combined with the economic crash of 2007-2008 explain
the lack of new mine developments better than any deficiencies in the permit
processing. However, while disagreeing with the diagnosis, Olaf recognized
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the symptoms described by other informants. That is, although he saw other
explanations for why Sweden has seen few new mine developments in recent
years, Olaf also saw that permitting had grown trickier and time consuming
over the past ten years and that this meant that exploration companies today
need increased “financial stamina” than they did before if they are to survive
the lengthy permitting process.

Many different voices have expressed concern and frustration with how the
MIS and other governmental agencies perform their roles as metapredictors in
relation to mineral exploration. The conflicts and disagreement described here
demonstrate how important the, so to say, “rules of the game” are to what
predictors can achieve with the aid of their predictions. If they manage to
“play” the game right and convince a potential investor to take on risk and
invest in their project, explorationists are able to access resources necessary
for moving their projects ahead. However, when the rules of the game are
opaque and subject to differing interpretations, accessing such resources be-
comes challenging as it becomes more uncertain what predicted futures are
more likely to pass a metapredictor’s assessment. Therefore, the predicted fu-
ture becomes more uncertain in terms of what consequences they will have
when predictors seek to put them to use in interactions with investors, govern-
mental agencies, and other interested publics.

8.4 Metapredictors outside of mineral exploration: The
general public’s acceptance of mineral project

Finally, lifting the perspective to look beyond the circle of exploration com-
panies, their financiers, and the governmental agencies supporting and regu-
lating them, one may ask what role the affected communities and the public
play in all of this. Although often immediately affected by exploration and
mining, local communities rarely feature directly in the discussions about the
correctness or desirability of predicted mining futures. Instead, they are often
given an indirect role as recipients of all the benefits that a future mine will
bestow on its surroundings. In part, this is related to how some groups are
never given an opportunity be heard in relation to the exploration process and
partly with them failing to speak with one voice. For example, senior MIS
officer Anne argued that the protests against mining and exploration that took
place in Sweden during the 2010s were part of a global trend rather than an
effect of local conditions or politics in Sweden. At the end of the day, Anne
continued, protest and debate only have a marginal effect on what goes on in
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the mining industry and nothing the MIS takes into consideration when pro-
cessing exploration permit and exploitation concession applications.

SGU officer Hank also talked about mining and exploration contestation as
a “trend” and located its origins to protests against a uranium project outside
of Helsinki, Finland. The movement contesting this particular project, Hank
continued, grew and developed to encompass all minerals and all mineral pro-
jects in both Finland and Sweden. Moreover, during observations at an office
of the SGU, two unnamed officers discussed the social movements protesting
the Kallak project. The people protesting at Kallak, they said, were not actu-
ally members of a concerned public, but “professional activists” who had
toured Scandinavia moving from protesting a lime stone project at Ojnare!'**
in the Gotland Province before heading north to Kallak and eventually moving
on to Norway “for more protesting.” In fact, the two officers continued, the
group of people contesting the project were mostly outsiders as the local com-
munity were in favor of the project, a distinction captured in the field notes
from the occasion:

They talk about the local community having a positive opinion on the mine.
They tell of how a meeting with the community saw a man in his 40s stand up
and argue against the mine and how an elderly woman had responded to this
saying that “You bought a house and moved here. You don’t work and you
don’t contribute because you’re set already. But what about the rest of us?
What are we gonna live off? You’re not from here so you should just keep
quiet!”!s3

In their discussions of the Kallak project, the two officers draw a distinction
between the “real” community and, so to say, tourists who—while they live in
the community—do not belong. Based on these distinctions, the officers paint
a picture in which a silent majority supported the project while those contest-
ing it could be dismissed as an insignificant but vocal minority of tourists and
professional activist. The local Sami district and reindeer herders—of whom
many participated in the protests—are curiously absent from this discussion.
However, while these agency officers represent one view of the role, or ab-
sence of a role, local communities play in mineral exploration processes others
were more concerned about actually winning public acceptance for explora-
tion projects.

A counter example to the views expressed above can be found in Quinn’s
approach to project generation (see chapter 5) and how she would seek to
make sure to minimize the likelihood that some social or environmental issue

154 See, e.g., Anshelm, Haikola, Wallsten (2018a).

155 Det talas dven om hur lokalbefolkningen varit positiv till gruvan. Det berittas ett mdte med
lokalbefolkningen dir en man i 40-ars-aldern argumenterat mot gruvan och hur en dldre kvinna
dé svarat att ”Du har kopt hus och flyttat hit och du jobbar och bidrar inte fo6r du har sd mycket
pengar redan, vad ska vi andra leva av da? Du har ingen anknytning till bygden s& du har inget
att siga till om!”
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hampering exploration work before she would move ahead and apply for an
exploration permit. When discussing this strategy, Quinn pointed to how ex-
plorationists benefit if they can gain a community’s approval or at least ac-
ceptance as “it is really hard to build a mine if you don’t have a community
that want it and supports it.” Explorationists often refer to such community
support or acceptance as a “social license to operate.” Receiving a license can
be challenging, John explained, unless one spends time and resources talking
to stakeholders and building trust by sitting down and explaining what one’s
plans are for a project. This sentiment was echoed by other informants and in
particular in a conversation that took place in the lunch room at a consultancy
firm. While on a coffee break, a group of mining engineers and geologists
working at the exploration consultancy firm discussed the Kallak project and
the importance of “people skills” in mineral exploration and mining. Accord-
ing to the four men engaged in the conversation, the company working Kallak
were notoriously bad at communicating with affected parties, so it was not
surprising that they had failed to gain any acceptance for their project. Gaining
acceptance, it was said, would require the company to go door to door in the
community and take the time to sit down and have coffee and explain the pro-
ject.’”® Only then, they concluded, can a company secure a community’s ac-
ceptance.

Gaining a social license to operate, it appears, depends on explorationists’
ability and willingness to explain their project to stakeholders in a way that
satisfies the stakeholders’ circumspection and expectations: both in terms of
what will happen in a project and in terms of when something will happen.
Anthropologists have repeatedly pointed to how misaligned temporal perspec-
tives give rise to friction between explorationists and stakeholders (Kesselring
2018; Lanzano 2018). Examples of this include how the establishment of a
mineral exploration project can give rise to expectations of a better future built
on resource exploitation (Wiegink 2018); expectations that, because of the un-
certainties involved in mineral exploration as well as its distant temporal ho-
rizons, may either fail to realize themselves or which may not materialize in
the time anticipated by community members (Weszkalnys 2008, 2015). More-
over, temporal perspectives may be misaligned also in the opposite direction
as local stakeholders may look to a future far more distant than the future de-
picted in mineral explorationists predictions. Senior Sami district member
Niels provided an example of this. Talking about the projections for a planned
mine in Northern Sweden, Niels made it clear that, to him, the limited time a
community would benefit from a mine could not justify the lasting environ-
mental impact the mine would produce. The mine in question was planned to
operate for seven years with a potential for an extension depending on whether
further resources would be discovered during operation:

136 A similar sentiment was stated by a CEO of a large Canadian mining company only coffee
was replaced with “a six pack of beer and a bag of frozen hamburgers.”
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[The mine] was only planned for seven years and they said that “it could grow
to become much bigger and last longer.” But to cause so much destruction for
just seven years.!s’

In Niels’s view, whatever benefits the mine would bring the community in
terms of job opportunities and taxes, the short time span would not justify the
lasting impacts that would remain when the mine was eventually closed down.
Social licenses to operate depend on the expectations a community has for
a project. If explorationists are successful in convincing stakeholders why
their predicted mining futures are the more desirable option, then they may
establish trust and acceptance for their project. However, this does not mean
that local communities are part of the prediction games played between explo-
rationists and their publics. Instead, the role played by communities is diffuse.
In part, this ambiguity is because a community seldom speaks with one voice,
as in the case with the elderly woman telling the newer resident to keep quiet,
but also because communities seldom are acknowledged as part of a prediction
game as they do not control access to any resources necessary for the realiza-
tion of a predicted mining future. Instead, communities are often stripped of
their agency and relegated to roles such as passive recipients of jobs (as in the
preliminary EIAs) or potential sources of risk that needs to be managed
through trust-building coffee drinking and other social license gaining inter-
ventions. Because of this, local communities local communities are less of a
part in the negotiations over the future than variables in the prediction of the
same. One extreme example of this view of communities as passive and void
of any agency was voiced by a CSR consultant at an international conference
and tradeshow. Speaking at a session on CSR and social license issues, the
consultant discussed the work done by organizations that work to support local
communities affected by mineral exploration and mining. Expressing a strong
disdain for such NGOs, the consultant described how these organizations in-
sert themselves as intermediaries between explorationists and communities
and how this meddling on part of the NGOs make communities “think that
they need a middle man” to speak for them. Exploration organizations and
miners do not need middle men to talk to local communities, the consultant
concluded: “you don’t need a middle man to talk to your children.”

157 Den var ju bara tinkt pd sju ar och dom sade att "Det kan bli att det blir mycket stérre, att

det ska vara” Men sju ar, och forstora s& mycket.
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8.5 Concluding remarks

This chapter provides a final piece to the emerging image of prediction work
under uncertainty in mineral exploration: explorationists’ use of predictions in
interactions with their publics. By detailing the importance of metapredictions
in mineral exploration, this chapter adds to the understanding of how the way
in which predictions are communicated and presented shapes what predictions
can be used to accomplish. As mentioned above, the importance of publics in
shaping the outcome of prediction making has been stressed in previous re-
search. In a study of financial forecasters, Ekatarina Svetlova (2012:157)
found that the products of forecasting depend “not only on the cognitive sche-
mata used” in the field, but also on how forecasters “are forced to talk about
the future in organizationally structured interactions.” This is also true of the
communications between predictors and metapredictors outlined above, how-
ever, with an additional dimension. Compared to forecasters and predictors in
meteorology and finance, mineral explorationists do not only make claims
about the future; they also make claims on the future as they seek to persuade
their publics to provide them with resources necessary for its realization.

From the analyses of the interactions between explorationists and their pub-
lics, a pattern emerges in which explorationists, so to say, release their predic-
tions into the world seeking access to resources held by their publics. The
outcome of these patterns are in turn answers to the “then what” question of
explorationists’ prediction work and captures how explorationists depend on
the outcomes of the metapredictions performed by their publics for access to
financial resources, legal resources in the form of permits, and, albeit to a
lesser degree, social licenses to operate.

The consequences of predictions in mineral exploration are therefore found
in how they perform when evaluated through metaprediction. Metapredictions
take place both within exploration organizations and in explorationists’ inter-
actions with other actors such as financiers and permit granting agencies and
it is the outcome of these interactions that determine whether a project is
moved forward on the road towards realization or not. In some of the exam-
ples, the consequences of metapredictions are that projects are selected for
future exploration work following a favorable review of their exploration po-
tential. In other cases, the consequences of whether explorationists manage to
convince their metaprediction counterparts that their predictions are correct
have more far reaching implications. In the examples from financing and per-
mit processing discussed above, vital resources are on the line wherefore a
favorable metaprediction is key and determines whether a project is given the
chance to succeed or whether it will go un-financed and without the necessary
permits. In these instances, metaprediction becomes a type of game in which
predictors are playing for access to goods and resources to be made available
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if they manage to convince the metapredictor of the exploration potential out-
lined in their “story” or of the correctness of their models.

However, the chapter has also shown that not all metapredictors are equal
in their interactions with explorationists. Stakeholders such as local commu-
nities and the Swedish Sami districts do not carry the same influence in their
interactions with mining and exploration companies as do investors, banks,
and governmental agencies. Therefore, stakeholders’ assessments of the fu-
tures explorationists claim to have predicted and seek to realize weigh less
than claims of actors who control financial or legal resources. This imbalance
is related to the regulatory environment in which mineral exploration is em-
bedded and with the actors who are provided space to make claims about and
on the future in mineral exploration. In Sweden, minerals are public resources
the access to which is determined by the premier spokesperson of the Swedish
people, namely the government and its agencies. Furthermore, as the right to
resources trumps property rights, local communities do not really have a voice
in these matters. In addition, the data-driven logic and the front stage expec-
tations in mineral exploration emphasizes de-risking projects through quanti-
fying and measuring particular dimensions of a project also mean that certain
forms of knowledge and uncertainties are excluded from explorationists’ pre-
diction work.

It is therefore no exaggeration to say that the mineral exploration process
and the prediction work that takes place therein has political and ethical di-
mensions both as quantification (Espeland and Yung 2019) and as claim on
the future (Andersson 2018) and through the knowledge practices through
which present futures are created (Adam 2011). Although this political dimen-
sion to explorationists prediction work has been a recurring theme across this
thesis, its implications are at their most apparent here as it is in the interactions
between explorationists and publics it becomes clear who is invited to partic-
ipate in “prediction games” and what knowledges are made to matter in these
games over the future. After all, interactions between predictors and metapre-
diction are forms of conversation in which present futures are put forth, re-
viewed, revised, and ultimately co-created by the participants. Explorationists
and investors, for example, co-create present futures when investors’ metapre-
dict the potential returns in a project by asking whether they believe the pre-
dictor’s claims about a project’s exploration potential as well as if they wish
to be part of attempting to realize that potential. Moreover, as this co-creation
depends on the assessments made in metaprediction, it is only those publics
that possess a role as metapredictor and arbiter of resources that are invited to
create the future together with explorationists.

In addition, this chapter has shown that the co-creation of predicted futures
breaks down when disagreement arises over what makes qualifies as good or
relevant prediction work. When predictors and metapredictors do not share
the same understanding of what counts as signifiers of correctness and what
values need be considered in predictions, the consequences of the prediction
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becomes uncertain and contentious. For example, the MIS and explorationists
both understand and recognize (at least in practice) what it means that a min-
eral deposit is economic and what counts as proof thereof. This should be
compared to situations like those arising in environmental impact assessment
in permitting where the scarcity of guidelines or historical cases against which
predictors may orient themselves create uncertainty as to the outcome of pre-
diction games. One central implication of this is that the degree of institution-
alization of these interactions does not in and of itself influence the level of
uncertainty experienced by predictors, a conclusion contrary to the institution-
alist’s view on uncertainty and risk. To borrow Simmel’s (2011) terminology,
the crucial thing here is not that the form of these interactions is institutional-
ized as there is considerable conflict over how the content that flows through
these forms are to be valued in terms of how well they help predict a minable
mineral resource and what constitutes a correct prediction and a desirable fu-
ture. Mineral exploration is a long process that continuously produces, re-
works, and reproduces predictions of the future that are then used by explora-
tionists and metapredictors to co-create present futures. At the heart of this
process are the metapredictors’ assessments of the predictions future’s poten-
tial correctness that ultimately determine whether the predicted future is car-
ried forward towards its realization and whether the explorationists seeking
this future will be given access to the resources necessary to do so.
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9. Concluding Discussion: Prediction Work
and the Management of Uncertainty

This thesis began with an outline of some of the problems uncertainty may
cause in mineral exploration. Using the Northland Minerals’ bankruptcy and
LKAB’s unexpected discovery that the mineral resource beneath Kiruna is
running out as springboards, this study argues that to understand mineral ex-
ploration as an industry characterized by high uncertainty and low probabili-
ties of success one needs to read bankruptcies and unexpected turns not as
extreme events but symptoms of uncertainty. Moreover, it means that in order
to understand what happened in the two cases, one need first to understand the
everyday workings of mineral exploration and how explorationists work with
predictions to manage uncertainty. A review of Frank Knight’s (2006) and
John Maynard Keynes’s (1937) seminal work on uncertainty and risk then
expanded on the problem of uncertainty and uncertainty management while a
review on the sociological and social science work on the same topic helped
focus the inquiry and introduced the problem of prediction as a means to man-
age uncertainty. Following this, three research questions that capture different
dimensions of the use of predictions to manage uncertainty were formulated:

—

How do predictions help explorationists manage uncertainty?

2. How do mineral explorationists justify their predictions in terms of
their correspondence to present futures and the desirability of these
developments?

3. What are the consequences of predictions in exploration work?

These three questions were accompanied by two additional questions that to-
gether specify the empirical focus of this study and help link the first three
questions to practices and activities in the field:

4. How are predictions of the future minability of a deposit of mineral-
ized material produced and what do these predictions look like?

5. How do explorationists use predictions in interactions with other ac-
tors and how do actors in explorationists’ publics assess the quality of
predictions?
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The study then used interviews, ethnographic observations, and archival ma-
terials to map the exploration process and to carefully unpack the practical
work that goes into making predictions as well as the logics that guide them
at each stage of mineral exploration. Therefore, the workings and conse-
quences of the use of particular valuation devices to produce projectable pat-
terns for prediction work were laid bare. Moreover, analysis of the justifica-
tions provided by explorationists when making claims about the correctness
of their predictions as well as of the desirability of their realization outlined
how explorationists actualize particular values to justify the worth of their pre-
dictors. Some of these values are provided in private and public regulation that
state criteria for what counts as accurate or legally satisfying prediction,
whereas other values are found in current debates and are actualized by explo-
rationist to justify how their predicted mining futures contribute compara-
tively less costs compared to other potential mining future while also produc-
ing important benefits. Finally, the thesis explored how explorationists engage
their publics with predictions to persuade them to give access to resources
necessary for the continuation of their projects, including equity, debt, per-
mits, or social licenses to operate.

Following the in-depth accounts of the previous chapters, the present chap-
ter takes a step back to review the larger picture that emerges throughout this
study. Taken together, the findings outlined in this dissertation offer a series
of implications for the sociological understanding of how predictions are used
to manage uncertainty as well as for the current sociological literature on in-
dustrial mineral exploration. The chapter begins with a summary of the thesis
and its findings. Next, it discusses the role of predictions as uncertainty man-
agement in mineral exploration and provides general theoretical reflections
based on the findings reported here. Having done this, the chapter then turns
to reflect upon some practical implications to the field of mineral exploration
in Sweden before ending on a reflection on the limitations of this study and
on openings and possibilities for future studies.

9.1 Summary: Prediction work under uncertainty

After the initial chapter had outlined the research problem, situated the study
in relation to previous research on risk and uncertainty, and stated the three
research questions listed above, chapter 2 explained the context in which the
study was carried out. Drawing on a combination of sociological and social
scientific work on mineral exploration and mining and primary sources such
as industry publications, legal documents, and standards, the chapter provided
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the historical background as well as the contemporary realities of industrial
mineral exploration in Sweden and elsewhere. In the chapter, the minerals in-
dustry was described as a small global industry and key figures and actors
were presented before the chapter turned to an in-depth account of the public
and private regulations that shape how mineral exploration takes place today.

Chapter 3 reviewed some theoretical and conceptual points of entry into a
study of predictions and their use in uncertainty management. In doing so, the
chapter built on the discussions of predictions and uncertainty in chapter 1 to
provide a more thorough introduction of the term “prediction work™ as an um-
brella for the different activities actors engage in when producing, justifying,
and using predictions in the face of uncertainty. Building towards a conceptu-
alization of prediction work to help unpack the role of predictions in mineral
exploration and explorationists work to manage uncertainty, the chapter as-
sessed relevant sociological literatures in relation to their ability to capture
prediction making under uncertainty in mineral exploration and beyond. The
result of this assessment was an outline of a conceptual tool kit that enables a
dismantling and analysis of explorationists work with predictions.

Chapter 4 provided the final step of preparations for the study; it accounted
for the methodological approach used in this study and discussed how the dif-
ferent methods employed were brought together to enable the detailed study
of facts highlighted by Arthur Stinchcombe (1978) as the necessary founda-
tion for theorizing. The chapter presented the study’s methodological inspira-
tions as Chicago-school ethnography and pragmatism together with Alfred
Schiitz’s (1962) characteristic combination of pragmatism, phenomenology,
and Weberian sociology before moving to account for the practical work be-
hind this thesis. Moreover, the chapter argued that that this combination of
ethnography, interviews, and archival research under a pragmatist umbrella
provided a dynamic approach that made it possible to adjust the study to ac-
commodate the multi-sited and multi-temporal nature of mineral exploration
in such a way that it supported the mapping and unpacking of the processes
involved in producing, justifying, and using predictions in exploration work.

The empirical section began with an outline of the exploration process in
its entirety and then moved on to a close analysis of the exploration process
from the point of view of the three questions stated above. Chapter 5 began
this detailed inquiry by unpacking the workings at the early stages of mineral
exploration in which explorationists undertake desktop exploration to identify
sites of exploration potential before putting boots on the ground to begin target
generation and geological mapping. In this chapter, the importance of suffi-
ciency in explorationists’ selection of projects to carry forward to the next
stages of exploration was highlighted. The chapter showed how exploration
data are used to make repeated predictions in order to answer whether there is
enough potential in a project to warrant spending more time and resources on
it. As each additional step along the exploration process is harder on explora-
tionists’ resources, explorationists need constantly to look for reasons to close
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down projects before they have swallowed too much money, effort, and time.
Connecting these realities of the exploration process with James March and
Herbert Simon’s (1958) work on sufficiency as a gauge of rationality, the
chapter argued that explorationists in the early stages of exploration work as-
sess their projects on the basis of them showing sufficient exploration poten-
tial. Explorationists in early stage exploration are therefore not looking for the
most promising project, but for projects that carry enough potential when as-
sessed against criteria consisting of qualities explorationists use to predict
minability in a project. These are the projects that are picked up and taken
forward to intermediate and advanced stage exploration.

These later stages were mapped and analyzed in chapter 6. At this point, as
exploration projects are moved forward to more thorough considerations of
their futures as second nature (Cronon 1991) mineral resources, they become
exposed to infinitely more uncertain phenomena in the form of socio-environ-
mental and economic indeterminacies. Despite explorationists working to de-
risk their projects, the open-endedness of the future remains as measurements
of the geological quantities and qualities in a project are combined with as-
sumptions and estimates in dimensions such as the future commodity prices,
the effectiveness of techno-environmental interventions to negotiate environ-
mental impacts, and socio-juridical matters such as social licenses to operate
and permitting. Therefore, explorationists’ efforts to order their projects under
standardized measures and models are not sufficient to manage uncertainty to
such an extent that the future is, in any way, known. Uncertainty, therefore,
remains in the advanced stages of exploration, and the predictions made by
explorationists therefore effectively stand as “as if statements” (Beckert 2016)
that enable explorationists to act as if they knew the future present.

Prediction work in mineral exploration is therefore more to do with a “sec-
ond reality, more structured and manageable than the uncertain world modern
society has to face” (Esposito 2015:97). Using such second realities as maps
of potentially realizable futures, explorationists can navigate the messiness of
the uncertain future as if it were knowable. Based on these findings, the chap-
ter ended with a puzzle: Given that so much uncertainty remains at the end of
the exploration process, how can explorationists claim to have successfully
managed uncertainty and thereby de-risked projects? This puzzle is then re-
solved in the first sections of chapter 7, which looks at how explorationists
make claims about prediction correctness by actualizing a repertoire of values
found in industry standards and other regulation. This repertoire consists of a
number of values centered on notions of “scientificity” in the exploration
methods used when assembling exploration data, and are used by exploration-
ists to justify why their predictions are accurate and precise depictions of the
future present. However, in order to make such claims, explorationists need to
reconcile the tension between using quantitative approaches such as geo-sta-
tistical estimations to facilitate the epistemic leap from past and present to the
future with a view of exploration as a fundamentally uncertain enterprise. Here
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the chapter discussed this tension in relation to Knight’s (2006) theorizing on
risk as requiring equivalences between cases and the uniqueness of each ex-
ploration project before arguing that, in order to make possible risk calcula-
tions, explorationists standardize and commensurate projects by submitting
them to standards that ultimately bracket any uncertainties not accounted for
in these efforts of standardization.

Because explorationists also make claims about why their predictions de-
pict “good” futures, chapter 7 also looked at how explorationists justify the
desirability of their predicted futures. Compared to other groups of prediction
workers featured in sociological work, mineral explorationists do not only
work to describe the future, like meteorologists and financial analysts, but to
realize the contents of their predictions in the form of future mining opera-
tions. Arguing that the desirability of explorationists’ predicted futures is jus-
tified by means of references to sets of signifiers of worth that support claims
for why constructing and operating the projected mine would be a desirable
course of action, the chapter traced the connections of values and worth to find
that explorationists’ justifications actualize values expressed in contemporary
debates and narratives on environmental preservation and social justice. By
arguing that their future mining operation would be less costly to the environ-
ment and social values, explorationists use relative costs to justify why their
mining future is more desirable, and more morally correct, than other alterna-
tive futures. Moreover, explorationists also make justificatory claims based on
the future mining operation’s ability to realize also absolute values such as
contributing metals to be used in technological solutions to combat the climate
crisis or providing struggling rural communities with jobs, tax revenues, and
economic growth.

Chapter 8 addressed the “then what” question concerning the consequences
the predictions produced and justified in mineral exploration have in explora-
tion work. Using Nicholas Rescher’s (1998) writings on predictions, the chap-
ter analyzed the metapredictions that key actors in explorationists’ publics
produce in order to identify how these actors assess predictions and what con-
sequences metapredictions have for the explorationists’ access to financial and
legal resources such as equity, debt, and permits. Showing instances of meta-
predictions, the chapter uncovered how predictors and metapredictors engage
in conversation in which present futures are put forth, assessed, revised, and
ultimately co-created by the participants. Moreover, as this co-creation de-
pends on the assessments made in metaprediction, it is only those publics that
play arole as a metapredictor and arbiter of resources that are invited to create
the future together with explorationists. Finally, the chapter argued for the im-
portance of shared understandings for these interactions around co-creating
futures to take place. Based on an analysis of the conflicts between explora-
tionists and the governmental agencies acting as metapredictors in mineral ex-
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ploration, the chapter suggests that uncertainty is created when there is a scar-
city of guidelines or historical cases against which predictors may orient them-
selves.

Together, these four empirical chapters traced the exploration process to
understand whether predictions help explorationists manage uncertainty, how
explorationist justify their predictions, and what the consequences of predic-
tions are in mineral exploration. Although the answers have been summarized
above, it may be of some benefit to present them jointly here. This study has
shown that predictions do help explorationists manage uncertainty, but pri-
marily in a pragmatic sense as the future, although many of its qualities may
be foreshadowed in the present, remains unknowable and uncertain. However,
and this is one of the peculiarities of mineral exploration, presently unminable
deposits of mineralized material remains there in the ground awaiting the day
that more favorable commodity prices or new mining technologies may render
them minable—i.e., profitable. Uncertainty, it should therefore be remembered,
strikes both ways as the future present may be host to many different circum-
stances that contribute to the minability of a deposit; at least as long as the
mineral is actually there.

Because uncertainties remain also after exploration projects have been de-
risked, regulations such as standards and laws play important roles in helping
explorationists justify the potential correctness of their predictions. This is
possible thanks to the repertoires of values provided in public and private reg-
ulation of mineral exploration such as standards for what counts as sufficiently
accurate and precise data in minability estimation as well as other values,
which explorationists call upon to justify the merits of their predictions. Fur-
thermore, explorationists also justify the desirability of the futures depicted in
their predictions. Using values found in contemporary debates on social jus-
tice and environmental issues, explorationists connect their predictions with
values such as comparatively low social impacts or contributions to growth in
order to make claims on the future as a mining future.

The thesis has also shown that the consequences of predictions in explora-
tion work partly relates to decision making as they help project evaluators and
company management decide on which projects to take further and invest
more work and effort into, and in part with determining explorationists’ access
to resources held by their publics. This latter set of consequences relates to
how investors, permit granting agencies, and other publics rely on metapre-
dictions to determine whether to invest in, grant an exploitation concession to,
lend money to, or accept and tolerate an exploration or mining project. There-
fore, one of the more important consequences of explorationists’ use of pre-
diction is in how it invites other actors to co-create exploration and mining
futures together with the explorationists. Returning to the initial question of
whether predictions actually help in uncertainty management, the sum of evi-
dence provided here suggests that predictions do not remove uncertainty. In-
stead, they provide a point of references against which explorationists and
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those who join in the exploration effort to co-create futures can orient them-
selves. Predictions allow actors to treat the future as risk; and while explora-
tionists are aware of the limitations of doing so, and often acknowledge how
the unruliness of the future can collapse risks into uncertainties at any point,
the use of predictions to manage uncertainty has many practical advantages.
Both in terms of creating spaces for rational action and in enabling explora-
tionists to make claims on the future. Having reached this point, this thesis has
finally laid the final piece to the puzzle of prediction work in mineral explo-
ration, so now it is possible to step back and look at the larger picture in the
form of the implications of this study.

9.3 Theoretical implications

The breaking of ground for a mine is perhaps a good metaphor for what this
study has accomplished. Like the mineral explorationist approaches a piece of
the ground from afar and then moves in closer for detailed exploration work
through which to valuate the underground, so has this thesis ventured to ap-
proach a social domain relatively untouched by sociologists in order to survey
its content, its logics, and its ways of dealing with the immense uncertainties
that characterize the domain. Moreover, like the explorationists, the thesis has
relied upon a continuous addition of new data to build an image of the whole.
To accomplish this, the chapters preceding this one have carefully removed
the overburden, to use another mining metaphor, thereby exposing the mineral
exploration process and laying it bare for examination.

On the substantive level,'s this dissertation provides a rare account of an
industry that has hitherto seen little sociological work except for within a lim-
ited scope (see chapter 2). The image that has emerged across the pages of this
dissertation depicts an industry whose work is vital to many downstream in-
dustries but where success is very rare. Most mineral exploration projects fail
to identify minable deposits and they do so, either because there simply is not
enough mineralized material of sufficient quality in the ground or because
limited exploration resources leave some sites underexplored. Failures of dif-
ferent kinds are therefore commonplace and part of the everyday life of min-
eral exploration. However, the more pregnant results presented in this thesis
deal with how explorationists use predictions to manage these uncertainties,
keeping failure at bay.

158 Substantive in the sense of the term as defined in the grounded theory approach defined by
Barney Glaser and Anselm Strauss (2005, 2009).
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Max Horkheimer once remarked that the “history of man’s efforts to sub-
jugate nature is also the history of man’s subjugation by man” (1947:105);
however, in the context of mineral exploration in Sweden, this domination is
not primarily a domination by force, but a domination by ideas. Across the
pages of this thesis, a struggle to rein in and control uncertainty emerges in
which both nature and society are made to succumb to the rationality of me-
chanical objectivity (Porter 1996). Through explorationists’ efforts to meas-
ure, quantify, and estimate the complexities and uncertainties of geological
nature and the environment as well as of the economic, technological, socio-
environmental, and legal spheres are subdued in order to allow explorationists
to predict the future minability in their projects. The commensuration pro-
cesses involved here consist of repeated translations (Tsing 2015) of complex
first nature and uncertain futures in which explorationists cut away not only
those uncertainties that do not fit the valuation devices and models used in
prediction, but also the future present experiences of those whose voices are
not heard in prediction work.

Through the exploration process, the initial thrill of the hunt experienced
by a prospector eventually evolves: from sets of indicators of exploration po-
tential drawn from remote sensing data and, in time, a collection of historical
data, geophysical and geochemical surveys, and the odd drill hole to Net Pre-
sent Values expressed in millions of dollars. For this to happen, the projections
produced by explorationists are moved through a series of incarnations, in-
cluding geological maps, geological models, block models with cut-off grades
reshaping the body of the deposit along its second nature boundaries, and mine
plans that schedule and order the projected future mining operation. At each
incarnation, the future is re-made as more exploration work increases the qual-
ity and quantity of data from which predictions can be made. However, while
this repeated re-making of the present future produces increasingly precise
and detailed claims about the future profitability of the projected mining op-
eration, at the end of the day these are only speculations. At no point during
the process outlined in this study has a single load of mineral product left the
mine for the minerals markets. Instead, what has come out of all the work put
into a project at this stage is predictive claims about what the future might be;
that is, up until this point, mineral exploration remains primarily an exercise
in the art of speculation (Marshall 1920).

Explorationists are aware that their work entails speculation. However, as
has been described above, the speculative dimensions are bracketed in favor
of standardization of exploration projects. One example of this is how retired
exploration geologist Frank, after having been pressed on the matter, admitted
that no one can know for certain whether the mineral riches predicted will
actually materialize for mining. How much mineral there actually is there to
be mined, Frank continued, will remain uncertain until the mine is mined dry
and its total outputs added up to form a definite measurement of its minability.
However, the central question here is not whether explorationists are actually
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able to accurately predict the qualities and quantities of minable minerals, but
whether their methods used actually work in the sense that they help explora-
tionists manage uncertainty. Recalling the discussion of the different ways in
which uncertainty and risk have been approached in the social sciences, a
number of implications of relevance for this discussion become apparent.
First, although explorationists work with a techno-scientific framing when
they seek to accumulate data with which to de-risk their projects, the experi-
ences shared by explorationists demonstrate an awareness of the constructed
nature of many of the economic and technical estimates and assumptions they
use. Geology and environments can be mapped and measured, but economic,
technological, social, and juridical domains can only be estimated, a differ-
ence that shows a discrepancy between a measurable “natural” domain and
non-measurable “social domain” as well as between a measurable present and
a non-measurable future.

A second implication is how the findings reported here stress uncertainty
over risk. Of the different ways to conceptualize risk and uncertainty discussed
in chapter 1, the findings reported here position the practical work to reduce
uncertainty and risk in mineral explorationist closer to the constructivist un-
derstanding of risk. Explorationists, it has been argued, construct worlds
within worlds in which uncertainties are re-cast as measurable risks in order
to facilitate risk management. Nevertheless, these worlds are unstable con-
structions as their foundation, as Michael Power (2007) argues, remains un-
certain. However, while the foundations for decision making in mineral ex-
ploration thereby appear to be nothing more than “as if” imaginaries (Beckert
2016), this does not reduce the decisions made by explorationists to whims,
sentiments, or chance, to paraphrase Keynes (1936:162-63), but to rational
decisions supported by the logics of the context in which they are made. How-
ever, as William James (1907) notes, just because a decision is rational it does
not have to be good or right, at least not for all time, as long as it is true for
now. This observation brings this discussion to the yet another implication.

Third, the study has employed tools from valuation studies that help open
up valuations to a critical scrutiny of their inner workings (Doganova et al.
2014). Therefore, the thesis has carefully unpacked the processes in which
predictions are made, justified, and used in mineral exploration, opening up
the tools and knowledges employed in exploration to detailed scrutiny.
Through this, it has been possible to show how heterogeneous values from
different domains and disciplines are brought together, commensurated, and
used to produce homogenous measurements of future minability that absorb
any unaccounted for uncertainty (March and Simon 1958) in a project. Fur-
thermore, this has made it possible to inquire about the epistemological, ethi-
cal, and political status of the values assembled by explorationists. In doing
s0, the thesis has shed light not only on what values explorationists call upon
when making claims on the future, but also where these values come from,
how they are produced, and what the rationale behind their production has
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been. That is, this thesis has made a small contribution to the much larger
question put forth by Jenny Andersson (2018), who calls for investigations
into how actors make claims about and on the future.

In his seminal work, Frank Knight (2006) stressed how equivalence is a
central characteristic of risk or measurable uncertainty but that such equiva-
lences are rare in the world of business. This thesis builds on this fundamental
definition by adding yet another among many observations that while equiva-
lences may not exist, there exists many ways in which actors in different do-
mains seek to introduce them (see, e.g., Andersson and Keizer 2014; Besedov-
sky 2018; Espeland 1998; Porter 1996; Power 2007). These efforts, Elena Es-
posito (2015:97) argues, “builds a second reality, more structured and man-
ageable than the uncertain world modern society has to face.” In building this
second reality, explorationists and others introduce calculability into the world
to make it conform to certain measurable laws and tendencies for which the
relative distributions of risk may be estimated and managed. In mineral explo-
ration, for example, it is not possible to say with confidence that a project X
will be minable at time ¢ + 1 because it is an equivalent to mine Y which was
minable at time ¢ - 1. There are just far too many open circumstances that
together determine minability for such equivalences to be realistic. However,
in order to manage uncertainty as a practical problem in their day-to-day work,
explorationists work with methods that bracket these limitations in order to
facilitate decision making despite uncertainty, for example, by looking at pro-
ject pedigrees or ranking them on cash cost curves. What is important to ask
is therefore not whether uncertainty can be reduced, but how uncertainty is
being managed through prediction work, what values are included, how they
are measured, and which values have been left unmeasured. What values are
commensurated and which ones are not? What uncertainties are absorbed and
which ones are reported? Do predictors manage qualitative data in prediction,
or are qualitative data shielded away in favor of quantitative measurements as
they have been shown to be in other instances (see, e.g., Porter 1996;
Reinertsen and Asdal 2019)?

9.3.1 Prediction work as uncertainty management

Uncertainty may have many different origins. Some are built into systems that
have been tested and evaluated to be safe until the day they explode and lay
bare the uncertainties and risks within them (Wynne 1992). Other uncertain-
ties emerge as shocks when new innovations or changes to existing orders turn
previous certainties on their head (Beckert and Bronk 2018; Pryke and Allen
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2000). However, uncertainty is not a new or modern phenomenon, but an on-
tological reality. What people were there who did not turn to divination for
advice, Cicero asked,'* and medieval theologian and philosopher Saint Au-
gustine (1631) explored the relation between a present thin as a knife’s edge
and the unknowable future yet to be realized. Because of this, also yesterday’s
mineral explorationists must have struggled with uncertainty. Although the
world of mineral exploration and mining has changed much in the past centu-
ries, also they who searched for and discovered mines in the past must have
struggled to predict minability: Why else would the discoverers of the silver
deposit at Nasafjéll have opened the mine only to see brutal failure (Bédrn-
hielm 1976)? What separates historical failures from contemporary ones such
as the Northland Minerals bankruptcy is not that one was uncertain and the
other was not, but the way in which uncertainty is made sense of and managed.
While historical mines may have been able to rely on forced labor and royal
assistance, contemporary mines rely on scientific methods, quantification, and
financial modeling. Thereby has the relation between humanity and, to para-
phrase Marx (1970), her inorganic body, “nature,” changed over the years.
That is, uncertainty is not new. While the late 20™ and early 21 centuries have
been described as more uncertain than preceding eras,'® it is rather the ways
in which uncertainty is approached in practice that have changed. Any study
of how the uncertainty of the future is managed in a social domain is bound to
reflect not only the uncertainty faced by actors in this domain but also the
ideas that shape that domain.

Futures are produced all the time as countless presents create chain effects
that “ripple out into an open future” (Adam 2010), which one cannot know
until it arrives as present. Predictions, together with risk analysis, scenario
building, and fortune telling stand in place of this future for the time being and
provide fixed points against which actors can orient themselves and make the
uncertainty of the future manageable in a practical sense. Moreover, while
some of these points of orientation are descriptive in their character, others—
like the ones produced in mineral exploration—are productive and pertain to
realizing the future for their predictors. Therefore, managing uncertainty
through prediction should be understood not only as an epistemic practice of
prediction making, but also as a process involving justification and power.
Predictions justified as being both correct and desirable by predictors and their

159 “Quis rex umquam fuit, quis populus, qui non uteretur praedictione divina?”’ (Marcus Tullius

Cicero 1730:43)

160 Examples of such claims include Jens Beckert (2013, 2016, see also; Beckert and Bronk
2018), who argues that financial capitalism and its focus on speculation and innovation has
rendered this period more uncertain than other historical periods. Beckert is not alone in making
such claims, however. Similar arguments were presented already in 1966 when Harold D. Lass-
well (1966:161-62) wrote that the forward looking nature of action and choice in contemporary
culture leads to mankind “passing from the primacy of the past to the primacy of expectations
of vast future change.”
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publics help these groups close down alternative futures, either through re-
moving the conditions necessary for their realization, as when a forest gives
way for a mine, or by becoming performative as their realization grows to be
experienced as an already determined inevitability.

9.5 Practical implications for the field

The practical conclusions to be drawn from these findings are by necessity
limited due to the ethnographic approach used in this project. However, there
are some implications to be made in terms of how the analysis of the interac-
tions between predictors and metapredictors in mineral exploration can be
shown to work with less friction in cases where the parties share a common
understanding of what values are taken to matter in predictions of the future.
This can be seen in how engagements between explorationists and financers
revolve around a set of predetermined values that have been aligned with the
use of industry standards. These standards, which were put in place to counter
fraud and misinformation in reports on exploration results, have since devel-
oped to become part of standard practice in the industry. Similar alignment
can also be found in how explorationists and the MIS share a common under-
standing of what it means to prove that a deposit of mineralized material for
which explorationists are seeking an exploitation concession is economic in
the legal sense of the term. However, at the time of writing this dissertation,
there exists no set definition or criteria for what values matter, and which do
not, in the environmental impact reviews in exploitation concession applica-
tions or in environmental permitting with the environmental courts. The result
of this is that significant friction exists between explorationists and govern-
mental agencies that grant permits. Although more research into the matter is
needed, the results presented here suggest that attempts to reduce this friction
would either need to resolve the question of what constitutes sufficiently low
environmental impact or strengthen existing regulation so that it can be im-
plemented in a predictable way. Accomplishing the former might involve in-
troducing regulation that clarifies what constitutes sufficiently low environ-
mental impact and could look to lessons learned from the implementation of
exploration reporting standards. However, while such reductions of uncer-
tainty might also reduce conflict and tension in permit processing, it would
also entail producing a framework that inevitably reduces environmental com-
plexity and therefore increases the commensurability of natural environments.
At the end of the day, any attempts at resolving the conflicts in permit appli-
cation processes reported on in this dissertation are first and foremost political
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matters wherefore this dissertation can only point to the existence of these
conflicts as well as to some of their complexities.

9.6 Limitations and future research

The choices involved in designing and carrying out a study produce both
strengths and limitations in terms of what data become available, what the
scope of the findings are, and what questions can be answered using these
findings. In this thesis, the main limitations are connected to three aspects of
the design of the study in which the work leading up to this publication has
been undertaken. First, the study focuses on industrial mineral exploration in
Sweden and although the industry is international in its character and the pri-
vate regulation guiding exploration work is international in both its origin and
application and while the dataset contains international examples, observa-
tions made in international settings, archival material originating in interna-
tional exploration organizations, and interviews with informants with interna-
tional experiences, one cannot neglect the possibility that important differ-
ences might be found if the study were repeated with another jurisdiction as
its main focal point. That is, the lack of a comparative element makes it hard
to identify results that are a product of local idiosyncrasies and results that
could be generalized. Second, this dissertation focuses on the explorationists’
work to produce and justify predictions as well as the consequences they ex-
perience when predictions are communicated to metapredictors in their pub-
lics. Therefore, the ethnographic account of mineral exploration has reached
deep into the industry to provide a saturated account of the daily realities of
mineral exploration while at the same time considering important counter-
parts; however, there is one important gap in the account: as the focus here
has primarily been with the explorationists, other actors such as the County
Administrative Boards (CAB) and the Environmental Courts have here pri-
marily been represented through their presence in the archival materials and
statements made by explorationists and not through direct observations or in-
terviews with CAB and court personnel. These sorts of data collection were
not possible due to limited resources and delimitation. Given the already sig-
nificant undertaking involved in mapping and analyzing the exploration pro-
cess, it would have been too difficult to include each regional and national
agency involved in mineral exploration in this study wherefore the agencies
that did not feature immediately in the exploration process were set aside.
Third, although this dissertation traces the exploration process, it has not been
possible to do so in real time as it would have been impossible to follow a
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process lasting about ten years and which may be interrupted or terminated
before completion. Instead, the process has been reconstructed from several
different exploration projects. That is, while the outline is thoroughly
grounded in empirical data, the results may be blind to eventual nuances and
variations in individual projects. However, as has been discussed earlier
(chapter 4), while a different sampling strategy could have provided insights
not available in this approach, the many practical challenges involved in these
alternative designs would have produced significant limitations in sampling
and in the ability of this study to produce a sufficiently broad as well as de-
tailed account of mineral exploration and the prediction work taking place
therein.

9.6.1 Future research

As the findings reported here have both empirical and theoretical implications,
they also open up for further research both on a substantive and formative
level. First, more observations need to be added to this line of research. This
dissertation is only a first step towards understanding the use of prediction
work to manage uncertainty in mineral exploration. Accounts from other ju-
risdictions as well as accounts expanding the investigation further afield from
explorationists themselves would make important substantive additions to the
sociological literatures on mineral exploration and prediction. More research
is furthermore needed to better define prediction work in general and predic-
tion making, justifications, and the consequences predictions produce on the
formative level. This expansion of inquiry would mean expanding the current
literature on uncertainty as a central factor in contemporary economic and so-
cial life to include a stronger focus on prediction as a means of managing un-
certainty. However, such a focus should not look merely to the predictions
themselves; it should examine how they are produced, how they are justified,
and what consequences successful or unsuccessful prediction work has in
terms of their interactions with metapredictors and access to goods such as
resources, recognition, and power.
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9.7 Concluding remarks

Now at its end, this thesis can be summed up and placed in a larger context of
research into how futures are made and claimed by natural resource industries
and beyond. The particular study that forms the basis for this thesis has made
use of a combination of interviews, observation, and archival research to ask
questions about how mineral explorationists use predictions to manage uncer-
tainty. In exploring this question, the thesis has outlined how explorationists
work to bring together geological events and transformations across millennia
and recent socio-economic trends in order to produce predictions of the future
minability of concentrations of mineralized material as well as what conse-
quences explorationists’ predictions have for the exploration process. As such,
this is a simple and straightforward story of a not so simple and straightfor-
ward process. Nevertheless, telling a story about mineral exploration and pre-
diction work, the dissertation is also telling larger story.

What has emerged between the lines of this thesis is a story about the future
of resource capitalism. In her study on matsutake foragers on three continents,
Anna Lowenhaupt Tsing (2015) demonstrates how resource capitalism turns
people and things into assets by alienating them from their life worlds in order
to make them stand alone as mobile assets, things that can be exchanged for
other assets, also they pulled out of other life worlds and other localities. This
thesis echoes Tsing’s findings by demonstrating how this alienation takes
place in mineral exploration as first natures are turned into second nature as-
sets in the form of mineral resources and reserves produced through standard-
ization processes in which minerals are de-contextualized and all “superflu-
ous” nature cut away in order to form a body of minable second nature. More
importantly, this thesis also demonstrates how this takes place, not only in
relation to “nature,” but also in relation to the future as predictors pick out
particular patterns in the past and present to project them into the future in the
form of a certain present future. This present future can then be used to claim
not only what the future will be, but also whose future it should be. This al-
ienation of one future from the realm of potential futures stands out both as a
practical method of uncertainty management that allows explorationists to es-
tablish a placeholder future against which they can orient themselves and as a
strong method of isolating an economically, socially, or morally “good” future
and open them up to investments. That is, explorationists claim the future for
themselves and anyone willing to become partners in its collaborative crea-
tion: if financiers, agencies, local communities, and other affected parties
“buy” a prediction of the future, they may also buy into it by granting explo-
rationists the resources necessary for attempting its realization.
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Appendix 1: A note on methodology

I came to this project having very little knowledge of mineral exploration or
mining. | had heard the term exploration drilling and therefore had a vague
idea of what some parts of exploration work might entail, but that was the
extent of my knowledge. So how did I come to write a dissertation about min-
eral exploration? Why did I spend four years sleeping poorly on hard beds in
perpetually too warm or too cold sleeping compartments on the overnight
trains to interviews in far-a-way towns only to come home to a pile of archival
materials to be read, sorted, catalogued, and coded?

What drove me to choose to spend my years as a PhD candidate researching
mineral exploration was a sense that there ought to be something interesting,
perhaps even fascinating, going on in an industry that so thoroughly depends
on the destruction of some values to realize other values. With this as my start-
ing point, I began collecting as much information as I could, reading annual
reports from exploration organizations and miners in Sweden to map what
kind of values they discuss with their shareholders and what risks they see
along the way towards realizing these values. This review led me to begin
thinking about the puzzle of how one values the future, something that is not
there to be measured, weighed, or analyzed. At the same time, | had begun
familiarizing myself with the existing literature on mineral exploration and
mining realizing that much work had already been made on the conflicts of
values played out between miners and aboriginal and first nation communities
and other publics. Combined, these two developments pushed the topic of this
dissertation towards its focus on predictions and the relationship between pre-
dictions and values.

Feeling pretty happy about this topic, I began planning how to study ex-
plorationists and how they make and justify predictions. The initial plan was
to approach these questions using a classic ethnographical approach based on
participant observation in which gatekeepers were to be identified and ap-
proached for opportunities to “be there” beside explorationists as they worked
their projects. However, it soon became apparent that the long time span and
the division of labor between different branches within exploration organiza-
tions, or even between different exploration organizations, meant that mineral
exploration was a bad candidate for a clear cut standard issue ethnographic
project, as I would not have the time or opportunity to be everywhere simul-
taneously. The poor rate of success in exploration also played a part; even if [
had been able to set aside enough time to follow a project through the entire
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process, identifying that one of 999 projects that would make it through the
entire exploration process would be impossible. Therefore, I found myself
forced to reconsider how I could best approach the case.

The approach I finally settled on has been described earlier in this disserta-
tion but involved mapping the exploration process using different sources. |
would like to use the remainder of this section to talk about the choices and
challenges involved in executing this composite approach within the context
of this study, and I will do this in reference to research design, reflexivity, and
the role of the ethnographer with particular reference to the Ten Lies of Eth-
nography by Gary Alan Fine as discussed in his 1993 article of the same name.
Based on my initial experiences from the field and a reading of different meth-
odological texts covering anything from relational ethnography to abductive
analysis and case study methods, I settled on a methodological approach that
combined an extended conceptualization of ethnography with elements from
grounded theory. This dissertation project, I realized, was going to involve a
lot of data from different sources that all needed to be combined and read in
light of one another. Informants, it became clear, would never be able to give
me any specific information on their ongoing projects, as they are obliged by
the industry standards on exploration and resource reporting never to disclose
information that may affect their share prices. However, given their experi-
ences they would be able to provide me with insight into the practical explo-
ration work. At the same time, the archival materials provide ample infor-
mation on specific projects at different stages along the exploration process,
but very little insight into the work behind the predictions and statements of-
fered in the documents. And while interviews and archival materials comple-
mented each other in this respect, they risked falling short when it came to
understanding the industry in a broad sense and neither would they provide
me with much practical insight into the field. I therefore decided that in order
to accomplish this project, I needed a methodological approach that allowed
me to tap into different sources and types of data and use the pieces collected
there to build one large puzzle where each piece was related to the next. The
methodological approaches that best allowed me to construct this puzzle, I
decided, was to aim for the deep description provided in ethnography. To get
there, I would have to take a detour through theoretical sampling and inductive
work of grounded theory. This realization began a long hunt for data where
each wave of data collection was followed by reflection on what information
was missing and was needed to complete the emerging picture and add addi-
tional dimensions to the facts identified in the collected materials. One clear
example of this is how I came to interview the person who in the dissertation
is referred to as Niels. The archival materials often mention explorationists
seeking to collaborate with the Sami in the regions where they are undertaking
exploration work and developing mining projects. But they often fail to men-
tion what role the Sami districts and representatives were invited to take in
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this collaboration. I therefore decided to reach out to a number of Sami dis-
tricts located in mining regions in search for potential informants. This even-
tually led me to Niels with whom I spent half a day during which I did not
only interview him but joined him when he met with and talked to other Sami
in the district. I also helped out with administrative work for the Sami District
while talking about and learning more about the relationship between the Sami
and explorationists.

Finding informants able and willing to participate in this dissertation was
hard at first. I remember a fellow PhD candidate expressing doubts of whether
I would be able to find any informants at all and that if I did, these informants
would probably be drill-rig operators without much experience or say in the
prediction work and decision making in their respective organizations. Fortu-
nately, this person was to be proven wrong in most aspects. It is true that it
was hard to identify informants at first. Not having a natural point of entry
into the field meant that I was forced to reach out to different exploration and
mining companies and corporations in search for informants. Most of these
attempts went unanswered or consisted of little more than an email from a
public relations officer saying that the company had elected not to partake in
the study. However, some attempts where fruitful and produced a small but
important number of informants. I also searched for informants while under-
taking fieldwork in different spaces. One space that was to become an im-
portant source of data and new informants was SveMin’s annual meetings.
Having spent the majority of my first SveMin meeting and conference cursing
how most attendants tended to stand in closed circles talking to others from
their own organization, offering little opportunity for spontaneous conversa-
tion, I finally found an opening at the end of the day and struck up a conver-
sation with a person preparing to leave the auditorium at the same time as me.
Seizing upon the opportunity, I struck up a conversation with this person
(keeping with the system of providing informants with pseudonyms in alpha-
betical order, we may call him Steve) and talked for a moment about the con-
ference and about my dissertation project. At the SveMin meeting the follow-
ing year, | met Steve again and as we conversed about the talks and presenta-
tions given at the meeting as well as about how my project was going, people
came up to talk to Steve who, courteously, introduced me to them and after
some conversation some of them had agreed to exchange email addresses for
later talks about possible interviews. This pattern occurred on a number of
occasions, in different venues, and with different people (Steve is in truth an
abstraction of several people who generously helped me at different stages of
this project), and it has been vital for identifying and recruiting informants
beyond those that emerged from me emailing and calling different exploration
companies and corporations. However, while this method of identifying in-
formants was relatively successful, it was very time consuming and allowed
little room for strategic planning. Going to conferences and meetings and be-
ing friendly and approachable is, after all, not really that much of a sampling
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strategy. It was, however, one of the few routes available and as the network
of contacts grew, it became a vital source of informants. To me, this speaks to
the importance of time and patience in research and it illustrates how one ini-
tial investment into networking in an ethnographic field site can be a great
resource down the line when the network begins producing potential inform-
ants.

Not every ethnographic engagement consisted of long-term networking
and slow accumulation of data, however. Some of the periods spent in the field
were of more immediate use. This is particularly true of the classes and train-
ing sessions | have participated in as part of this project. However, while these
sites offered instant data in the form of lectures, seminars, and workshops,
they were also challenging as they often required a significant level of under-
standing of anything from geology to Microsoft Excel. Luckily, I had worked
with Excel enough not to lose myself in technical problems when taking a
course on financial modeling in mineral exploration and mining and my train-
ing in quantitative research methods helped me in approaching topics such as
geo-statistics and quality assurance through statistical cross-checks. However,
I am not a geologist nor an economist and this was at times painfully obvious
as I had to spend considerable time looking up the meaning of terms used in
the field. Thankfully, there are a number of resources available to the strug-
gling sociologists trying to make sense of what an informant meant when talk-
ing about the problem with faults (fractures and discontinuities in the bedrock)
or what a qualified person means when they talk about the implications for the
NPV from shifts in CAPEX or OPEX. Sometimes these challenges were re-
solved by simply asking the informant what they meant by a term of phrase
they just used or which I had come across in the archival material, but some-
times this was not possible. On such occasions, I was very happy that Wikipe-
dia’s entries on geology are relatively good for answering quick questions
about the meaning of a term while Investopedia does the same for investment
lingo. For larger questions, the SGU and their international counterparts pro-
vide a lot for material on geology, exploration, and mining; and when all else
fails, a trip to the university library’s (for sociologists at least) more unchar-
tered sections often resolved any remaining questions. Importantly, however,
this is not a thesis in geology, exploration, or finance. It is a thesis in sociology
wherefore all this knowledge, while necessary for understanding the context,
does not have a material impact on the analysis beyond making sure that ter-
minology and practical confusion do not stand in the way of engagement in
the sociological questions at hand. It was, for example, useful to show inform-
ants that I had some understanding of their field as this tended to make them
a little more relaxed in the interview situation. However, as I was not there to
talk to them as their peer, but as someone whose job it is to ask questions,
however disguised as conversational topics, [ was conscious about the neces-
sity to balance giving-off impressions of knowledge with impressions of ig-
norance. For example, knowing what a geological fault is helped when talking

251



to informants as this meant they could focus on explaining in what way a fault
was a problem in a project they worked a few years ago without first having
to explain what a fault is and therefore potentially spending time on talking
about the general rather than the particular realities of their work and their
experiences.

A challenge of ethnographic research is, of course, how one positions one-
self within the field. What types of roles are available to you and how do you
choose to embody that role? This question was relatively easily resolved at
times. Sitting as one of many in a training session on modelling meant step-
ping into an already defined role. Sitting in on classes and seminars on explo-
ration and related topics required more thought on to what degree I could and
should be an active or passive observer, however. During a two-day session
observing a class I resolved this by talking to the instructor who had invited
me to sit in on the class and asked him what degree of participation would
work best for him and the class in general. He responded saying that he would
prefer it if I joined in and answered a few questions when I could as this could
spark the students to do the same, so I assumed a slightly more active role as
a fellow advanced level student rather than the plainly passive observer.

Deciding what role to take as an ethnographer is not always straight for-
ward the problem relates to the “lies” Gary Alan Fine sees ethnographers en-
gaging in when working in the field. In reference to Fine’s 1993 work Ten
Lies of Ethnography, 1, like most other ethnographers, sought to live up to the
virtues expected of ethnographers performing, and most of the time seeking
to be, a kind, friendly, candid, and fair ethnographer, to list just a few of the
stereotypical virtues discussed and problematized by Fine. However, as Fine
points out, there are inherent challenges to these virtues and some challenges
were harder to manage than were others. First, | found it relatively easy to, so
to say, fit in during field work and interviews and I realize that my upbringing
in the northern parts of Sweden that gifted me a northern accent and an inti-
mate familiarity with what is and what is not seen as appropriate office wear
in Sweden’s rural regions helped. I even had a conversation with one inform-
ant who was confident that the way you present yourself in the northern re-
gions of Sweden plays a crucial role in how you are received by members of
these communities, as many in these locations tend to have negative percep-
tions of smartly dressed and fast-spoken people from Sweden’s metropolitan
areas. However, while most challenges discussed by Fine can be resolved by
being aware of and reflecting on the shortcomings involved in doing either the
one thing or the other, there was one challenge I struggled with: of remaining
fair and candid when faced with people making statements that fundamentally
went against my beliefs and moral convictions. This happened on only a few
occasions and is in no way descriptive of the entire field in general, but there
are people within the exploration and mining industry that express and spread
racial bigotry against the Sami. Siting at a table with myself and two Confed-
eration for Swedish Enterprise (Svenskt Néringsliv) representatives, a CEO of
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a Swedish mining company described the member of the Sdmi parliament who
had just given a talk on the importance of the Sami and the mining industry
finding ways to coexist in the northern regions as an “extremist.” Following
this, the same CEO then went on to say that the Sdmi and reindeer herding
should be confined to the Lappland region and nowhere else; and this tirade
did not stop there. Having said this, the CEO went on to say how “moronic”
it is that there is a bilingual sign on the wall of the Jdmtland County Library’s
Ostersund facilities that spells out “County Library” in both Swedish and the
Southern Sami language. Commenting on this, he said: “If they can’t even
read the word library in Swedish, they don’t belong at the library.” While the
mining CEO was expressing these views, the others around the table (myself
included) refrained from saying anything or speaking up against this tirade of
bigotry. In another setting, a person from an international mining and explo-
ration corporation said that she was not a good friend of NGOs as they make
local communities “think that they need a middle man” to mediate between
the community and the exploration team. This is not so, she continued, as ex-
plorationists and local communities can get along just fine. “You don’t need
a middle man to talk to your children,” she concluded, reducing local commu-
nities, aboriginals, and first nations to children, robbing them of any true
agency.

While some of the actors who made racist and bigoted comments are in-
volved in the private sector, others are officers at governmental agencies. One
example, and a blissfully rare one, was an agency officer who explained to me
that in his experience the way to manage Sami opposition to an exploration or
mining project on reindeer grazing land was to just pay them SEK 10 000
(approximately $1000) under-the-counter. The same agency officer also
talked about how Sami had tried to overcharge explorationists for the use of a
helicopter to locate the reindeer before allowing a drill campaign in the area.
Having agreed to a price initially, the officer continued, the explorationists
later found out that the Sami had tried to have the explorationists pay also for
them using the helicopter for recreational purposes and not only for locating
the reindeer. In saying this, the officer described the Sdmi as cheats and liars
who can be bought off when necessary. And he did so standing in his office
at a Swedish government agency with other officers present.

I find these situations highly problematic, but I never did anything to chal-
lenge them. Instead I made sure to record it in my field notes, telling myself
that “You’re in the field, you’re supposed to observe, don’t jeopardize access
and data.” Therefore, I chose not to engage those making such statements.
Instead, I chose to put the accounts of the events aside, as they often did not
contribute towards answering the research questions and therefore bracketed
them, engaging only with the contents of these people’s statements that related
to the research problem. Although I thoroughly believe that this was the right
thing to do, this side of the mining and exploration industry troubles me on a
personal level.
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Finally, there is the matter of what implications the choices outlined above
have had in terms of the validity of the results presented in this thesis. Any
choice one makes when designing and carrying out a research project means
choosing not to do something or use some other method. One apparent choice
that has had consequences for the results presented in this dissertation has been
the choice to focus the project on industrial mineral exploration in Sweden. It
would potentially had been possible to instead conduct a comparative study of
two different jurisdictions. This would have meant introducing a significant
strain on the resources available for this project and potentially meant that less
depth in the descriptions and analyses. Nevertheless, a comparative approach
would have likely provided more insights into matters that can only be inferred
from the international use of the industry standards presented in this disserta-
tion and the portion of data collected abroad. Similarly, the choice to study
two or three exploration projects in a case study approach rather than focusing
on the exploration process in its entirety would have meant that this would
have been a quite different dissertation from what it has become. For example,
accounts of how exploration and prediction work would had been more spe-
cific and less general. However, this approach would have been isolated to a
few cases from which a general view of the field would have to be extrapolated
speculatively. Although the present account discusses in-depth the overall
facts and trends of prediction work in mineral exploration, any answers to
specificities of individual cases must be inferred from the general. Another
implication of directing the dissertation to a study of the entire process is that
potential benefits of studying prediction work in a specific stage of the explo-
ration process (e.g., mineral resource estimation or in feasibility studies and
financial modelling) would be lost. However, while such accounts could have
laid out more precisely the work in this particular stage, it would have meant
losing important insights into what proceeds and follows any one particular
phase in exploration.

A final drawback of the approach used in this dissertation is that it follows
explorationists more closely than it follows other actors. There are, for exam-
ple, no county administrative officers among those interviewed for this thesis
wherefore the accounts of the CAB’s participation in the prediction games and
co-creation of futures discussed in chapter 8 are based on the boards’ presence
in the archival material and not on interview accounts from the actors directly
involved in the CABs’ reviews of exploitation concession applications. I am
aware of the downsides of this and wish that there had been more time and
resources to collect more first-hand data from the county administrative
boards and the environmental courts. However, the research problem and
questions that form the basis for this dissertation primarily concern mineral
exploration and explorationists, so the resources were focused there. Having
said this, I would highly recommend that future research engage with the
county administrative boards and environmental courts as actors and sites of
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metaprediction. The question of relative environmental impact as a justifica-
tion for establishing a mine or any other environmentally impactful industry
is in my view one of the most important and intriguing questions to come out
of this dissertation.

This dissertation has attempted to describe and analyze prediction work in
industrial mineral exploration in Sweden and despite the challenges and pit-
falls discussed above, I am confident that what has been presented across the
dissertation’s 250-something pages are truthful and theoretically pregnant an-
swers to questions of how explorationists predict minability in exploration
work, how they justify these predictions, and what happens when exploration-
ist communicate prediction to their publics. I would like to conclude these
reflections on the road to the publication of this thesis by saying the following:
Mineral exploration and mining is an industry full of contradictions and para-
doxes and I would never have been able to produce as detailed a depiction of
it as the one contained in the pages of this thesis if | had not enjoyed the gen-
erous help of the informants and others who gave of their time and experience
to help me understand how mineral exploration takes place and what role pre-
dictions play in the management of uncertainty in mineral exploration. I am
aware of the actual and potential flaws and limits of this study and recognize
them as my own while I thank those who have helped me do the utmost to
manage and reduce them.

Tobias Olofsson
Uppsala
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Appendix 4: Example of Interview Guide

The interview guides used in this study followed a simple, thematic, and open
structure where the informants were first asked to talk about their work, the
tasks they perform, where in the exploration process they usually work before
the interview turned towards the specificities of their work, the methods and
strategies used, and how they work with and view risk. For example, the in-
terview with informant George featured the following questions adapted to
capture the informant’s experiences as an exploration geologist:

1. Could you tell me a bit about the work you do?

a. Where in the exploration process do you work?

b. What type of organizations have you worked for? Have you
worked with consultancies or for an exploration or mining com-
pany?

2. Could you tell me about how the exploration work you do is orga-
nized?

a. How do you select areas and targets?

b. What methods do you use?

c. Do you follow any particular strategies?

3. What goals are you working towards?

a. Does work change whence you have identified a target? If so,
can you tell me how?

4. Could you give me an example of a project when you had/did not
have success?
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