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Introduction

Figure 1: View of Kiruna and its surroundings: in the foreground is a dump 
and, in the distance, a broken hill in which there is a disused quarry.

Figure 2: Satellite image showing the city of Kiruna and the mining plant 
dumps dominating the city.
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Abstract
The town of Kiruna in northern Sweden beyond the Arctic Circle is home to an iron ore mine that has been 
in operation since the late 19th century and is planned for about a century more. The mine heavily affects 
the urban landscape as its dumps and other infrastructure heavily distort it. The scenario proposed by 
the author allows for several solutions that fit into sustainable development, allowing the mining plant 
to continue operating while modifying the city’s landscape and restoring the utility of degraded areas. 
The proposed scenarios involve the re-exploitation of rock resources from dumps, the construction of 
renewable energy facilities, reforestation, and the location of tourist infrastructure.
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The Kiruna area is located in northern Sweden, in the Arctic 
Circle region. It is a complex of mines, a quarry (now closed), and 
dumps and other facilities that are used for ore extraction purposes. 
They are located practically in the center of the city. Kiruna is a 
town that owes its development to the mine. Due to the nature of 
the deposit, the mine will expand, gradually taking up urban space. 
There are plans to move the entire town to the northeast of the 
mine. Regardless of these plans, mining views dominate the city 
(Figures 1 & 2). dumps tens of meters high, mine shaft towers, and a 
“broken” mountain peak” are the work of the mining company. This 
article presents a draft proposal for changes that can improve the 
city’s landscape without closing the mine. This idea is important 
because in recent times there has been an increase in tourism due 
to the Arctic location of this city.

Methods
The present study was created as a result of the 2022 field 

reconnaissance and subsequent sampling of the dumps. The rock 
samples were transported to the Department of Geology, Soil Science 
and Geoinformation at the Institute of Earth and Environmental 
Sciences, where thin plate preparations were made, and then the 
rocks were examined using a Leica DM2500P polarizing optical 
microscope and a Hitachi SU6600 scanning electron microscope 
with an EDS attachment. Proposals for the reclamation of the site 
in question were then developed based on our observations and 
data from the literature. The results of these studies are presented 
below.

Results

Figure 3: Geological map of the Kiruna area (A, after [7], simplified by the author), historical and planned 
exploitation of the deposit (B, after [12,13], modified by the author).

The mine site currently covers an area of about 30 square 
kilometers near the city center. There are plans to expand the mine 
workings area in the near future. Quarries are also being opened 
in neighboring towns. The area represents proven and prospective 
metal deposits that are planned to be mined for many more decades 
(Figures 2 & 3).

Geology of the Kiruna area

The Kiruna area is located in the region of the northwestern 
part of the Baltic shield [1-5]. The bedrock consists of archaic rocks 
dated to the age of 2.7Ga, with a magmatic-sedimentary sequence 
metamorphosed in the greenstone facies [6,7]. Among these 
rocks is the Kiirunavaara Formation composed of trachyandesite 
porphyritic formations along with rhyodacitic pyroclastics, covered 
by a mixture of volcanic rocks (basalts, rhyolites) and sedimentary 
rocks (greywackes, Figure 3). On top of this formation are the Hauki 
quartzites [8-11]. Their age is about 1.9Ga. The deposit formation 
overlies the discussed rocks in the form of a magnetite body. The 
total size of the deposit is estimated at 2Gt. Next to it is the smaller 
Loussavaara deposit and the hematite- and phosphate-rich Per 

Gijer deposit belonging to the Matojärvi formation [12,13].

Status of mine site development

Figure 4: Examples of the rocks, present in the Kiruna 
dumps: greenstone (A), massive magnetite ore (B), 

magnetite porphyrite (C), and porphyrite (D).
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The mine site has numerous spoil piles built from multiple 
levels surrounding the city to the west. Next to them are the tailings 
ponds and the Loussavaara Hill which is currently off-limits to 
mining. These areas tower over the city’s landscape, causing 
an overwhelming view of a heavily transformed landscape. The 
dump consists mainly of rocks such as secondarily transformed 
porphyrites, as well as greenstone crumbs and iron ores found. 
These ores occur both in massive form and as impregnations in the 
porphyrites (Figure 4).

Propositions of the dump’s recultivation

An important factor affecting the quality of life of residents 
is the landscape, which is currently dominated by dumps and the 
infrastructure of mining sites. To usher in changes to the city’s 
landscape, the following several action scenarios, known from 
various mining sites, grouped thematically, are proposed. An 
important action may be to undertake the leveling of the dumps in 
question by reusing the material found there. The dump-building 
porphyrites are rocks that can be used as ballast for building 
roads, bridges, and other field fortifications. Re-exploitation of the 
rock resources found in the dumps in question can be a source of 
additional income for the city and the mines and will also contribute 
to the leveling of the dumps in question and can counteract the 
construction of quarries to extract rock ballast elsewhere in Sweden 
[14,15]. The towering dump hills above the city can also be used as 
sites for renewable energy. Windmills and photovoltaic cells can 
be placed directly in the dumps [16]. Another solution can be the 
use of energy storage mechanisms, which can be placed in old pits 
and then used to give energy back, especially during the winter. 

Interesting use of the dump could also be to cover it with mirrors 
directing light to the city, this could have a significant impact on 
microclimate conditions, especially in the autumn and spring [17]. 
This is particularly important since Kiruna is located beyond the 
Arctic Circle in the Arctic part of Sweden and additional lighting by 
focusing the sun’s rays can positively affect residents. Alternatively, 
lighting could be used to illuminate crops for residents’ use or to 
store heat and convert it into energy storage for times when the 
city is perceived to have an inflated need for it. An example would 
be a heat storage tank based on hydrated sodium acetate or sodium 
thiosulfate, which could be heated on sunny days and return heat 
through crystallization energy on cold days [18].

Reforestation of dump leach pads is another proposal to enable 
changes in the urban landscape. Existing dumps in the vicinity 
of the city can be profiled to obscure other mining areas while 
shielding the city from the wind. Trees can be planted on the stable 
slopes of the dumps on the city’s side, to affect Kiruna’s landscape 
(Figure 5). Forestation of the dump will change their appearance, 
especially in spring and summer. Forested areas can absorb dust 
and pollution [19-22]. A further step could be to expand the sports 
infrastructure that exists in the city on former mining sites [23]. 
During the author’s stay in the summer of 2022, it was noted that 
the disused old roads surrounding the dumps serve as jogging 
paths for residents. Small improvements to these roads by building 
infrastructure to allow for outdoor exercise, and relaxation, or to 
enable cycling and winter skiing could begin to affect the well-
being of residents [24-27]. In addition, they will make it possible to 
expand the tourist offer of Kiruna, which is located near the Abisko 
National Park [28-31].

Figure 5: Examples of dump recultivation: Park on dump site in Jaworzno (A, after [25,26]), Ski slope Mount 
Kamiensk in Belchatow (B, after [27], Photovoltaic panels in Narvik (C, after [16], Illuminating mirrors city of Rjukan 

in Norway (D, after [17]).
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Discussion
The use of dumps for the reuse of the material in them is 

partially feasible. Not all of the surface of the dumps can be used 
because the Kiruna mining plant is active and will need a waste 
location, in addition, some of the dumps are unstable due to ground 
subsidence above the mine galleries. The admixtures of iron oxides 
that occur are not as threatening to the environment as non-ferrous 
metal ores and other substances. Hence, the use of the discussed 
rocks should not be environmentally burdensome [14,32-34]. The 
use of the discussed dumps as a source of renewable energy and 
its storage can be very important from the point of view of energy 
independence and diversification of energy sources [35]. Moreover, 
this fits into the currently outlined trend of enriching the share 
of energy from renewable sources for Europe. The use of solar 
panels in the Arctic is now widespread, examples being homes 
in Greenland or such cells observed by the author in northern 
Finland and Norway. Kiruna is further south of these places, so 
there these cells will have greater efficiency, while the use of 
wind turbines will be an even more powerful source of energy, as 
winds in the region in question are common and do not stop even 
in winter. Energy storage is also an important element, which can 
be obtained by preserving elevators in used mine galleries, which 
will be able to have new uses. In the march of increasing interest 
in renewable techniques, the number of ideas and innovations in 
this field is growing, so it can be assumed that there may be many 
more of these possibilities, adapted to Kiruna’s climate. The use of 
dump afforestation and the organization of active recreation paths 
can be one of the most important priority actions, as residents 
are already interested in this type of activity, and in the future, it 
will allow expanding the range of active forms of recreation for 
tourists as well. It is also worth mentioning that the existing ski 
slope in the Loussavaara area needs to be modernized and could 
also be adapted to year-round offers, laying, for example, igneous. 
In conclusion, it should be said that while the mining plant will be 
active, its full reclamation will not be possible, but it can be applied 
partially, to reduce the impact on nature and the landscape of the 
city of the existence of this plant. The above-mentioned scenarios 
are also applicable as a hybrid of all the ideas given above. The 
degree of implementation of each of them can be based on public 
consultation and the specifics of the region. 

Conclusion
The site in question is located with a large iron ore deposit, 

which, due to its multiplicity, is scheduled for further mining for 
many decades to come. However, given the overwhelming size of the 
mining site in the city in which it is located, it is worth considering 
the scenario of partial reclamation of this area, which is not directly 
exploited. This will have a positive impact on the city’s landscape 
and the well-being of its residents. The proposed scenarios involve 
the re-exploitation of dumps using their rock material. Building 
facilities on their surface and inside them for renewable energy 
generation and storage can be a practical and necessary solution. 
Reforesting them will have a positive impact on the city’s landscape 

and installing tourist infrastructure will expand the range of 
services for residents and visitors.
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