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INTRODUCTION TO THE DEVELOPING MINING CAMP EXPLORATION 
CONCEPTS AND TECHNOLOGIES − BROWNFIELD EXPLORATION  

PROJECT 2013–2016

Present and future prospecting in long-operated 
exploration and mining areas, referred to as brown-
field areas, demands more systematic, efficient and 
deeper-reaching mineral exploration means due to 
the exhausting shallow (from the Earth’s surface to 
depths of 0.5–1 km) mineral resources of these ar-
eas. Because the already explored and existing de-
posits are being more rapidly consumed, there is a 
need to go deeper, from 2 km to 5 km. 

The brownfield area of the Outokumpu Mining 
Camp (OMC) has encompassed continuous metal 
exploration and mining activities focused on Outo- 
kumpu-type mineral deposits since the Kivi- 
salmi boulder was found while dredging a channel 
in Rääkkylä in 1908. This finding led to the emer-
gence of the first mining and mineral beneficiation 
operations focused on Outokumpu-type sulphide 
copper ore, which was traced and discovered in 
1910 (Kuisma 1985). During the following decades, 
prospecting for ore deposits in mineralized zones 
resembling the geological environment and the 
metallogeny of the original Outokumpu deposit in 
Outokumpu Ore Belt (or Outokumpu Belt) spread 
to the surrounding regional entity, the Outo- 
kumpu Mineral District (OMD), now embodying 
several other Outokumpu-type deposits with ac-
tive or ceased operations or known mineral po-
tential. The ongoing operations in the OMD need 
temporal continuity and the securing of future 
sources of the raw materials to complement their 
decreasing resource base in the coming years. 

As a solution to meet the present and future 
needs of the exploration and mining industries 
operating in North Karelia, Finland, a research and 
development project was established: Developing 

Mining Camp Exploration Concepts and Technolo-
gies – Brownfield Exploration Project 2013–2016. 
This aimed at the integrated application or de-
velopment of state-of-the-art deep exploration 
methods and concepts with common earth mod-
elling (CEM) using the best available geophysical, 
geological and geochemical data to be reprocessed 
and compiled with new geophysical and geologi-
cal datasets, and modelled and visualized as inte-
grated 3D interpretations covering the OMC area 
enclosed in the OMD.

This multi-disciplinary and multi-scaled set 
of projects was funded by the Green Mining Pro-
gramme of the Finnish Funding Agency for Inno-
vation (Tekes), gathering and coordinating pub-
lic and private funding to develop intelligent and  
minimum-impact mines and new mineral resources 
in Finland in 2011–2016. The project was carried out 
as a joint-funded partnership project by the Geo-
logical Survey of Finland (GTK) and the University 
of Helsinki (UH). The operating research units were 
the former Eastern Finland Office of GTK in Kuopio, 
acting as the coordinator of the joint project, and the 
Institute of Seismology (UH). The project was sched-
uled for 2013–2016 with a total budget of €883,000 
euros. Linked with this Tekes project, and to offer a 
new type of deep geophysical background dataset to 
be tested in the project, GTK acquired a subcontract-
ed ZTEM flight operation from Geotech Airborne 
Ltd., Canada, including 2D-3D inversion modelling  
having a total cost of about €250,000 euros.

Three international exploration and mining 
companies, FinnAust Mining Finland Oy, Bo-
liden Kylylahti/Kylylahti Copper Oy (formerly Al-
tona Mining Ltd/Kylylahti Copper Oy) and Mondo 
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Minerals B.V. Branch Finland, and a regional de-
velopment company (Joensuun Seudun Kehit-
tämiskeskus JOSEK Oy) operating in Eastern Fin-
land funded the project, and also participated in 
the project steering group alongside the public 
funders, Tekes, GTK and UH. Additional experts 
were assigned to the steering group of the project 
from the Green Mining programme coordination, 
the University of Helsinki/Department of Phys-
ics and GTK. The industrial members also offered 
their expert knowledge, data and operating cases 
to act as research and excursion targets throughout 
the project collaboration.

Administratively, the project consisted of two 
parallel sub-projects: one at GTK, coordinating 
the whole project, and the other at UH. Techni-
cally, the sub-projects were further divided into 
sub-tasks aimed at gathering and compiling data, 
and developing and producing methods, interpre-
tations and models according to specific meth-
odological and/or geographical scopes. The GTK 
and UH sub-projects worked together, especially 
in the field of seismics and mutual modelling tar-
gets, but also shared some other common topics, 
such as international collaboration, meetings and 
publishing. International collaboration meetings 
and annual project seminars of the project took 
place in localities situated either in the premis-
es of the project organizations or in the research 
area. In addition to the international project sem-
inars, the industrial companies involved in the 
project were introduced to the project results in 
specific data seminars.

The Finnish Outokumpu deep exploration 
concept approach was benchmarked in discus-
sions with ongoing or planned state-of-the-
art research projects developing deep explora-
tion methods at the Geological Survey of Canada 
(GSC), the University of Uppsala in Sweden and 
IGME in Greece. The project also benefited from 
becoming familiar with some of the state-of-
the-art European geomodelling work through the 
future networking opportunities offered by the 
award-winning EU project ProMine. Compared to 
Finland, in the leading deep exploration countries 
of the world, Canada and Australia, deep explora-
tion development projects of this kind have been 
programmed in the long term and sufficiently re-
sourced with a systematic approach and control 
combined with high scientific ambitions. On the 
other hand, in recent years, some countries hav-
ing deep mineral potential, for instance in Eu-
rope, have lacked the resources or social license 

to conduct deep prospection. This may be due to 
the effects of international legislation, the na-
tional economic situation or the general lack of 
support of the local communities in exploration 
and mining districts (e.g. Greece, Nikolaos Laska-
ridis pers. comm. 2015). To further the develop-
ment and optimize the costs, the demonstration 
and practicing of deep exploration applications in 
Finland, a national strategy implemented by an 
action plan with sufficiently multi-sourced and 
long-term resources linked to international pro-
gress and networks, is highly recommended.

At GTK, this project was carried out in the con-
text of the Mineral Potential Research Programme. 
During the project, our work was partly linked by 
mutual methodology (AMT) development to ongo-
ing mineral systems, exploration and 3D modelling 
research at GTK, e.g. the project “Lapland mineral 
systems and exploration models” led by the for-
mer Northern Finland Office, and another Tekes 
Green Mining project entitled “Novel Technolo-
gies for Greenfield Exploration”. In collaboration 
with an in-house project of GTK, “Geologisen mo-
niulotteisen mallinnuksen kehittäminen” (pre-
viously entitled “Numeerisen 3D-mallinnuksen 
kehittäminen”), dealing with the development of 
geological multi-dimensional modelling and led 
by the former Southern Finland Office, this project 
served as one of the cases in developing the struc-
ture of a general national database for 3D geomod-
els at GTK.

When we started working together in early 
2013 with the steering group of the project and 
research colleagues in various research insti-
tutes and companies in Finland and abroad, ex-
ploration and mining industries were still fully 
enjoying the last warm days of resourceful bull-
ish markets. Within a couple of years, everything 
had changed, and our organizations and busi-
nesses were struggling through a painfully sleepy 
global bear season, waiting for a turning point to 
come. Now, as faint positive economic indica-
tions may be lingering in the air, I hope that with 
our attempt to understand and explain some of 
the deeper features and mineral potential of the 
Outokumpu Mining Camp case as a whole, we 
could for our part enliven the present and future 
prospects in North Karelia, and also revitalize ex-
pectations for tomorrow’s deep exploration and 
mining in other long-standing mining regions 
in hard rock environments elsewhere. As a sign 
of new times dawning, at least two science and 
technology projects were conceived during and 
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inspired by this project, which aim to continue 
our work by developing computer simulation and 

passive seismic applications in the Outokumpu  
Mining Camp area.
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