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ABSTRACT
The Kevitsa mafic-ultramafic intrusion, located within the Central Lapland Green-
stone Belt in northern Finland, hosts a large, disseminated Ni–Cu–PGE sulphide
deposit. A three-dimensional seismic reflection survey was conducted over the Ke-
vitsa intrusion in 2010 primarily for open-pit mine planning and for deep mineral
exploration purposes. In the Kevitsa three-dimensional seismic data, laterally con-
tinuous reflections are observed within a constrained region within the intrusion. In
earlier studies, it has been suggested that this internal reflectivity mainly originates
from contacts between the tops and more sulphide-rich bottoms of smaller scale, in-
ternally differentiated magma layers that represent a spectrum of olivine pyroxenites.
However, this interpretation is not unequivocally supported by the borehole data.
In this study, data mining, namely the Self-Organizing Map analysis, of extensive
Kevitsa borehole data is used to investigate the possible causes for the observed inter-
nal reflectivity within the Kevitsa intrusion. Modelling of the effect of mineralization
and alteration on the reflectivity properties of Kevitsa rock types, based on average
modal compositions of the rock types, is presented to support the results of the Self-
Organizing Map analysis. Based on the results, we suggest that the seismic reflectivity
observed within the Kevitsa intrusion can possibly be attributed to alteration, and
may also be linked to the presence of sulphide minerals.
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1 IN T R O D U C T I O N

In the past decades, seismic reflection methods have increas-
ingly been used for mining and mineral exploration applica-
tions in hard rock environments (Milkereit et al. 1996; Eaton,
Milkereit and Salisbury 2003; Heinonen et al. 2012; review by
Malehmir et al. 2012a; Buske, Bellefleur and Malehmir 2015
and references therein). In addition to their depth penetration,
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seismic reflection methods are of particular interest because of
their significantly higher resolution when compared to other
geophysical methods, and because petrophysical properties of
sulphide minerals imply that sulphide deposits should gener-
ate strong seismic signals in typical hard rock environments
(e.g. Salisbury, Harvey and Matthews 2003). The sulphide
deposits could even directly be observed if they meet the size,
thickness and geometrical constraints required for reflection
or diffraction.
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Figure 1 Geological map of the Kevitsa area. The Kevitsa intrusion mainly consists of olivine pyroxenites (dark grey) in the northeast and
gabbros (light grey) in the southwest. A vast number of geological and geophysical data sets, in particular extensive borehole data and 3D
seismic reflection data, are available from Kevitsa. The selected boreholes for the SOM analysis are presented on the geological map with yellow
and red dots; red dots indicate boreholes containing sonic logs. The 3D seismic reflection survey area is indicated by a red dotted square, and it
covers an area of about 9 km2. The white dashed area represents the approximate area of the ultimate open-pit mine. Also shown is the location
of the 3D seismic inline 1187 and crossline 1088 in Fig. 2. Inset map shows the location of earlier 2D seismic reflection lines relative to the 3D
survey area. Bedrock geology has been modified from a map provided by First Quantum Minerals Ltd.

However, interpretation of seismic reflection data from
hard rock mining and exploration environments is often chal-
lenging because of the geological complexity emanating from
multiple phases of deformation and alteration that the rocks
have experienced during their history (e.g. L’Heureux, Milk-
ereit and Vasudevan 2009). Available borehole data sets pro-
vide only localized characterizations of the subsurface and are
typically multiplex from the point of view of interpreting the
causes of seismic anomalies on a larger scale. In recent years,
data mining approaches have been used in growing numbers
for data-driven analyses of the complex geophysical and geo-
logical data sets typical for mining and exploration camps (e.g.
Klose 2006; Bierlein et al. 2008; Steel 2011; Cracknell, Read-
ing and McNeill 2014; Kieu, Kepic and Kitzig 2018; Horrocks
2019), but examples on the use of data mining techniques for

the interpretation of seismic data in hard rock settings are still
lacking.

We use Self-Organizing Map (SOM; Kohonen 1981,
2001; Fraser and Dickson 2007) analysis to examine borehole
data for the causes of seismic reflections within the Kevitsa in-
trusion. An SOM is a type of an artificial neural network
and works on a vector quantization methodology that allows
unsupervised analysis to identify the underlying linear and
non-linear relationships between different data variables. Un-
supervised analysis is preferable when there are no clear, pre-
viously established relationships between the data variables,
for example between alteration and reflectivity properties, as
is the case with the Kevitsa borehole data.

The Kevitsa mafic-ultramafic intrusion in northern Fin-
land hosts a large, disseminated Ni–Cu–PGE sulphide deposit
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