
Reflection seismic profiling in the Kevitsa
Ni-Cu-PGE mining area for mineral exploration
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In March 2022, Geological Survey of Finland (GTK) together with subcontractor Geopartner
Geofizyka acquired a 2D reflection seismic profile in the Kevitsa Ni-Cu-PGE mining and exploration
area in Sodankylä for Boliden Kevitsa Mining Oy. Aim of the survey was to gain more information
on the geological formations south of the Kevitsa mine. The acquired profile crosscuts two earlier
seismic profiles acquired in Kevitsa (Kukkonen et al., 2008, Koivisto et al. 2012). This enables direct
comparison of the data acquired in 2007 and 2022 in the location where profiles cross, as well as it
helps to extend the existing 3D models south of the currently active mine.

The Kevitsa Ni-Cu-PGE deposit is a disseminated magmatic type mineralization within an ultramafic
intrusion in the Lapland Greenstone Belt. The ore body has an irregular shape due to the
disseminated style of the mineralization. Earlier petrophysical studies (Koivisto et al. 2012, Junno
et al. 2020) have shown that ore hosting mafic lithologies are reflective in contact with country
rock, encouraging the use of seismic reflection method in the area.

The acquired 2D reflection seismic line was about 10 km long with 10-meter receiver and 20-
meter source spacing (Figure 1). Due to the line crossing multiple wet swamps not accessible
during the summer, the survey was conducted during winter. Snow was kept packed along the
profile to facilitate the drilling of holes for explosives and actual deployment of the receivers. The
geophones were deployed by placing them to holes dug to the snow and then covering the
geophones with snow. This was done to enable better coupling with the ground and to decrease
the noise caused by wind. The Wireless Seismic RT2 system was used for the data acquisition. The
total number of wireless receivers deployed was 974. Each receiver station consists of vertical-
component 10-Hz GSOne high-sensitivity geophone, data logger unit and antenna that is utilized
to send the data from each receiver to the computer in the operator van during the data
acquisition. Explosions were used as the source (240 g charge) and for these 2-meter-deep holes
were drilled beforehand the acquisition.

Quality of the acquired data is overall good but varies depending on the near surface condition. It
was expected that in the swampy areas the seismic signal is weaker compared to the areas with
moraine soils, due to the peatland efficiently damping the seismic waves and the energy produced
by explosions. In moraine areas, the energy of the explosions has been efficiently propagating over
offset of 5000 m and first breaks are clear. In the swampy areas, the explosions have mostly
caused low frequency noise trapped in the wet peat leading the waves to propagate insufficiently
through the bedrock. Seismic signals contaminated by low frequency noise can be seen on all the
geophones deployed on the wet swamp areas. Another major noise source is ongoing pumping in
the tailing pond area next to the survey line. The pumping has created repeated high energy
features to the data.

Processing of the seismic data acquired in Kevitsa followed a standard hardrock seismic data processing flow. First the
geometry of the 2D line was defined and the first breaks were picked. First break picking was followed by calculation of
refraction static corrections, that are required to compensate for time delays caused to the seismic signal by variation
in near surface condition (topography, overburden thickness and type). The signal-to-noise ratio of the reflected
arrivals was improved by bandpass filtering, deconvolution and amplitude corrections. These pre-processing steps
were followed by velocity analysis in which optimal stacking velocity for reflections is defined. Results of velocity
analysis are implemented in Normal Move-Out corrections (NMO) before stacking the data from each theoretical
reflection point to form a seismic section. Finally, data has been migrated using Stolt algorithm and two-way travel time
has been converted to depth. The processing parameters were selected to be comparable to those used by Koivisto et
al. (2012) to facilitate later comparison between different seismic data sets.

In the processing phase the effects of the noise was aimed to be minimised. Nevertheless, a good solution to suppress
the noise caused by the pumping in the tailings pond was not found, due to the noise being present in all frequencies.
This noise caused by pumping is strong among several of the receiver points and repeats at regular interval within a
shot gather. However, these do not repeat at exactly same millisecond in different shot gathers and the pumping noise
is not stacking coherently. Anyhow it is a factor deteriorating the data quality and the quality could be further improved
by suppressing this noise. In addition, the quality of the final section could be improved by implementing iterative
process of residual static corrections and improvement of NMO-velocity functions and to utilize advanced migration
algorithms.

Figure 3 shows a 3D view of the seismic data acquired in 2022, geological map and data acquired within the HIRE
project (Kukkonen et al., 2008) and processed by Koivisto et al. (2012). The current results from 2022 survey show good
correlation with the HIRE profiles, and reflections likely arising from the base of the intrusion are clearly imaged in both
data.

The seismic reflection section obtained from the Kevitsa 2022 survey contains abundant reflectivity marking abrupt
changes of subsurface physical properties. Reflectors at the north-west end of the profile are projected to the surface
and can thus be correlated to geological observations. The reflections seen in the profile show correlation with the
earlier profiles by Koivisto et al. (2012) crosscutting the section. Timing the acquisition during the wintertime enabled
surveying on wet swamps which on the summertime would be hard or impossible to access. The work will be
continued by improving the velocity model by using sonic data and with a 3D modelling utilizing the known surface
geology, drillhole information and the previous seismic profiles.
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Figure 1. Location of
the seismic reflection
profile acquired in
Kevitsa. Every 10th

shot location marked
with white circles.
Location of the HIRE
lines marked with
purple dashed line.

Figure 2. The acquired profile
was about 10 km long with 10
m receiver and 20 m source
spacing. The survey was done
with Wireless Seismic 1C
receivers which were planted
under snow for better
coupling and reducing noise.
Dynamite explosions were
used as a seismic source and
were fired using ShotPro
system that utilizes radiolink.

Figure 6. A 3D view of the seismic line acquired in 2022 together with HIRE line E4 processed by Koivisto et al. (2012) looking towards north-
east. Surface geology from © Geological Survey of Finland (Bedrock of Finland 1:200 000).

Figure 3. Example where the noise,
likely caused by pumping, can be seen
very clearly. The noise is seen as
repeated high energy features. The red
arrows show some of the features.
Automatic gain control has been
applied for plotting purposes.

Figure 4. Raw example shot
gather from the seismic data
acquired in Kevitsa.
Automatic gain control has
been applied for plotting
purposes. Noisy receivers are
marked with red and can be
seen to correlate with swamp
areas.
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Figure 5. A) raw shot
gather B) refraction
static corrections
applied C) All pre-
stack processing
steps applied.
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