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Outline

ÅSmart Exploration and who we are and what we do

ÅA bit of legacy & new data (Ludvikaand then Neves-Corvo)

ÅPrototypes with focus on the GPS-time and E-Vibsystems

ÅNeves-Corvoin-mine survey and results so far



27 partners, 9 European countries (11 R&D, 
11 SEMs and 5 stakeholders)

36 months project (Dec. 2017-Dec. 2020).

Six validation sites

Covering a wide range of commodities and 
exploration fields important for Europe

Research-Innovation action:

Å Primarily geophysical methods and 
instruments for deep targeting

Å Focus on innovation, new markets and 
solutions addressing exploration issues 
(of CRMs) in Europe but also globally

Facts:

Several CRMs

Cr,Mo,W,Fe,Co,Ni,Pt,Cu,Ag,
Au,Zn,Al,Pb,P,REEs

Target TRL: 5-6

Highlights

Patent: 2

YPs: +20

Publications: +40

Presentations: +60



Research-Innovation Action

{ƳŀǊǘ 9ȄǇƭƻǊŀǘƛƻƴ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл 
research and innovation programme under grant agreement No.775971.

27 Partners
9 EU countries
7 Work packages
6 Test sites
5 Prototypes
6 Methodologies



New Data & Targets

We have generated 2D and 3D data at all our six exploration sites:
Kosovo (Mag-Grav-RES-IP)
Fisoka(Geochem)
Gerolekas(Passive seismic, Gravand in-mine active seismics)
Siilinjärvi (3D passive, active 2D, Mag, GPR)
Neves-Corvo(Semi3D in-mine & surface seismics, tunnel-bench)
Ludvika mines (3D active-source seismics, SkyTEMsurvey, 2D E-vib)

Field camps, schools and visitors were allowed at 
most of these. The peaks were at Siilinjärvi (40 

persons) and Ludvika(90+60 persons) 

Siilinjärvi Ludvika Kosovo Neves-Corvo

Gerolekas

Highlights:
Three sparse 3D seismic surveys (+1200 receivers)

New potential targets at Ludvika Mines, Neves-Corvo, Fisokaand Siilinjärvi

Fisoka



Ludvika surveys

Å2015:landstreamer seismics(~3.5 km)
Å2016: Downhole logging conducted in 6 boreholes 
Å2016: Two cross profiles (~2.2 km & 800 m)
Å2016: Ground-UAV mag, ground gravity and MT
Å2016: Laboratory mag properties and 
Å2019:3D seismic survey (c. 2×2 km)
Å2019:SkyTEMsurvey 
Å2019: An E-vib 2D test survey along profile 1
Å2020:Downhole survey planned (1-2 boreholes)
Å2020:UAV-ground EM planned (small area)

Seismic

source Wireless recorder Seismic streamer

2015+2016 surveys



3D seismic survey-Ludvika

(May 2019)

11 lines
10-20 m source and 
receiver spacing
Two cabled lines for 
QC
Over 1250 stations
Over 900 shot 
positions
Vib32 t 
Sweeps: 10-160 Hz
Sweep length: 20 s
Sampling rate: 1-2 ms
60% Drive force



Evolution of the seismic data

2015:Borehole data and ore block model2015:Landstreamer seismic2016:Conventional plant geophones (5 m)2016:Combined landstreamer & plant geophones2019:3D seismic data (along P1: forest)2019:3D seismic data (along P3: Blötberget road)2019:3D seismic data (along P4: along the tailing)



Ezra MSc thesis work

Fault?

Fault?



Legacy 2D seismic data

(2015+2016 datasets)

800 m

Markovic et al. (Geophysical 
Prospecting, 2020)
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Adoptive surface-wave 

attenuation through a 

data driven approach 

(interferometry)

FK- or Median filter while can be 
effective, it may destroy certain steep 
reflections and frequencies

If surface-waves can be accurately 
modelled it can be removed more 
effectively from the data and also used 
for near-surface static solutions. 

Balestrini et al. (Geophysical 
Prospecting, 2019)
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Comparisons

unmigrated stacks

Surface-wave is dominant in the dataset as 
the brutestackshows

The adoptive surface-wave attenuation 
method works effectively on this dataset 
allowing even features unseen before to be 
unravelled.


