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Figure 2. BSE image of coarse flaked graphite by scanned 
electron microscope, SEM (BSE, backscattered electrons). 
Graphite appears as black colored elongated laths, 
other minerals in dark gray tones. Abbreviations: Bt=biotite 
Pl = plagioclase, Qz=quartz. Scale 200 µm. 

Project
Global usage of high quality flake graphite rises re-
markably in coming years as well demand of Li-chem-
icals due to the great increase of electrification of 
traffic. New investments in battery business set 
major challenges for exploration as well for mining 
and mineral processing industries. Green Minerals 
project, years 2018-2019 focuses on developing ex-
ploration techniques of flake graphite deposits and 
lithium pegmatites. As a crystalline basement the 
Finnish bedrock has a great potential for the com-
mercially exploitable flake graphite (figure 1). There 
has been small-scale mining in previous decades 
in East-Finland. Potential areas for prospecting are 
high metamorphic schist belts. Exploring new lith-
ium deposits continues still active encouraging in-
dustry to look for innovations in prospecting meth-
ods. One of the objectives is also to improve scalable 
beneficiation and processing techniques for flake 
graphite. The project also prepares a high grade an-
ode active graphite. Battery tests will be carried out 
by the University of Oulu.  

Flake graphite
Graphite is a sheet structured soft carbon miner-
al, hardness 1-2 on the Mohs scale. Graphite is a 
good conductor 2×105 to 3.00×105 σ (S/m) at 20 °C, 
the melting temperature is about 3550 oC in non-
oxidizing conditions. Industrial uses are refractory 
materials, lubricants, paints and steel making, also 
as a functional filler in fire protection applications. 
Natural and artificial graphite are the most common 
anode active material in battery techniques. There 
is about 25-50 kg graphite in an average sized elec-
tric vehicle, EV. A single atom layer graphitic carbon 
is called graphene, which is considered one of the 
materials leading future technologies already known 
about the ability to conduct heat and electricity 
better than any other substance. Grain size varies 
according ore types, flake size is typically 100-1500 
μm along foliation, about 4-10 fold more than per-
pendicular to sheets (figure 2). 

Geophysical investigations
Very conductive (flake) graphite deposits are situat-
ed in strongly metamorphosed parts of quite com-
mon and conductive black shale formations. Ground 
electromagnetic methods are the most suitable 
methods for locating and mapping of conductive 
graphite deposits in detail. In this project detailed 
geophysical investigations have been made in two 
sites: Aitolampi, Heinävesi and Käpysuo, Rauta-
lampi using mainly different scale basic electromag-
netic methods. 

Electrical resistivity tomography
The Electrical Resistivity Tomography (ERT) meas-
urement was executed in Käpysuo deposit us-
ing 12-channel ABEM Terrameter LS equipment. 
The total length of one spreading of the cables 
with 5 meters electrode spacing was 600 meters 
(6 cables with 121 electrodes) and further, the 
maximum theoretical measurement depth was 
about 120 meters. Totally two profiles á 1600 m 
were measured at the site.

The visualized interpretation (2D inversion; 
Loke, et al., 1996) results with EM MaxMin profiles 
(In-phase 800 Hz) are presented in the figure 4. 
Some interesting deeper conductors can be ob-
tained from both profiles. ERT-inversion results fit 
reasonable with EM –results although some contra-
dictions occurs.

Figure 1. A graphite schist sample. Color varies black 
to steel-grey, luster is nearly metallic. Flake size is partly 
visible, scale 10 mm. (Photo GTK)

Ground EM
The use of electromagnetic methods in Käpysuo 
target include old basic slingram  measurements 
(Outokumpu Oy) with 60 m coil spacing and 1775 Hz 
frequency. In addition  to  slingram measurements  
four frequency MaxMin using 100 m coil spacing 
and low induction minislingram GEM-2 (Geophex 
Ltd., Won, et al., 1996 ) were measured at six pro-
files. Example of GEM-2 results with basic slingram 
results are presented in figure 3. From GEM-2 re-
sults the near surface (< 20 m) conductors can be 
detected and mapped. MaxMin result (at 800 Hz 
frequency) gives information about deeper (≈ 40-
60 m) conductors (fig. 4). In Käpysuo site strong-
ly variable and partly deep overburden (10-50 m) 
and strong magnetic anomalies in the middle of 
the site complicates the interpretation of EM-da-
ta. The big challenge, almost impossible, is also to 
distinquish very good conductor (flake graphite) 
from good conductor (black shale) from EM-anom-
alies.

Figure 3. EM GEM-2 profiles (In-phase 1475 Hz), bore-
holes and ERT profiles. Background: slingram in-phase 
component, LiDAR data (© National Land Survey of 
Finland 2016) and digital bedrock map (Bedrock of 
Finland – DigiKP 2018) of the area.

The overall interpretation of current geophysical 
results combined to all available borehole and geo-
logical  information of the site is in progress and fi-
nal results will be published by the end of this year. 
Also some special  deep EM measurents at the site 
are planned to be done during this year.

Figure 4. Location of ERT-profiles and inversion results 
combined with MaxMin results at 800 Hz frequency.
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