
The Outokumpu Deep Drill Hole: window to the Precambrian bedrock 
of Finland
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After a decade of research, the Outokumpu drill 
hole site is geologically well known and thus pro-
vides a good environment to test new tools devel-
oped for exploration, microbiological or hydroge-
ological purposes, for example. Geological Survey 
of Finland is open for new research collaboration 
projects related to the Outokumpu Deep Drill site.

The Outokumpu Deep Drill Hole is located in eastern Finland, 
at latitude 62°43’4’’ N and longitude 29°3’43’’ E (Figure 1). This 
2516 m long and fully cored deep hole has been utilized as 
a geolaboratory open for researchers worldwide since it was
 drilled in 2004-2005 (Figure 2). Drill hole is situated in the south-
western part of the Outokumpu historical mining district fa-
mous for its Cu-Co-Zn sulfide deposits (Figure 3). These sulfide 
deposits are hosted by a 1.96 Ga old ophiolitic rock types, 
known as the Outokumpu assemblage.

Figure 3. Geological map of Outokumpu showing the location of Deep Drill 
Hole (red circle) and high resolution reflection seismic profiles (black) and 
crustal scale seismic profile acquired in the area.

Figure 1. Location of Outo-
kumpu in Finland is marked 
with a red circle. Outokumpu 
is located close to the city of 
Joensuu that is easily reached 
by airplane or train.

Figure 2. Outokumpu Deep Drill Hole site 
has a tripod above drill head (tripod clear-
ing c. 5m), electricity and a heated cabin 
that can be utilized in the research.

Figure 4. Seismic reflection profile OKU1 acquired in 2002 and NE high 
resolution seismic reflection profile acquired in 2006. Both data show high 
amplitude reflectivity at about 1500 m depht.

Drill site of Outokumpu deep hole was chosen based on 
strong reflectivity observed in the high resolution seismic pro-
files acquired earlier in the area (Figure 3 and Figure 4 ). The 
Outokumpu Deep Drill Hole revealed that these reflections 
originate from the acoustic impedance variations caused by 
the ore hosting Outokumpu assemblage. In 2006, surface seis-
mic reflection and vertical seismic profiling (VSP) data were 
measured in the drill site, and these data show that not only is 
Outokumpu assemblage rocks reflective but also water bear-
ing fracture at 965 m depth is observed as a strong reflector. 

  The facture observed in the seismic reflection study, as well 
as other fractures penetrated by the drill hole (Figure 8), con-
tains saline water and gases, mainly methane, nitrogen, hydro-
gen and helium (Figure 9). In total, five different water types 
have been discerned along the drill hole by geochemical and 
isotopic methods and residence times up to 58 Ma indicated 
by the accumulation of noble gases (Figure 10). 
  Microbiological studies in the Outokumpu deep drill hole 
show that not only do different fracture zones act as a place 
for shift in groundwater chemistry but also in the microbial 
communities. 

Figure 6. Lithologies of the Outokumpu drill hole and measured P-wave 
velocity, density and susceptibility variation along the drill hole. 

  Lithologies observed in the OKU DDH are 
Paleoproterozoic mica schist, serpentinites, 
skarns, quartz rocks, black schists and peg-
matitic granite. Outokumpu assemblage 
rocks were penetrated by the deep drill hole 
at 1314-1515 m depth (Figure 6). Outokumpu 
DDH has a drill hole diameter 22 cm, but di-
ameter widening and narrowing occur. Latest 
caliper log measurement was done in 2008. 
Outokumpu DDH is almost vertical drill hole 
with maximum deviation 9°. Upper 40 m of 
the hole has iron casing that ends 1.1 m above 
ground. Inner diameter of casing is 324 mm. 
Water table is at 10 m depth in Outokumpu 
DDH and salinity increasing with depth. Max-
imum measured salinity is 70 g/l. Maximum 
temperature in the drill hole is 40°C  and hydro-
static pressure 250 bar. Laboratory and in situ 
measurements (Figure 7) have provided valua-
ble  information  about  physical properties  of  
the   typical   rocks  of  area  and  about drill hole 
fluids that can be utilized in the mineral explo-
ration efforts as well as in the basic research. 

Figure 7. Different sampling methods and monitoring 
devices can be utilized depending on the target: tube 
sampling for vertical profiling, pressurized methods, 
such as positive displacement sampler for gas analy-
ses, and pumping with or without packers when large 
sample volumes are needed.

Figure 8. Fracture densities, lithology, electrical conductivity (EC) of water 
and flow rates and hydraulic conductivities along the drill hole. Negative 
flow rates indicate flow from the drill hole into the fractures. Drawn 
after Ahonen et al 2011, GTK Special Paper 51, 151-168, Kukkonen et 
al. 2011 PEPI 188, 9-25 and Sharma et al. 2016 International Journal 
of Earth Sciences 105, 1549-1562. Figure adopted from Kietäväinen 2017 
(PhD Thesis).

Figure 9. Composition of dissolved gases at Outokumpu groundwater. Siz-
es of the charts are comparative to relative gas volumes: the largest chart 
(1000 m depth) corresponds with a gas volume of 1.1 L/1 L water. Black 
zigzagged lines indicate major fracture zones. Simplified lithology is mica 
schist (blue), serpentinite (green), granodiorite (pink). Figure adopted from 
Kietäväinen et al. 2013 Applied Geochemistry 32, 37-51.

Figure 10. Residence time of groundwater 
at Outokumpu is 30 Ma on average, based 
on the accumulation of noble gas nuclides. 
Salinity along the profile i.e. total dissolved 
solids (TDS) is indicated with the black bro-
ken line. (Figure adopted from Kietäväinen 
et al. 2014 Geochim. Cosmochim. Acta 145, 
159-174).

Geophone spacing for 2002 data was 25 m while in 2006 only 
4 m geophone spacing was used enabling high resolution sub-
surface seismic imaging (Figure 5).

Figure 5. Seismic reflection survey in 2006 
was done by using MiniVibe of University 
of Alberta as a source.
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