
INSTITUTE OF SEISMOLOGY 
UNIVERSITY OF HELSINKI 

REPORT S-71 
 
 

LITHOSPHERE 2021 
 

ELEVENTH SYMPOSIUM ON  
STRUCTURE, COMPOSITION AND  

EVOLUTION OF THE LITHOSPHERE  
 

PROGRAMME AND EXTENDED ABSTRACTS 
 

Edited by  
 
 

Ilmo Kukkonen, Toni Veikkolainen, Suvi Heinonen, Fredrik Karell, Elena Kozlovskaya, Arto Luttinen, Kaisa Nikkilä, 
Vesa Nykänen, Markku Poutanen, Pietari Skyttä, Eija Tanskanen and Timo Tiira 

 
 
 

 
 

 

 
 
 

Virtual Meeting   
 January 19 – 20, 2021 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Series Editor-in-Chief:          Timo Tiira  
 
Guest Editors: Ilmo Kukkonen, Toni Veikkolainen, Suvi Heinonen, Fredrik   

Karell, Elena Kozlovskaya, Arto Luttinen, Kaisa Nikkilä, Vesa 
Nykänen, Markku Poutanen, Pietari Skyttä, Eija Tanskanen and 
Timo Tiira 

 
 
  
Publisher:     Institute of Seismology 
     P.O. Box 68 
     FI-00014 University of Helsinki 
     Finland 
     Phone: +358-294-1911 (switchboard) 
    http://www.helsinki.fi/geo/seismo/ 
 
 
ISSN 0357-3060  
Helsinki 2021 
ISBN 978-952-10-9604-4 (pdf)



iii 
 

LITHOSPHERE 2021 
 
 

ELEVENTH SYMPOSIUM ON  
STRUCTURE, COMPOSITION AND  

EVOLUTION OF THE LITHOSPHERE  
 

PROGRAMME AND EXTENDED ABSTRACTS 
 

Virtual meeting  
January 19 – 20, 2021 

 
 
CONTRIBUTING ORGANIZATIONS 
 
Finnish National Committee of the International Lithosphere Programme (ILP) 
Aalto University 
Geological Survey of Finland (GTK) 
National Land Survey of Finland, Finnish Geospatial Research Institute (FGI) 
University of Helsinki 
University of Turku 
University of Oulu 
Åbo Akademi University 
 
 
ORGANIZING COMMITTEE AND EDITORS 
 
Ilmo Kukkonen    University of Helsinki (ilmo.kukkonen@helsinki.fi) 
Toni Veikkolainen    University of Helsinki (toni.veikkolainen@helsinki.fi) 
Suvi Heinonen    Geological Survey of Finland (suvi.heinonen@gtk.fi) 
Fredrik Karell    Geological Survey of Finland (fredrik.karell@gtk.fi) 
Elena Kozlovskaya  University of Oulu (elena.kozlovskaya@oulu.fi) 
Arto Luttinen    University of Helsinki (arto.luttinen@helsinki.fi) 
Kaisa Nikkilä    Åbo Akademi University (kaisa.nikkila@abo.fi) 
Vesa Nykänen  Geological Survey of Finland (vesa.nykanen@gtk.fi) 
Markku Poutanen   Finnish Geospatial Research Institute FGI 

(markku.poutanen@nls.fi) 
Pietari Skyttä  University of Turku (pimisk@utu.fi) 
Eija Tanskanen    University of Oulu (eija.tanskanen@oulu.fi) 
Timo Tiira    University of Helsinki (timo.tiira@helsinki.fi) 



iv 
 

References of Lithosphere Symposia Publications 
 
Pesonen, L.J., Korja, A. and Hjelt, S.-E., 2000 (Eds.). Lithosphere 2000 - A Symposium on the Structure, 

Composition and Evolution of the Lithosphere in Finland. Programme and Extended Abstracts, 
Espoo, Finland, October 4-5, 2000. Institute of Seismology, University of Helsinki, Report S-41, 
192 pages. 

Lahtinen, R., Korja, A., Arhe, K., Eklund, O., Hjelt, S.-E. and Pesonen, L.J., 2002 (Eds.). Lithosphere 
2002 – Second Symposium on the Structure, Composition and Evolution of the Lithosphere in 
Finland. Programme and Extended Abstracts, Espoo, Finland, November 12-13, 2002. Institute 
of Seismology, University of Helsinki, Report S-42, 146 pages. 

Ehlers, C., Korja A., Kruuna, A., Lahtinen, R. and Pesonen, L.J., 2004 (Eds.). Lithosphere 2004 – Third 
Symposium on the Structure, Composition and Evolution of the Lithosphere in Finland. 
Programme and Extended Abstracts, November 10-11, 2004, Turku, Finland. Institute of 
Seismology, University of Helsinki, Report S-45, 131 pages. 

Kukkonen, I.T., Eklund, O., Korja, A., Korja, T., Pesonen, L.J. and Poutanen, M., 2006 (Eds.). 
Lithosphere 2006 – Fourth Symposium on the Structure, Composition and Evolution of the 
Lithosphere in Finland. Programme and Extended Abstracts, Espoo, Finland, November 9-10, 
2006. Institute of Seismology, University of Helsinki, Report S-46, 233 pages. 

Korja, T., Arhe, K., Kaikkonen, P., Korja, A., Lahtinen, R. and Lunkka, J.P., 2008 (Eds.). Lithosphere 
2008 – Fifth Symposium on the Structure, Composition and Evolution of the Lithosphere in 
Finland. Programme and Extended Abstracts, Oulu, Finland, November 5-6, 2008. Institute of 
Seismology, University of Helsinki, Report S-53, 132 pages. 

Heikkinen, P., Arhe, K., Korja, T., Lahtinen, R., Pesonen, L.J. and Rämö, T., 2010 (Eds.). Lithosphere 
2010 – Sixth Symposium on the Structure, Composition and Evolution of the Lithosphere in 
Finland. Programme and Extended Abstracts, Helsinki, Finland, October 27-28, 2010. Institute 
of Seismology, University of Helsinki, Report S-55, 154 pages. 

Kukkonen, I.T., Kosonen, E., Oinonen, K., Eklund, O., Korja, A., Korja, T., Lahtinen, R., Lunkka, J.P. 
and Poutanen, M., 2012 (Eds.). Lithosphere 2012 – Seventh Symposium on the Structure, 
Composition and Evolution of the Lithosphere in Finland. Programme and Extended Abstracts, 
Espoo, Finland, November 6-8, 2012. Institute of Seismology, University of Helsinki, University 
of Helsinki, S-56, 116 pages. 

Eklund, O., Kukkonen, I.T., Skyttä, P., Sonck-Koota, P., Väisänen, M. and Whipp, D., 2014 (Eds.). 
Lithosphere 2014 – Eighth Symposium on the Structure, Composition and Evolution of the 
Lithosphere in Finland. Programme and Extended Abstracts, Turku, Finland, November 4-6, 
2014. Institute of Seismology, University of Helsinki, S-62, 126 pages. 

Kukkonen, I.T., Heinonen, S., Oinonen, K., Arhe, K., Eklund, O., Karell, F., Kozlovskaya, E., Luttinen, 
A., Lahtinen, R., Lunkka, J., Nykänen, V., Poutanen, M., Tanskanen, E. and Tiira T. (Eds.), 2016. 
Lithosphere 2016 – Ninth Symposium on the Structure, Composition and Evolution of the 
Lithosphere in Finland. Programme and Extended Abstracts, Espoo, Finland, November 9-11, 
2016. Institute of Seismology, University of Helsinki, Report S-65, 156 pages. 

Kukkonen, I.T., Heinonen, S., Silvennoinen, H., Karell, Kozlovskaya, E., Luttinen, A., Nikkilä, K., 
Nykänen, V., Poutanen, M., Skyttä, P., Tanskanen, E., Tiira, T. and Oinonen, K. (Eds.), 2018. 
Lithosphere 2018 – Tenth Symposium on the Structure, Composition and Evolution of the 
Lithosphere. Programme and Extended Abstracts, Oulu, Finland, November 14-16, 2018. 
Institute of Seismology, University of Helsinki, Report S-67, 134 pages. 

Kukkonen, I.T., Veikkolainen, T., Heinonen, S., Karell, F., Kozlovskaya, E., Luttinen, A., Nikkilä, K., 
Nykänen, V., Poutanen, M., Skyttä, P., Tanskanen, E. and Tiira, T.  (Eds.), 2021. Lithosphere 2021 
– Eleventh Symposium on the Structure, Composition and Evolution of the Lithosphere in 
Finland. Programme and Extended Abstracts, January 19-20, 2021. Institute of Seismology, 
University of Helsinki, Report S-71, 164 pages (pdf). 

 
Keywords (GeoRef Thesaurus, AGI): lithosphere, crust, upper mantle, Fennoscandia, Finland, 
Precambrian, Baltic Shield, symposia  



v 
 

TABLE OF CONTENTS 
 
 
PREFACE ix 
PROGRAMME x 
EXTENDED ABSTRACTS xv 
 
(Alphabetical order according to first author. Presenting author’s name is underlined.) 
 
M.A. Aaltonen, C. Beier, A. Abersteiner and A.P. Heinonen: Trace element and 
platinum group element distribution in chromites: constraints on mineral chemical 
tracers in mafic-ultramafic host lithologies 
 
N. Afonin, E. Kozlovskaya and J. Okkonen: Frost quakes in northern Finland: 
possible source mechanisms and formation process 
 
L. Bakunovich, B. Belashev, N. Sharov and M. Nilov: Modeling the structure of 
the Earth’s crust of the White Sea region 
 
S.I. Berezneva, O. M. Muravina, and T.A. Voronova: Technology for studying 
the structure of the upper crust of the Voronezh Crystalline Massif by detailed 
density modeling data 
 
F. Chopin, A. Korja, K. Nikkilä, P. Hölttä, T. Korja, M.A. Zaher, M. Kurhila, 
O. Eklund, O.T. Rämö, Y. Lalaye, H. O'Brien and M. Sayab: The Vaasa 
migmatitic complex: new results and perspectives for the tectonic evolution of the 
Svecofennian orogeny 
 
O. Eklund and K. Nikkilä: Biotite as a petrogenetic tool in granite-migmatite 
areas 
 
M. Etienne, I. Bacquet, D. Monteith and L.S. Lauri: The iron oxide mineralised 
Matojärvi formation, Kiruna, Sweden 
 
R. Fred, A. Heinonen and J.S. Heinonen: Fractional crystallization of massif-type 
anorthosite parental magmas and equilibrium crystallization of monzodioritic 
residual magmas 
 
S. Hietala, A. M. Hall, N. Putkinen, E. Lindsberg and M. Holma: Impact 
structures as indicators of cratonic denudation 
 
M. Holma, T. Arola and P. Kuusiniemi: Finnish crustal-scale faults as a possible 
source of deep low-enthalpy geothermal resources 
 
M. Holma and P. Kuusiniemi: Cosmic-ray based geothermal exploration – A short 
introduction to muography 
 

 1 
 
 
 
5 
 
 
7 
 
 
9 
 
 
 
13 
 
 
 
15 
 
 
 
19 
 
 
23 
 
 
 
27 
 
 
31 
 
 
35 
 
 
 

 



vi 
 

M. Holma, P. Kuusiniemi and K. Loo: An introduction to principles of 
muography in continental scientific boreholes 
 
V. Järvinen, T. Halkoaho, J. Konnunaho, J.S. Heinonen and O.T. Rämö: Sm-
Nd isotope systematics of the Precambrian mafic-ultramafic Näränkävaara 
intrusion. 
 
O. Kaisko and M. Malm: Micro earthquakes at the Olkiluoto nuclear fuel final 
disposal facility construction site in 2002-2018 
 
K. Kärenlampi, A. Kontinen, V. Kylli and Y. Lahaye: Conglomeratic rocks 
fringing the Archean Iisalmi block in central Finland: Evidence for the timing and 
nature of the break-up of the Karelia craton 
 
T. Karinen, S. Heinonen, J. Konnunaho, H. Salmirinne, I. Lahti, I. and A. Salo: 
Koillismaa Deep Hole – solving the mystery of a geophysical anomaly 
 
S. Karvinen, A. Heinonen and C. Beier: The trace element composition of 
magmatic apatite: Mineralogical and geological controls on apatite trace element 
chemistry in magmatic systems 
 
A. Korja, N. Junno and SEISMIC RISK Working Group:   SEISMIC RISK – 
Mitigation of induced seismic risk in urban environments 
 
A. Korja, K. Atakan, P.H. Voss, M. Roth, K. Vogfjord, E. Kozlovskaya, E.I. 
Tanskanen, N. Junno and Nordic EPOS Working Group: Nordic EPOS - A 
FAIR Nordic EPOS Data Hub 
 
A. Korja, M. Poutanen, S. Mertanen, E. Kozlovskaya, T. Fordell, J. Leveinen,  
A. Viljanen, A. Pursula, N. Junno and FIN-EPOS Working Group: FIN-EPOS 
– Finnish national node of the European Plate Observing System 
 
I.T. Kukkonen, M. Pentti, P.J. Heikkinen: St1 Deep Heat Project:  Hydraulic 
stimulation at 5 – 6 km depth in crystalline rock 
 
R. Latypov, J. S. Heinonen and S. Chistyakova: Thermodynamic constraints on 
assimilation of floor cumulates by superheated basaltic-andesitic melts in the 
Bushveld Complex, South Africa 
 
A.A. Lebedev and N.V. Sharov: Natural seismicity in Russian Karelia 
 
A.A. Lebedev and  I.A. Zueva,  Features of explosive seismicity in the 
Kostomuksha ore region 
 
E. Lehtonen: Geology field in The Helsinki Term Bank for The Arts and Sciences 
(Tieteen termipankki) 
 
T.-C. Lin, G. Hillers, S.-J. Lee and S.-H. Hung: Imaging the Internal Structure 
along the Longitudinal Valley Fault System, Taiwan, Using Fault Zone Head Waves 

39 
 
 
43 
 
 
 
47 
 
 
51 
 
 
 
55 
 
 
59 
 
 
 
61 
 
 
63 
 
 
 
65 
 
 
 
69 
 
 
73 
 
 
 
77 
 
80 
 
 
82 
 
 
84 
 



vii 
 

 
P.M. Malin: The Geocritical-Rock Physics and Fracture-Seismic Mapping of 
Permeability in the Brittle Lithosphere [keynote talk] 
 
J. Nevalainen, J-P. Ranta, E. Kozlovskaya, M. Kirsch, L. Ajjabou and R. 
Gloaguen: Non-invasive Exploration technologies in the INFACT project: 
Examples from the reference sites  
 
K. Nikkilä, P. Skyttä, A. Saukko and O. Eklund: Structural evolution and melt 
formation within the southernmost Finland migmatitic belt 
 

M. Nilov, L. Bakunovich, N. Sharov and B. Belashev: Magnetic inhomogeneities 
of the White Sea region crust 
 
L. Paolillo and C. Giapis:  A preliminary assessment of hydrothermal alterations in 
the giant Kiruna IOA deposit, Kiruna, Sweden 
 
I.A. Ponomarenko and O.M. Muravina: Application of the Group Method of 
Data Handling for the analysis of petrophysical and geophysical data   
 
M. Poutanen: United Nations and Subcommittee on Geodesy 
 

A.M. Rantanen, D.M. Whipp, J.S. Heinonen, L. Kaislaniemi, and M. Putz: 
Influence of Pulsed Magmatic Activity, Latent Heat, and Partial Melting on the 
Strength of the Continental Crust 

 
A.E. Rintamäki, G. Hillers, T.A.T. Vuorinen, K. Galvin, J. Keskinen, T.-C. Lin, 
T. Luhta, T. Oksanen, J. Pownall, P. Seipäjärvi, G. Taylor, C. Tsarsitalidou, A. 
Voutilainen and D. Whipp: A network to study the induced seismicity related to 
the Otaniemi deep geothermal power plant 
 
A. Saukko, K. Nikkilä, O. Eklund and M. Väisänen: Granites of southernmost 
Finland 

 
E.I. Tanskanen, J. Tammi, J. Pulliainen, H. Koivula and E2S team: Earth-Space 
Research Ecosystem: scientific and industry collaboration platform 
 
G. Taylor, G. Hillers and T. A.T. Vuorinen: Array-derived rotational motion of 
induced earthquakes 
 
A. Tsarsitalidou, B. Giammarinaro, G. Hillers , P. Boué, L. Stehly: Seismic 
surface wave focal spot imaging 

 
M. Vasilopoulos, F. Molnár, H. O’Brien and Y. Lahaye: Comparing geochemical 
characteristics of a gold-only and a base metal-rich orogenic mineralization from 
the Central Lapland Greenstone Belt, northern Finland 
 

 
88 
 
 
96 
 
 
 
100 
 
 
104 
 
 
107 
 
 
111 
 
 
115 
 
117 
 
 
 
121 
 
 
 
 
125 
 
 
129 
 
 
130 
 
 
132 
 
 
135 
 
 
 
 
 



viii 
 

T. Vehkamäki, M. Väisänen, M. Kurhila, H. O’Brien, P. Hölttä and J.-K. 
Syrjänen: Metamorphic zones in SW Finland: monazite and zircon U-Pb dating of 
leucosomes in paragneisses 
 
T. Veikkolainen, T. Luhta and I.T. Kukkonen: Modelling geotherms of the 
Wiborg rapakivi batholith in southeastern Finland in light of seismic data 
 

V. J. Virtanen, J. S. Heinonen, N. Barber and F. Molnár: The effects of 
assimilation on sulfide saturation and the formation of norite-hosted Cu-Ni deposits 
in the Duluth Complex, Minnesota 
 
M. Väisänen, J. Kara, H. Penttinen, Y. Lahaye, H. O’Brien and P. Skyttä: U-Pb 
zircon dating of igneous rocks in the Salo area, SW Finland 
 
Y. Wang and  D. Whipp: Numerical modelling of oblique subduction in the 
Southern Andes region 
 
I.A. Yacouba and V.N. Glaznev: The thickness of the Earth's crust in the territory 
of Republic of the Niger according to the stochastic interpretation of the gravity 
field 
 
Ylä-Mella, I. Kukkonen, D. Whipp:  Forward and inverse modelling of terrestrial 
cosmogenic nuclides to detect past glaciations 
 
 
 

139 
 
 
 
143 
 
 
147 
 
 
 
151 
 
 
155 
 
 
157 
 
 
 
161 
 
 
 

   
   
 
 
 
 
 

  

   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



ix 
 

 
 
 
 
 
 
 
 
 
 
 
 

PREFACE 
 
The Finnish National committee of the International Lithosphere Programme (ILP) 
organises every second year the LITHOSPHERE symposium, which provides a 
forum for lithosphere researchers to present results and reviews as well as to inspire 
interdisciplinary discussions. The tradition was disturbed by the Covid-19 pandemic, 
and the 2020 meeting was shifted to 2021. Regardless of the exceptional 
circumstances the symposium provides a wide selection of geological and 
geophysical presentations. The eleventh symposium – LITHOSPHERE 2021 – 
comprises 44 presentations. The extended abstracts (in this volume) provide a good 
overview on current research on structure and processes of solid Earth.  
 
The two-day symposium takes place completely in the internet as a virtual meeting 
during January 19 – 20, 2021. The participants will present their results in oral and 
poster sessions. Posters prepared by graduate and postgraduate students will be 
evaluated and the best one will be awarded. Research Professor Peter M. Malin, Duke 
University, USA, will give the invited talk. 
 
This special volume “LITHOSPHERE 2021” contains the programme and extended 
abstracts of the symposium in alphabetical order. 
 
 
Helsinki, January 13, 2021 
 

Ilmo Kukkonen, Toni Veikkolainen, Suvi Heinonen, Hanna Silvennoinen, Fredrik 
Karell, Elena Kozlovskaya, Arto Luttinen, Kaisa Nikkilä, Vesa Nykänen, Markku 

Poutanen, Pietari Skyttä, Eija Tanskanen, and Timo Tiira  
 

 
Lithosphere 2021 Organizing Committee 
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Koillismaa Deep Hole – 

Solving the mystery of a geophysical anomaly 
 

T. Karinen1, S. Heinonen2, J. Konnunaho1, H. Salmirinne1, I. Lahti1 and A. Salo3 
 

1Geological Survey of Finland, P.O. Box 77, FI-96101 Rovaniemi, Finland 
2Geological Survey of Finland, P.O. Box 96, FI-02151 Espoo, Finland 

 3Geological Survey of Finland, P.O. Box 1237, FI-70211 Kuopio, Finland 
E-mail: tuomo.karinen@gtk.fi 

 
Geological Survey of Finland is drilling a 3000 m long hole into the geophysically anomalous zone in the 
Koillismaa area. Drilling has been preceded by gravity and magnetic measurement, seismic reflection soundings 
and AMT measurements showing anomalous feature in depth. The aim of drilling is to find out the source of the 
anomaly.  
 
Keywords: deep drilling, seismic reflection, gravity, mineral potential, Koillismaa 
 
1. Introduction 
Koillismaa area in Finland has been a geological mystery for several decades. Magnetic and 
gravimetric measurements show anomalous values caused by a deep unknown geological 
origin. In LITHOSPHERE 2018 Symposium, Gislason et al. (2018) presented preliminary 
results from Koillismaa Seismic Exploration Survey (KOSE) project. The KOSE seismic 
reflection profile revealed prominent reflectivity of the subsurface and provided new 
information about the deep gravimetric and magnetic anomaly zone known at the Koillismaa 
area. These geophysical data have motivated the ongoing ambitious drilling project that 
attempts to solve a mystery which has been struggling the curious minds of geoscientists already 
for many decades. GTK started to drill a 3000 m long drill hole in the heart of the anomaly in 
September 2020, to finally collect rock samples from the source of the anomalous zone. In this 
abstract we briefly describe the background, geophysical studies, modelling and present stage 
of the ongoing drilling. We also describe the specific drilling technique used in order to reach 
the intended target inside the Archean basement of Koillismaa area. 
 
2. Geological framework 
The Koillismaa deep anomaly is ca. 50 km long zone which connects the distant parts of the 
2.45 Ga layered intrusion blocks of the Koillismaa (Alapieti 1982; Karinen 2010) and mafic-
ultramafic Näränkävaara intrusion (Alapieti 1982; Järvinen et al. 2020) (Figure 1). The zone is 
also partly traceable by a zone of breccia outcrops (Figure 2), but the relationship of the 
gravimetric anomaly and the breccia is unclear, although it is known that the breccia is not the 
source of the anomaly and no other possible causes are noticeable on the surface either. For this 
reason, the anomaly has been interpreted to reflect the location of a chonolith-like feeder zone 
for the magmas of the exposed mafic-ultramafic intrusions in the Koillismaa. Alternatively, the 
anomaly could reflect the presence of mafic-ultramafic rocks representing some other magmatic 
episode than the 2.45 Ga intrusions, for example, the Archaean greenstone belts near the 
Koillismaa area. This kind of voluminous mafic-ultramafic systems are globally rare, and 
therefore, the target is very likely an interesting example of plume derived magmatism of 
Fennoscandian shield. Mafic-ultramafic rocks are very potential for several commodities such 
as orthomagmatic Ni-Cu-Co-PGE and Cr-V-Ti-Fe. 
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Figure 1. Drilling site on the regional gravity map. Locations of seismic profile 2018 and AMT 
surveys 2019 are plotted also. 

 

 
 
Figure 2. Geological framework of the Koillismaa area shown as exploded blocks. Photo shows 
outcrop containing breccia and paragneissic basement rock from Poroperä area near Lake 
Kostonjärvi. 
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3. Geophysical studies 
The anomaly zone is most clearly observed by gravity and magnetic measurements, which were 
performed already as early as 1950s. Last geophysical surveys carried out by GTK were a 
seismic survey in 2018 and an audiomagnetotelluric survey (AMT) 2019.  

All previous interpretation of the gravity anomaly indicate that the unexposed source is 
about 2.5-5 km wide and that the depth of the upper surface is between 1 and 2 km below the 
present erosion level depending on the location along the anomaly (Piirainen et al. 1978; 
Saviaro 1976). Interpretation of earliest AMT-surveys in 1970s brought up a weak conductivity 
anomaly located in the same area than gravity anomaly (Saviaro, 1976). The AMT surveys 
made in 2019 confirmed the existence of this conductivity contrast.  

The KOSE seismic reflection data was acquired along the road close to the drilling site 
with 90 wireless geophones and explosive sources (Gislason et al. 2019). The resulting seismic 
reflection cross-sections show prominent reflectors that will be penetrated by the drill hole 
(Figure 3). These reflectors are expected to be lithological contacts or fracture zones that cause 
abrupt change of acoustic impedance within the subsurface. The upper boundary of the source 
of the gravity anomaly is expected to be at approximately 1.5 km depth based on changes in 
reflectivity. 

  

 
 

Figure 3. Planned drill hole projected to the KOSE seismic reflection profile. Red arrows are 
pointing to the most prominent reflectors drill hole will penetrate. Gravity (RGD_Bouguer) and 
airborne magnetic (AM_TMI) profiles are plotted above the seismic section. 
 
4. Drilling technique 
According to the original plan, the drilling is conducted within 5 months. The contractor to 
perform the drilling is Arctic Drilling Company Ltd (ADC) from Rovaniemi, who uses diamond 
drill rigs of their own design and manufacturing. The contractor uses best available techniques 
designated to these rock types based on their previous experiences in deep hole (>1500m) 
drilling projects. The rig has been anchored to the bedrock with a 30 m cemented anchoring 
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hole (diameter 96 mm). This anchoring is to prevent resonation of the rig once the core reaches 
a certain depth. At the beginning of the drilling campaign, a fractured bedrock down to 300 m 
caused serious technical challenges, which showed up mostly as continuous losses of water 
pressure. Therefore, a decision was eventually made to use 96 mm rods as a casing for the first 
300 m. If these poor rock conditions were known beforehand, the drilling could have been 
started with this rod size already at the beginning of the drilling campaign. The rig was changed 
to a more efficient version when the first half, i.e., 1500 m of the planned 3000 m length was 
reached in early December 2020. The change to a more powerful drill rig, to ADC’s K10, 
ensures that project reaches the targeted 3000 m depth. The K10 is the flagship of ADC´s fleet, 
and in theory, with this diamond drill rig it is possible to reach depths of 3500 m. Towards the 
end of drilling campaign, the rods themself will eventually weigh over 20 tonnes at the depth 
of 3000 m. At this length of drilling, the strength of the rod will be put to a test in which their 
breaking strength is the limit of drilling. 
 
5. Discussion 
In addition to increased geological understanding and unique rock samples from depth, this 
research has impact on providing scientific platform and testing environments for future studies. 
These are, for example, development of survey technology, 3D modelling, studies of 
geothermal energy, deep groundwater and bedrock stability. 
 
6. Conclusions and future work 
Koillismaa Deep Hole is expected to shed light into the mystery of geophysical anomaly by 
proving rock samples from the core of the anomaly. In addition to the study of age and 
composition of these samples, the future work will include several different geophysical 
surveys, including (1) semi-passive seismic experiment where drilling noise is utilized for 
retrieving a model of seismic velocity in the drill hole vicinity, (2) crossing seismic reflection 
profile to the KOSE profile, (3) densification of AMT measurements and testing different drill 
hole geophysics methods. 
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