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Foreword 
 

Various geological raw materials are the pillars of society. Their sufficient and diverse supply requires 

continuous research and resource maintenance, as well as cost-effective utilization. Environmental 

aspects must also be considered so that the utilization of various natural resources can be done in a 

respectful and acceptable manner. These aspects are emphasized, for example, in the latest Finnish 

Mineral Strategy. However, it is worth noting that geosciences are much more than just the research 

and exploitation of mineral and raw material resources. The scope of geosciences will be well 

highlighted at this year's GeoDays, for example, in the meetings of various committees, in the diverse 

presentation and poster coverage, and in the extensive presentation of project activities. It is also 

gratifying to see many students and university researchers, as well as companies and sponsors from 

the field, actively participating in the GeoDays. This is likely to increase the flow of information and 

networking, which contributes to high-quality interaction between development activities, teaching, 

and research. 

 

Esipuhe 
 

Erilaiset geologiset raaka-aineet ovat yhteiskunnan tukipilareita. Niiden riittävä ja monipuolinen saanti 

vaatii jatkuvaa tutkimusta ja resurssien ylläpitämistä sekä tietysti kustannustehokasta hyödyntämistä. 

Myös ympäristönäkökohdat tulee huomioida, jotta erilaisten luonnonvarojen hyödyntämistä voidaan 

tehdä luontoa kunnioittaen ja hyväksyttävästi. Näitä näkökohtia korostetaan mm. tuoreimmassa 

Suomen mineraalistrategiassa. On kuitenkin hyvä huomioida, että geotieteet ovat paljon muutakin kuin 

pelkkää mineraali- ja raaka-ainevarojen tutkimusta ja hyödyntämistä. Geotieteiden laajuus tulee hyvin 

esille tämän vuotisilla Geopäivillä esimerkiksi erilaisten komiteoiden kokoontumisina, monipuolisena 

esitelmä- ja posterikattauksena sekä laajana projektitoiminnan esittelynä. Ilahduttavaa on nähdä myös 

suuri joukko opiskelijoita ja yliopistojen tutkijoita sekä alan yrityksiä ja sponsoritahoja osallistumassa 

aktiivisesti päiville. Se on omiaan lisäämään tiedonkulkua ja verkottumista, joka edesauttaa laadukasta 

kehittämistoiminnan, opetuksen sekä tutkimuksen vuorovaikutusta. 

 

Förord 
 

Olika geologiska råvaror är samhällets pelare. Deras tillräckliga och mångsidiga utbud kräver 

kontinuerlig forskning och resursunderhåll, samt naturligtvis ett kostnadseffektivt utnyttjande. 

Miljöaspekter måste också beaktas så att utnyttjandet av olika naturresurser kan ske på ett respektfullt 

och acceptabelt sätt. Dessa aspekter betonas, till exempel: i den senaste finska mineralstrategin. Det 

är dock bra att notera att geovetenskap är mycket mer än bara forskning och exploatering av mineral- 

och råvaruresurser. Geovetenskapens bredd kommer väl att lyftas fram under årets GeoDays-mötet, 

till exempel genom möten i olika kommittéer, det mångsidiga utbudet av presentationer och affischer 

och den omfattande presentationen av projektaktiviteter. Det är också glädjande att se ett stort antal 

studenter och universitetsforskare, samt företag och sponsorer inom området, aktivt delta under 

GeoDays-mötet. Det kommer sannolikt att öka informationsflödet och nätverkande, vilket bidrar till 

högkvalitativ interaktion mellan utvecklingsverksamhet, undervisning och forskning. 
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Program of the 3rd GeoDays, Linnanmaa Campus, Oulu  

 

Tuesday 11th March 
Workgroup/project meetings: 

10.00–12.00 SGKK (Suomen geologinen kansalliskomitea) Tellus Backstage 

13.00–17.00 FEM organization committee, Tellus Horizon 

14.00–15.30 SSK (Suomen Stratigrafiakomitea) Tellus Chill 

15.00–17.00 SGS koulutustoimikunta, Tellus Backstage 

15.00–18.00 SKK (Suomen kvartääritutkimuksen kansalliskomitea) Tellus Frost 

15.00–18.00 ILP-komitea (Suomen kansallinen litosfäärikomitea) Tellus Brisk 

17.00-18.00 FIN-GEO, Tellus Chill  

 

Short course: 

13:00-17:00 Short course for PhD students: Geochemical and mineralogical analytical facilities of the universities and 

the Geological Survey of Finland (Tellus, Stage)  

 

17:00-18:00 Registration (Tellus lobby) 

18:00-20:00 Ice breaker (Agora) 

 

Wednesday 12th March 
8:30-9:00 Registration (Saalastinsali Lobby) 

 

9:00- 9:15 Opening of the meeting (Saalastinsali) 
The organizing committee 

 

Wednesday Plenary, Session 1 (Saalastinsali):  Mineral strategy and natural resources  

Chair: Pertti Sarala 

9:15-9:45 Keynote: Kansallinen mineraalistrategia – National mineral strategy   

Teo Kangaspunta (Ministry of Employment and the Economy)     page 14 

9:45-10:00 Invited: CRM geotraceability: present and future 

Xuan Liu (Geological Survey of Finland)     page 15 

10:00-10:15 PGE geochemistry of Palaeoproterozoic mafic and ultramafic volcanic rocks from northern Fennoscandia: 

implications for exploration of magmatic sulphide deposits 

Fangfang Guo (University of Oulu)     page 16 

 

10:15-10:45 Coffee break (Saalastinsali) 

 

Wednesday Plenary, Session 2 (Saalastinsali): Dynamic hydrological systems 

Chair: Tiina Eskola 

10:45-11:15 Keynote: Model vs. Proxy-Evidence for the Severity of Past AMOC Disruptions 

Frederik Schenk (Stockholm University & University of Helsinki)   page 17 

11:15-11:30 Mapping the seabed sedimentation rates – the winds of change also on the seabed? 

Aarno Kotilainen (Geological Survey of Finland)     page 18 

11:30-11:45 Invited: Hydrogeology: Recent advances and challenges ahead 

Kirsti Korkka-Niemi (Geological Survey of Finland & University of Helsinki)    page 19 
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11:45-13:00 Lunch break 

 

Session 3A: Kurikka buried valley scientific research/Groundwater 1 (Tellus Stage) 

Chair: Kirsti Korkka-Niemi & Niko Putkinen 

13.00-13:30 Invited: The significance of scientific research on the Kurikka Buried Valley in the field of Finnish geology 

and hydrogeology 

Niko Putkinen (Geological Survey of Finland)     page 20 

13:30-13:45 Searching for bedrock groundwater in Kurikka, western Finland 

Timo Ruskeeniemi (Geological Survey of Finland)    page 21 

13:45-14:00 3D modelling code scheme development in Kurikka buried valley 

Annika Åberg (Geological Survey of Finland)     page 22 

14:00-14:15 A closer look of the preliminary pollen results and lithostratigraphy of a long sediment sequence from 

Kurikka, western Finland 

Tiina Eskola (Oulu Mining School)     page 23 

14:15-14:30 (no presentation) 

 

Session 4A: Crustal evolution in the Fennoscandia 1 (Tellus Backstage) 

Chair: Jukka-Pekka Ranta & Tapio Soukka 

13.00-13:15 A comparative study of granitic pegmatites and their country rock metapelites from Ostrobothnian Schist 

Belt, western Finland 

Oliver Teräs (Åbo Akademy)      page 24 

13:15-13:30 Effect of the anisotropy and scalability of brittle structures on crystalline rocks 

Patrik Jänkävaara (University of Turku)     page 25 

13:30-13:45 Late-stage magmatic fluid compositions in mafic intrusions constrained by fluid inclusion analysis 

Eemu Ranta (University of Helsinki)     page 26 

13:45-14:00 Origin of enderbites and their role in the metamorphic and deformational history of the Lapland Granulite 

Belt 

Viivi Yliknuussi (University of Helsinki)     page 27 

14:00-14:15 In-situ trace elements and Sr isotopes in plagioclase in the Koillismaa intrusion, Finland, and implications 

for the formation of Fe-Ti-V oxide ores 

Brandon Datar (University of Oulu)     page 28 

14:15-14:30 (no presentation)  

 

14:30-15:00 Coffee break (Tellus lobby) 

 

Session 3B: Kurikka buried valley scientific research/Groundwater 1 (Tellus Stage) 

Chair: Kirsti Korkka-Niemi & Niko Putkinen 

15.00-15:15 Age Indicator (³H) and Hydrochemistry to Understand Groundwater Flow in the Kurikka Buried Valley 

Aquifer System, Western Finland 

Marie-Amelie Petre (Geological Survey of Finland)    page 29 

15:15-15:30 Microbial communities and isotopes as novel tracers for groundwater flow paths in the multi-layered aquifer 

system in Kurikka, western Finland 

Juuso Ikonen (Geological Survey of Finland)     page 30 

15:30-15:45 Towards regional groundwater flow modeling of the Kurikka aquifer system 

Aleksi Tuunainen (Geological Survey of Finland)    page 31 

15:45-16:00 Innovative hydrogeological monitoring system - HydroVisor A smart solution for water sustainability 

Nizar Abouzaki (Geovisor)      page 32 
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Session 4B: Crustal evolution in the Fennoscandia 2 (Tellus Backstage) 

Chair: Tapio Soukka & Jukka-Pekka Ranta 

15.00-15:15 Hydrothermal alteration and its effects on Ti-V deportment and processing of the Middle Ore Layer (MOL) 

from the Mustavaara V-(Ti-Fe) deposit, Finland 

Minna Markkanen (University of Turku)     page 33 

15:15-15:30 Geological characteristics of Rytkynkylä volcanic rocks in central Finland: constraints from whole-rock 

geochemistry 

John Kalimenze (University of Turku)     page 34 

15:30-15:45 Mineral systems analysis for Lithium-bearing pegmatite prospectivity in Central Lapland Granitoid Complex 

and its surroundings 

Petri Pulli (University of Oulu)      page 35 

15:45-16:00 Understanding the role of brittle deformation on the formation of crystalline reservoirs and geothermal 

resources: a case study from Turku city 

Pelayo Barrón (Åbo Akademy)     page 36 

 

 

Poster session (Tellus Lobby) 
16:00-17:45 

Session order (3, 4, 7, 8, 9, 10; no posters for sessions 1, 2, 5, 6) and then alphabetical order by first author 

 

Sessions 3A and 3B: 

1. S. Heikura (OU): Geochemical composition and magnetic susceptibility of thick organic inter-till sediments from 

Kurikka, southern Ostrobothnia (page 37) 

2. T. Lahtinen (GTK): Current trends in the use of machine learning in groundwater research (page 38) 

3. S. Silvennoinen (HU): High-resolution multi-proxy study of Northern Baltic Sea sediments from Kurikka: Insight 

into paleomagnetic record and paleoenvironmental changes (page 39) 

4. J. Wikström (HU): Investigating the suitability of groundwater dating tracers in Finnish aquifers (page 40) 

 

Sessions 4A and 4B: 

5. R.F. Abioye (OU): Mineralogy and geochemistry of the Terrafame black shale, and its implication of hosting 

minerals of rare earth elements and their source (page 41) 

6. U. Farid (OU): Sedimentological characterization of evaporite bearing Petäjäskoski Formation, Peräpohja belt, 

Finland (page 42) 

7. K. Hiltunen (HU): Metamorphic evolution of felsic granulites in the Ivalo-Nellim region, Lapland Granulite Belt 

(page 43) 

8. K. Luolavirta (Geopool Oy): A Machine Learning framework for target-scale 3D mapping of geological features with 

special (page 44) 

9. L.M.L. Maunu (HU): The geochemical and petrological variability of the oceanic crust and upper mantle in the 

Macquarie Island ophiolite (page 45) 

10. A. Tisora (OU): Geochronological study of the Savukoski group in Central Lapland Belt northern Finland and its 

implication for regional mineral exploration (page 46) 

 

Session 7: 

11. F. Aragão (HU): Optimization of filtration protocols in hypolimnetic withdrawal and treatment systems (HWTS) 

(page 47) 

12. T. Junna (GTK): Land use as a driver of increased organic carbon burial in boreal lakes (page 48) 

13. A.M. Kaskela (GTK): The European Marine Observation and Data Network (EMODnet) and advancing Marine 

Geoscience (page 49) 

14. E. Kiiski (HU): Seasonality of Holocene climate change in Northern Europe (page 50) 
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15. E.H. Kivilä (JU): Daphnia ephippia as time capsules – using dormant eggs to detect browning-induced shifts in lake 

biogeochemistry (page 51) 

16. M. Korppoo (SYKE): Simulating carbon fluxes in a boreal, eutrophic lake (page 52) 

 

Session 8: 

17. S. Alborzian J. (HU): Multivariate statistical analysis of till geochemical data: identifying potential areas for gold 

exploration in northern Finland (page 53) 

18. A.B. Haivio (HU): Electrical conductivity studies on varying graphite distributions hosted in synthetic rocks using 

3D printing technology (page 54) 

19. M. Raatikainen (OU): Self-organizing map modelling and prospectivity mapping of surface geochemical data (page 

55) 

20. T. Suutari-Jääskö (OU): Gravimetric Survey in Mineral Exploration (page 56) 

 

Session 9: 

21. L. Palamakumbure (HU): Predicting the surface age of asteroids using the space weathering features in reflectance 

spectra: small data machine learning (page 57) 

22. A.E.K. Ojala (HU) – represented by P. Sarala (OU): Stratigraphic framework in Finland – formal classification and 

practical guidance (page 58) 

23. P Sarala (OU): International applied field techniques course for developing multidisciplinary geological skills in 

promoting green transition in Estonia (page 59) 

24. M. Yadi (OU): REMHub Consortium Project: University of Oulu’s Role in Pioneering Sustainable Solutions for a 

Resilient European REE Supply Chain and Advancing Clean Energy and Green Transition (page 60) 

 

Session 10: 

25. M. Arancibia – represented by J. Korteniemi (Muon Solutions Oy):  Muon imaging for waste rock pile characterisation using 

borehole detectors (page 61) 

26. J. Korteniemi (Muon Solutions Oy): Muon imaging of a bauxite deposit: Results from Jajce, Bosnia and Herzegovina 

(page 62) 

27. N. Paasovaara (OU, XAMK): Developing continuously compressing crushing of critical minerals – Testing of dry 

processing method for graphite ore (page 63) 

28. T. Soukka (Centre for Material analysis, OU): New characterize method for ore minerals with combining FIB-SEM 

and SC-XRD (page 64) 

 

Thursday 13th March 
8:45-9:00 Registration (Saalastinsali lobby) 

 

9:00- 9:15 Opening of the day (Saalastinsali) 
 

Thursday Plenary, Session 5 (Saalastinsali): On the verge of ultimate questions 

Chair: Esa Heilimo & Jussi Heinonen 

9:15-9:45 Keynote: Source constraints on the Late Cretaceous, strongly peraluminous magmatism of U.S. 

Cordilleran Interior; the White Rock Wash pluton, Nevada, and its corollaries   

Tapani Rämö (University of Helsinki)     page 65 

9:45-10:00 Invited: Early human palaeoenvironments in Nihewan, Northern China 

Anu Kaakinen (University of Helsinki)      page 66 

10:00-10:15 NOMA: Pentti Eskola 

Samuli Helama (Natural Resources Institute Finland)    page 67 

 

10:15-10:45 Coffee break 
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Thursday Plenary, Session 6 (Saalastinsali): New technologies and future 

Chair: Esa Heilimo & Jussi Heinonen 

10:45-11:00 Invited: Drone magnetic and electromagnetic surveys of Radai 

Markku Pirttijärvi (Radai Oy)     page 68 

11:00-11:15 Ministry greetings 

Mari-Leena Talvitie (Ministry of Education and Culture)      

11:15-11:30 Muon imaging in underwater geology: Insights from the Mine.io project 

Jari Joutsenvaara (Muon Solutions Oy) – Abstract: Korteniemi et al.   page 69 

11:30-11:45 Awards: Best Masters’ theses in 2024 by K.H. Renlund Foundation, and Best Ph.D. theses by the 

Geological Society of Finland 

Veli-Pekka Salonen (K.H. Renlund Foundation), Esa Heilimo (Geological Society of Finland) 

 

11:45-13:00 Lunch break 

 

Session 7: Palaeoclimate and processes (Tellus, Stage) 

Chair: Anu Kaakinen & Aarne Kotilainen 

13.00-13:15 Paleoecological reconstructions for Crimean Cretaceous-Paleogene boundary 

Natalia Saburova      page 70 

13:15-13:30 The aeolian dynamics in the Pre-vegetated Earth and its stratigraphic record 

Áquila Mesquita (University of Helsinki)      page 71 

13:30-13:45 Avulsion of the Yellow River into the South Yellow Sea during the early to middle Holocene: Evidence 

from Clay Provenance of the Yangtze Paleo-valley 

Jie Zhang (East China Normal University)     page 72 

13:45-14:00 Using Dynamic Image Analysis of size-shape distributions to determine the mode of aeolian sediment 

transport and provenance shifts 

Pirita Stark (University of Helsinki)     page 73 

14:00-14:15 The potential of Dynamic Calibration Region approach in plant macrofossil-based palaeoclimate studies 

Liva Trasune (University of Helsinki)     page 74 

14:15-14:30 Diatom and dinoflagellate cyst species dynamics over four years in seasonally ice-covered Young Sound 

fjord, Northeast Greenland 

Meri Mäkelä (University of Helsinki)     page 75 

 

Session 8: Eploration and modelling (Tellus, Backstage) 

Chair: Shenghong Yang & Kari Moisio 

13:00-13:15 Sustainable exploration for orthomagmatic ore deposits, progress of the HEU SEMACRET project 

Shenghong Yang (University of Oulu)     page 76 

13:15-13:30 Exploration targeting of anorthosite-related Fe-Ti-V mineralization around Suwałki, northeastern Poland 

Malcolm Aranha (University of Oulu)     page 77 

13.30-13:45 Determination of till depth intervals with highest potential for mineral exploration in central Lapland, 

Finland 

Charmee Kalubowila (University of Oulu)     page 78 

13:45-14:00 Joint application of passive seismic coda wave interferometry and gravimetry in brownfield exploration of 

massive orebodies 

Kari Moisio (University of Oulu)     page 79 

14:00-14:15 Delineating IOCG potential areas, Kolari region, Finland, Application of machine learning methods 

Fereshteh Khammar (University of Helsinki)     page 80 

12



 

 

13:15-14:30 Transforming drilling operations: The power of machine learning for cost reduction and precision 

Oltingey Lindi (University of Oulu)     page 81 

 

14:30-15:00 Coffee break (Educarium) 

 

Session 9: Cooperation and networking (Tellus, Stage) 

Chair: Jari Joutsenvaara & Juha Kaija 

15.00-15:15 UNDERCOVER – Redefining the deep mineral exploration 

Juha Kaija (Geological Survey of Finland)     page 82 

15:15-15:30 AGEMERA: An Integrated Approach to Sustainable Mineral Exploration 

Jari Joutsenvaara (University of Oulu)     page 83 

15:30-15:45 Kaivannaisalan kehittäminen Keski-Pohjanmaan alueella KAKE-KP-projektin esittely 

Matti Kinnunen (Geological Survey of Finland)     page 84 

15:45-16:00 Happamien sulfaattimaiden hyödyntäminen - FiksuHasu 

Mirkka Visuri (Finnish Environment Institute)     page 85 

16:00-16:15 Geologiliiton uudet tuulet, esitelmä Geologiliiton toiminnasta ja tulevaisuuden suunnitelmista 

Matti Kinnunen (Geological Survey of Finland)     page 86 

 

Session 10: Geosciences (Tellus, Backstage) 

Chair: Seija Kultti & Timo Ruskeeniemi 

15.00-15:15 Magnetic minerals in atmospheric Saharan dust 

Iida Kostamo (University of Helsinki)     page 87 

15:15-15:30 Re-assessing combined age determinations from the MIS-2 period in Finland 

Veikko Peltonen (University of Helsinki)     page 88 

15:30-15:45 Holocene megadroughts in eastern North America: patterns and drivers 

Sakari Salonen (University of Helsinki)     page 89 

15:45-16:00 Land degradation related to historical mining industry: risk management options for the Outokumpu mining 

town in Finland 

Kirsti Loukola-Ruskeeniemi (Geological Survey of Finland)    page 90 

16:00-16:15 Smart Circular Economy Field-testing Facility for Extractive Waste and Side Streams – preliminary results 

of concept testing 

Teemu Karlsson (Geological Survey of Finland)     page 91 

 

16:15-16:20 Closing 

The organizing committee   
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Kansallinen mineraalistrategia 
 

T. Kangaspunta 

 

Työ- ja elinkeinoministeriö, PL 32, 00023 VALTIONEUVOSTO, Finland 

teo.kangaspunta@gov.fi 

 
Mineraalisten raaka-aineiden tarpeen odotetaan kasvavan merkittävästi ja raaka-aineiden toimitusvarmuuden 

merkitys on korostunut viime vuosina. Elinkeinoministeri Wille Rydman asetti joulukuussa 2023 ohjausryhmän 

valmistelemaan kansallista mineraalistrategiaa, jossa tarkastellaan Suomen mineraalialan nykytilannetta ja 

kehitysmahdollisuuksia sekä teollisuuden raaka-ainehuollon turvaamista ja kansainvälistä yhteistyötä. Ohjausryhmä 

laati mineraalistrategian vuoden 2024 aikana (Kangaspunta et al. 2024). Strategiassa on laadittu yhteinen näkemys 

mineraaliklusterin nykytilanteesta, politiikan tavoitteista, päälinjoista sekä tarvittavista toimenpiteistä. Tavoitteiden 

saavuttaminen edellyttää pitkäjänteistä, yli hallituskausien ulottuvaa politiikkaa sekä hallinnonalojen rajat ylittävää 

ja yksityisen ja julkisen sektorin välistä yhteistyötä ja investointeja.  

References

Kangaspunta, T., Tasa, S., Kokko, M., Eskola, M., Heininen, E. (2024). Kansallinen mineraalistrategia. Valtioneuvoston julkaisuja

2024:65, 51 s. Elektroninen julkaisu, saatavana: https://julkaisut.valtioneuvosto.fi/handle/10024/165994
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CRM geotraceability: present and future 
 

Xuan Liu, Quentin Dehaine 

 

Geological Survey of Finland, P.O. Box 96, 02151 Espoo, Finland 

Correspondence: xuan.liu@gtk.fi; quentin.dehaine@gtk.fi 

 
Introduction 

Traceability has emerged as an upstart in sustainability endeavours in recent years. It is regarded an imperative 

technique in ensuring transparency and accountability of globalized supply chains of critical raw materials (CRM). 

The capability of tracing and tracking CRMs transportation and transformation requires creation and identification 

of reliable and verifiable traceability information. The relevant information can vastly include digital/paper 

documents exchanged in the supply chains as well as geochemical knowledge of the CRMs themselves within the 

value chains. A tracing system based on supply-chain information is known as document- or paper-based traceability, 

whereas one based on value-chain knowledge is often called geo-based traceability. 

 

Geotraceability has become the focus of research in many institutions and universities in the EU. At the Geological 

Survey of Finland (GTK), CRM geotraceability has been selected as a focus area for the years to come given 

tremendous success and experiences from several finished and ongoing projects, including BF Battrace project (2020-

2023), NI Nordic Sustainable Minerals (2022-2024), HE MaDiTraCe (2023-2026), and HE REMHub (2024-2028). 

In the Geodays seminar, we will give a critical overview of the concept and methodology and present some of the 

recent results of tracing REE minerals and magnets. We will also outline challenges and provide perspectives into 

the future. 

 

 

Figure 1. Linear Discriminant Analysis (LDA) applied to REE and metal content to distinguish Nd-Fe-B magnets batches 

produced in different years 

 
References 

Kaikkonen, H., Kivinen, M., Dehaine, Q., Pokki, J., Eerola, T., Bertelli, M. & Friedrichs, P. 2022. Traceability methods for cobalt, lithium, 

and graphite production in battery supply chains. Geological Survey of Finland, Open File Research Report 20/2022. 49 p. Available at: 

https://tupa.gtk.fi/raportti/arkisto/20_2022.pdf 

Liu, X., Keiding, J.K., Coint, N., Jonsson, E., Stendal, H., Þórðarson, Þ., Sadeghi, M., Keulen, N., M., Heredia, Eerola, T., Huyskens, ., Clausen, 

R.J., B. Gautason, B., Yang, J., Lahaye, Y. 2024. Mineral to metal traceability: A proof-of-concept study of rare earth elements in the Nordic 

nations. Nordic Innovation Report. 
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PGE geochemistry of Palaeoproterozoic mafic and ultramafic volcanic rocks from 

northern Fennoscandia: implications for exploration of magmatic sulphide deposits 
 

F.F. Guo1*. E. Hanski1, W.D. Maier2, S.J. Barnes3, V. Virtanen4, S.H. Yang1 

 

1Oulu Mining School, P.O. Box 3000, FI-90014 University of Oulu, Finland 
2School of Earth and Ocean Sciences, University of Cardiff, UK 
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The Paleoproterozoic break-up of the Kenorland supercontinent was associated with wide-spread mafic-ultramafic 

magmatism. Here we report on the geochemistry of mafic-ultramafic volcanic rocks from several rifting-related belts 

in NE Fennoscandia to constrain the platinum-group element fertility and sulphide saturation history of the magmas 

and their potential to form magmatic sulphide deposits. Magmatism associated with early-stage rifting (2.5–2.45 Ga) 

formed large layered intrusions in the Kola and Karelian cratons. The coeval volcanic formations have variable PGE 

contents, with Pt+Pd contents ranging from 1.3 to 15 ppb. Relatively unevolved rocks show mantle-like Cu/Pd ratios 

whereas more evolved rocks show elevated Cu/Pd ratios indicative of sulphide melt saturation. The middle-stage 

rifting event (2.2–2.1 Ga) produced volcanic rocks exposed in several belts. Some of the lavas, notably in the 

Peräpohja and Kuusamo belts, are unusually rich in Pt and Pd, with up to ~24 ppb Pt and up to ~36 ppb Pd. The 

magmas have seemingly not reached sulphide saturation, as reflected by Cu/Pd ratios below the primitive mantle 

value. In contrast, a relatively late-stage rifting event at 2.06–1.98 Ga formed significant Ni-Cu-(PGE) sulphide 

deposits at Kevitsa, Sakatti and Pechenga. We suggested that magmatic ore formation in Fennoscandia has been 

controlled, in part, by lithospheric structure. During the early rifting stage, the lithosphere was relatively thick and 

conducive to the formation of large magma chambers in which sulphide saturation occurred during advanced 

fractionation. This resulted in PGE reefs, and relatively low PGE levels in coeval lavas. During the middle-stage 

rifting, the lithosphere was weaker and thinner, preventing efficient magma storage and resulting in relatively small 

intrusions undergoing limited fractionation and ore formation while feeding PGE-undepleted magmas to the surface 

of the Earth. The late-stage rifting is also characterised by advanced lithospheric thinning facilitating magma ascent 

into the upper crust without intermittent storage and metal extraction. However, a key difference to earlier magmatism 

is that the late stage magmas could assimilate external S from sedimentary units deposited after the middle-stage 

rifting. Our study thus highlights the importance of holistic geochronological/ geodynamic models in magmatic ore 

exploration. 
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Uncertainty in observed and projected climate impacts 

Despite significant media concerns, empirical evidence for a potential collapse of the Atlantic Meridional 

Overturning Circulation (AMOC) remains limited and contested. The severity of such an event is often highlighted, 

but efforts to quantify these impacts are limited due to the theoretical nature of model experiments and lack of data. 

In model experiments, the severity and spatial extent of climate impacts related to AMOC disruptions depend 

on the type of model experiment and CO2 levels. Drastic impacts, as experienced in past climates, are simulated by 

abruptly enforced AMOC collapses with unrealistic freshwater forcing. Hence, the realism of these impacts is 

difficult to evaluate from models alone. 

 

Severity of past AMOC disruptions 

We provide an overview of our attempts to (re-)quantify climatic impacts for abrupt climate shifts at the end of the 

last deglaciation (~15,000-11,000 years ago) in Europe. We compare high-resolution CESM1 snapshot simulations 

(Schenk et al. 2018) to multi-proxy records (chironomids, plant macrofossils, pollen, GDGTs, dD from n-alkanes, 

cryogenic cave carbonates). We demonstrate that the impact of winter severity rules supreme and must be considered 

in temperature calibrations. This can be achieved by first reconstructing the seasonal temperature amplitude linked 

to AMOC shifts, and then quantifying absolute temperatures. We propose the direct inference of a continentality 

index (latitude-normalized difference of warmest minus coldest month) from proxy data (chironomids) to classify 

past climate states and their most similar modern calibration regions (Trasune et al. 2024). 

For sites in S-Sweden, the British Isles and Baltic States, simulated and reconstructed continentality is 

extreme during AMOC disruptions, equivalent to a (sub)-Siberian climate with winters below -25°C in England and 

as cold as –40.7±7°C in SW-Sweden. Using continental calibration regions, proxies yield little to no summer cooling 

for AMOC disruptions. Instead, we find evidence for paleo-heatwaves or droughts near the ice sheet edge, consistent 

with a cold-ocean-warm-summer feedback in CESM1 simulations through atmospheric blocking. Cold winters and 

warm and dry summers are amplified by low evaporation and hence low cloud cover. Conditions are not directly 

comparable to ongoing and future changes but confirm the model’s ability to realistically simulate extreme impacts.  

        

Figure 1. Simulated mean cloud cover and wind patterns for a climate state with a partially collapsed AMOC ~12,000 years 

ago and related summer temperature change. Strong oceanic cooling and expansion of sea-ice reduces evaporation and cloud 

cover over land. This amplifies winter severity and dry warm summers. The reduction in cloud cover is currently observed and 

amplifies CO2-driven warming over land (the humidity paradox = increase in absolute humidity but decrease in relative 

humidity). 
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Introduction 

For over a decade, groundwater studies supporting the water supply of the cities of Kurikka and Vaasa have been 

conducted in a buried ancient valley near the Kyrönjoki River. Over the years, the geology of the valley has been 

revealed through more than 200 drillings, borehole geophysics, ground-penetrating radar surveys, seismic profiling, 

as well as muon and gravimetric measurements. Meanwhile, hydrogeological investigations have been carried out 

using conventional groundwater mapping methods aimed at water extraction, including various types of pumping 

tests, slug tests, water sampling, and environmental monitoring. These studies have been documented in more than 

ten project and technical reports on projects implemented with Kurikka Vesihuolto Oy, Vaasan Vesi, the EPO-ELY 

Centre and the Geological Survey of Finland (GTK). In addition, unpublished scientific research has been conducted 

to improve understanding of the groundwater system and provide local communities, administrative authorities and 

water companies with evidence that large-scale groundwater abstraction is safe and feasible from all perspectives. 

This research encompasses geology, hydrogeology, geochemistry, isotopes, microbiology, as well as multi-layer 

aquifer system modelling in multidiscipline approaches.  

 

Geology of the Buried Valley 

The 1.5 Ga old valley has been preserved to this day through a prolonged period of minimal erosion, having 

alternately been buried and eroded over millions of years cycles (Hall et al., 2021). The valley was exhumed 

approximately 40 ka ago, followed by an extended period of terrestrial erosion under a humid climate, until the 

Quaternary glaciations covered Scandinavia around one million years ago (e.g. Gibbard & Levin, 2016). According 

to the latest results, Kurikka valley seems to contain till deposits from still unknown stages of Quaternary period, 

along with a discontinuous record of intra-till sedimentary layers, until a more continuous stratigraphic sequence can 

now be reconstructed from the Saalian glaciation onward.  

 

Geodays Groundwater session

The Geodays 2025 groundwater session will present different aspects of the ongoing scientific research in

Kurikka. Timo Ruskeeniemi will present the characteristics of bedrock structures, their significance, and their 

influence on groundwater flow from upland recharge areas to the valley-floor sedimentary aquifers. Marie-Amélie

Petre will focus the origin, movement, and age of groundwater using geochemical and tritium analyses, while Juuso

Ikonen will present the use of microbial communities and isotopes as novel tracers in groundwater flow pathways.

Tiina Eskola will conduct research at the Kurikka key site on the Last Interglacial, providing regional control on

stratigraphy. Annika Åberg will present multidimensional and conceptual modelling of Quaternary deposits, 

incorporating frameworks such as those proposed by Lunkka et al. (2024). Aleksi Tuunainen will showcase a 

workflow belongs to numerical groundwater flow modelling using Kurikka as a case study.
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Introduction 

The Precambrian bedrock of Finland is predominantly composed of metamorphic and igneous lithologies. These 

rocks have low porosity and therefore groundwater can occupy and flow only in fractured bedrock. Brittle 

deformation caused by tectonic or near-surface processes is common. However, the geometry of fractured units and 

particularly their hydrogeological properties have turned out to be difficult to predict. Therefore, the more detailed 

information is required, the more investigations must be done to reach an understanding of the bedrock groundwater 

system. In Kurikka the target was to assess the potential contribution of bedrock groundwater for the water balance 

of the Quaternary sediment aquifers. 

 

Studies in the Kurikka site 

Kurikka region is characterized by wide valleys and elevated hills. Bedrock is sporadically exposed in these hills.  

All nearby outcrops have been carefully mapped for lithologies and structural features (Ruuska et al., 2023). 

However, major part of the study area is covered by thick sediments. Geophysical methods have been applied to 

observe the subsurface geology including the depth of bedrock surface. Even a densely fractured rock with fresh 

groundwater has only a weak physical contrast compared to intact bedrock, and they are usually concealed by other 

geological anomalies. So, little was known about the hydrogeological potential of the underlying bedrock. 

To find answers it was necessary to access the buried bedrock and its groundwater.  Three diamond drilling 

campaigns were launched between 2020 and 2023. This was a cost-effective approach because each campaign did 

reveal hydrogeologically important features helping to develop research methodology and to plan next drillings. In 

total 20 drillings were done. Out of these 14 provided full research boreholes, core was obtained in three others and 

three drillings failed to reach bedrock. Drilling of holes was terminated once brittle fracturing became scarce. 

Realized borehole depths varied from 90 to 140 m vertical. Drillhole data represent an area of 6 x 8 km. Drilling 

water was spiked by sodium fluorescein to distinguish possible drilling water residues in groundwater samples. 

Comprehensive drillcore studies supported by acoustic or optical borehole imaging revealed water 

conducting fractures from the shallow bedrock. Determining characteristics for these fractures were 1) tensional 

opening, 2) rusty fracture surfaces indicating flow of oxic water, and 3) subhorizontal orientation. Highest hydraulic 

conductivities (K) were systematically measured in sections where all three ‘geoindicators’ were observed. This 

relationship was consistently found in all boreholes. Pumping tests showed significant yields (avg. 50 m3/day) from 

narrow boreholes indicating that fractures are networking and extending laterally. Under the main aquifer the fracture 

network is over pressurized and extends at least down to 140 m. In the surrounding areas this unit is 20–70 m thick. 

Bedrock groundwater in this dynamic flow system is fresh and slightly evolved compared to the groundwater in 

Quaternary sediments (Ruskeeniemi et al., 2023; Ruskeeniemi et al., 2025).  

 

Conclusions 

Type of fracturing, fracture orientations and the fact that the fracture network is controlled by the bedrock surface 

suggests that this hydrogeologically active system has formed in extensional stress field under unloading conditions, 

possibly during Quaternary glaciations. Conceptually, it can be considered as a semi-regional groundwater flow 

system which has capacity to support water extraction from the Quaternary sediment aquifers.      
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Introduction and methods 

A classification scheme, modelling code, was utilized to classify ca. 200 boreholes in a buried bedrock valley of 

Kurikka, western Finland. The base of the modelling code lies in the principles of lithostratigraphy (Lunkka et al. 

2024) and a geological conceptual model improved by drilling data and grain size samples. Each lithological unit 

receives a code representing a lithological unit, unit number, and a suffix of genetic deposit type (GDT) representing 

the geomorphological setting/depositional environment. The GDT suffix of the classification depends on lithology, 

geophysical profiles, and hill-shaded digital elevation models. The numbering of the modelling code is settled by 

using marker sediments that can be distinguished through the site. In Kurikka, geophysical data, including seismic 

profiles and borehole log measurements e.g. natural gamma, were used to verify the classification. A 3D modelling 

software, GOCAD, was used for visualizing the boreholes, seismic profiles, and the previously constructed 

hydrostratigraphic 3D model (Putkinen et al., 2024) to understand the architectural elements (cf. Miall 1985; Boyce 

& Eyles 2000) of Kurikka. 

 

Results 

Altogether ca. 50 modelling code units were distinguished from the boreholes. These units were further grouped in 

major architectural elements in the buried valley of Kurikka. The architectural elements represent various till units 

(8), interbedded sorted deposits, organic deposits (17), and the uppermost Holocene deposits (2). Different till 

deposits and interbedded sorted deposits, including glaciofluvial, marine, lacustrine, and littoral deposits, span a time 

period of approximately 300 ka. 

 

Conclusions 

The strength of the hierarchical modelling code classification of Kurikka lies in its use of actual lithology data, rather 

than interpreted units. This allows for direct interpretation of sediment environments from the borehole data. The 

modelling code scheme is applicable for formerly glaciated terrains and can be further developed for other 

unconsolidated sediment areas. The classification enables direct conversion into hydrostratigrahic units. 
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Over the past decade, the Geological Survey of Finland has conducted extensive research and drilling surveys in 

Kurikka, Southern Ostrobothnia, to study a large and complex aquifer system. These investigations have revealed a 

1.5 Ga old, 100 m deep valley filled with Pleistocene sediments (Hall et al., 2021). The drillings have uncovered 

exceptionally thick organic-rich sediments beneath Holocene sand and fine-grained sediments, and multiple till beds. 

The discovery of these organic sediments led to continuous sediment sampling in 2022, which was complemented in 

early 2025. This over 10 m thick sediment sequence provides unique opportunity to study the palaeoenvironmental 

history in detail, complementing existing knowledge of pre-Late Weichselian ice-free periods and their associated 

vegetational and basin evolutions. 

So far, there are only a limited number of known sites in the central area of the former 

Fennoscandian/Scandinavian Ice Sheet where organic interglacial or interstadial sub- and inter-till sediments from 

the last glacial cycle have been preserved. Many of these sedimentary records are thin, fragmented, and lack robust 

age control, often failing to represent the full duration of the interglacial or interstadial interval.  

As part of the ongoing research, sediment cores were logged and subsampled for microfossil analyses. Pollen 

samples were processed using the LST Fastfloat heavy liquid method (Eskola et al., 2021). To place the sediments in 

a chronological framework, two samples were 14C (AMS) dated at the Poznan C-14 Laboratory in Poland, and three 

OSL samples taken from above, below, and in the middle of the organic-bearing sediments were dated at Lund 

University’s OSL dating laboratory. The dating results indicate the organic and fine-grained sediments were deposited 

between the Saalian glaciation and the Middle Weichselian glaciation. This study presents the lithostratigraphic and 

pollen results of the logged sediment cores, which provide valuable insights into the palaeoenvironmental history 

and stratigraphy of the Kurikka area and beyond. 
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Pegmatites are generally considered to derive from large, parental granite intrusions via fractionation (Černý, 1991) 

or directly by anatexis as a result of regional high-grade metamorphism (Müller et al., 2017). In the case of the 

Ostrobothnian Schist Belt (OSB), Mäkitie et al. (2001) suggest that the leucogranites and granitic pegmatites are 

formed from partial melting of metapelites at the end of the Svecofennian orogeny, thus post-dating the high-grade 

metamorphism. These pegmatites intruded their country rock metapelites, which underwent earlier high- to medium-

grade metamorphism during 1.89–1.87 Ga (Chopin et al., 2020). Zircon U-Pb dating of syn-orogenic granodiorites 

suggests that extensive anatexis occurred during metamorphic peak conditions at 1.87 Ga, whereas leucogranite and 

granitic pegmatite emplacement occurred later, around 1.80–1.79 Ga (Alviola et al., 2001). Differences between the 

granodiorites and leucogranites in terms of field characteristics, mineralogy and geochemistry, suggests distinct 

sources or degree of melting. Since the Ostrobothnian granitic pegmatites are not directly related to the granodiorites 

or their residual melts, partial melting of metapelites is often considered to be a more viable explanation.  

To test this hypothesis, we have used whole-rock geochemistry of non-mineralized pegmatites and their host 

metapelites and geochemical modelling of batch melting to explain pegmatite formation from a metapelitic source 

rock. Preliminary results suggest that the Ostrobothnian granitic pegmatites formed by the incongruent melting of 

muscovite from a pelitic source.  Pegmatites show REE-depleted patterns (ΣREE = ⁓5.1 ppm), with slight 

LREE/HREE fractionation ((La/Lu)N = ⁓ 1.6) and notable positive Eu anomalies ((Eu/Eu*)N = 1.95), compared to 

the average metapelitic protolith from the OSB (ΣREE = ⁓138; (La/Lu)N = ⁓9.4; (Eu/Eu*)N = 0.84). This suggest 

that apatite/monazite (the main REE carriers) did not dissolve to the melt phase, but remained in the residual, 

indicating low-degree (<750 ˚C) melting conditions. This conclusion is very similar to those from experimental 

studies (García-Arias et al., 2012). The positive pressure-temperature slope of muscovite breakdown in a water-

absent system supports decompression melting as a key mechanism for generating anatectic melts in the OSB, 

aligning with retrograde metamorphic reactions observed in mica gneisses as well (Alviola et al., 2001). 

In terms of other minor and trace elements, the studied OSB granitic pegmatites show enrichment in Cs, Ta, 

Be, U and Sn compared to their suggested pelitic protoliths. They also show high K/Na, P/Ti, Rb/Sr and Sm/Nd 

which are compatible with melting reactions that favour apatite and muscovite dehydration but not monazite 

dissolution (see Zeng et al., 2005). One of the main issues to be solved in the future is that how these non-mineralized 

pegmatites are related to mineralized pegmatites that are also found in the area. 
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Introduction 

Brittle structures, such as faults and fractures, control rock stability of the crystalline bedrock. Further, the formation 

of brittle structures is controlled by pre-existing structures or other anisotropies such as foliation or rock composition 

(e.g. sedimentary rock vs. crystalline rock) in addition to the orientation of the stress field (e.g. Crider, 2015). The 

anisotropy can also be scale-variant (Crider & Peacock, 2004). The studies about effect of anisotropy on the formation 

of brittle structures on different scales in crystalline bedrock are limited.  Recent studies of crystalline Rapakivi 

granites indicate scalability of brittle structures in larger scales (>10 m), but the scalability in scales from meso- to 

microscale is poorly known (Ovaskainen et al., 2023). In this study, we compare the formation of brittle structures in 

different rock types with different evolution of ductile deformation, thus variations in anisotropies. 

 

Material and methods 

We have selected three outcrops in vicinity of large-scale ductile shear zones and study them at three different scales. 

The selected outcrops locate in SW of Finland, and each of them have been initially characterized structural 

measuring and sampling. The material consists of; 1) outcrops, representing mesoscale (100 m), 2) rock samples taken 

from fault zones, representing centimeter scale (10-2 m), 3) thin section from same spots as rock samples, representing 

microscale (10-3 m). From each scale, high-resolution photographs are taken; UAV orthomosaic of outcrop, 

panoramaphotograph of rock sample and scanned thin section photograph. The ductile and brittle features were 

digitized from these high-resolution photographs with ArcGis and analysed using the python package Fractopo.  

 

Results 

Outcrop FLOP_02 consists of mafic layered supracrustal rock with NE – SW trending foliation and ptygmatic veins. 

The outcrop is crosscut by semi-ductile NWW – SEE dextral shear, which has deflected asymmetrically the foliation 

and veins. The brittle faults are subparallel to the semi-ductile shear, but also some minor faults crosscut the foliation. 

Outcrop FLOP_03 consists of NE – SW trending ash and lava layers with foliation parallel to the layers. The outcrop 

contains 12 brittle faults subparallel to the foliation, which have localized to the ash layers. The outcrop FLOP_05 

contains homogenous tonalite without foliation. The outcrop is crosscut by two N – S trending brittle faults, and 

fractures in between the faults. 

 

Discussion 

The combined effect of the previous ductile deformation together with correctly oriented stress field compared to 

ductile features affects to the formation of brittle structures. When the angle of strike is acute to the main foliation, 

the brittle structures localize within pre-existing ductile structures. Regardless of scale, similar brittle structures can 

be observed form mesoscale to microscale as in the FLOP_02, the fault lenses have similar convergent angles and 

length – width ratio in both meso- and microscale presenting fractal nature.  
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Late-stage magmatic fluids separating from cooling intrusions act as the final transport-medium of mantle-derived 

volatiles and metals to the crust and surface. However, their compositions remain poorly constrained by empirical 

data due to the difficulty of sampling pristine magmatic fluid prior to chemical modifications resulting from 

interaction with the crust or mixing with external fluids. Here, we present preliminary major and trace element and 

triple halogen (Cl-Br-I) LA-ICP-MS data from fluid inclusions hosted in miarolitic quartz within an exposed gabbroic 

intrusion, belonging to the 3–4 Ma Vesturhorn intrusive complex in south-east Iceland. Our aim is to characterise the 

magmatic fluid component forming in mafic intrusions at divergent plate boundaries. 

The fluid inclusions were trapped during phase separation (boiling) into assemblages hosting both low-

salinity vapor (H2O, minor CO2 and trace H2S) and high-salinity brine. The fluid inclusions formed at high 

temperatures (> 600 °C)—suggested by high homogenisation temperatures and high host quartz Ti contents—and 

are interpreted to represent magmatic fluids. Compared to magmatic fluids associated with granitic plutons, the 

Vesturhorn brines have higher K-Fe contents relative to Na and distinctly high Fe/Mn and Ba/Mn ratios. The Na-

normalised Zn, Cu, Mo and Ag concentrations of the brine phase are comparable to brines associated with porphyry 

ore deposits. Notably, both Br/Cl (4±2×10–3; all ratios given as mol/mol) and I/Cl (70±30×10–6) of the brine are 

higher relative to corresponding basaltic melts and oceanic basalts in general. We show that this signature matches 

with experimentally predicted halogen compositions for magmatic fluids, occupying a unique field in the Br/Cl vs 

I/Cl space that is distinct from modern seawater (Br/Cl = 1.5×10–3, I/Cl = 0.87×10–6), marine sediments (I/Cl >> 

100×10–6) and known ore-forming brines in granitic systems (Br/Cl < 2×10–3).  

Our results provide a baseline composition for ‘barren’ late-stage magmatic fluids in mafic intrusions and 

can be used to constrain mantle-to-surface elemental fluxes and ore-forming processes in geological settings 

dominated by mafic magmatism. Our work demonstrates that triple halogen measurements are a potent tool for 

resolving magmatic fluid contributions from other common fluid sources in hydrothermal settings in general. 
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The Lapland Granulite Belt (LGB) is a Paleoproterozoic complex in the northern Fennoscandian shield comprising 

granulite facies migmatites and mafic sills of norite and enderbite (Lahtinen and Huhma, 2019; Cagnard et al., 2011; 

Eskola, 1952). The mafic bodies have been studied by field observations and geophysical data but are lacking sample 

specific microscopic-scale petrographic and geochemical analysis. Lahtinen and Huhma (2019) and Cagnard et al. 

(2011) have constructed two different versions of the formation of the LGB, both proposing formation within a 

backarc basin, but with opposite directions of subduction. The whole area is overlain by a thick layer of till, making 

field observations and sample collection difficult. Highway 969 from Ivalo to Nellim was recently widened, offering 

new fresh rock surfaces in the form of roadcuts ideal for structural mapping and analysing contact relationships. This 

study utilises new data from structural and sample analysis based on these and other road cuts in the area to construct 

a refined metamorphic and deformational history of the LGB. The focus of this study is the role of the enderbitic sills 

and mafic granulites. 

 Structural measurements and observations were made in August 2024 during a field trip to northern Lapland 

in Finland. Previously made thin sections of enderbites and mafic granulites have been analysed by electron probe 

micro analyser (EPMA) and X-ray fluorescence (XRF). XRF data show clear differences in whole rock composition 

and within certain elements, such as P2O5 and CaO, between enderbites and felsic granulites. This suggests a different 

origin for the rock types, coinciding with structural observations made in the field, as well as observations made by 

Eskola (1952). In the field bigger enderbite bodies had selvedge zones around them that included an abundant amount 

of garnet and sillimanite. The enderbite bodies appeared as elongated oval shaped masses. Foliations of granulitic 

gneiss were consistent throughout the LGB and it showed small scale folding with an assumed (all visible folds were 

on a 2D surface) fold axis parallel to the strike of the foliations. Enderbite bodies showed folding with fold axis’ 

perpendicular to foliation of granulite. Foliation of Angeli anorthosite was consistent with foliation of adjacent LGB 

granulite and their contact suggests that the anorthosite underlies the granulite. 

 Our working hypothesis is that the melt zone, where the Angeli Anorthosite accumulated from, is the source 

of the enderbite and norite sills, as well as the provider of the heat needed to induce granulite facies metamorphism 

of such large area. The whole unit has then experienced extension and shortening, leading to the deformation of the 

unit to what we see today. 
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Mafic layered intrusions are well-known hosts of base- and precious metal deposits throughout the world. The 

formation of Fe-Ti-V deposits in layered mafic intrusions remains a subject of interest to petrology and to the 

extractive industries. The 2.44 Ga magmatism in the Fennoscandian shield was caused by a mantle plume event and 

the initiation of rifting of the Archean craton, causing the emplacement of several mafic-ultramafic intrusions, mafic 

dykes and volcanic rocks. Many of these 2.44 Ga intrusions host significant mineralization, including Cr, Cu-Ni-

PGE, and Fe-Ti-V. The Koillismaa intrusion belongs to this group of intrusions, and hosts significant contact-, and 

reef-type PGE mineralization in the lower and middle portions of the intrusion, respectively, and an Fe-Ti-V oxide 

deposit (Mustavaara) in the upper portion. The Mustavaara Fe-Ti-V deposit is a historically important source of V, 

having accounted for a significant portion of global V production from 1976-1985. The deposit contains an estimated 

64 Mt of proven reserves, and 35 Mt of probable reserves, grading 14 wt. % oxide minerals of 0.91 wt.% V (Karinen 

et al., 2022, and references therein). The Mustavaara deposit is hosted by a magnetite gabbro with disseminated oxide 

of about 18.8 wt% in the studied drill hole, without significant massive ores, in contrast to the massive magnetite 

seams in the Bushveld complex, but similar to magnetite-rich zones in other Finnish intrusions (e.g., Akanvaara). 

Clinopyroxene grains are intensely altered, but fresh plagioclase domains are normally present.  

In this study, systematic analysis of in-situ trace elements and in-situ Rb-Sr isotope of plagioclase 

from samples taken across the whole stratigraphy of the Koillismaa intrusion has been conducted. These new data, 

together with published bulk rock geochemical and mineralogical data, are presented in constraining the parental 

magma composition, and elucidating the fractionation of magma, magma replenishment and oxygen fugacity 

conditions, providing a better understanding of the genesis of the Fe-Ti-V deposit in Mustavaara. The parent magma 

of the Koillismaa intrusion is identified as belonging to the 2.44 Ga siliceous high-magnesium basalt (SHMB) series 

present in the Fennoscandian shield, on the basis of initial 87Sr/86Sr ratios in plagioclase. The model of closed-system 

fractionation of the Mustavaara deposit, as previously proposed by Alapieti (1982) and Karinen et al. (2022) is 

discussed with regards to the new data. The presence of disseminated oxide ore in an isolated zone within the hanging 

wall is explained, with reference to plagioclase An and whole-rock contents of Cr and V. In addition, the origin of 

the subeconomic Rometölväs Reef, an occurrence of PGE-bearing sulfides in the Middle Zone of the Koillismaa 

intrusion, is discussed, with emphasis on the magma replenishment identified in the Middle Zone, and the 

fractionation of the magma as observed in whole-rock data.   
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Introduction 

The Kurikka buried valley aquifer system (Western Finland) hosts significant groundwater resources in coarse-

grained sediments alternating with till layers. Over the past 10 years, this multilayered aquifer system has been the 

object of growing interest to increase the water supply to the cities of Vaasa, Kurikka and nearby municipalities.  

In this context, it is important to understand the groundwater flow system to assess its sustainable exploitation 

rate and implement sustainable management of this resource. The goal of this study was to assess groundwater quality 

in the Kurikka aquifer system and interpret the geochemical and tritium (3H) data to better understand groundwater 

flow patterns.    

Methods 

To achieve the goal of the study, a geochemical characterization of groundwater was carried out and the obtained 

data was interpreted using multivariate statistical analysis. The study area (600 km2) encompasses 4 buried valleys 

connected to the main Kyrönjoki valley. Compilation of historical geochemical data (56 samples) from 2011-2021 

was completed in June-August 2023 by a large groundwater sampling campaign (42 samples) from observation wells, 

bedrock boreholes, production wells and springs, covering all parts of the study area.  

Samples were analyzed for major ions, minor and trace elements and tritium analyses were performed on a 

subset of 47 samples. Multivariate methods (Hierarchical Clustering and Principal Components Analysis) were 

applied on 18 physicochemical parameters for 98 samples. Additionally, 30 groundwater samples for tritium analysis 

were collected at different depth intervals along a vertical profile in 9 bedrock wells in April 2024.   

Results 

Five water groups emerged from the hierarchical classification. The first three clusters (C1-C2-C3) represent water 

from sediments, cluster 4 corresponds to water from the bedrock in the upgradient areas and cluster 5 represents 

water from the bedrock deep beneath the buried valleys.  

The major recharge area is located to the west of the study area, in the topographic highs where less evolved, 

modern tritiated waters were found (C3). From the recharge area, groundwater flows to the north, east and south-

east. A similar groundwater evolution from Ca-HCO3 to Na-HCO3 water types was observed in both sediments and 

bedrock in the recharge area (C4). This suggests there is either an evolution within the buried valleys themselves or 

the buried valleys act as discharge for the evolved bedrock waters that combine with waters present in sediments. 

Groundwater from the northernmost buried valley and the northern part of the Kyrönjoki valley (C1) are 

geochemically distinct from the rest of the study area and contain tritiated waters, reflecting a different context of 

modern esker with a shallower system. Bedrock groundwaters (C4-C5) are characterized by a lower pCO2 value and 

higher pH reflecting geochemical evolution.  

Groundwater from the sediments is generally free of tritium below 60 m and range from 2 to 4 TU above 60 

m, indicating the presence of a modern water component. 

While a few bedrock boreholes in the topographic highs and beneath the central Paloluoma buried valley showed a 

more evolved water type and were tritium-free, most bedrock boreholes contained fresh and tritiated waters (from 2 

to 9 TU) up to a depth of 135 m, suggesting deep active flow in bedrock.  
 

Future work 

Additional data on radiocarbon (¹⁴C) as a groundwater residence time tracer and isotopic signatures (⁸⁷Sr, ¹⁸O/²H) 

will complement this study to provide more insight on groundwater origin and the processes influencing 

groundwater flow and geochemical evolution in the Kurikka aquifer system.  

The work is made in collaboration with Vaasan Vesi, Kurikan Vesihuolto Oy, GTK and Etelä-Pohjanmaan ELY-

keskus 

29



Microbial communities and isotopes as novel tracers for groundwater flow paths in 

the multi-layered aquifer system in Kurikka, western Finland 
 

 

L. Purkamo1*, J. Ikonen1, M-A. Petre1, N. Putkinen1, A-M. Hokajärvi2, I. Miettinen2, T. Pitkänen3

1Water and Mining Environment Solutions Unit, Geological Survey of Finland, Espoo, Finland
2Expert Microbiology Unit, Finnish Institute for Health and Welfare, Kuopio, Finland

3Water Microbiology Laboratory, Finnish Institute for Health and Welfare, Kuopio, Finland

*corresponding author: lotta.purkamo@gtk.fi

Hydrogeological studies of the Kurikka region's aquifer system (Fig. 1) have been ongoing for more than ten years

with the focus on identifying groundwater resources capable of supporting large-scale water abstraction for 150,000

people and local industries. This research evaluates the potential of using microbial community structures and

isotopic compositions as novel natural tracers to understand groundwater origins and flow dynamics in the multi-

layered aquifer system in Kurikka. The multitracer approach that integrates hydrogeochemistry, including isotopes,

and microbial community analysis, can prove to be effective in identifying connectivity and flow paths within the

complex multi-aquifer system of the Kurikka region. Groundwater samples were collected from various aquifers,

including the deepest sedimentary aquifer, a bedrock observation well, and a superficial sedimentary aquifer. The

study utilizes microbial community structures that were defined using an environmental DNA metabarcoding method

(Couton et al., 2023). The isotopic compositions of hydrogen (δ2H), oxygen (δ18O), strontium (87Sr/86Sr), and sulfur

(δ34S) were analyzed from the water samples to support and to compare the microbial findings in tracing water origins

and pathways and in characterizing water types and assessing mixing processes (Ikonen et al., 2022). The results

show that the groundwater microbial communities are indeed diverse and composed of different populations in

different boreholes along the aquifer system in Kurikka. Furthermore, the bedrock-related microbial community has

some special features compared to the shallower, soil-related groundwater. The isotopic data revealed insights into

the biogeochemical processes and the local geochemistry. The study highlights the importance of extensive

monitoring, including chemical parameters and seasonal sampling, to fully understand the processes influenced by

local geology and hydrogeology in a complex aquifer system. This research demonstrates the value of combining

hydrogeochemical and microbial analyses to enhance the understanding of groundwater systems. The innovative use

of microbial community structures as natural tracers, combined with hydrogeochemical analysis, offers a novel

approach to assessing aquifer connectivity and flow dynamics. The findings provide crucial information for informed

groundwater management and potential contamination remediation, particularly in regions with complex geological

and hydrological settings.

 

Figure 1. Left, geological map of the study area and groundwater sampling locations; right: general cross-section of the 

Paloluoma buried valley (modified from Rashid 2022). AF- and AT- refers to aquifer and aquitard, respectively. 
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Beneath the South Ostrobothnia landscape in the region of Kurikka, under thick Quaternary sediments, lies a buried

valley aquifer system serving as an important groundwater resource. This study aims to ensure the sustainable use of

the Kurikka Aquifer System by estimating quantities of groundwater available for extraction through groundwater

monitoring and modeling. The primary objectives include calculating water budgets, modeling flow paths from

recharge to discharge areas under natural conditions, and assessing the response of the aquifer system to pumping

stresses. Numerical groundwater flow modeling integrates an aquifer system architecture and groundwater flow

dynamics, which allows the prediction of changes induced both by natural and artificial drivers (Alley et al., 1991).

Such modelling is especially important when dealing with a complex system as in Kurikka.

 Using the workflow presented by Lunkka et al. (2024), a conceptual hydrostratigraphical model of sediments

was developed on the basis of years of fieldwork and boreholes in Kurikka. This geological model is the main input

data to develop the groundwater flow model, together with hydraulic tests and groundwater level time series. The

numerical model will be then calibrated against static and dynamic groundwater level time series measured in

boreholes to accurately represent the natural dynamics of the aquifer system. This model of natural conditions will

also help estimate areal groundwater recharge, a parameter that is generally difficult to determine (Scanlon et al.,

2002), but is of paramount importance for evaluating the sustainability of the aquifer system.

Using numerical groundwater flow modeling, this study addresses key questions, such as the source of water

found in the aquifer system, flux rates, and the potential system responses to intensive future groundwater extraction

at the regional scale. Answering these questions will provide a basis for determining the sustainable use of the

groundwater resources and assess possible environmental impacts. Additionally, the model can be progressively

enhanced with increased complexity in the future, thus allowing for simulations of various abstraction scenarios and

the potential impacts of climate change. Post-audits of the model will also be feasible by incorporating monitored

groundwater level and pumping rate data. The work is sponsored by Kurikan Vesihuolto Oy.
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Sustainable water management is essential for minimizing environmental impact and ensuring regulatory compliance

across various industries. Geo-research house Geovisor Oy provides comprehensive hydrogeological services,

including hydrological testing, water sampling, laboratory analysis, data interpretation, and process optimization

support. These services enable detailed assessments of groundwater behavior, contaminant transport, and treatment

efficiency, providing actionable insights for industries seeking to implement responsible water management

strategies. Geovisor’s new HydroVisor service is an advanced water monitoring system that integrates real-time data

acquisition with hydrogeological measurement technologies to enhance decision-making and optimize resource

utilization. Service is based on utilizing Liqum Oy innovative electrochemical liquid sensing system. By continuously

monitoring parameters such as water quality and hydrogeological conditions HydroVisor enables industries to

improve operational efficiency while reducing their environmental footprint. Its applications extend to mining

operations, industrial wastewater treatment, surface water monitoring, environmental impact assessments, and water

resource management, where precise and real-time data supports compliance with environmental regulations and

enhances sustainability efforts. A key feature of HydroVisor is its cloud-based platform, which allows continuous

access to monitoring data. Clients can remotely track water quality, detect anomalies, and receive real-time alerts,

enabling on-the-spot decision-making and rapid response to changes. This connectivity enhances proactive water

management by ensuring that critical data is always accessible, facilitating more efficient resource allocation and risk

mitigation. Beyond real-time monitoring, the integration of continuous monitoring with advanced analytical

capabilities marks a significant advancement in hydrogeological research and industrial water stewardship. By

facilitating proactive management and rapid response to changes in water conditions, HydroVisor represents a

dynamic and innovative approach to sustainable water resource management in the mining.
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Introduction 

The Mustavaara V-(Ti-Fe) deposit located 53 km southwest of Kuusamo, northern Finland, represents a significant 

vanadium resource hosted within the Koillismaa (2.44 Ga) layered intrusion complex. As part of the Horizon Europe 

AVANTiS (HE AVANTiS)-project, this study investigates the impact of hydrothermal alteration on titanium and 

vanadium deportment within the Middle Ore Layer (MOL) of the Mustavaara deposit. The research contributes to 

AVANTiS's goal of developing innovative solutions for sustainable vanadium and titanium production in Europe by 

providing a detailed understanding of the distribution of critical and strategic elements within the Mustavaara and 

other oxide deposits in Europe. 

 

Preliminary results 

The mineralogical investigation of two drill cores (MV-63-2011 and MV-64-2011) reveals distinct alteration patterns. 

MV-63 shows extensive hydrothermal alteration with elevated content of V and Ti hosted in silicate minerals. In 

contrast, MV-64 exhibits better-preserved ilmenomagnetite grains and titanite at magnetite-ilmenite contacts. The 

presence of secondary calcite and epidote suggests the involvement of Ca-rich hydrothermal fluids. Based on mass 

balance calculations, magnetite and ilmenite remain the primary hosts for Ti and V, although a significant amount of 

V (30%) is located in silicate minerals, particularly in secondary amphiboles and epidotes (Figure 1). 

The findings highlight that a considerable amount of Ti and V are mobilized and reprecipitated in secondary 

silicate phases. This hydrothermal mineralization may complicate ore processing and pose recovery challenges that 

could necessitate adjustment of processing strategies. While primary recovery should focus on oxide-hosted portions, 

the significant titanite amount represents a potential secondary source of titanium. Vanadium recovery strategies must 

account for substantial silicate hosting which can be a resource for the future. Future work within the AVANTiS 

framework will focus on optimizing processing strategies and enhancing the cost-efficient and sustainable extraction 

of these critical raw materials. 

 

Figure 1. EPMA elemental mapping revealing vanadium-enriched epidote from drill core MV-63-2011, sample -253. The 

presence of V in silicate phases, particularly epidote, indicates significant hydrothermal alteration and remobilization of 

vanadium from primary oxide minerals. This observation has important implications for processing strategies, as a substantial 

portion of vanadium is located in silicate minerals rather than being confined to oxide phases.  
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