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VANADIUM – CRITICAL RM IN EU

 Vanadium in the critical raw material list of EU
 Global demand is predicted to rise due to V usage 

in battery technologies and for production of high-
strength steels and superalloys

 V-rich black shales are regarded as a major future 
resource type of the metal (Kelley et al. 2017)

 The resources remain largely unexploited today 
due to the complexity of the organic-rich fine-
grained ores and technological challenges of metal 
extraction
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Vanadium redox battery (Clemente et al. 2020)

V4+/V5+ V2+/V3+
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VANADIUM IN BALTOSACANDIAN
BLACK SHALES 

 Cambrian to Lower Ordovician black shales enriched 
in V, with hyper-enrichment (>1000 g/t) in some 
areas (Bian et al. 2021)

 In Estonia co-occurrence of V-rich black shales and 
shelly phosphorites (P+REE) in Tremadocian shallow 
marine complexes

 The black shales (Türisalu Fm.):
 Total tonnage approx. 68 billion tons
 Content of organic matter 15-20%
 K-feldspar, quartz & clay minerals dominate in 

mineral assemblage, pyrite content up to 6%
 Low thermal maturity

4.5 m

(Soesoo et al. 2020)
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ENRICHED METALS AND SEMIMETALS IN TREMADOCIAN BLACK SHALES
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VANADIUM IN TREMADOCIAN BLACK SHALES

 Maximum V content 1000-1500 g/t based on historic 
analyses

 V distribution is spatially heterogeneous and the 
distribution trends remain poorly understood 

 V complexes in the black shale are not known
 Previous extraction studies show poor recovery of V 

compared to other enriched metals 

(Hade et al. 2017) (Hints et al. 2014)

V content (ppm)
1 : 1 250 000
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RESTA PROJECT

RESEARCH GROUP
 Collaborative interdisciplinary research 

 Department of Geology, Tallinn University of 
Technology

 Lab of Inorganic Materials, Tallinn University of 
Technology

 Institute of Ecology and Earth Sciences, University of 
Tartu 
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ANALYTICAL SCOPE
 Focus on V-rich black shales from 

Toolse & Aseri phosphorite deposit 
areas

 High-resolution V distribution 
profiles and in situ mapping (XRF, 
ICP-MS, ICP-MS LA & SEM-
EDS/WDS)

 Bulk and clay mineralogy

 Thermogravimetry

 Synchrotron-based spectroscopic 
studies (XAS & XANES) for V 
speciation

 Lab-scale extraction tests with 
various acids, bases, and ionic 
liquids applying modulated 
environments and various 
pretreatments of ore 
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WHICH FACTORS CONTROLLED VANADIUM
ENRICHMENT?

 V in natural systems via V5+, V4+ & V3+

 Enrichment in organic-rich sediments due to reduction of V 
in seawater & V affinity to organic matter

 In the black shales of the Türisalu Fm. moderate covariance 
between TOC & V; V hyper-enrichment is not consistently 
related to the OM-richest varieties

 High covariance of V and a fine mineral fraction (Al & Ti) in 
V-rich settings

(Hints et al. 2021)(Tribovillard et al. 2006)

Sõtke 1 drill core

(Kirsimäe 2021)
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HOW IS VANADIUM SPECIATED? 

 Potential organic and mineral carriers of V:
 V present via organometallic complexes –

vanadyl porphyrins
 V in phyllosilicates – V-rich illites or 

illite-smectites
 Preliminary studies indicate that V is bounded 

by at least 2 different complexes in the 
considered black shales 
 titanium oxides as additional V carrier-

phases in V-rich varieties

V3+→Al

V4+
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EXPECTED RESULTS OF THE PROJECT

 Organic or/and mineral carriers of V in Estonian Tremadocian black shales 
identified based on state-of-art analytical studies

 New high-resolution datasets and interpretations of V enrichment and speciation will 
help to create more accurate predictive models for V resources

 Improved knowledge for tailoring efficient V extraction technologies based on 
the well defined characteristics of the ore
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FOR MORE INORMATION

 Open access to RESTA project data sets through 
geological research information system E-maapõu 
https://geoloogia.info/

 rutt.hints@taltech.ee
 Thank you!
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