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Teadus- ja arendustegevuse aruanne 2022 
Geoloogia instituut 

Geoloogia instituut on maapõue ja mäenduse alast kompetentsi koondav instituut Tehnikaülikoolis. 
Instituudi teadlased tegelevad aluspõhjageoloogia, paleokeskkonna, kliima, meregeoloogia, maavarade, 
mäenduse ning ringmajandusega. Instituut vastutab Maa süsteemide ja maapõueressursside 
õppekavade eest, pakub laboriteenuseid ja konsultatsioone ning haldab Eesti suurimaid 
kivimikollektsioone. 

Direktor: Professor Olle Hints, gi@taltech.ee, +372 620 30 10  

2022. a tegutses geoloogia instituudi kooseisus 4 uurimisrühma, mis vastavad neljale osakonnale:  

• Aluspõhjageoloogia ja teaduskollektsioonide osakond 

• Kvaternaarigeoloogia osakond  

• Maavarade ja rakendusgeoloogia osakond 

• Mäenduse ja maavaratehnoloogia osakond 
2022. a avaldasid geoloogia instituudi teadlased kokku 53 kõrgetasemelist teadusartiklit ja hulgaliselt 
muid publikatsioone ning osalesid enam kui 15 teadus- ja arendusprojektis, sh Eesti Teadusagentuuri 
grantid, Horizon 2020 ja Horizon Europe, EIT Raw Materials võrgustiku projektid, 
Keskkonnainvesteeringute Keskuse uurimisteemad jt. Tähelepanuväärseimaks sündmiseks oli 2022. a 
riigi teaduspreemia määramine geo- ja bioteaduste alal instituudi teadlastele Siim Veskile ja Anneli 
Poskale tööde tsükli „Mineviku õppetunnid: jääajajärgne keskkond muutuva kliima ja kasvava inimmõju 
tingimustes“ eest. 

 

Department of Geology 

The Department of Geology is the centre of expertise on geology, mineral resources, and mining at 
TalTech. Our researchers focus on bedrock geology, paleoenvironments, mineral resources, mining 
engineering and circular economy. We are responsible for study programmes on Earth systems and 
resources, offer lab analyses and expert services, and hold the largest geoscience collections in Estonia. 

Director: Associate Professor Olle Hints, gi@taltech.ee, +372 620 30 10 

In 2022 the Department of Geology hosted four research groups and structural divisions: 

• Division of Bedrock Geology and Collections  

• Division of Quaternary Geology 

• Division of Mineral Resources and Applied Geology 

• Division of Mining and Mineral Technology 
In 2022, the researchers of the Department of Geology published 53 high-level scientific articles and 
numerous other publications and participated in more than 15 research and development projects, 
including Estonian Science Agency grants, Horizon 2020 and Horizon Europe, EIT Raw Materials network 
projects etc. The most notable event was the awarding of the 2022 state research prize in the field of 
geo- and biosciences to department's researchers Siim Veski and Anneli Poska for their work cycle 
"Lessons from the past: the post-ice age environment under the conditions of a changing climate and 
growing human influence". 

mailto:gi@taltech.ee
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Aluspõhjageoloogia uurimisrühm 
Juht: Olle Hints, kaasprofessor, +372 620 30 27, olle.hints@taltech.ee 

Liikmed (akadeemilisel ametikohal): Ursula Toom, Aivo Lepland  

Liikmed (doktorandid): Tatiana Kulashova 

Liikmed (mitteakadeemilisel ametikohal): Peep Männik, Jaak Nõlvak, Helje Pärnaste, Tiiu Märss, Erik 
Tzodsenidze 

Võtmesõnad: aluspõhi, Eesti geoloogia, settekivimid, paekivi, paleokeskkond, paleokliima, 
paleontoloogia, geokeemia, stratigraafia, sedimentoloogia, Paleosoikum, Vanaaegkond, Baltoskandia, 
Baltika, Ordoviitsium, Silur, elurikkuse areng, väljasuremine, jääaeg, mikrofossiilid, kivistised, 
kivimikollektsioonid, geoloogilised andmebaasid, e-teenused.  

AAK prioriteetsed suunad: Keskkonnaressursside vääristamine, usaldusväärsed IT lahendused. 

Frascati Manuali alamvaldkond: 1.5 Maateadused ja nendega seotud keskkonnateadused. 

CERCSi teaduserialad: P420 Petroloogia, mineroloogia, geokeemia; P450 Stratigraafia; B330 
Paleozooloogia, fülogenees. 

Uurimisrühma tutvustus: 

Aluspõhjageoloogia ka teaduskollektsioonide osakonna põhikompetentside hulka kuulub Eesti 
geoloogilise ehituse, erinevate kivimite, kivististe ja geoloogilise arenguloo põhjalik tundmine. Sellised 
baasteadmised on vajalikud rakendusuuringutes, kuid uurimisrühma põhiliseks tegevusvaldkonnaks on 
alusuuringud, enamasti tihedas rahvusvahelises koostöös. Rühma peamisteks uurimissuundadeks on:  

• paleokeskkonna ja paleokliima modelleerimine kasutades geokeemilisi ja sedimentoloogilisi 
indikaatoreid, sh süsiniku ja hapniku isotoopkoostist;  

• paleoelurikkuse dünaamika modelleerimine ja selle seosed kliima ja keskkonnamuutustega;  

• erinevate organismirühmade evolutsioon ja paleobiogeograafilise leviku analüüs;  

• mikropaleontoloogia ja kõrglahutusega biostratigraafia.  
Oluline osa uurimisrühma tegevusest baseerub instituudi geoloogilistel teaduskollektsioonidel, mis on 
unikaalseks arhiiviks planeedi kauge mineviku uurimisel. Selle arhiivi haldamist, arendust ja teadlastele 
avamist korraldab uurimisrühm riikliku teadustaristu programmi ning rahvusvaheliste koostööprojektide 
raames. 

Olulisemad tulemused: 

2022. a olulisemate tulemuste hulka kuulub paleo-elurikkuse mustrite tuvastamine ning suhete 
organismirühmade vaheliste seoste selgitamine Paleosoikumi merelistes ökosüsteemides Baltika 
kontinendil. Tähelepanuväärne on mitmete teadusele uute liikide kirjeldamine, mis aitavad paremini 
mõista elu arengulugu ning on ühtlasi aluseks kivimite senisest täpsemal biostratigraafilisel dateerimisel. 
Sekundaarioonide massispektromeetria võimaldas tuvastada hapniku isotoopkoostise muutusi 
mikroskoopilistes konodontides, viidates kliima ja keskkonnatingimuste sujuvale muutusele ning Balti 
paleobasseini diferentseerumisele Ordoviitsiumi ajastul. Kokku ilmus uurimisrühma liikmetel 19 
kõrgetasemelist publikatsiooni.  

Olulisemad partnerid Eestis: Tartu Ülikooli geoloogia osakond, Eesti geoloogiateenistus 

Olulisemad partnerid välismaal: Hiina TA Nanjingi Geoloogia ja Paleontoloogia Instituut, Potsdam  

Veebileht: https://taltech.ee/geoloogia-instituut/uurimisruhmad#p31321 

mailto:olle.hints@taltech.ee
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Bedrock Geology Research Group 
Group leader: Olle Hints, Associate Professor, olle.hints@taltech.ee 

Members: Ursula Toom, Merlin Liiv, Peep Männik, Jaak Nõlvak, Aivo Lepland, Linda Hints, Tiiu Märss 

Doctoral students: Tatiana Kulashova 

Keywords: bedrock, geology of Estonia, sedimentary rocks, limestone, paleoenvironment, paleoclimate, 
paleontology, geochemistry, stratigraphy, sedimentology, Paleozoic, Baltoscandia, Baltica, Ordovician, 
Silurian, paleobiodiversity, mass extinction, ice age, microfossils, fossils, geological collections, geological 
databases and e-services. 

Overview: 

Bedrock geology has been among the key study fields in the Department of Geology since 1950s. At 
present, the research group of bedrock geology holds competences on regional geology, sedimentary 
rocks, stratigraphy and paleontology of Estonia and beyond. Such expertise is needed in applied 
geosciences, but the main work of the group is aiming at better understanding of the interactions 
between geo- and biosphere processes in deep time. The group holds leading palaeontological 
competence in Estonia, and for some fossil groups, leading expertise worldwide (notably for conodonts, 
chitinozoans and scolecodonts). The group's main research directions are:  

• Paleoenvironment and paleoclimate reconstructions using multiple proxy indicators such as 
carbon and oxygen isotopes, sedimentology etc.  

• Paleobiodiversity dynamics including mass extinction and their links with climate and 
environmental changes.  

• Paleobiology and evolution of various groups of organisms during the Paleozoic.  

• High-resolution bio- and chemostratigaphy that provides regional spatio-temporal framework 
and global time correlations. 

The group is using the large geological collections at the department that constitute a globally unique 
archive of deep time Earth environments, climate and biodiversity. The group is responsible for the 
development and opening up this archive for researchers worldwide as part of national and pan-
European research infrastructure.  

Main results: 

The most important results in 2022 include the reconstruction of paleo-biodiversity patterns and 
deciphering interactions between different groups of organisms in Early-Paleozoic marine ecosystems 
on the Baltica palaeocontinent. A number of species unknown to science were first described by the 
research group, and these data serve for a better understanding of deep-time biological evolution and a 
more precise biostratigraphic dating technique of sedimentary rocks. Secondary-ion mass spectrometry 
(SIMS) analysis enabled studying oxygen isotopes from microscopic individual conodont elements and 
reconstructing climatic and paleoenvironmental conditions within the Baltic palaeobasin. Altogether 19 
high-ranking research papers were published by the group in 2022. 
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Kvaternaarigeoloogia uurimisrühm 
Juht: Siim Veski, professor, siim.veski@taltech.ee 

Liikmed: Tiiu Alliksaar, Atko Heinsalu, Anneli Poska, Triin Reitalu, Jüri Vassiljev, Leeli Amon, Normunds 
Stivrinš, Merlin Liiv, Ansis Blaus 

Doktorandid: Vladimir Karpin, Anna Lanka, Varvara Bakumenko, Ivan Krivokorin, Eliise Kara 

Järeldoktorid: Olga Lisitsyna 

Võtmesõnad: geoökoloogia, keskkonna ja kliima areng, paleomitmekesisus, Läänemeri, kronoloogia 

AAK prioriteetsed suunad: Keskkonnaressursside vääristamine,  

AAK prioriteetsed suunad: Keskkonnaressursside vääristamine, Nutikas merendussektor ja jätkusuutlik 
merekeskkond. 

Frascati Manuali alamvaldkond: 1.5 Maateadused ja nendega seotud keskkonnateadused. 

CERCSi teaduserialad: P450 Stratigraafia; T270 Keskkonnatehnoloogia, reostuskontroll; T510 
Kronoloogia, vanusemääramise tehnoloogia; P460 Sedimentoloogia; B260 Hüdrobioloogia, mere-
bioloogia, veeökoloogia, limnoloogia. 

Uurimisrühma tutvustus: 

Kvaternaarigeoloogia ja sellega liituvad erialad on olnud geoloogia instituudi üheks oluliseks 
uurimisvaldkonnaks alates instituudi loomisest. 2022. a on osakonnaga seotud üheksa teadustöötajat, 
järeldoktor ja viis doktoranti, teadustegevus toimub peamiselt Eesti Teadusagentuuri uurimistoetuste 
toel. Töögrupi teadustulemused on pälvinud rahvusvahelise tunnustuse ja on võimaldanud viljakat 
ühistööd mitmete oma ala maailma juhtivate teaduskollektiividega, pakkudes uudseid lahendusi 
pärastjääaegse taimestiku, kliima, inimtegevuse ja keskkonnamuutuste vaheliste seoste 
väljaselgitamisel. Töögrupi arendustöö on avardanud võimalusi koostööks teiste teadusharudega nagu 
klimatoloogia, ökoloogia ja arheoloogia. Osakonna teadurid publitseerivad oma teaduseriala 
tippajakirjades nagu Nature Ecology & Evolution, Biogeosciences, Quaternary Science Reviews, Journal of 
Ecology jt. 

Osakonna peamiste uurimissuundade hulka kuuluvad:  

• Pärastjääaegse kliima rekonstrueerimine eri analüüsimeetoditega;  

• Maakatte ja taimestiku rekonstrueerimine, kiired muutused;  

• Õietolmuandmete-põhised ökoloogilised seosed ja paleo-elurikkus;  

• Mineviku maakasutus ning ökosüsteemide kohanemine sellega;  

• Jäätaande kronoloogia ja paleogeograafia;  

• Läänemere areng ning keskkonnaseisundi muutused, merelised maavard.  
Töögrupp viib ellu projekti PRG323, mis ühildab interdistsiplinaarse lähenemisviisi kaudu tänapäevastel 
paleoökoloogistel andmetel põhinevad mineviku taimestiku- ja kliimamuutuste rekonstruktsioonid ja 
taimestiku modelleerimise, et selgitada bioloogiliste protsesside (ränne ja konkurents) ja abiootiliste 
tegurite (kliima, toiteainete ja häiringute hulk, inimtegevus) mõju taimestiku dünaamikale hilis- ja 
pärastjääajal Põhja-Euroopas.  

Olulisemad tulemused: 

Holotseeni taimestiku kohaliku muutuse määrad, mis ulatuvad sajandist mitme aastatuhandeni, on 
suurema varieeruvuse ja lühema kestusega kui piirkondlikud. Liikide taksonite muutusi mõjutavad 1500 
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(Bond) ja 2200 (Bray) aastased kliimatsüklid ja õietolmupõhised Ellenbergi indikaatori väärtused 
peegeldavad hästi Holotseeni looduslikke keskkonnatingimusi. Uudsena kasutati vaevakase lehe 
mikrofenoloogilisi mõõtmisi arvutamaks hilisjääaja sesoonseid muutusi, vegetatsioonitemperatuuride 
summat ja kevade algust. Anneli Poskale ja Siim Veskile omistati riigi teaduspreemia. 

Olulisemad partnerid Eestis: Tartu Ülikool, Maaülikool, Eesti Geoloogiateenistus 

Olulisemad partnerid välismaal: Läti Ülikool, Helsingi Ülikool, Uppsala maaülikool (Swedish University of 
Agricultural Sciences) 

Veebileht: https://taltech.ee/geoloogia-instituut/uurimisruhmad#p31323 
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Quaternary Geology Research Group  
Leader: Siim Veski, professor, siim.veski@taltech.ee 

Members: Tiiu Alliksaar, Atko Heinsalu, Anneli Poska, Triin Reitalu, Jüri Vassiljev, Leeli Amon, Normunds 
Stivrinš, Merlin Liiv, Ansis Blaus 

Doctoral students: Ansis Blaus, Vladimir Karpin, Anna Lanka, Varvara Bakumenko, Ivan Krivokorin 

Postdoctoral researchers: Olga Lisitsyna 

Keywords: geoecology, paleoclimate and environment, paleodiversity, Baltic Sea, chronology  

Overview: 

Quaternary geology, paleoecology and related research disciplines explaining the current paradigm of 
actualism in geology, have been one of the principal targets of research at the Department of Geology 
since the 1950s. At present, the research group comprises of nine researchers, one postdoc and five PhD 
students, who work in close collaboration as a targeted team, as well as with other groups in the 
department. We have fruitful collaboration worldwide, notably in US, Russia, Sweden, Finland, Canada, 
Germany, UK, Netherlands, Switzerland, Latvia, Lithuania and Belarus.  

The main research aim of the Quaternary group is reconstruction of past ecosystems, vegetation history, 
climate and environmental change, both natural and manmade, at high temporal resolution during the 
last 15,000 years through multidisciplinary and multiproxy studies of natural archives such as lake, bog 
and marine sediments. The Quaternary is known for rapid climate change, glacial advances and retreats, 
constant drift of biota between glacial and warm refugia, sea level fall and rise with each period of 
freezing and thawing. It’s also known as the period of the rise of mankind and its progressively 
increasing impact upon the environment. The group focusses on better understanding the interactions 
between Quaternary geo- and biosphere processes, in particular, addressing the following:  

• Paleoclimate variation using multi-proxy analyses (such as pollen and chironomid based 
inference models);  

• Paleo-biodiversity (terrestrial and aquatic), functional and phylogenetic diversity dynamics and 
relationships with climate and environmental changes;  

• Past human impact upon landscapes, waterbodies, vegetation structure and land-cover;  

• Postglacial retreat of the ice sheet; 

• Shoreline displacement of the Baltic Sea.  
The group holds leading position in Quaternary and palaeoecological studies in the Baltic realm. The 
main strengths of the group's work are related to the high-resolution paleo-datasets of geographically 
and climatically constrained area. Results of the studies conducted at the department have been 
published in leading research journals including Nature Ecology & Evolution, Biogeosciences, QSR, 
Journal of Ecology ect.  

The group hosts several labs of biostratigraphy, dating, geochemistry, granulometry, and makes use of 
the department’s mass spectrometry lab for stable isotope geochemistry.  

Running projects: 

• PRG323 "Tracking the time-lags of species response to environmental change using palaeo-
proxy data and modelling (TrackLag) (1.01.2019−31.12.2023) 

• RESTA23 “Quality and properties of Estonian shelly phosphorite as a potential source for 
phosphorus and rare earth elements and its complex processing technologies” (01.09.2020–
31.03.2023) 
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• RITA1/02-60-04 Innovative approaches to monitoring and assessing marine environment and 
nature values in Estonian sea area (01.01.2019–31.03.2022) 

Main results:  

Succession of biomes in Holocene was recorded with compositional turnover rates of vegetation ranging 
from century to several millennian timescales. Local community changes have higher variation and 
shorter duration than regional and taxa occurrence is affected by 1500 (Bond) and 2200 (Bray) year 
climate cycles. Pollen-based Ellenberg Indicator Values reflect well natural environmental conditions. 
Novel application of micro-phenological Betula nana fossil leaf proxy to the Late Glacial temperature 
record reveals early season and spring temperature dynamics rather than traditionally inferred winter or 
summer temperatures. Anneli Poska and Siim Veski received National Research Award in the field of 
geosciences and life sciences. In total 11 WoS journal papers were published in 2022.  
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Maavarade ja rakendusgeoloogia uurimisrühm 
Juht: Rutt Hints, vanemteadur, telefon 6203036, rutt.hints@taltech.ee 

Akadeemilisel ametikohal töötavad uurimisrühma liikmed: prof Alvar Soesoo, Tarmo Kiipli, Heidi 
Soosalu, Alla Šogenova, Kazbulat Šogenov; 

Doktorandid: Siim Pajusaar, Sophie Jane Marie-Pascale Huguette Graul, Mawo Ndiaye, Juan David 
Solano Acosta; 

Mitteakadeemilisel ametikohal töötavad liikmed: Toivo Kallaste, Kristjan Urtson, Nata-Ly Pantšenko, 
Andre Gregor. 

Võtmesõnad: maavarad, geokeemia, mineraloogia, mustad kildad, fosforiidid, maagistumine, 
geofüüsika, CO2 ja vesiniku geoloogiline ladustamine, ringmajandus. 

AAK prioriteetsed suunad: Keskkonnaressursside vääristamine (mineraalsed toormed, sh 
tulevikumaavarad ja kriitilised toormed) 

Frascati Manuali alamvaldkond: 1.5 Maateadused ja nendega seotud keskkonnateadused. 

CERCSi teaduserialad: P430 Maavarad, majandusgeoloogia, P420 Petroloogia, mineroloogia, geokeemia. 

Uurimisrühma tutvustus: 

Uurimisrühma teadustegevuse fookuses on perspektiivsete Euroopa Liidu kriitilisi toormeid sisaldavate 
maapõueressursside geneesi, leviku ja väärindamise potentsiaali selgitamine. Rühma 
tuumikkompetentsid on seotud setteliste maavarade, sealhulgas metallirikaste mustade kiltade, 
karbonaatkivimite ning põlevkivide, geokeemia ja mineraloogiaga. Lisaks on viimastel aastatel ellu viidud 
rida T&A uuringuid aluskorra maagileiukohtade erinevate geoloogiliste aspektide analüüsiks. Iseseisvaks 
uurimissuunaks on CO2 sidumise ning CO2 ja vesiniku ladustamise alased uuringud. Interdistsiplinaarse 
koostöö valdkondades nagu ressursside väärindamine ja kavandusjäätmete taaskasutamise, toetub 
uurimisrühma pikaajalisele teadustööle röntgenstruktuuranalüüsi ja elementanalüüsi vallas. 

Uurimisrühm haldab geokeemia ja mineraloogia laborit, mis on varustatud ICP-MS, XRF ja XRD 
analüsaatoritega, ning võimaldab läbi viia kompleksseid geokeemilisi, mineraloogilisi ja petroloogilisi 
uuringuid. Analüütilise kvaliteedi tagamiseks osaletakse Rahvusvahelise Geoanalüütikute Assotsiatsiooni 
tasemekatsete programmis. Uurimisrühma Eesti-siseste ja rahvusvaheliste koostööpartnerite seas on 
olulisemad uurimisrühmad Tallinna Tehnikaülikooli materjali- ja keskkonnatehnoloogia instituudist, 
Tartu Ülikooli geoloogia osakonnast, Eesti Geoloogiateenistusest, Oulu Ülikoolist ja GFZ Geoteaduste 
uurimiskeskusest. 

Jooksvad projektid: 

• RESTA18 "Vanaadiumi levik ja esinemisvormid graptoliitargilliidis ning eraldamise tehnoloogiad" 
(1.07.2020−28.02.2023); 

• RESTA20 "Potentsiaalselt kasulikud komponendid ja maagistumise genees Eelkambriumi kivimite 
polümetalse maagistumise ilmingutes“ (1.04.2020−30.11.2022); 

• RESTA23 "Eesti karbifosforiidi kvaliteet ja omadused potentsiaalse fosfori ning haruldaste 
muldmetallide toormena ja selle komplekssed ümbertöötlemistehnoloogiad" 
(1.09.2020−31.03.2023). 

• VHE22029 „Zero Emission Network to facilitate CCUS uptake in Industry“ (01.09.2022–28.02.2025) 

• VERT20047 „Strateegiline partnerlus ringmajanduse lähenemisviisi edendamiseks 
kaevandustööstusega seotud õppeprogrammides“ (01.09.2020–31.08.2023) 
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• VFP20055 „Vesiniku ladustamine Euroopa maa-aluses“ (01.01.2021–30.06.2023) 

• VFP17114NG „Kaltsiumitsükli kasutamine CO2-vaba tsemendiklinkri tootmiseks“ (01.10.2017–
31.03.2023) 

Olulisemad tulemused: 

2022. a olulisemate teadustulemuste hulka kuulub Eesti maakoore süvaehituse selgitamine kombineeritud 
magnetomeetria ja gravimeetria mudelite põhjal. Saadus tulemusi on võimalik rakendada nii võimalike 
maagistumisalade otsinguks kui ka ka piirkonna geotermaalse potentsiaali mõistmiseks. 

Kliimaneutraalse energeetika kasutuselevõtu aspektist on oluline rahvusvaheline teadusuuringute ja 
innovatsioon koostöö Horisont 2022 raames, milles selgitati, kus ja kuidas oleks võimalik vesinikku ladustada 
Euroopa maapõue. 

Rakenduslikud väljundid: 

Lisaks teadustegevusele panustasid töörühma liikmed 2022. a aktiivselt maapõueressursside valdkonna 
laiemale tutvustamisele osaledes Eesti-sisestel ning rahvusvahelistel avalikel esinemistel ja võttes sõna 
meedias (1, 2, 3 ja mitmed teised). Ettevõtluskoostöö osas konsulteeriti Trisector OÜ-d põlevkivi aherainest 
kaltsiumkarbonaadi väärindamise uuringute läbiviimisel.  

Olulisemad partnerid Eestis: Tartu Ülikooli geoloogia osakond, Eesti Geoloogiateenistus, Trisector OÜ 

Olulisemad partnerid välismaal: GFZ-Potsdam, Oulu Mining School 

Veebileht: https://taltech.ee/geoloogia-instituut/uurimisruhmad#p31323 

https://etv.err.ee/1608384881/metallitoormete-nappus
https://novaator.err.ee/1608384365/geoloog-tuleviku-magnetinappust-leevendaks-vanad-mobiiliakud-ja-fosforiit
https://maaleht.delfi.ee/artikkel/95822385/geoloog-alvar-soesoo-on-juba-hilja-ei-entusiastid-ega-poliitikud-suuda-meid-paasta-valjasuremisest
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Mineral Resources and Applied Geology Research Group 
Research group leader: Rutt Hints, Senior Researcher, phone 6203036, rutt.hints@taltech.ee. 

Members: prof. Alvar Soesoo, Tarmo Kiipli, Heidi Soosalu, Alla Šogenova, Kazbulat Šogenov; 

Doctoral students: Siim Pajusaar, Sophie Jane Marie-Pascale Huguette Graul, Mawo Ndiaye, Juan David 
Solano Acosta; 

Non-academic members: Toivo Kallaste, Kristjan Urtson, Nata-Ly Pantšenko, Andre Gregor. 

Keywords: mineral resources, geochemistry, mineralogy, black shales, phosphorites, ore genesis, 
geophysics, CCUS, hydrogen storage, circular economy. 

Overview: 

The main study area of the research group is the perspective mineral resources of Estonia containing 
raw materials listed as critical by the EU. The research targets issues related to their genesis, 
distribution, and valorisation. The group's core competencies are related to geochemistry and 
mineralogy of sedimentary mineral resources, including phosphorites, metalliferous black shales and 
other carbonaceous rocks. Besides that, several R&D projects focused on various aspects of the geology 
of Proterozoic ore deposits have been conducted during the last few years. The discrete research area is 
devoted to carbon capture and CO2 and hydrogen storage technologies. The interdisciplinary research in 
areas such as valorization of mineral resources and the recycling of mine wastes is based on the group's 
extensive research experience in areas such as X-ray powder diffraction. 

The research group manages the lab of geochemistry and mineralogy equipped with ICP-MS, XRF, and 
XRD, allowing the complex set of geochemical, mineralogical, and petrological studies to be carried out. 
The quality of laboratory analyses is assured through participation in the proficiency testing program of 
the International Association of Geoanalysts. The workgroup's active collaboration partners come from 
numerous organizations from Estonia and abroad, including the Geological Survey of Estonia, University 
of Oulu and the GFZ German Research Centre for Geosciences.  

Projects in progress: 

• RESTA23 "Quality and properties of Estonian shelly phosphorite as a potential source for phosphorus 
and rare earth elements and its complex processing technologies" (1.09.2020−31.03.2023); 

• RESTA20 "Genesis and economically valuable metals in polymetal sulphide mineralizations in 
Precambrian of Estonia (1.04.2020−30.11.2022)"; 

• RESTA18 "Vanadium distribution and compounds in Tremadocian black shale and potential 
extraction technologies" (1.07.2020−28.02.2023) 

• VHE22029 "Zero Emission Network to facilitate CCUS uptake in industry" (1.09.2022−28.02.2025); 

• VERT20047 "Strategic partnership for fostering circular economy approach in extractive industry 
related study programmes" (1.09.2020−31.08.2023); 

• VFP20055 "Hydrogen Storage In European Subsurface" (1.01.2021−30.06.2023); 

• VFP17114NG "CLEAN clinKER production by Calcium looping process" (1.10.2017−31.03.2023). 

Main results: 

The most relevant research results of 2022 include a novel interpretation of the deep crustal structures of 
Estonia based on combined gravimetric and magnetometric data sets. The new models could be further used 
to delineate potential metallogenic areas and to understand the geothermal potential of the region. 
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Clarifying conditions and requirements for efficient underground hydrogen storage in Europe, as part of 
research and innovation collaboration under Horizon 2020, bolsters European goals for fast-paced 
transitions to renewable technologies. 
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Mäenduse ja maavaratehnoloogia uurimisrühm 
Juht: Veiko Karu, EIT vanemprojektijuht, +372 6203850, veiko.karu@taltech.ee 

Akadeemilised liikmed: Michael Hitch, professor; Erik Väli, vanemlektor; Sander Kanter, lektor; Tõnu 
Tomberg, lektor; Peeter Talviste, praktik-professor 

Doktorandid: Andrus Paat, Nthati Monei, Vesta Kaljuste 

Teised liikmed: Aleks Strazdin; Karin Robam; Tony Hand 

Võtmesõnad: mäendus, maavarade kaevandamine; ringmajandus; toormed; fosforiit; ESG; ettevõtlikkus 

AAK prioriteetsed suunad: Keskkonnaressursside vääristamine (mineraalsed toormed, sh 
tulevikumaavarad ja kriitilised toormed) 

Frascati Manuali alamvaldkond: 1.5 Maateadused ja nendega seotud keskkonnateadused, 2.1 
Ehitusteadused, 5.2 Majandusteadus ja ärindus  

CERCSi teaduserialad: T340 Kaevandamine/mäendus; P430 Maavarad, majandusgeoloogia; P470 
Hüdrogeoloogia, geoplaneering ja ehitusgeoloogia; T181 Kaugseire 

Uurimisrühma tutvustus: 

TalTech geoloogia instituudi Mäenduse ja maavaratehnoloogia osakonnale pandi alus 1938. a, kui 
ülikoolis loodi mäeinseneride koolitamiseks mäeosakond. Ülikooli viimase struktuurireformi käigus liideti 
2016. a septembris senine energeetikateaduskonna mäeinstituut geoloogia instituudiga omaette 
osakonnana. Mäenduse ja maavaratehnoloogia osakonna õppejõud annavad panuse mäeinseneride 
ettevalmistusse vastava kutsestandardi järgi. Osakonna teadustöö toimub nii läbi riiklike kui ka 
ettevõtete rahastatud rakendusuuringute projektide. Mäeosakonna kompetentsi kuulub:  

• kaevanduste ja maavarade töötlemise tehnoloogiate projekteerimine;  

• ressursitõhususe meetmete ja tehniliste lahenduste leidmine ning hindamine;  

• ringmajandusega seotud ettevõtlussuundade arendamine.  
Rahvusvahelised projektid: 

• SUMEX, Sustainable Management in the Extractive Industries 

• RE-SOURCING, Global Stakeholder Platform for Responsible Sourcing 

• AGEMERA, Agile Exploration and Geo-modelling for European Critical Raw materials 

• EIT Raw Materials projects, 4 in 2022 
Osalemine TA&I-ga seotud välisorganisatsioonide töös: 

• Society of Mining Professors: Michael Hitch; Veiko Karu 

• EIT Raw Materials: Veiko Karu; Tony Hand 

• Green Deal Academia: Veiko Karu; Karin Käär 
Olulisemad tulemused: 

Uurimisrühma teadusvaldkond on mitmekesine ja katab erinevaid maapõue inseneeria valdkonna teemasid 
nagu tehnoloogia optimeerimine, kaevandamise keskkonnamõjude vähendamine, tootlikkuse tõstmine jpm. 
Silmapaistvateks tulemusteks 2022 aastal olid CO2 sidumisega seotud teemad vähendamaks mäetööstuse 
CO2 jalajälge, samuti ka metallide kättesaadavus fütoakumulatsiooni kaudu. Maavarade kaevandamine 
mõjutab maakasutust, seega sai avaldatud olulised tulemused maapinna stabiilsuse arvutamisel ning 
modelleerimisel. 

Olulisemad partnerid Eestis: Viru Keemia Grupp, Energiasalv OÜ, Trisector OÜ 

mailto:veiko.karu@taltech.ee
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Olulisemad partnerid välismaal: EIT Raw Materials Network, University of Loraine, Oulu Mining School 
(University of Oulu). 

Veebileht: https://taltech.ee/geoloogia-instituut/uurimisruhmad#p31325 
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Mining and Mineral Technology Research Group 
Research group leader: Veiko Karu, Senior Project Manager, 6203850, veiko.karu@taltech.ee 

Academic members: Michael Hitch, professor; Erik Väli, Senior Lecturer; Sander Kanter, Lecturer; Tõnu 
Tomberg, Lecturer; Peeter Talviste, Professor of Practice 

Doctoral students: Andrus Paat, Nthati Monei, Vesta Kaljuste 

Other members: Tony Hand, Aleks Strazdin, Karin Robam 

Keywords: Mining Science, CO2 Mineral Carbonation, Circular Economy, Phosphorite, 
Phytoremediation, Entrepreneurship, ESG 

Introduction: 
The Mining and Mineral Technology Research Group has a long history in Estonia. The original discipline 
of Mining Engineering was established in 1938. More recently, in autumn of 2016, the previously 
independent Department of Mining merged with the Department of Geology. Today research and 
education staff of Mining carry out programming that contributes to the occupational qualifications 
system of mining engineering as guided by the Estonian Qualifications Authority. The mission of the 
Mining and Mineral Technology Group is to help young engineers and scientists develop the necessary 
skills to promote the sustainable and safe development, extraction and closure of Estonia’s mineral 
resources. 
The technical competencies of the members of the Mining Research group include mining engineering 
and design, mineral economics, mining environmental impact and remediation, mine waste 
management, circular economic and social sustainability, quantitative resource evaluation, ESG 
management and mining geochemistry. The infrastructure available to the Mining Research group 
includes a Mining Conditions laboratory, specialized orebody/geological modelling softwares, and 
physical and virtual simulation tools (e.g., AR Sandbox, VR Headsets etc.). 
Running international projects: 

- SUMEX, Sustainable Management in the Extractive Industries 

- RE-SOURCING, Global Stakeholder Platform for Responsible Sourcing 

- AGEMERA, Agile Exploration and Geo-modelling for European Critical Raw materials 

- EIT Raw Materials projects, 4 in 2022 

 
Main results: 
The research field of the research group is diverse, starting with the usual mining engineering related 
challenges such as optimizing mining technology, reducing environmental impacts, increasing 
productivity, etc. Outstanding results in 2022 were related with CO2 sequestration to reduce the CO2 
footprint of the mining industry, as well as the availability of metals through phytoaccumulation. The 
extraction of mineral resources affects land use and land planning, important results were published in 
the calculation and modelling of ground stability of undermined areas in the Estonian oil shale deposit 
and Piusa sand caves. 
 

mailto:veiko.karu@taltech.ee


15 

 

Olulisemad publikatsioonid 
1. Johansson, Å.; Bingen, B.; Huhma, H.; Waight, T.; Vestergaard, R.; Soesoo, A.; Skridlaite, G.; 

Krzeminska, E.; Shumlyanskyy, L.; Holland, M.E.; Holm-Denoma, C.; Teixeira, W.; Faleiros, F.M.; 
Ribeiro, B.V.; Jacobs, J.; Wang, C.; Thomas, R.J.; Macey, P.H.; Kirkland, C.L.; Hartnady, M.I.H. ... 
Condie, K.C. (2022). A geochronological review of magmatism along the external margin of Columbia 
and in the Grenville-age orogens forming the core of Rodinia. Precambrian Research, 371. DOI: 
10.1016/j.precamres.2021.106463. 

2. Ofili, S.; Soesoo, A.; Panova, E. G.; Hints, R.; Hade, S.; Ainsaar, L. (2022). Geochemical Reconstruction 
of the Provenance, Tectonic Setting and Paleoweathering of Lower Paleozoic Black Shales from 
Northern Europe. Minerals, 12 (5), 602. DOI: 10.3390/min12050602. 

3. Solano-Acosta, J. D.; Soesoo, A.; Hints, R. (2022). New insights of the crustal structure across Estonia 
using satellite potential fields derived from WGM-2012 gravity data and EMAG2v3 magnetic data. 
Tectonophysics.  

4. Kiipli, T. (2022). Using zircon saturation thermometry of source magma in strongly altered volcanic 
ashes. Acta Geochimica, 1−13. DOI: 10.1007/s11631-021-00520-z. 

5. Kaljuvee, T.; Tonsuaadu, K.; Einard, M.; Mikli, V.; Kivimae, E.-K.; Kallaste, T.; Trikkel, A. (2022). 
Thermal Behavior of Estonian Graptolite-Argillite from Different Deposits. Processes, 10 (10), 
#19866. DOI: 10.3390/pr10101986. 

6. Shogenova, A.; Shogenov K.; Mariani, M.; Gastaldi, D.; Pellegrino, G. (2022). North Italian CCS 
Scenario for the Cement Industry. Chemical Engineering Transactions, 96, 115−120. DOI: 
10.3303/CET2296020. 

7. Amon, Leeli; Wagner-Cremer, Friederike; Vassiljev, Jüri; Veski, Siim. (2022). Spring onset and 
seasonality patterns during the Late Glacial period in the eastern Baltic region. Climate of the 
Past, 18, 2143−2153. DOI: 10.5194/cp-18-2143-2022. 

8. Bitinas, A.; Molodkov, A.; Damušytė, A.; Grigienė, A.; Satkūnas, J.; Šeirienė, V.; Šlauteris, A. 
(2022). Reconstruction of the geological history of the Lithuanian Maritime Region from MIS 6 to 
MIS 3. Quaternary International, 617, 4−20. DOI: 10.1016/j.quaint.2021.05.014. 

9. Casillas-Trasvina, A.; Rogiers, B.; Beerten, K.; Pärn, J.; Wouters, L.; Walraevens, K. (2022). Using 
helium-4, tritium, carbon-14 and other hydrogeochemical evidence to evaluate the groundwater 
age distribution: The case of the Neogene aquifer, Belgium. Journal of Hydrology X, 17, 100132. 
DOI: 10.1016/j.hydroa.2022.100132. 

10. Dimante-Deimantovica, Inta; Saarni, Saija; Barone, Marta; Buhhalko, Natalja; Stivrins, 
Normunds; Suhareva, Natalija; Tylmann, Wojciech; Vianello, Alvise; Vollertsen, Jes (2022). 
Downward migrating microplastic in lake sediments is a tricky indicator for the onset of the 
Anthropocene. DOI: 10.21203/rs.3.rs-2331225/v1. 

11. Githumbi, Esther; Fyfe, Ralph; Gaillard, Marie-Jose; Trondman, Anna-Kari; Mazier, Florence; 
Nielsen, Anne-Birgitte; Poska, Anneli; Sugita, Shinya; Theuerkauf, Martin; Woodbridge, Jessie; 
Azuara, Julien; Feurdean, Angelica; Grindean, Roxana; Lebreton, Vincent; Marquer, Laurent; 
Nebout-Combourieu, Nathalie; Stancikaite, Migle; Tanţău, Ioan; Tonkov, Spassimir; 
Shumilovskikh, Lyudmila and the LandClimII Data Contributors (Veski, Siim) (2022). European 
pollen-based REVEALS land-cover reconstructions for the Holocene: methodology, mapping and 
potentials. Earth System Science Data, 14 (4), 1581−1618. DOI: 10.5194/essd-14-1581-2022. 

12. Harrison, Sandy P.; Villegas-Diaz, Roberto; Cruz-Silva, Esmeralda; Gallagher, Daniel; Kesner, 
David; Lincoln, Paul; Shen, Yicheng; Sweeney, Luke; Colombaroli, Daniele; Ali, Adam; Barhoumi, 
Cheima; Bergeron, Yves; Blyakharchuk, Tatiana; Bobek, Premysl; Bradshaw, Richard; Clear, 



16 

 

Jennifer L.; Czerwinski, Sambor; Daniau, Anne-Laure; Dodson, John; Edwards, Kevin J. ... Paillard, 
Jordan (2022). The Reading Palaeofire Database: an expanded global resource to document 
changes in fire regimes from sedimentary charcoal records. Earth System Science Data, 14 (3), 
1109−1124. DOI: 10.5194/essd-14-1109-2022. 

13. Izdebski, Adam; Guzowski, Piotr; Poniat, Radosław; Masci, Lucrezia; Palli, Jordan; Vignola, 
Cristiano; Bauch, Martin; Cocozza, Carlo; Fernandes, Ricardo; Ljungqvist, Fredrik; Newfield, 
Timothy; Seim, Andrea; Abel-Schaad, Daniel; Alba-Sánchez, Francisca; Björkman, Leif; Brauer, 
Achim; Brown, Alex; Czerwiński, Sambor; Ejarque, Ana; Fiłoc, Magdalena ... Masi, Alessia (2022). 
Palaeoecological data indicates land-use changes across Europe linked to spatial heterogeneity 
in mortality during the Black Death pandemic. Nature Ecology & Evolution, 6, 297−306. DOI: 
10.1038/s41559-021-01652-4. 

14. Pidek, I.A.; Poska, A.; Hrynowiecka, A.; Brzozowicz, D.; Żarski, M. (2022). Two pollen-based 
methods of Eemian climate reconstruction employed in the study of the Żabieniec-Jagodne 
palaeolakes in central Poland. Quaternary International, 632, 21−35. DOI: 
10.1016/j.quaint.2021.09.014. 

15. Poska, Anneli; Väli, Vivika; Vassiljev, Jüri; Alliksaar, Tiiu; Saarse, Leili (2022). Timing and drivers of 
local to regional scale land-cover changes in the hemiboreal forest zone during the Holocene: A 
pollen-based study from South Estonia. Quaternary Science Reviews, 277, ARTN 107351. DOI: 
10.1016/j.quascirev.2021.107351. 

16. Reckermann, M.; Omstedt, A.; Soomere, T.; Aigars, J.; Akhtar, N.; Bełdowska, M.; Bełdowski, J.; 
Cronin, T.; Czub, M.; Eero, M.; Hyytiäinen, K. P.; Jalkanen, J.-P.; Kiessling, A.; Kjellström, E.; 
Kuliński, K.; Larsén, X. G.; McCrackin, M.; Meier, H. E. M.; Oberbeckmann, S.; Parnell, K. ... Zorita, 
E. (2022). Human impacts and their interactions in the Baltic Sea region. Earth System Dynamics, 
13 (1), 1−80. DOI: 10.5194/esd-13-1-2022. 

17. Stivrins, Normunds; Trasune, Liva; Jasiunas, Nauris; Kalnina, Laimdota; Briede, Agrita; Maksims, 
Alekss; Steinberga, Dace; Jeskins, Jurijs; Rendenieks, Zigmars; Bikse, Janis; Kalvans, Andis; Lanka, 
Anna; Ozola, Ilze; Veski, Siim (2022). Indicative value and training set of freshwater organic-
walled algal palynomorphs (non-pollen palynomorphs). Quaternary Science Reviews, 282, 
107450. DOI: 10.1016/j.quascirev.2022.107450. 

18. Strandberg, Gustav; Lindstrom, Johan; Poska, Anneli; Zhang, Qiong; Fyfe, Ralph; Githumbi, 
Esther; Kjellstrom, Erik; Mazier, Florenze; Nielsen, Anne Birgitte; Sugita, Shinya; Trondman, 
Anna-Kari; Woodbridge, Jessie; Gaillard, Marie-Jose (2022). Mid-Holocene European climate 
revisited: New high-resolution regional climate model simulations using pollen-based land-
cover. Quaternary Science Reviews, 281, ARTN 107431. DOI: 10.1016/j.quascirev.2022.107431. 

19. Väli, Vivika; Odgaard, Bent Vad; Väli, Ülo; Poska, Anneli (2022). Pollen richness: a reflection of 
vegetation diversity or pollen-specific parameters? Vegetation History and Archaeobotany. DOI: 
10.1007/s00334-022-00879-w. 

20. Vallius, H; Alliksaar, T; Suuroja, S (2022). Changes in heavy metal concentrations in the 
sediments of the Gulf of Finland over two decades. Estonian Journal of Earth Sciences, 71, 4, 
177−188. 

21. Amaro, Sandra Lourenço; Barbosa, Sofia; Ammerer, Gloria; Bruno, Aina; Guimerà, Jordi; 
Orfanoudakis, Ioannis; Ostręga, Anna; Mylona, Evangelia; Strydom, Jessica; Hitch, Michael 
(2022). Multi-Criteria Decision Analysis for Evaluating Transitional and Post-Mining Options—An 
Innovative Perspective from the EIT ReviRIS Project. Sustainability, 14 (4), 2292. DOI: 
10.3390/su14042292 

22. Barakos, George; Dyer, Laurence; Hitch, Michael (2022). The long uphill journey of Australia’s 
rare earth element industry: challenges and opportunities. International Journal of Mining 
Reclamation and Environment, 1−20. DOI: 10.1080/17480930.2022.2127248 



17 

 

23. Ellmann, A.; Kütimets, K.; Varbla, S.; Väli, E.; Kanter, S. (2022). Advancements in underground 
mine surveys by using SLAM-enabled handheld laser scanners. Survey Review, 54 (385), 
363−374. DOI: 10.1080/00396265.2021.1944545 

24. Gautam, R.; Kim, Y.; Topal, E.; Hitch, M. (2022). Correlation between COVID-19 cases and gold 
price fluctuation. International Journal of Mining Reclamation and Environment. DOI: 
10.1080/17480930.2022.2077542 

25. Jiajie Li; Chengzhou Wang; Wen Ni; Sitao Zhu; Shilong Mao; Fuxing Jiang; Hui Zeng; Xikui Sun; 
Bingxiang Huang; Michael Hitch (2022). Orthogonal Test Design for the Optimization of 
Preparation of Steel Slag-Based Carbonated Building Materials with Ultramafic Tailings as Fine 
Aggregates. Minerals, 12, 1−19. DOI: 10.3390/min12020246 

26. Li, J.; Ni, W.; Wang, X.; Zhu, S.; Wei, X.; Jiang, F.; Zeng, H.; Hitch, M. (2022). Mechanical 
activation of medium basicity steel slag under dry condition for carbonation curing. Journal of 
Building Engineering, 50, 104123. DOI: 10.1016/j.jobe.2022.104123 

27. Li, Jiajie; Jacobs, Anthony D.; Hitch, Michael (2022). The effect of mineral composition on direct 
aqueous carbonation of ultramafic mine waste rock for CO2 sequestration, a case study of 
Turnagain ultramafic complex in British Columbia, Canada. International Journal of Mining 
Reclamation and Environment, 1−20. DOI: 10.1080/17480930.2022.2041340 

28. Li, Jiajie; Wang, Chenyu; Song, Xiaoqian; Jin, Xin; Zhao, Shaowei; Qi, Zihan; Zeng, Hui; Zhu, Sitao; 
Jiang, Fuxing Jiang; Ni, Wen;and Hitch, Michael (2022). Market Stakeholder Analysis of the 
Practical Implementation of Carbonation Curing on Steel Slag for Urban Sustainable Governance. 
Energies. DOI: 10.3390/en15072399 

29. Liu, Jingjing; Ge, Hongwei; Li, Jiajie; He, Pengcheng; Hao, Zhangang; Hitch, Michael (2022). How 
Can Sustainable Public Transport Be Improved? A Traffic Sign Recognition Approach Using 
Convolutional Neural Network. Energies, 15 (7386). DOI: 10.3390/en15197386 

30. Mammadli, A.; Barakos, G.; Islam, Md Ariful; Mischo, H., Hitch, M. (2022). Development of a 
Smart Computational Tool for the Evaluation of Co- and By-Products in Mining Projects Using 
Chovdar Gold Ore Deposit in Azerbaijan as a Case Study. Mining, 2 (3). DOI: 
10.3390/mining2030026 

31. Monei, Nthati; Hitch, Michael; Heim, Juliane; Pourret, Olivier; Heilmeier, Hermann; Wiche, 
Oliver (2022). Effect of Substrate Properties and Phosphorus-supply on the Rare Earth Element 
Facilitation in Mixed-culture Cropping Systems of Hordeum Vulgare, Lupinus Albus and Lupinus 
Angustifolius. Environmental Science and Pollution Research. DOI: 10.21203/rs.3.rs-1111280/v1 

32. Okoroafor, Precious Uchenna; Mann, Lotte; Amin Ngu, Kerian; Zaffar, Nazia; Monei, Nthati 
Lillian; Boldt, Christin; Reitz, Thomas; Heilmeier, Hermann; Wiche, Oliver (2022). Impact of Soil 
Inoculation with Bacillus amyloliquefaciens FZB42 on the Phytoaccumulation of Germanium, 
Rare Earth Elements, and Potentially Toxic Elements. Plants, 11 (3), ARTN 341. DOI: 
10.3390/plants11030341  

33. Reinsalu, Enno; Luutre, Enn; Põldema, Tauri; Vali, Erik (2022). Long-term stability of pillars in an 
underground oil shale mine. Oil Shale, 39 (2), 142−149. DOI: 10.3176/oil.2022.2.04 

34. Xiaoguang Shang, Sitao Zhu, Fuxing Jiang, Jinhai Liu, Jiajie Li, Michael Hitch, Hongliang Liu, Shibin 
Tang, Chun Zhu (2022). Study on Dynamic Disaster Mechanisms of Thick Hard Roof 
Induced by Hydraulic Fracturing in Surface Vertical Well. Minerals. DOI: 10.3390/min12121537. 

35. Du, Minghao; Nõlvak, Jaak; Tan, Jingqiang; Gao, Shijia; Wang, Wenhui (2022). Melanosclerites 
from the Late Ordovician to earliest Silurian of Estonia and their palaeogeographical 
implications. Palynology, 1−16. DOI: 10.1080/01916122.2021.2012538. 

36. Hints, Linda; Pärnaste, Helje; Männik, Peep; Reich, Mike; Rozhnov, Sergey (2022). Development 
of faunal diversity during the late Llandovery-early Wenlock in the easternmost part of the Baltic 



18 

 

Palaeobasin - implications for the Ireviken Event. Estonian Journal of Earth Sciences, 71 (2), 
89−110. DOI: 10.3176/earth.2022.07. 

37. Jeon, J.; Vinn, O.; Liang, K.; Zapalski, M.; Toom, U.; Kershaw, S. (2022). Stromatoporoid-
coral/tubeworm intergrowths in the lowermost Silurian Varbola Formation of Estonia: first 
evidence of competitive interaction. Lethaia, 55 (2), 1−13. DOI: 10.18261/let.55.2.4. 

38. Kaljo, D.; Martma, T.; Märss, T.; Nestor, V-K.; Viira, V.; (2022). A bio- and chemostratigraphic 
search for the Mid-Ludfordian Carbon Isotope Excursion interval in the Ludlow of the Ohesaare 
core, Estonia. Estonian Journal of Earth Sciences, 71 (1), 44−60. DOI: 10.3176/earth.2022.04. 

39. Liang, Yan; Nõlvak, Jaak; Xu, Honghe; Chen, Yansen; Hints, Olle (2022). Revision of Ordovician 
chitinozoan Lagenochitina esthonica sensu lato: morphometrics, biostratigraphy and 
paleobiogeography. Journal of Paleontology, 96 (1), 46−60. DOI: 10.1017/jpa.2021.79. 

40. Märss, T; Wilson, M V; Viljus, M; (2022). Endolymphatic structures in headshields of the 
osteostracan genus Tremataspis (Agnatha) from the Silurian of Estonia. Estonian Journal of Earth 
Sciences, 71 (3), 135−156. DOI: 10.3176/earth.2022.10. 

41. Meidla, T; Ainsaar, L.; Hints, O.; Radzevičius, S. (2022). Ordovician of the eastern Baltic 
Palaeobasin and the Tornquist Sea Margin of Baltica. Geological Society London Special 
Publications, 532 (1), 1−27. DOI: 10.1144/SP532-2022-141. 

42. Nõlvak, Jaak; Liang, Yan; Hints, Olle (2022). Early and early Middle Ordovician chitinozoans from 
the Baldone drill core, central Latvia. Estonian Journal of Earth Sciences, 71 (1), 25−43. DOI: 
10.3176/earth.2022.03. 

43. Paiste, Tõnn; Männik, Peep; Meidla, Tõnu (2022). Emended Sandbian (Ordovician) conodont 
biostratigraphy in Baltoscandia and a new species of Amorphognathus. Geological Magazine, 
1−17. DOI: 10.1017/S0016756822001005. 

44. Paiste, Tõnn; Männik, Peep; Meidla, Tõnu (2022). Sandbian (Late Ordovician) conodonts in 
Estonia: distribution and biostratigraphy. GFF, 144 (1), 9−23. DOI: 
10.1080/11035897.2021.2020333. 

45. Penny, A. M.; Hints, O.; Kröger, B. (2022). Carbonate shelf development and early Paleozoic 
benthic diversity in Baltica: a hierarchical diversity partitioning approach using brachiopod data. 
Paleobiology, 48 (1), 44−64. DOI: 10.1017/pab.2021.3. 

46. Thomka, J.R.; Vinn, O.; Toom, U. (2022). Site-selectivity of symbiotic (parasitic?) pits in crinoid 
column material from the middle Silurian (Wenlock: Sheinwoodian) of western Estonia. ICHNOS-
AN INTERNATIONAL JOURNAL FOR PLANT AND ANIMAL TRACES, xx−xx. DOI: 
10.1080/10420940.2022.2047038. 

47. Vinn, O.; Ernst, A.; Wilson, M.A.; Toom, U. (2022). Borings and bioclaustrations in bryozoans 
from the Kunda Regional Stage (Darriwilian; Middle Ordovician) of northern Estonia and NW 
Russia. Neues Jahrbuch für Geologie und Paläontologie - Abhandlungen, 303 (2), 219−225. DOI: 
10.1127/njgpa/2022/1044. 

48. Vinn, O.; Ernst, A.; Wilson, M.A.; Toom, U. (2022). Symbiosis in trepostome bryozoans from the 
Sandbian (Late Ordovician) of Estonia. Historical Biology, xx−xx. DOI: 
10.1080/08912963.2021.1959579. 

49. Vinn, O.; Wilson, M.A.; Madison, A.; Kazantseva, E.; Toom, U. (2022). First symbiotic association 
between hederelloids and rugose corals (latest Silurian of Saaremaa, Estonia). Palaios, 37 (3), 
368−373. DOI: 10.2110/palo.2022.005. 

50. Vinn, O.; Wislon, M.A.; Isakar, M.; Toom, U. (2022). New bioclaustration of a symbiont in the 
mantle cavity of Clitambonites schmidti (Brachiopoda) from the Sandbian (Upper Ordovician) of 
Estonia. Palaios, 37 (9), 520−524. DOI: 10.2110/palo.2021.067. 

51. Yan, G.; Lehnert, O.; Männik, P.; Calner, M.; Luan, X.; Gong, F.; Li, L.; Wei, X.; Wang, G.; Zhan, R.; 
Wu, R. (2022). The record of early Silurian climate changes from South China and Baltica based 



19 

 

on integrated conodont biostratigraphy and isotope chemostratigraphy. Palaeogeography 
Palaeoclimatology Palaeoecology, 606. DOI: 10.1016/j.palaeo.2022.111245. 

52. Zapalski, M.K.; Vinn, O.; Toom, U.; Ernst, A.; Wilson, M.A. (2022). Bryozoan-cnidarian mutualism 
triggered a new strategy for greater resource exploitation as early as the Late Silurian. Scientific 
Reports, 12, 1−9. DOI: 10.1038/s41598-022-19955-2. 

53. Zatoń, M.; Vinn, O.; Toom, U.; Słowiński, J. (2022). New encrusting tentaculitoids from the 
Silurian of Estonia and taxonomic status of Anticalyptraea Quenstedt, 1867. GFF, 144, 111−117. 
DOI: 10.1080/11035897.2022.2042378. 


