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Wer bin ich… 

Helmholtz-Institut Freiberg  
für Ressourcentechnologie 

- Abteilung Erkundungstechnologie

M. Fuchs, S. Jakob, M. Kirsch, R. Zimmermann, M. Khodadazadeh 
L. Andréani, E. Pohl, R. Jackisch, E. Herrmann,  

R. Booysen …



Dr. Richard Gloaguen
Helmholtz Institute Freiberg for Resource Technology

4

Erkundung in einer Kreislaufwirtschaft

▪ Ressourcen sind “versteckt” 
▪ Akzeptanz ist gering 
▪ adäquate Technologien fehlen 

Innovation ist erforderlich 

Erkundung ist notwendig

Nachhaltige 
Exploration
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Innovative Exploration: Ethik



Helmholtz Institute Freiberg for Resource Technology
Prof. Jens Gutzmer / Prof. Dr. Dr. h.c. Markus Reuter6

Social License to Operate
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Innovative Exploration: wichtig



Dr. Richard Gloaguen
Helmholtz Institute Freiberg for Resource Technology

8

Kritikalität
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Exploration 4.0 
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Chairman Task-Force Lighthouse Exploration
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Innovative Erkundung 

Umweltfreundlich 
& 

 gesellschaftlich akzeptabel 
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Innovative Erkundung 

überall-jederzeit 
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Innovative Erkundung 

Multiple-Sensoren 
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Innovative Erkundung 
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Innovative Exploration
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Multi-scale
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“typischer” Geolog
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iExplo
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Einsatzgebiete
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Untersuchungsgebiet 
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Untersuchungsgebiet 

‣ Strategische Rohstoffe werden knapp 

‣ Georessourcen in Europa sind nicht genug erkundet -> Moderne Technologien 
ermöglichen bessere Erkundung und Gewinnung. 

‣ Seit den 90er keine Erkundung -> Expertise ist nicht mehr 100% vorhanden 

‣ Neue “sanfte” Erkundungsmethoden: Fernerkundung/Geophysik -> Ohne 
Bohrungen  

‣ Neue Modellierungsmethoden werden entwickelt  

‣ Das Gebiet Geyer ist ein idealer Sandkasten 
- gutes Erzpotenzial 
- geringe Wohndichte  
- sehr gute vorhandene Daten
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• Aerogeophysik: Hubschrauber-
Elektromagnetik,-Magnetik, und      
-Gammaspektroskopie 

• Reflektionsseismik: Profil 
Greifensteine–Jugendherberge 
Hormersdorf

• Transientelektromagnetik: 
Profil Greifensteine–
Jugendherberge Hormersdorf

B. Siemon, M. Ibs-von Seht, J. Pielawa

Technischer Bericht 
Hubschraubergeophysik 
Befliegung Geyer

2013/14

B2.1 · Aerogeophysik · 11/2015

B. Siemon, J. Pielawa, M. Miensopust,
A. Steuer, H. Petersen, W. Voß, H.-U. Balzer,
C. Plath

Zwischenbericht
Hubschraubergeophysik
Befliegung Varel

2014

Bundesanstalt für Geowissenschaften 
und Rohstoffe

Technischer Bericht
Hubschraubergeophysik
Befliegung Geyer

2013/14

Kooperationspartner:

Helmholtz-Institut Freiberg für Ressourcentechnologie am
Helmholtz-Zentrum Dresden-Rossendorf 

Technische Universität
Bergakademie Freiberg

Projekt: 

ErzExploration Erzgebirge E³ 

BGR-Teilprojekt:

Pilotstudie zur Erkundung eines möglichen Erzvorkommens 
im Randbereich des nördlichen Erzgebirges 
(A-0201009.A – ErzExplora)

B 2.1 · Geophysikalische Erkundung –
Technische Mineralogie · Aerogeophysik

Autoren: B. Siemon
 M. Ibs-von Seht
 J. Pielawa

Datum: 09.11.2015
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Aerogeophysik
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Helikopterelektromagnetik (HEM)
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3D Modell—Erzgänge (ROHSA 3.1) 
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HEM: Vertikalsektionen des spezifischen Widerstandes

Daten: Siemon et al. (2015)

Aerogeophysik
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ROHSA 3 / E3 / INFACT

▪ Development and test of innovative, non-invasive exploration technologies 
▪ Foundation of three test sites for exploration technologies in Europe 
▪ Stakeholder engagement, education and policy reform
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I N F A C T

Develop innovative, non-
invasive exploration 
technologies

Raise awareness & 
acceptance of 
environmentally safe 
exploration methods

Establish EU test sites for 
tech benchmarking and 
stakeholder dialogue

Invigorate the 
EU exploration 
industry

Produce policy 
roadmap for EU

INNOVATIVE, NON-INVASIVE & 
FULLY ACCEPTABLE 
EXPLORATION TECHNOLOGIES
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Spektroskopie
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In-situ Spektroskopie
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hyperspektrale Kameras

SLR 
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hyperspektrale Kameras

SPECIM FENIX

SLR 

VNIR SWIR LWIR

SPECIM FENIX TELOPS HYPERCAM

…
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hyperspektrale Kameras

SPECIM FENIX

SLR 

VNIR SWIR LWIR

SPECIM FENIX TELOPS HYPERCAM

…

MNF-4-4-1
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Outcrop Sensing
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Outcrop Sensing
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Outcrop Sensing
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Drohnen
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Drohnen
Copper sphere under white light 
light source: 30,50, 110 
camera:0,0,100 
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Drohnen
Copper sphere under white light 
light source: 30,50, 110 
camera:0,0,100 
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Challenges: Pre-processing 

coarser 
spatial resolution 

artifacts

Key Paper 
Jacob et al. (2017) Remote Sensing, 9, 88. Best Paper Award IEEE 

WHISPERS 2016

Copper sphere under white light 
light source: 30,50, 110 
camera:0,0,100 

Sokolov (CZ) 
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Key Papers 
Jacob et al. (2017) Remote Sensing, 9, 88. 

Drohnen

Best Paper Award IEEE 
WHISPERS 2016
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Robust
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REE Exploration

Minimum Noise Fraction (MNF)
(R: band 5, G: band 6, B: band 4)

25
	m

m

Nd Pr Ce

YSc

La

Dy

Sm

TbHo Gd Eu

Yb Tm Er

nat. Monazite

False colour composite
(R: 860, G: 650, B: 550 nm)

Nd Pr Ce

YSc

La

Dy

Sm

TbHo Gd Eu

Yb Tm Er

nat. Monazite

Outlook
The presented research is part of the EIT Upscaling
project inSPECTor, which aims at the development of
an integrated sensor system for the characterization
and detection of Rare Earth Elements.

Using both near-field hyperspectral absorption
spectroscopy and Laser-induced Fluorescence, a
robust decision routine will be developed, which
cannot be only applied on single natural mineral
grains, but also larger mineral compounds, rock
samples, and drill-cores.

The developed device aims for a broad range of
applications in exploration, mining, and recycling.

Sandra Jakob | Exploration |  s.jakob@hzdr.de |  www.hzdr.de/hif

Hyperspectral Near-Field Sensing for Mineral 
Exploration: Emission and Absorption Spectroscopy 
for REE Detection and Mapping 
Jakob, S.; Fuchs, M.; Gloaguen, R.; Beyer, J. *; Heitmann, J.*; Seidel, P.
*Institute of Applied Physics, TU Bergakademie Freiberg

• increased the demand and globally strongly concentrated distribution of production sites classifies Rare Earth Elements
(REEs) as critical raw materials

• advanced, fast and non-invasive approaches needed to reduce the economic and ecologic costs of REE characterization along
the whole raw material value chain

• existing absorption spectroscopic approaches only efficient and adequate for few REE (e.g. Neodymium)
• promising characterization by fluorescence/photoluminescence restricted to artificial/doped crystals yet

Relation between REE relative abundances and shift of the observed resulting absorption feature.

Hyperspectral imaging of an REE-PO4 standard sample disc

Results
• potential robust detectability of Nd3+, Pr3+, Dy3+, Tm3+ with the VNIR HS

imager, additionally Sm3+ and Yb3+ with SWIR (Er3+,Tb3+, Ho3+ may be
weak or hidden)

• discrimination of overlapping features in mixed natural samples by
absorption feature shifts (Nd3+, Pr3+, and Dy3+, down to 0.10 wt.%)

• Potential robust detectability of Nd3+, Eu3+, Dy3+, Er3+, Yb3+ down to
less than 0.02 wt.%, (Tb3+, Pr3+, Sm3+, Ho3+, Tm3+ may be weak or
hidden)

• strong influence of laser excitation wavelength and mineral type on
detectability and exact feature position

Sample analysis
• collection of REE standards and natural REE-bearing mineral samples of different mineral

types and origins (courtesy of David James Turner, University of British Columbia)
• known REE content by electron microprobe analysis (EMPA, average REE-detection limit

0.02 wt.%)
• ABSORPTION SPECTROSCOPY: Spectrometer point measurements and hyperspectral

imagery acquired by frame-based Senop Rikola Hyperspectral Camera (100 spectral bands
in the range of 500-900 nm, image size of about 1 Mio. pixels)

• EMISSION SPECTROSCOPY: Steady-state laser induced luminescence (excitation
wavelengths: 325, 422, 532 nm, laser power: 4mW)
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Challenges: Applications -  Machine Learning

▪ Validated 
▪ Accurate 
▪ 2.5 D

Drone-borne spectroscopyKey Papers 
Zimmermann et al. (2016) Remote Sensing, 8, 620 
Rasti et al. (2017) IEEE TGRS, PP, 99, 1-11  

Sillinjaervi (F)
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Anwendung

▪ validiert 
▪ genau 
▪ 2.5 D

drohnengestütze Spectroskopy

Goethite
Iron oxides 

Jarosite 

Soil 
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Anwendung

Key Papers 
Zimmermann et al. (2016) Remote Sensing, 8, 620 
Jakob et al. (2016) Remote Sensing, 8, 358
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Und jetzt? 
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Und jetzt? 
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▪ SfM Photogrammetry 2014 
▪ Imaging Spectrometer 2015  
▪ Magnetometer 2018 
▪ Lidar 2018 
▪ Radiometer 2019 
▪ Laser Induced Fluorescence 2019 

▪ Bohrkern-Scanner 
▪ Aufbereitung   
▪ Metallurgie-Recycling

Und jetzt? 
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