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Exploration Information System t e EIS
(EIS) e

Overview

e Exploration Information System (EIS) is a 36-month Horizon Europe project that will develop
innovative exploration concepts and data analysis tools to enhance the probability of finding new

sources of critical raw materials (CRM) for the EU’s economy.
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Our objectives t 2 EIS

DEVELOP INNOVATIVE REDUCE EXPLORATION RAISE AWARENESS
EXPLORATION TOOLS AND MINING FOOTPRINTS TO THE GENERAL PUBLIC
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Our methodology
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Exploration Information System t e EIS
(EIS) ’

Mineral Systems Approach

* EIS combines mineral systems models and MPM
* Mineral system models aim at understanding all controlling factors that lead to the formation
of ore deposits (Knox-Robinson et al. 1997).

 EIS consists of components for different steps of mineral prospectivity analysis (Bonham-
Carter 1994).
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Exploration Information System t e EIS
(EIS) e

Mineral Systems

* Three main mineral systems studied
e Cobalt minerals potential in VMS systems
* Lithium-tin-tantalum-tungsten minerals potential in granite/pegmatite-related systems

30:W 20:’W 10“’W 0I° 10°E 20I°E 30:E 40I°E SO:E
f

e Rare earths-cobalt minerals potential in IOCG systems

T
60°N

T
40°N

D EIS study sites + } / !
EIS partner country in EU DKiskama aaaaa 10CG N
Cenozoic
Mesozole:C: Varutrask Li-pegmatite
g 1 Mesozoic Keliber Li-pegmatite
o Paleozoic Jarkvissle Li-pegmlit'ite
Finland
:rm:| ooooooo Sweden .
rcl
Bastnas I0CG
(7] SR 0
T Energy ——— ; SN p— Outflow:
= Fluid M ) Transport = e
o and heat el ) — Residual fluid
w source source. ————  Source pathways disch: z
o 4 7 Trap —_— aischarge )
CZD Germany
= D Klingenthal/Tisova VMS Zinnwald Li-pegmatite
Czech Republic
France
Li-pegmatite
® Peg
Fontao Porphyry like W-Sn
= Santa Comba Porphyry like W.
o .
¥ Spain
Alconchel I0CG 7
[ Monchi Magnetite (apatite)
siCuces VMSGeology map and country borders (c) Esri Inc. 100
s S —— K
Funded by : : : . L
10°W 0° 10°E 20°E 30°E

the European Union



Exploration Information System ' EIS
(EIS) o
Mineral Prospectivity Mapping (MPM)

* Mineral prospectivity mapping = mapping the likelihood of where mineral
deposits may be found in a study area

g i§ Kaustinen
! : + ’ J = Pegmatite District
g 1 " Scale Lignite
Mineral
Prospectivity
Modelling Results

7060000.000
I
I
000°0000904

/+
A

7000000.000

Source:
Chudasama, GTK,
2025

000°0000¥0Z

Funded by
the European Union

11
340000.000 360000.000




Exploration Information System * e EIS
(EIS)

Software Development on QGIS platform

e Backbone of EIS is the “EIS Toolkit”, comprising a comprehensive set of
software tools for performing specialized tasks involved in mineral
prospectivity analysis.

* Tools in the “EIS Toolkit” were integrated into the “EIS QGIS Plugin”, a guided
end-to-end implementation with a visual user interface for performing
mineral prospectivity analysis.
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The mineral systems approach
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Cobalt minerals potential VMS system  ° Eis

* |berian Pyrite belt
* Tisova/Klingenthal
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Rare earths-cobalt minerals potential

|JOCG system
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REE-Co IOCG systems t 2 EIS

® .
* Leaching of previous metal enrichment
* Hydrothermal fluid flow driven by 1.80 Ga (Fennoscandia) and 330 Ma (Spain) late-orogenic
intrusions
* Transport along crustal-scale structures
* Precipitation: Mechanical traps (lower-order structures, brittle fracturing in competent rocks)
Chemical traps/reactive horizons: Fe-rich shear zones, graphitic shales
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Lithium-tin-tantalum-tungsten minerals * o EIS
potential granite-pegmatite-related system *
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Granite-pegmatite-related * o EIS

Mineral System .
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: "o EIS
Summary & Conclusions <

* The mineral systems approach focusses on the process of how ore
deposits form

* Translatable to mappable proxies applicable in exploration programs

* Integrated, multiscale exploration is the path to discovery of the next
generation of deposits.
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Exploration Information System (EIS) ‘..':.'Eus

Software Components

* Backbone of EIS is “EIS Toolkit”, comprising a comprehensive set
of software tools for performing specialized tasks involved in
mineral prospectivity analysis

* Tools from the “EIS Toolkit” are integrated into the
“EIS QGIS Plugin”, a implementation for QGIS with a guided,
graphical user interface, called “EIS Wizard” for QGIS
for performing mineral system modelling and mineral
prospectivity analysis

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) “." s

6. Statistical analysis

» Extract values to training data
* Hypothesis testing
» Spatial associations
» Dimensionality reduction (PCA)
. » Multivariate analysis
5. Data preprocessing
» Raster processing
* Vector processing !

* Transformations

X 7. Data integration and
'\ modelling
\ + Weights of Evidence
AN « Artificial Neural Networks (ANN)
\ * Random Forest (RF)
3. Load input / source data ‘. » Fuzzy Logic (FL)
N » Logistic Regression
\ \\
\
\
\
\
4. Exploratory data analysis .
« Descriptive statistics 8. .I\ggggslstztsetlng 9. Reporting results
* Basic plots « Prediction rates g * Maps
+ Correlation plots . AUC * Metrics

* Unsupervised clustering
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Exploration Information System (EIS) ",

Software Release on GitHub

* EIS Toolkit
[ ] https://g|th u b .Com/G |SDOCOd i ng/e|s t00| klt o Product Solutions Resources Open Source Enterprise Pricing Q Signin ‘ Sign up ‘ E

(=] GispoCoding / eis_toolkit ' Pubic L notifications % Fork 12 77 Star 37

<> Code O Issues 35 1% Pull requests & @ Actions EB Projects 1 00 wiki (] Security I~ Insights

Tags Q Find a release

3 weeks ago v‘|.1.6
. nmaarmio

© v1.16 .
¥ Fixes
-0 a445a51
Compare ~ * Fix case where recomputation of output raster statistics lead to failure saving raster (#517

» Fix Summarize label metrics binary CLI function (#519)

v Assets 3

@eis_tcolkim‘T.E—py3-ncne-any.whl s5ha256:9f98112a3ccdef.. Ll.j 177 KB 3 weeks ago
@Source code (zip) 3 weeks ago
@Source code (tar.gz) 3 weeks ago
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Exploration Information System (EIS) .. e

EIS Toolkit Documentation

Search

EIS Toolkit

Python package for mineral prospectivity mapping

E1S Toolkit General

General
Installation - Usage - Roadmap - Contributing - License

Dependency licenses
EIS Toolkit is a comprehensive Python package for mineral prospectivity mapping and analysis. EIS Toolkit is

Conversions > This is the documentation site of the eis_toolkit python package. Here you can find A . . A
) A . . . developed as part of EIS Horizon EU project, which aims to aid EU's efforts in the green transition by securing critical
Evaluation ’ documentation for each module. The documentation is automatically generated from docstrings. raw materials. £15 Toolkit serves both as a standalone library that brings together and implements relevant tools for
Exploratory analyses b . - . . mineral prospectivity mapping and as a computational backend for EIS QGIS Plugin.
Development of eis_toolkit is related to EIS Horizon EU project.

Prediction > ® Note
Rast >

asterprocessing This repository is still in development. Check the wiki page of EIS Toolkit for list of tools and roadmap for more
Training data tools > details about the project.
Transformations >
Utilities > Installation
Vector processing >

‘We recommend installing EIS Toolkit in an empty virtual environment to ensure compatibility between package
versions.

EIS Toolkit is available in canda-forge and PyPI and can be installed with one of the following commands.

pip install eis_toolkit

conda install -c conda-forge eis_tooclkit [9

A Python wheel can be downloaded also from the releases page of this GitHub repository.
? Tip

GDAL needs to be installed separately on Windows when using pip / PyPl. If you have trouble installing EIS
Toolkit due to GDAL, you can download a compatible GDAL wheel (for example from this repository), install it
first, and then attempt to install EIS Teolkit again.

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",

EIS Toolkit

Exploratory analyses

Tool
PCA
K-means clustering
DBSCAN
Descriptive statistics
Statistical hypothesis tests

Basic plots (scatter, line, bar, hist, kde, ecdf, heatmap, pairplot,
regrplot)

Parallel coordinates plot
Feature importance

Local Moran's |

07 October 2025

Status

Tool
Binarize
Winsorize
Logarithmic
Min-max
Z-score normalize
Clip transform
One-hot encode

CoDa transformations

EIS Final Event

Data transformations

L%
—
1]
g
w

Vector processing

Tool
Reproject vector
Interpolation - IDW
Interpolation - kriging
Density computation
Distance computation
Calculate geometry
Extract shared lines
Cell-based association
Rasterize

Proximity computation

Status symbols:

« [ = Completed

« [ = In process / in review

Status

« [ = Not yet started

Raster processing

Tool
Reproject raster
Resample raster
Clip raster
Snap raster
Window raster
Unify rasters

Surface derivative tools

Extract values from raster

Reclassify

Create constant raster
Unique conditions grid
Smoothing/filter tools
Distance to anomaly

Proximity to anomaly

Andreas Knobloch, Beak
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Exploration Information System (EIS) ",
EIS Toolkit Evaluation .

L. Lo Tool Status
Training data tools Prediction
Calculate base metrics B
Tool Status Tool Status Summarize label metrics for binary classifier [ |
Balance data (SMOTETomek) [ Fuzzy overlay [ | Summarize probability metrics for binary classifier [ |
Split data [ ] Weights of evidence [ ] Plot ROC curve [ ]
Raster to points [ ] Logistic regression [ | Plot DET curve [ ]
Generate negatives [ ] Random forest (regr+cls) [ | Plot precision-recall curve [ ]
Data sampler [ | Gradient boosting (regr+csl) [ | Plot calibration curve [ |
MLP (multilayer perceptron, regr+cls) [ Plot distribution of predicted probabilities [ |
BNN | Plot confusion matrix [ |
Status symbols:
Plot neural network training accuracy [ ]
* W = Completed Plot neural network training loss [ |
o B = In process / in review o
Plot prediction area curves [ ]

» [l = Not yet started

Plot rate curve

Score model (accuracy, precision, recall, F1, MAE, MSE, RMSE, R2) B

07 October 2025 EIS Final Event Andreas Knobloch, Beak
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Software Release on GitHub

L] E I S QG I S P I u gi n a n d E I S W i Za rd O Product Solutions Resources Open Source Enterprise Pricing Q Sign in ‘ Sign up | E

* https://github.com/GispoCoding/eis wizard 8 GispoCoding/ eis_qgis_plugin sic D Nowtabors || ¥ forc 2| fr s 2

<> Code (O lIssues 39 11 Pull requests 2 ® Actions B Projects [0 wiki Q Security |2 Insights

Tags Q Find a release

3 weeks ago V1 .0.6
. nmaarnio

© v1.06

-0- 8f3aec2

@ Fixes
Compare +

e Fix communication with EIS Toolkit (#336)

~ Other

 Disable default raster color ramp setting (when reopening QGIS project with outputs, raster
would show with broken color ramp) (#336)

v Assets 3

@eis_qgis_plugin_1_0_6.zip s5ha256:39¢c9857abebcfe.. Ll.:‘ 1010 KB 3 weeks ago

[Dscurce code (i 3 weeks ago
P. 9

[EJSuurce code (tar.gz] 3 weeks ago
g 9
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Exploration Information System (EIS) " . e
EIS QGIS Plugin Documentation & Manual .

Home

Mika Sorvoja edited this page 2 weeks ago + 9 revisions

Welcome to the EIS QGIS Plugin wiki! » Pages @

This wiki acts as a user guide and manual for EIS QGIS Plugin. The wiki is divided into pages, each corresponding to a part of + Home
the plugin. These pages are * Mineral system proxies
» EDA
* Mineral system proxies + Modeling
e EDA (Exploratory Data Analysis) = History
) = Settings

* Modeling « Processing

* History

* Settings Clone this wiki locally

* Processing https://github.com/GispoCoding/eis_g [_D

For installation instructions, check the README of this repository.

Plugin structure

EIS QGIS Plugin has essentially two parts: EIS Processing and EIS Wizard. EIS Processing is a collection of processing algorithms
that implement the individual tools of EIS Toolkit. EIS Wizard is a QGIS plugin application that seeks to facilitate MPM work in a
guided and convenient way for users.

EIS Processing

EIS Processing algorithms are listed in the Processing Toolbox of QGIS under EIS provider. Tools are categorized similarly as in
EIS Toolkit. For a full list of algorithms available, refer to the Processing page of this wiki.

07 October 2025 EIS Final Event Andreas Knobloch, Beak
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EIS Wizard Integration into QGIS

*els_testing — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh AGIS Progessing Help
DeERRE O 2o R R B EEHOR - E-
ReV.ZwB w @
”5'15170{_5 5 Tg 8§ | [0~ Band:

Layers B®
Ll R A F N e

v © Interpolation_test_data_small
’ ¥ output raster (=]

» [ B small_raster_multiband
® 10CG_CLB_Till_Geochem_reg_511p
¥ unified_raster 1
9 Output raster
¥ winsorize
¥ sigmoid
¥ min_max
® log2
¥ clips s
¥ binarize
¥ output raster
¥ Interpolation_output_idw
¥ Interpolation_output_kriging
Test_Faults
¥ small_raster
4 # smaller_raster
W small_area

0000000

B

Python Console ax
»rF AR E

212 resanple. py -
213 [* /home/niko/code/eiss_env2/bin/eis’, 'winsorize-transform-cli’ --input-raster’, '/tmp/processing akvXnV/cd7cc21063934

384b2909e92e9a6738b/output_raster.tif', '--percentile-lower', '30.0', '--percentile-higher --no-inside’, '--o

utput-raster', '/tmp/processing akvXnV/efed88b40dc046cba5ff41c0b0e67231/output_raster.tif']
/home/niko/code/eiss_env2/bin/eis -~input-raster’ /home/niko/code/plugin_dev/eis_too

lkit/tests/data/remote/small_raster.tif', *--output-raster', '/tmp/processing akvXnV/8cb@Se36ea%e427baadba8321b720721/0u

tput_raster. tif’ -

60.0'

214 z-score-normalization-cli

Set EIS Toolkit env

Q File tools

Q GPs

Q Interpolation

@ Layer tools

Q Mesh

Q Network analysis

Q Plots

Q Raster analysis

Q Raster creation

@ Raster terrain analysis

Q Raster tools

Q Vector analysis

Q@ Vector creation

@ Vector general

Q Vector geometry

Q Vector overlay

Q Vector selection

Q Vector table

Q Vector tiles

|£ DataPlotly

¢ EIS

= Exploratory analysis

# DBSCAN

# Descriptive statistics (raster)

4 Descriptive statistics (vector)

# K-means clustering

coordinates
4 Principal component analysis

Modelling

Prediction

Raster Processing

Transformations

Validation

Vector processing

13 December 2024 Raw Materials Week 2024
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Exploration Information System (EIS) ",
EIS Wizard Main Menu .
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Exploration Information System (EIS) ",

EIS QGIS Wizard

Step 1: Create Mineral System

07 October 2025

EIS Wizard

‘ Mineral system proxies Mineral system 1

‘QI%:EDA

g

Modeling
E‘_l Evaluation
) History

Settings

. About

[Mineral system 10CG > ” % Configure mineral system'l 5

[Study scale Regional x ] 2

Mineral system proxies

I L

ISource Pathways = Depositional processes = Mineralisation, remobilisation, modification |3

-

Proxy Category
. Distance to Fe-oxides (magnetite and hematite minerals; or any :

other Fe-oxides related minerals of interest) geophysics Process ||4
* Distance to Fe-oxides mapped from high density anomalies geophysics Process
* Distance to felsic (meta)volcanic rocks and subvolcanic rocks Process

*

Distance to high Fe concentrations geochemistry | Process

*

Distance to high Fe304 concentration geochemistry | Process

-

Distance to high concentrations of Co-REEs geochemistry | Process

* Distance to high conductivity anomalies geophysics Process

. Distance to magmatic intrusion of the relevant age (age from Brecace
geology and radiometric data; distance from geophysical data)

. Distance to magmatism contemporary with mineralisation (within P

rocess

5 km buffer)

* Distance to rock units displaying alkaline magma signature Process

* Syn- to late-orogenic back arc closure related intrusions Process
Distance to albitized country rocks Process

EIS Final Event

Andreas Knobloch, Beak



Exploration Information System (EIS) ",
EIS QGIS Wizard .

Step 2: Define and Add Mineral System Proxies

EIS Wizard

. Mineral system proxies

07 October 2025

Mineral system

Mineral system |'\|"I'f'IS = | | * Configure mineral system =

Study scale | Regional - |

Mineral system proxies

@ Define custom proxy

Define custom proxy

MNarme |Dislance to (meta) basalts, representing cceanic crust remanar4

Mineral system component | Source

Category | Geology

Fegional scale importance | High

Camp scale importance | High

Add proxy from another mineral system
n, remobilisation, modification

Dreposit scale importance | High

¢ Edit custom proxies

T Delete custom proxies

Waorkflow steps Step 1

Distance to anomaly

Interpolate

Cancel

EIS Final Event

Andreas Knobloch, Beak



Exploration Information System (EIS) ",
EIS QGIS Wizard .

Step 3: Export and Impor Mineral System Proxies

Mineral system

Mineral system | I0CG - # Configure mineral system =

Study scale Regional - H'-I:'I-J New
. I . Delete
Mineral system proxies Import
Configure proxies *

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",
EIS QGIS Wizard .

Step 4: Exploratory Data Analysis

EIS Wizard

Flots | Statistics

Plot type | Histogram 1

Data 2

Layer . 10CG_CLB_Till_Geachem_reg s11p —iocg_clb _till geachem_reg s11p

Class 1.2 Co_ppm_511

v Plotparameters 3
Calor field
Color I -
Opacity 100,0 % =

Logscale | False

Fill False

Hist. stat count
Element | bars

Nr.of bins | 0 (0 = auto) -

Reset Clear plot Create plot | Open in new window

& Q=B

140 A

120

100 4

B0

Count

60

40 1

20

Co_ppm_511 -

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",
EIS QGIS Wizard .

Step 5: Modelling

EIS Wizard (=]

Logistic regression
Random forests - classifier

Random forests - regressor

‘Gradient boosting - classifier
Gradient boosting - regressor

| MLP - classifier

MLP - regressor

Test il rurzy overlay

Output classified raster |[53'~'E to temporary file] |

Output probability raster |[53'~'E to temporary file] |

Evidence data
. About

Tag Data

07 October 2025 EIS Final Event Andreas Knobloch, Beak



EIS QGIS Wizard

Step 5: Modelling

07 October 2025

Mineral system proxies

=3 EDA

Madeling
History

settings

. About

EIS Wizard

Meodel type | Logistic regression

Data preparation

Training

Testing  Application

Raster preparation
Unify rasters | Open 1
Data transformations
Binarize Open
Min-max scale Open
Z-score normalize Open
Winserize Open 2
sigmoid transform Open
Logarithmic transform | Open
Coda transforms
ALR Open
Inverse ALR open
CLR Open
Inverse CLR Open 3
Pairwise logratioc  Open
Single PLR Open
Single ILR Open
Other
4

EIS Final Event

Exploration Information System (EIS) .

* EIS

Andreas Knobloch, Beak



Exploration Information System (EIS) ",
EIS QGIS Wizard .

Step 5: Modelling

Model type  Logistic regression -

Data preparation | Training = Testing  Application

Model instance name |model_name

Modelsave path 1 |Path/to/modelf a

Evidence data 2

. About Tag Data Add  Delete
1 * Distance to felsic (metajvelcanic recks and subvolcanic rocks = i =

Generate tags

Labels 3

¥ Distance to felsic {meta)volcanic rocks and subvolcanic rocks. -

Model parameters 4

Verbose 0 <
Random state None {random) =
Penalty 2 -
Max iter 100 =
Solver lbfgs -

Validation settings 5
Validation method split v
split size (validation) 20% =
Cross-validation Folds

Metrics Accuracy -

Reset Cancel | Start training

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",

EIS QGIS Wizard

Step 5: Modelling

Mineral system proxies
| TJ%' EDA
@ Madeling
} History

sarcings

. About

EIS Wizard

Model type | Logistic regression

Data preparation  Training Testing  Application
Madel instance name kest_model -
mMoadel file 1 e/mika/Documents,/Gispo/Els/eis_ggis_plugin/test/test_model.joblib

Test run name

output classified raster  |[Save to temporary File]

Output probability raster |[Szve to temporary File]

Evidence data 2

Tag

1small_raster [w small_raster

2small_raster_multiban ¥ small_raster_multiband

Parameters 3

Classification threshold | 0,500

Labels 4

= small_area

Metrics 5

Accuracy
Precision
Recall

F1

Reset

cancel

Run

07 October 2025

EIS Final Event
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Exploration Information System (EIS) ",

EIS QGIS Wizard

Step 5: Modelling

07 October 2025

EIS Wizard

Mineral system proxies
%3 EDA
@ Madeling

History

settings

. About

Model type | Logistic regression

Data preparation ~ Training  Tesking  Application

Model instance name test_model
Model File 1
Application run name
Output classified raster |[Save to temporary file]

Output probability raster |[Szve to cemporary File]

a/mika/Documents/Gispo/EIS eis_ggis_plugin/test/test_modeljoblib

Evidence data 2

Tag Data
1small_raster ¥ small_raster

2small_laster_multlbar" ¥ small_raster_multiband

Parameters 3

Classification threshald | 0,500

Cancel

Progress 0%

Run

EIS Final Event

Andreas Knobloch, Beak



Exploration Information System (EIS) ",
EIS QGIS Wizard .

Step 6: Model Result Evaluation E— :

Mineral system proxies Statistics | Plotting
T'% e Data
& Modeling Deposits ¥ deposit_raster 1 v
@ Evalustion Predictions (classifications/labels) & Output classified 2 '
Predictions (probabilities) ¥ Output probabilities 3 v
History
Decimals 2 <
Settings
» Compute
. About Classification/label metrics
Accuracy 0.96
Precision 0.99
Recall 0.95
F1 0.97

True positives 1011
False positives 100
False negatives |12

True negatives 1817

Probability metrics
ROC AUC 0.99
Log loss 0.14
Average precision 1.0

Brier score loss  0.03

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",
EIS QGIS Wizard .

Step 6: Model Result Evaluation p——— -

Mineral system proxies Statistics | Plotting

?%_ EDA

Plot type  Calibration curve 1 =

Plot parameters

Deposits ¥ deposit_raster 2 -
3
History
Predictions (probabilities) ¥ Output probabilities 4 =
Settings Number of bins 5 5 a s
@ oot Save DP| Default 6 -
Output file [Save to temporary file] 7 -
i Clear plot | |  Create plot
Calibration curve
1.0
0.8
v
o
2
S 0.6
o
[=8
k]
[ =4
2 0.4
[}
I
&
0.2 1
e Perfectly calibrated
ood —&— Classifier
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Exploration Information System (EIS) ",

Training

* Conducted User Trainings:

e March 2024:

* PDAC Conference 2024
Short Course

MARCH 3-6

2024

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",

Training

* Conducted User Trainings:
« May 2024:

* Internal Stakeholder
User Training, Finland

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",

Training

* Conducted User Trainings:

* August 2025:
* SGA Conference 2025

a\ 18™ SGA Biennial Meeting
&)

: # 2025 Colorado School of Mines
% S Golden, Colorado USA




Exploration Information System (EIS) ‘.':.'EIS

Training

* Conducted User Trainings:
e October 2025:

e Short Course Universite de Lorraine

—

erameT

UNIVERSITE
DE LORRAINE

07 October 2025 EIS Final Event Andreas Knobloch, Beak




Exploration Information System (EIS) ‘..':.'Els

Training

e MinProXT Webinar:
e October 2024 & October 2025

MinProXxXT

Mineral Prospectivity +

Geological Survey of Canada

Geological Survey of Finland (GTK)

October 21 =124, 2025

www.gtkfi

Beak Consultants GmbH

www.beak.de

07 October 2025 EIS Final Event Andreas Knobloch, Beak



Exploration Information System (EIS) ",

Future Outlook

* EIS Transition:
° Open Source! o Targeted UserS:

* Further development of software
* Bugfixes and updates % EUROGEOSURVEYS
* Improvements GUl and manual
e Additional tools

* Development of business strategy EUI'O@
* Training
* Maintenance

The Geological Surveys of Europe

e Consulting

07 October 2025 EIS Final Event Andreas Knobloch, Beak
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EIS test case studies

Operational testing and application of the EIS tools and the
mineral systems models:

* Co-base metal in VMS systems

* Li-Sn-ta-W in granite/pegmatite-related systems

e REE-Co minerals in IOCG systems
The goals:

* Test the EIS tools and mineral systems to confirm their
technical viability and scientific pertinence;

* Provide feedbacks to EIS developers to improve the tools;

* Refine mineral system models whenever needed,;

SYNURGILS BETWELN 61T RAW MATURIALS and H2020 (U PROJCTS

WP6 ’
Exploitation and improving the awareness of the general public

B sy A

' [ALLLLLL L




WP4 - test case studies

10+ test case studies:

* Co-base metal in VMS systems :
1. Elvira & Las Cruces, Spain (CSIC);

2. Tisova-Klingenthal, Czechia & Germany (GoldenPET); Y
3. VMS in Finland (GTK);

* Li-Sn-ta-W in granite/pegmatite-related systems : ' e )
4. Central Ostrobothnia, Finland (GTK); “ : - .» 1 ¢
5. French Variscan Massifs, France (BRGM); 1 b 2 Sea R
6. Vasternorrland, Sweden (SGU); N & 2,9 :
7. Orange River, South Africa (UFS); 5“» ~ ug ” O v
8. Aero Li project, Norrbotten, Sweden (Talga); ] 5 oSt 7 . =
9. Erzgebirge, Czechia & Germany (Zinwald Lithium); e O A, " |

* REE-Co minerals in IOCG systems : b VN (7 B | |

10. Bergslagen, Sweden (SGU);




WP4 - test case studies

Overviews in the following slides

Co-base metal in VMS systems :
1. Elvira & Las Cruces, Spain (CSIC);

2. Tisova-Klingenthal, Czechia & Germany (GoldenPET);

3. VMS in Finland (GTK);

Li-Sn-ta-W in granite/pegmatite-related systems :

4. Central Ostrobothnia, Finland (GTK);

French Variscan Massifs, France (BRGM);

Vasternorrland, Sweden (SGU);

Orange River, South Africa (UFS);

QN & |

Aero Li project, Norrbotten, Sweden (Talga);

9. Erzgebirge, Czechia & Germany (Zinwald Lithium);

REE-Co minerals in IOCG systems :

10. Bergslagen, Sweden (SGU);

v,

Py AT




Tisova-Klingenthal (GoldenPET)

Overview

e Czechia-Germany border;

* Prospect-scale;

* VMS-related system (Besshi-type SEDEX);
Modelling

* Input data: Buffered Metabasalt Lithologies,
Cu and Zn anomalies, no training data (FL);

* Fuzzy Logic: 3 high anomalies identified,
either expected (A) or surprising (C);

Additional sampling on the ‘B’ anomaly

e 145 soil geochemistry samples were
collected in March 2025;

* Analyses completed,;

Fuzzy Logic model displayed with
Tisova-Klingenthal License boundaries.
Three anomalies circled (A, B, C)

Geologic model of the Tisova Deposit, metabasites in
green, mineralized units in red




Tisova-Klingenthal (GoldenPET)

Additional Sampling — Significance

e Results from the 2025 geochemical survey did not confirm
the ‘B anomaly’ area;.

e ... but neighboring Cu values warrant further investigation to
assess their significance.

Main highlights
* Successful test of EIS tools for VMS-type mineral system;
* Prospect-scale testing in operational exploration project;

* Field control of FL models (geoch. sampling), which results
help refine models (positive loop);

* Benchmarking with the Advangeo modelling software;

* Peer-reviewed publication submitted;

321500

»
__BKiingenthal

|:| Merged Metabasalts
. 2025 Geochem
Sample Locations
2025 Geochem
Cu (ppm)
Interpolated
Mo«
0 100 200 m || 44-70
-_— [ 70- 100
WGS84 UTM Zone 33N
1: 8600 I > 100

320500 321000 321500

Interpolated Cu values from 2025 soil sampling. Cu grade intervals
consistent with what was used during the initial modelling process.




VMS in Finland (GTK)

Overview

* Finland (entire land cover);

/,M,-r"'-.
e Country scale, very high resolution (100x100 m);
& \ \".._ “ fl'_!. . |
* Precambrian VMS deposits in northeastern S y
Fennoscandian Shield: N
Modelling e
e Large and diversified data: bedrock map (1:200k), f e | |
high-res. airborne geophysics (200 m line-spacing, L S
40 m terrain clearance, multi-element), regional ;5 L
ground gravity survey/Gravity worms, regional till j .-
geochemistry survey (Co, Cu, Zn) A *
* FL, RF and GB prospectivity models completed and v’w a ﬁ . :.%
compared,; S X
% &

35°E

[Jos-0s

65°N

60°N

Validation
Label

. & {random)

= {drilling Ca 10D-500 ppm)
MLP_0611_reg_prb_8.tif
<VALUE>
B co-o0
| B
B 02-03
[]o3-04

[Jes-oe
[ o6 a7
B o.7-08
B os-0¢
| EER

JKm

65°N

60°N
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VMS in Finland (GTK)

Main highlights

* Successful test of EIS tools for VMS-type
mineral system;

* Technical capability of EIS tools to process
very high-resolution models at country
scale;

* Comparison of FL, RF and GB models results
and performance;

* Peer-reviewed publication submitted;

.0

35°E

C[Jes-os

65°N

60°N

Validation
Label
e Ofrandom)

= {drilling Ca 10D-500 ppm)
MLP_0611_reg_prb_8.tif
<VALUE>

B co-o0
| B
02-03
[]o3-04

[Jes-oe
[ o6 a7
B o.7-08
B os-0¢
| EEE

65°N

JKm

60°N

20°E
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Central Ostrobothnia, Finland (GTK)

Overview

* Central Ostrobothnia Belt, Finland;
* Regional and Camp scales;

e LCT Pegmatite mineralisation type;
Modelling

* Main data: geology, lithogeochemistry,
bedrock observation, tectonic structures,
metamorphism, ...

* Mineral system defined and complete
(proxies derived and features ranked using
Feature Importance Tool);

* MPM modelling with RF, MLP and GB,
although LR models were outperforming;

Regional scale Logistic Regression modelling

© Pegmatite occurrences

Probabilities
Band 1 (Gray)

0.685721
0.000998

True positive rate

o
L)

e
o

Precision
o o o -
£ o o o

e
[¥]

o
o

L4
Y

ROC curve

—— Classifier (AUC = 0.92)
=== Chance level (AUC = 0.5)

00

0.2 0.4 0.6 08 10
False positive rate

Precision-Recall curve

e

— Classifier (AP = 0.85)
=== Chance level (AP = 0.44)

0.0

02 04 06 08 10
Recall



Central Ostrobothnia, Finland (GTK)

Logistic Regression modelling

Main highlights

Successful test of EIS tools for LCT-
pegmatite; mineral system in EIS Wizard,

Multi-scale testing: camp to regional;

Testing and benchmarking of 4 modeling
methods (LR, RF, MLP, GB)

Positive feedback loop: Identification and
ranking of the important components
helped refine the LCT-Pegmatites mineral
system

SGA 2025 Proceeding publication; Peer-
reviewed publication submitted,;
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PCA-based lithogeochemical characterizations




French Variscan massifs (BRGM) ) '..' EIS

Overview o

LCT Pegmatites and Evolved
Granites in the Armorican Massif

 Armorican Massif and W Central Massif
(France);

* Regional scale (2 regions);

* Segments of the W Europe Variscan Belt,
Li-Sn-W-Ta bearing pegmatites and
granites;

Modelling

* Main data: known occurrences and
deposits, 50k geological maps, radiometric
data (250 m, U/Th/K), magnetic data (250 Sy
m, RTP), stream sediment analyses, — ol

[l 8e Pegmatite (10)
gravimetry (500 m, Bouguer); r
 RF, LR and MLP models completed for both | =m——=——="
areas;

Occurrences
/\ TaEv Granite (1)
A Sn Ev Granite (3)
A\ U Ev Granite (2)

@ Ui Pegmatites (10)
B Be Pegmatites (23)

0 40 80 km
O




520 000 560 000 600 000 640 000 680 000 720 000
| | | | | |

A_

6 600 000
]

French Variscan massifs (BRGM)

Structures and Geology -

6 560 000

m— Major Shear Zones

Bt + Crd Peraluminous

Main highlights

Granites (CPG)
* Successful test of EIS tools for Li-Sn-W-Ta s Milevaches Leveograites (P 1
bearing pegmatites and granites at regional N Migmati urits and Anatexites
sca | e: Undifferentiated Pegmatites
’
* Benchmarking of modelling methods in two S i _
distinct regions with consistent datasets and of  Meest
EIS evaluation tools;
* New prospective areas highlighted; L
Perspective of using EIS tools to support o LiBe-Ta-8n Occurrences
valorizing data of the newly started French ¥ LCT Rhyoiies
NEP (Art. 19 of CRMA); g T pnates o
: . : 8 .
* Peer-reviewed publication submitted; of  Fovorablemreas
Logistic Regression (20.53) Marger‘i:?r;‘ir;:;aygues
[ ] Multilayer Perceptron (=0.69)
g [] random Forest (=0.52)
8l 0 30 km'|

| | | | | |
EPSG:2154 RGF93 v1/Lambert-93 Units: meters

Comparison of predictive maps produced using EIS plugin for the FMC



Orange River, South Africa (UFS)

Overview

Western South Africa;
District-scale;

Pegmatite-related Li mineralization in the W
Orange River pegmatite belt.

Modelling

Main data: geological map, airborne
magnetic and radiometric data, ASTER
images, multi-element soil geochemistry;

FL and RF modeling completed;

Case study area

ya

Orange River Pegmatite Belt

SOUTH AFRICA

Prospectivity for Li-bearing pegmatites: fuzzy logic model (left), random forest model (right
quarries. Black dots = pegmatite occurrences

) White dots = pegmatite



Orange River, South Africa (UFS) * o EIS

Case study area

Main highlights

* Successful test of EIS tools on
pegmatite-related Li system in extra-
European geological context;

e Testing focused mainly only defining
targeting criteria in the EIS, and the
application of 2 machine learning tools
(FL and RF);

e Results indicate usefulness of the EIS
toolkit in modeling of prospectivity for
LCT pegmatites in the ORPB = New
targets for exploration of LCT
pegmatites in the ORPB delineated;

* Peer-reviewed publication submitted;

Prospectivity for Li-bearing pegmatites: fuzzy logic model (left), random forest model (right) White dots = pegmatite
quarries. Black dots = pegmatite occurrences



Aero Li-pegmatite project (TALGA)

* o EIS

Overview

* Norrbotten (Northern Sweden), Gallivare
municipality;

* Prospect scale (37x65km), 500m
resolution (refining to 100m);

* LCT-pegmatite type, Svecofennian
orogeny;

Modelling

* Main data: radiometrics, structal,
lithologies, gravity, magnetics, geochem
(SGU); field mapping and sampling (Talga);

e Some assumptions on mineral system
(early-stage exploration phase);

* FL modeling (no training data at that
scale)

A Pegmatite outcrop
s Locality
3 TalgaExploration Tenements

Late Svecokarelian Intrusive group,
c.1.74-1.84Ga

- Lina suite - granite-pegmatite
- Edefors suite —granite

Early Svecokarelian Intrusive group,
c.1.84-1.92Ga

- Perthite-monzonite suite - granite
| Haparanda suite - Granitoids
| Haparanda suite-Gabbro

Early Svecokarelian supracrustal group,
c.1.84-1.92Ga

Arvidsjaur group - felsic to intermediate
volcanics

Arvidsjaur group — Intermediate to mafic
volcanics

Other groups - Arenite, metagreywackes
and schists

Deformation

— T Deformation zone
~— Brittle deformation zone
— = Birittle to ductile deformation zone
——=— Shearzone
- Geophysical structural interpretation




Aero Li-pegmatite project (TALGA)

Main highlights

Successful test of EIS tools for LCT
pegmatite-type mineral system;

Prospect-scale testing in
operational exploration project;

Several prospectivity anomalies
were identified and will be
investigated in future exploration
activities;

Peer-reviewed publication
submitted;

i

410000 TAIS000  TA0000  TAIH00  7AWOMO  TASOO0 | T4AD00D  T4M00  TASODD  TASSO00  TABO000 4G

TAVOO0  TAI00  TAJO00  7AJ5000  TAI000  TAISON0  TAAGO0O  TAASO00  TASOO00  TASSO0D  7A6Q000  TAGSOCO  TATO0OD

@ o
e TR o vagws e vpes ris 775000 780000 785000 790000 795000
N N
A A Pog N g
2 g
Spatial Reference Spatial Reference ~§ ~ 3
Name: SWEREF99 T™ Name: SWEREF99 TM |~
Scale: 1:225 000 Scale: 1:225 000 2
f=] (=]
i 8 : s
) b3 Spatial Reference E
~
~ Name: SWEREF99 TM |~
: Scale: 1:225 000
o (=3
£ 8 =3
b=t g
@ @°
§f = R
‘g f=] [=]
T3 2
@ | |
% N g
2 ~ ~
-§ o (=]
[ [=] 8
2 g
g 3 3
E ~ ~
0 25 8 ° 0 25 5 10 -
Ew B " "5
Talga Exploration permits Talga Exploration permits E o [=3
[ Aero profect area [ Aero project area = 8 2
Proxies Proxies |z 3* >$
Source Pathways £ = a
Value Vak il
= A =" |B ;
-o . 2 f=
: = 8 g
== S
; Rl R ¥
Spatial Reference Spatial Reference § o o
Name: SWEREF99 TM Name: SWEREF99 TM | = 8 5
Scale: 1:225 000 Scale: 1:225 000 g g_:
g - <
3 ~ ~
§ =] =]
B o (=3
=] =3
51 &
§ < <+
k4 ~ ~
; 2 g
5 8 g
# ~lo 25 s 10 i
H (S ey — P
H f=] [=3
b =1 4 B 2
5 §1 Talga Exploration permits B
* ™| Aero project area £
Law o - i 3 | | Prospectivity model g
s s . o 28 o g g
Talga Exploration permits Talga Exploration permits g E Value E
[ Aero project area [ Aero project area * —
Proxies Proxies lz 0,938119
Trap Remobilisation o 0
Value C Value D = § -— §
-} - 8 21 B
= Lt i N 2
78000 AO00 78000 190000 Tas000 5000 780000 785000 790000 705000 T T T
775000 780000 785000 790000 795000

Proxies: A: Source, B:
D: Remobilisation

Pathways, C: Trap,

Fuzzy Logic Prospectivity model of Aero




REE line-Bergslagen (SGU) e EIS
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e Regional scale;

ey

e REE-mineralization in IOCG-related polymetallic
skarn-type deposits (Fe-CuxCo,Bi,Au).

Modelling

* Main data: granite age layer, mafic to ultramafic
layer (source); 1:100 000 linear structures,
geophysical magnetic anomalies (Active pathway),
K-Mg-Ca-Fe-Na alteration, carbonate and volcanic
rocks (Trap)
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Map of Bergslagen focusing on the region surrounding the REE-line, with key REE
mineralized areas within the squares. From Andersson et al. (2024)



Main highlights

REE line-Bergslagen (SGU) e EIS

Successful test of EIS tools for IOCG-
related systems at regional scale;

Mineral system published in peer-
reviewed journals (Sadeghi et al.,
2023, Andersson et al. 2024, Casey
et al., 2024);

Testing and benchmarking of several — Kilometers RF probabilities 4 o
. . 0 3 6 12 18 & mineralizations
modelling methods; B e
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Conclusion * o EIS

e 10+ case studies have been completed, with various types and formats
of data, in various geological contexts;

* They cover all 3 types of deposits, all scales (camp to country), all
available modelling methods and various end-users needs (private
exploration, NGSos);

* Important work to compile datasets, define mineral systems, produce
models, provide feedbacks and recommendations;

* Details of test case studies have been or are being published in peer-
reviewed journals (high scientific footprint), syntheses in project
deliverables;;

* Very positive conclusions from these test case studies :

* EIStools are usable for a wide range of geological contexts, scales, mineral systems
and types of data;

e The use of EIS plugin is a net positive when performing MPM: faster modelling and
evaluation of models, as well as defining your own minerals system proxies and
workflow = strong support to mineral exploration, in Europe and beyond;
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