LNEG contribution to the
Alentejo Region

Integrated Mineral Exploration
Data Management

Joao Xavier Matos, PhD

Laboratoério Nacional de Energia e Geologia, I.P.

joao.matos@lneg.pt

MOSTMEG Project FINAL DISSEMINATION SEMINAR,
Evora University, Hercules Laboratory, 06/06/2024

$:LNEG




LNEG geological surveys in the Alentejo

1 - Geological mapping
= Goals and mapping scale - 1/50,000, 1/200,000
= Regional scale maps - 1/200,000, 1/400,000

= Databases and background - GeoPortal

= Detail stratigraphy and tectonic setting
= Field work, logistics and land assessment
= Rock dating
2 - Mineral exploration surveys
= Green field areas
= Brown field areas
= Geophysical and geochemical surveys
= Mineralization studies
3 - Predictive mineral exploration mapping

= New challenges related with the new CRM Act
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Geology

1 - Geological mapping

Bohemian

= Goals and mapping scale - 1/50,000, 1/200,000 st
= Regional scale maps - 1/200,000, 1/400,000 - ‘

* Databases and background - GeoPortal B e A e &7 Bohemian
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= Detail stratigraphy and tectonic setting
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= Field work, logistics and land assessment ¢
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= Rock dating

2 - Mineral exploration surveys
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= Brown field areas

= Geophysical and geochemical surveys

3 - Predictive mineral exploration mapping

= New challenges related with the new CRM Act
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Geology

1 - Geological mapping
= Goals and mapping scale - 1/50,000, 1/200,000
= Regional scale maps - 1/200,000, 1/400,000

= Databases and background - GeoPortal

= Detail stratigraphy and tectonic setting
= Field work, logistics and land assessment

= Rock dating

Schermerhorn et al. 1987 Oliveira et al. 2010

GeoPortal LNEG
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Geology

1 - Geological mapping
= Goals and mapping scale - 1/50,000, 1/200,000
= Regional scale maps - 1/200,000, 1/400,000 .
=

= Databases and background - GeoPortal N Y b Lo : [ {‘2_" e )

= Detail stratigraphy and tectonic setting
= Field work, logistics and land assessment

= Rock dating
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South Portuguese Zone

SOUTH PORTUGUESE ZONE

Synsedimentary allochthonous units

H (Late Devonian-Early Carboniferous
sedimentary and volcanic rocks)

‘ Mira Formation and Carrapateira Group

k (Early-Late Carboniferous sedimentary rocks)
Mértola and Freixial Formations

E (Early Carboniferous sedimentary rocks)

Volcanic-Sedimentary Complex

(Late Devonian-Early Carboniferous

voicanic and sedimentary rocks)
Gafo, Ribeira de Limas, Represa, Santa Iria,
mx Horta da Torre and Phyllite-Quartizite formations
Pinddaniliy (Late Devonian sedimentary rocks)

% Pulo do Lobo and Atalaia formations
(unknown age sedimentary rocks:

Early Devonian? or Silurian?)

Atlantic Ocean

Pulo do Lobo

Anticline
harsis

Ossa-Morena /

~— South Portuguese Zone —>» & QOssa-Morena Zone =3 & Central-lberian
Pulo do Lobo transition zone
Allochthonous  Anticline  Rheic Suture
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Evora Massif
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[[] Pre-Carboniferous rocks [ Early Carboniferous basins  [l] Rheic Suture [5] Early Carboniferous plutonic rocks

Pereira et al., 2012
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South Portuguese Zone
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MAPA GEOLOGICO DE LA ZONA SURPORTUGUESA . CARTA GEOLOGICA DA ZONA SUL PORTUGUESA

Em Tttt T T Diez-Montes et al., 2020
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MAPA GEOLOGICO DE LA ZONA TRANSFRONTERIZA DE ESPANA Y PORTUGAL. ZONA SURPORTUGUESA
CARTA GEOLOGICA DA AREA TRANSFRONTEIRIGA DE ESPANHA E PORTUGAL. ZONA SUL PORTUGUESA
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Diez-Montes et al., 2020




South Portuguese Zone

Gafo Formation, Paymogo




South Portuguese Zone - paleontology

Palynological studies on Carboniferous and Devonian sedimentary and
volcano-sedimentary sequences (microfossils), e.g. Pereira et al., 2008,
2010, 2012, 2014, 2018, 2021; Mendes et al., 2020, 2021

-

Nereite, Barranco do Homem Formation Skolitos, V.G. Guizo, Phyllite-Quartzite
(PQG), Corte Pequena Formation (PQG), Sao Domingos

::,’.. LnEq Posidonia becheri, Mértola Formation, Goniatite, Mértola Formation (BAFG), Ribeira de Bens Calamites, 1C27 kmb5,
® Baixo Alentejo Flysch Group (BAFG) Mértola Formation (BAFG)




South Portuguese Zone

Guadiana river valley
SW-NE section (Serra
Branca-Canais):

VSC (Tournaisian-Late
Visean),

Freixial Fm. (Late
Visean),

PQ Formation (Late
Famennian)




South Portuguese Zone

Volcanoclastic breccia (VSC), Serra
Branca

Chanca rhyolite (Tournaisian) Volcanogenic sediments, Achada da Algares VMS deposit (Aljustrel)
Mina Member, Pomarao (VSC 342.4 Ma)
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Iberian Pyrite Belt
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Neves-Corvo mine region - high resolution stratigraphy EXPLORA

MNEVES-CORVD

Cranostrmsgrahia Rlestratigrafia Grugo Rixo-guaradico (FQ) Complong Voo sediment (CV5) Grugo Flysch Balse Alestejo (OFRA) Mormrslicagtes
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Iberian Pyrite Belt

[Formation | member ________Jaee _ |References ]

edimentary Complex (Famennian — Late Visean)

Brancanes
Borra de Vin

Ribeira de Cobres
Xistos Sao Luis

Filito-Quartzitica

Barranco do Homem

Vale Parreira

Matos, 2021

Volca
Brancanes
Godinho
Borra de Vinho
Achada da Mina
Corte Machado
Varjotas
Xistos Negros

Grandagos
Paraiso

Graga

Gavido

Ribeira de Cobres

Xistos S. Luis

Lousal-Caveira
Cerqueirinha

Neves

Corvo

Filito-Quartzitica
Nascedios

Eira do Garcia
Barrancdo

Corona Superior
Corona Inferior
Barranco do Homem

Vale Parreira

tzite Group (Early Give

Middle late Visean

Middle late Visean

Middle late Visean

Early Visean?

Early Visean?
Tournaisian?-Early Visean?
Early Tournaisian?

Middle late Visean?
Late Tournaisian-Early Visean
Early-Late Visean

Middle-Late Tournaisian

Early-Late Visean
Famennian-Strunian
Strunian

Strunian?

Strunian

Famennian

Early Givetian-Strunian
Middle Famennian-Strunian

Famennian
Late Famennian
Famennian-Strunian

?-Early Givetian
Famennian

Famennian

Oliveira et al., 2004, 2013b; Pereira et al.,
2008

Boogaard, 1969; Oliveira et al.,
Oliveira & Silva, 2007

1992;

Oliveira et al., 2004, 2013; Pereira et al.,
2008

Schermerhorn et al., 1987; Leitdo, 1998;
Matos et al., 2010

Oliveira et al., 2004, 2013b; Pereira et al.,
2008

Schermerhorn et al., 1987; Matos et al.,
2010; Relvas et al., 2011

Oliveiraetal., 2013b

Pereira et al., 2008

Matos et al., 2014

Boogaard, 1969; Oliveira et al.,
Oliveira & Silva, 2007

1992;

Oliveira et al., 2004, 2013b; Pereira et al.,
2008, 2021

Pereira et al., 2008, 2021

Boogaard, 1969; Oliveira et al., 1992;
Oliveira & Silva, 2007

Oliveiraetal., 2013a, 2013b

Pereira et al., 2008, 2012; Matos et al. 2014
Pereira et al., 2008, 2012; Matos et al. 2014

Oliveira et al., 2005, 2006; Pereira et al.,
2008; Faria et al., 2015

Mendes et al., 2020

1/200 000 Map,
Diez-Montes et al.,
2020
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Iberian Pyrite Belt

Fm./Unit/Member

Forno da Cal limestones

PQG Sequences:

Age

Lower Famennian

Referrences

Boogaard & Schermerhorn, 1981

Nascedios limestones

Mid Famennian — mid Strunian

Boogaard, 1963, 1967; Oliveira et al., 1992, 2006; Oliveira & Silva, 2007;

Pereira et al., 2008

Eira do Garcia Member

Famennian

Boogaard, 1963; Oliveira & Silva, 2007

Barrancdo Member

Late Famennian

Oliveira et al., 2013, 2016

Upper PQG

Upper Corona Unit

Late Famennian - Strunian

Pereira et al., 2008, 2012; Matos et al., 2014

Barranco do Homem
Fm.

Late Famennian

Oliveira et al., 2005, 2013; Pereira et al., 2008; Faria et al., 2015

Vale de Parreiras Fm.

Mid-late Famennian

Mendes et al., 2020; Pereira et al., 2020

Lower PQG Lower Corona Unit

? - Lower Givetian

VTR o [e B S [THElo [ Phyllite-Quartzite Fm.

? (Lower Givetian) - Strunian

Oliveira et al., 2013; Pereira et al., 2008, 2021

The Represa Fm. (late Famennian) can be correlated with the Upper PQG

Matos et al., 2023
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Iberian Pyrite Belt

Iberian Pyrite Belt felsic volcanic rocks (Albardeiro et al., 2023)

West East
335
Los Frailes
[ Visean Neves-Corvo Changa Campofrio
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= _0..+.§.. e o R 1 R i
o
o375 + | |
F
é F i ’ rasnian
5 | % 4 + ‘
385 |
] k) Middle Devonian
2 L . ER S et .
s ' Lower Devonian
|
405 | _~" Linear trend line } U/Pb age (with error bar)
415 Locations not to scale Inherited Devonian zircon

Naesbitt et ai., 1999 (Los Frailes): Bame et al., 2002 (Lagoa Salgada, Ajustrel, Campofrio, Las Cruces), Dunning et al., 2002 (Campofrio); Rosa et al., 2008 (Cercal, Caveira,
Azinheira de Barros, Afjustrel, Ribeira de Cobres, Albernoa, Serra Branca, Changa); Valenzuela et al,, 2011 (Rio Tinto); Oliweira et al., 2013 (Rosério, Ribeira de Cobres); Sola
et al., 2015 (Algaré, Neves-Corvo); Mello et al,, 2017 (Rio Tinto); Resa et al, (unpub., Neves-Corvo),
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Iberian Pyrite Belt

Iberian Pyrite Belt felsic volcanic rocks (Albardeiro et al., 2023)

00 satepoint anee yrocis we 2 Cassiterite and massive sulphide ore samples

Tharsis
20 Rio Tinto

Visean
Tournaisian

Famennian

Neves-Corvo cassiterite ore samples Aznalcollar

400 + Massive sulphide ore samples

= (Ore horizon black shales (Miospore Biozone age dating)
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EXPLDRA

MEVES-CORVD

Iundin mining

Neves-Corvo mine

Shaft

Main Ramp

Lombador
Semblana
() 200 400 &00 800 1000 A
' Ho'lmmmlleﬂo':ﬂ I S 'E‘d‘ N

Lundin Mining, 2020
in Matos et al., 2020
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Massive sulphide mineralizations - ore deposit setting, folding and tectonic

Neves Carvo eastern region:
SS5W
Graga orebody

Legend:
Ménola Fm. (Flysch Group)
Volcano-Sedimentary Complex:
Brancanes Fm., grey shales, minor graywackes
Geodinha Fm., siliceous shales

Borra de Vinho Fm.. purple/green shales, jaspers
Grandagoes Fm . shasas with nodules, volcanogenc sandstones,
Imercalations of basic* and acid** vokcanics

Graga Fm., biack shaies with noduies, intercalation of acid volcanics®
Massive sulphide ore kense, stockwork ore

Rubané ore stockwork

Acid volcanic rocks. riwolites and rhyodacites

Neves Fm , black shales and cherts

Carvo Fm , grey shales intercalated with pumice breccias

EROE" §E0e o

Phyllite-Quartzite Group:
Pryllite-Quartzite Fm

Limat, thrust faum, fault
Expioration drill hole
Exploration drill hole with patynological data

100

50

om

Somincor/Lundin Mining,
Pereira et al., 2021
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Massive sulphide mineralizations - ore deposit setting, folding and tectonic

PR TS

Noves-Corvo WNW region
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Neves-Corvo mine region - high resolution stratigraphy EXPLORA

MNEVES-CORVD

Cranostrmsgrahia Rlestratigrafia Grugo Rixo-guaradico (FQ) Complong Voo sediment (CV5) Grugo Flysch Balse Alestejo (OFRA) Mormrslicagtes

Blotoras de Mussomzs
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Neves-Corvo PQ basement study EXPLRA

WEVES-COAVD
NW SE
Forno da Cal Lombador Corvo-Semblana
old limestone Neves-Corvo
quarry NK30B Mine shaft SJ32

Sea water

Forno da Cal - Neves-Corvo mine area
Volcano-Sedimentary Complex Lower sequence:
I Neves Fm. (Strunian age)
[ Corvo Fm. (upper Famennian age)
I Basic volcanic rocks (spilites) (Famennian? age)

Phyliite-Quartzite Group basement sequence:
=" PQ upper Famennian age, limestones®*,
limestone breccias™, crinoids ©
71 PQ Frasnian age
[ ] PQGivetian age
Bra:hote.section ~~_ Discordance, geological limit
_~~" Fault zones

\

Mendes et al., 2020
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LNEG Mineral Exploration

2 - Mineral exploration surveys
= Green field areas
= Brown field areas
= Geophysical and geochemical surveys

= QOre horizon and mineralization studies

Neves-Corvo Residual Gravity Anomaly
LNEG - Lundin Mining EXPLORA Project
Marques et al., 2019; Matos et al., 2020

MEVES-CORVOD

5 LNEG o  EXPLORA



Green Field Areas

Exploration at regional scale:
= Alentejo and Algarve mining occurrences 1/400 000 map

(Matos & Filipe Eds, LNEG 2013, Inverno et al., 2020, www.lneg.pt)

= 650 mineral occurrences ) RY % 5
= 1200 exploration drill holes /
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Iberian Pyrite Belt

Massive sulphide deposits:
Giant (>200Mt): Neves Corvo (7 lenses), Aljustrel (6 lenses)
4 X e Medium (5-50Mt): Lousal, S. Domingos, Caveira, Lagoa Salgada
f" - ‘ Small (<5Mt): Salgadinho, Montinho, Chanca

@® Fe-Mn oxides, carbonates and silicates - stratiform and veins:
O nearly 100 old mines: Cercal, Ferragudo, Balanca, Lagoas do Paco

. . (@) ® Cu, Pb-Ba, Sb-Au vein structures:

;\\ tens of old mines: Juliana, Torgal, Barrigdo, Brancanes, Ferrarias,
A G .

]

Furnazinhas (Cu), Castro Verde (Pb-Ba), Cortes Pereiras (Sb-Au)

' Neves-Corvo

O o

o T
i m =

[ 1 Baixo Alentejo Flysch Group (Viséan-Bashkirian)

Iberian Pyrite Belt 1 Volcano-Sedimentary Complex (Upper Famennian-Upper Viséan) Matos et al. 2008, 2020

[ Phyllite-Quartzite Group (Givetian-Upper Famennian) Inverno et al., 2020



Iberian Pyrite Belt

= Since the 1960 "s becomes a common and continuous activity promoting geological, geophysical (seismic,
gravimetric, electro-magnetic, down hole surveys) and geochemical (rock, soil, stream) surveys. Drill hole programs
(locally >1500 m depth)

= Portugal: LNEG R&D projects focused in IPB regional and near mining areas; thematic databases; Aljustrel drill core
shed (CEGMA - Centro de Estudos Geoldgicos e Mineiros do Alentejo)

» Spain: Andalusia Government 2030 Mining and Exploration Strategy. IGME databases and Pefharroya drill core shed

Almina EM survey, 2022

3 LNEG



LNEG support to exploration programs - green field:

= 1/400,000 scale mapping: geology, gravimetry, magnetometry, radiometry and Cu soil geochemistry

= R&D surveys with mining companies - ore horizon high resolution stratigraphy

= Aljustrel drill core collection (relog programs) + soil and stream sample collections (e.g. FRX analysis)
» CEGMA2.02019-2023 (1,6M£)

2001 Drill holes:

i i * Cowve
L] © .
Aljustrel drill core shed: 2 berian Pyrite Belt
| L Ossa-Morena Zone
June 2024 - 200 km! T -
= .
< S80 Domirgos . - P
t’“ 000 o ’:’”:‘g.‘m . b :-Qol o Louss s wa’ s
c e - e
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LNEG support to exploration programs - green field:
Massive sulfides and stockworks

Lagoa Salgada, Caveira, Lousal, Salgadinho, Montinho, Estacao e Gaviao (Aljustrel),

Iberian
Pyrite
Belt

Sao Domingos, Chanca
Fe, Mn oxides

Serra da Mina, Lagoas do Paco

Massive sulfides + magnetite associated with metadolomites and meta volcanites

Enfermarias, Preguica, Portel, Balsa

Magnetite

Orada, Vale de Paes

Veins structures (Cu)

Alcacovas, Mostardeira, Miguel Vacas, Defesa das Mercés

1| IEG Matos et al., 2023



Iberian Pyrite Belt, VMS discoveries in Portugal

Ore deposit (region) Company/Survey Exploration methodology
Moinho (Aljustrel) 1955 Mines d’ Aljustrel Turam
Feitais (Aljustrel) 1963 Mines d’ Aljustrel Gravimetry
. . Servico Fomento .
Estacao (Aljustrel) 1968 Mineiro! Gravimetry
Gaviao (Aljustrel) 1970 Soc. Mineira Santiago Gravimetry, geology
. Servico Fomento .
Salgadinho (Cercal) 1974 Mineiro! Gravimetry
Neves (Neves-Corvo) 1977 SPE-SEREM-EDMA Gravimetry
Lombador (Neves-Corvo) 1988 Somincor Gravimetry, geology
Lagoa Salgada (NW) 1992 Inst. G.eoFog1co e Gravimetry, magnetotelluric, vertical electrical sounding,
Mineiro! geology
Rio Moinhos stockwork 1995 Inst. N(\i(r:Z:(r)f: coe Gravimetry, magnetometry, vertical electrical sounding
Chanca stockwork 1994 CONASA Gravimetry, geology
Montinho stockwork 2001 Atlantic Copper Gravimetry
Caveira East stockwork 2002 Atlantic Copper Gravimetry
Lousal stockwork 2008 AGC Gravimetry

1 - Portuguese Geological Survey (actual LNEG), Matos et al., 2020
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Iberian Pyrite Belt, VMS discoveries in Portugal

Company/Survey Exploration methodology
AGC

o®e

I,':

Ore deposit (region)

Sao Domingos stockwork
Semblana (Neves-Corvo)

Serrinha stockwork

Monte Branco
(Neves-Corvo)
Sesmarias

Lagoa Salgada (Central)

Lombador North
(Neves-Corvo)

LNEG

2010
2010
2010

2012

2014
2017
2022

Geology, gravimetry

Somincor/Lundin Mining Electromagnetic
Maepa-Avrupa (LNEG') Electromagnetic (IP), soil, geochemistry, geology,
gravimetry
Lundin Mining Gravimetry
Maepa-Avrupa Electromagnetic, gravimetry
Redcorp-EDM-Ascendant Electromagnetic, gravimetry
Somincor/Lundin Mining Electromagnetic, gravimetry, seismic

1 - Portuguese Geological Survey (actual LNEG), Matos et al., 2020; Matos, 2024



Iberian Pyrite Belt regional 1/400,000 mapping EXPLORA

MNEVES-CORVD

Geophysics L
Data processing/modelling

) \ a1 A
F( \ o, It {
{ p e Ll

Carta Magnetics v s

Gravimetric map (Bouguer 2.6 gcm3)

= > 300,000 gravity points (ground
surveys): LNEG, Adaro, Geoconsult,
Minaport, SAP, EMSC, Soc. Mineira Rio
Artezia, Rio Tinto Zinc

Magnetic map (IGRF removed)
= Airborne surveys: Rio Tinto/SMRA
- (Geoterrex 1991): 500 m, 250 m

S, lines/90 m alt.; Minaport/EDM/
Pirites Alentejanas (Urguhart-Dvorak
1991): 200 m lines/ 100 m alt.;
IGM(LNEG) (Sanders Geophysics 1997)
500 m, 250 m lines/90 m alt.

Represas et al., 2016, Matos et al., 2020
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Iberian Pyrite Belt regional 1/400,000 mapping EXPLORA

NEVES-CORVD

Geophysics L
Data processing/modelling

Gravirhetric map (Bougueﬂri 2.6 gcm3) : Magnetic map (IGRF removed)

Represas et al., 2016, Matos et al., 2020
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Iberian Pyrite Belt regional 1/400,000 mapping

- =y

» Ground surveys: LNEG 2010

EXPLDRA

MEVES-CORVD

Geophysics L
Data processing/modelling

Radiometric map (Natural Radioactivity)
 Airborne surveys: Rio Tinto/SMRA (Geoterrex 1991): 500 m, 250 m lines/90 m alt.;
Minaport/EDM/Pirites Alentejanas (Urguhart-Dvorak 1991): 200 m lines/100 m alt.

Batista et al. (2016), Matos et al. (2020)
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Iberian Pyrite Belt regional 1/400,000 mapping EXPLRA

MEVES-CORVD

Geochemistry L

. . Data processing/modelling
Copper Soil Geochemistry

* LNEG and Mining Companies surveys, ~20 cm depth samples
Batista, 2003, Batista & Matos, 2016, Batista et al., 2020

Pomarao area

Cu(mgkg?)

48000 48500 49000 48500 50000 50500 51000 51500 52000 52500 53000 53500 54000 54500 55000 55500 56000
S1 403 113 423 132 141 145 155 182 165 175 182 189 19.4 152 203 208 214 222

[T I [ [ -

229 237 244 252 2851 270 281 293 304 320 338 350 384 446 450 532 627 753 943
I T =

#:LNEG




IPB regional surveys, seismic profiles at Neves-Corvo SE area

&= Mira Formation
o= Mggou Formation
= V.

= dolerite dyke (Late Variscan)

P
FAL
@~

v ACZACY ZmJ2EZ: caTivrm

Depth
(Km)

- m o

| MAfi
(nT)

1 (jenw)

Geophysics L
Data processing/modelling

B Mira Fm
mm Allochthonous
Mértola Fm

B Autochthonous
Mértola Fm

B vSC

M PQG

W\ Faults

4 Drill-holes
=~ Seismic lines

10 Km N

—

3D Model of the Neves-Corvo - Alcoutim area, PROMINE Project,
Inverno et al., 2015, Carvalho et al., 2017
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Iberian Pyrite Belt regional surveys - Promine Seismic Profiles at Neves-Corvo SE area

sw

Depih {he)

Tieme ()
.-

SW cTo

0.5 Km

(wy) yydeg

Geophysics L
Data processing/modelling

Ll
e
o

] Baixo Alentejo Flysch Group
(Mértola Fm.)

Volcanic-Sedimentary Complex (VSCO):

T VSC sedimentary rocks
0 VSC volcanics

CTwea
h

A

Exploration drill-holes:
CTO1 (Somincor 1992)

CT08001 (AGC/Lundin 2008)
Fault, thrust, geological limit

Seismic reflector

Cotovio Geological section,
PROMINE Project,
Carvalho et al., 2017

2 LNEG



Neves-Corvo mine region 1/50.000 - geology and mineral occurrences EXPLO'RA

MNEVES-CORVD

Geology L J
Mapping, logging

Almododvar Geological Map 46C
Oliveira et al. (2016)

Previous geological maps
Asarco (1996), Billiton-Minaport
(1993), Leca et al. (1983), SFM
(1950°s-1970’s)

Mineral occurrences

Drill hole database
SR » SR T P74 o Lundin Mining massive ore
S 0N Ve R mapping
v..f- i ﬁ :.__ . o ‘_. "'... v“:., ) ...
S b Geophysical data
3 / interpretation
S Htiay ViTN IS0 , " Matos et al., EXPLORA 2020
o 1 M7 BB g mr 2l SARINCOR
222 LNECG PAHERCULES (3SOMINCOR P




Neves-Corvo mine region, 1/50,000 maps EXPLORA

MEVES-CORVD

Geology o

Mapping, logging

Palynology o
Sedimentary rock dating

Geochronology o
Volcanic rock dating

Geophysics @
Data processing/modelling

Geochemistry : ®
Soil, rock

#: L NEG MIHERCULES 3SOMINCOR = oveo 95620 G



Neves-Corvo mine region 1/50,000 - gravimetry EXPLDRA

MEVES-CORVD

Geophysics L
‘o ~ : = —— o —n— E . . e e - ) Data processing/modelling

Gravity land surveys:

Servico de Fomento Mineiro,
1960s-1990s: grid 200 m x 200
m and 50 m x 50 m, NS/EW

SAPA - NE-SW profiles, spacing
200 m

Asarco 1994-1995,
spacing 200 m x 100 m

" - LNEG
e s fmesimssh e Marques et al., 2019, 2020
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Neves-Corvo mine region 1/50,000 - gravimetry EXPLRA

MEVES-CORVD

Geophysics L
Data processing/modelling

= Residual Gravity map
Marques et al., 2020
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Neves-Corvo mine region

Unidades Geolégicas Minimo Maximo Média DesvPad n
Guological Units Minimum Maximum Average SrmanDev n 0
P el 202 286 272 013 1858
Mértola Fm
E A 257 2.99 276 0.06 231 a
Brancanes fm
RO ORI 239 283 wn 0.05 an
Godinho Fm
502
2.4 2.85 275 0.06 178
258 3.01 276 0.05 799
100
272 28 277 0.03 1
257 341 274 0.06 1970 4
Felsic volcanic o
2,68 287 28 0.03 63
Noeves Fm,
T
261 203 28 0.05 134 =
Mafic volcanic E
Corvo 24 56 453 0.28 | 13238 | %
tos -] UL
Sulhuetos: Graca 2.77 5.43 4.49 0.27 4178 3
MAcikos | o mbador 247 53 459 0.8 | 4260 b
————
2.66 541 4.58 0.25 | 15340
— it S8
25 5.39 468 0.25 5800
1400
2 4.97 3.07 039 | 59200
21 489 3.08 036 | 33900
1500
263 2.84 275 0.04 38
256 32 279 0.07 A28 2
Densidades para a Regiao Mineira de Neves-Corvo
Densities of the Neves - Corvo Mining Region 0
1300

% LNEG BRHERCULES 35

1/50,000 - gravimetry

EXPL'RA

MNEVES-CORVD

Geophysics L

Oensity (glem3) DDH PLNO1 . .
w0 2w Data processing/modelling
il * Rock density database
Brancanes/
Gedinho!
Xvv Fms.,

Grandagos Fm.

VM{\ Y »"Wv Mp\\“‘ﬂr}).rvmliq%”\ '

= Density (gm/cm3) DDH NE28A-2
o —pp— | 240 280 320 360 400 440 480 520 560
| 1010
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Neves-Corvo mine region 1/50,000 - magnetometry EXPLRA

MNEVES-CORVO

Geophysics L
Data processing/modelling

|
|

Y X '
j |
-
4
!
(

1 0. 85003 %81 1:-0

#:UNEG

= Magnetic field reduced to pole
= Magnetic susceptibility database
Marques et al., 2020
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Neves-Corvo mine region 1/50,000 - geophysics EXPLORA

MEVES-CORVD

Gravimetric Residual Bouguer Anomaly Geop hys ics o
Data processing/modelling

ALV

nTesla mGa

49.27
30.99

25.45 [l
2192
19,73
17.87
16.22
14.87
~N 13.38
1135
224
721
5.56
457

2599816

15000

10000

NC - Neves-Corvo deposit

RO - Rosario antiform (VSC+PQ)
SPC - Sao Pedro das Cabecas (VSC)
ALV - Alvares region
(VSC+PQ+Freixial)

Magnetic field reduced to the pole

-12060 -5000 0.0 5000 10000 N 15000 20000 25000 30000 36060 Mal’queS et al.. , 201 9’ 2020,
. Matos et al., 2020
[ 4 i LD~ 1 FOETUGAL
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Neves-Corvo mine region 1/50,000 - radiometry EXPLRA

MEVES-CORVD

. . . .. Geophysics o
» Radiometric map (Natural Radioactivity) Data processing/modelling
Batista et al., 2020 <ff ' ] ; a7 3
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Neves-Corvo mine region 1/50,000 - radiometry and EM

= TEM Profiles (AGC/Lundin Mining)
* Modelling of the Mértola Fm. footwall surface
= Sao Pedro das Cabecas model
Batista et al., 2020, Carvalho et al., 2020, Dias et al., 2020, Matos et al., 2020
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Neves-Corvo near mining scenario
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Figure 10. Results for the third run of the gravimetric inversion (o > 3.5 g/em) overlaid by the analytical
signal of the residual Bouguer anomaly map shown in Figure 2b, Geological contours of Figure 1b are also
superimposed.

Marques et al., 2022



Geochemistry - EXPLORA European Patent E)S!;I;QRA

=  European Patent EP3809133 B1, 27.04.2022: “EXPLORA - A method for characterizing

underground metallic mineral deposits based on rock coatings and fracture fills“ s:trozii::c‘:‘es
e
= New mineral exploration technique that can be applied in volcanogenic massive sulfide European
provinces 0 Patent Office
2 . e Office européen
= LNEG and Hercules Laboratory (Evora University) joint research des brevets

»= Test areas: Neves-Corvo, Rosario, Aljustrel and Alvares, Morais et al., 2023

&% | NEC MAHERCULES

P10 - particle

SEM-EDS richin S, Cu and

Sample 15 B

F

P11 - pyrite

BN |




GSEU Project - Sao Domingos mine wastes

Sao Domingos mine,
Mason & Barry (1857-1966),
Rego 2004
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Sao Domingos mine

Mining wastes:

= Brittle pyrite ore

et e [T SO , ' | (8 - = Gossan

B - : = Roasted ore

= Roman slag

= Modern slag

» Host volcanic rocks

* Host sediments

= Contaminated landfill
‘ = Urban landfill

Sao Domingos mine ||

Matos, 2004, 2021 || /
Mateus et al., 2011 |77

% LNEG

= Urban waste




Sao Domingos mine

Mining wastes:

Brittle pyrite ore
Gossan

Roasted ore

Roman slag

Modern slag

Host volcanic rocks
Host sediments
Contaminated landfill

Urban landfill
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10. Urban waste
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Sao Domingos mine

Matos, 2021

Mining wastes:

Brittle pyrite ore
Gossan

Roasted ore

Roman slag

Modern slag

Host volcanic rocks
Host sediments
Contaminated landfill

Urban landfill

© ©® N o O k~ w0 DN PR

10. Urban waste



Sao Domingos mine

= Evaluation of the mine wastes located in the Sao Domingos
mine northern sector (CONASA, 1990, 1991)

» 3D modelling and resource estimation (Vieira et al., 2016, 2020)

= Gossan, volcanic and sedimentary host rocks waste piles and
landfill areas (Matos, 2004);

»= 160 reverse circulation drill holes (sampled in 2 m intervals);
= 162 pits (1 to 3 samples per pit, up to 14 m depth);
» Irregular location (30 m)

= 1148 samples assayed for Au and Ag

5 LNEG
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Sao Domingos mine

Sao Domingos, mine Vieira, et al., 2016, 2020

5 . N . . ; —
Geochemical survey points Landfill area for resource estimation =5 . =
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Sao Domingos mine

Sao Domingos, mine Vieira, et al., 2016, 2020

Conditioned areas:
= Village edified over part of the mine wastes

= Legally protected industrial and heritage sites, e.g.,

roman galleries and slags, mining infrastructure

= Restricted waste removal areas (conditioned

10 m buffers Unconditioned landfill area

o iy 4
#v j\"‘:\\\* B
PN

Sao Domingos village houses

5 LNEG
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Sao Domingos mine

Sao Domingos, mine Vieira, et al., 2016, 2020

Wastepile and landlil block models for resource estimation

Modelling:
= All modeled wastes: 2,615,850 m3 - 3,979,800 t;

= Unconditioned exploration wastes: 2,152,559 m3 -
3,305,100 t (~17% reduction)

boundary (DEM)

» Block sizes
according the
geochemical
assay grids:
7m-12m

* maximum
waste

thickness: 16 m = g '
n toundary (ongital terrain surtace)
- Wy e B w2 sem veaoren et b | B W - LW ra KX NS0T M

5 LNEG
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Sao Domingos mine

Avgrage Au grade distributions Avgrage Ag grade distributions

Averags A grade (gn): Averags Ag grade (gin):
0, 05 10 5 20 25 30 0, 10.0 200 300 400
P T P -
L] Al L] Al
W1-0ossan  W2- Volcanics and shales W3- Saakes WA - Landiill W1-0ossan  W2- Volcanics and shales W3- Saakes WA - Landiill

Scenario 1 - conditioned volumes - high grade wastes only (> 0.5 g/t Au) 2.38 Mt @ 0.77 g/t Au and 8.26 g/t Ag (59,489 ozt Au and 633,488 ozt Ag)

Scenario 2 - all volumes - both high and low grade wastes: 4.00 Mt @ 0.64 g/t Au and 7,30 g/t Ag (82,878 ozt Au and 955,753 ozt Ag)

5 LNEG



Case study: Ossa-Morena Zone Moura - Ficalho sector

3 - Predictive mineral exploration mapping

VNIR Layer Stech N FLAASH . Band Retios PCA
Stac WNIR, SWIR Vegstation
Layer Stack y . MINF
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TIR Thermal &.C.
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Preguica old mine open pit (Zn, Pb)
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Goncalves et al., 2019
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Moura - Ficalho (Zn, Pb) Goncalves et al., 2019
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Moura - Ficalho (Zn, Pb) Goncalves et al., 2019
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Moura - Ficalho (Zn, Pb) Goncalves et al., 2019
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Moura - Ficalho (Zn, Pb) Goncalves et al., 2019
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Final remarks

= New challenges - the EU CRM Act

= Alentejo mineral cluster - SRMs vs CRMs

= Raw data and online databases

= Near mining and green field exploration
scenarios

= LNEG R&D - smart specialization with
universities and mining companies

= Human resources
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= Near mining and green field exploration
scenarios

= LNEG R&D - smart specialization with
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= Human resources
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