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IMPORTANT NOTICE 

This Report was prepared as a National Instrument 43-101 Technical Report for Largo Inc. (Largo 

or the Company) by GE21 Consultoria Mineral Ltda. (GE21) as part of a team of consultants 

contracted by Largo. The quality of information, conclusions, and estimates contained herein is 

consistent with the level of effort involved in the Report authorsô services, based on i) information 

available at the time of preparation, ii) data supplied by outside sources, and iii) the assumptions, 

conditions, and qualifications set forth in this Report.  

This Report is intended for use by Largo, subject to terms and conditions of its individual contracts 

with the Report authors and to the relevant securities legislation. The contracts between Largo 

and the authors allow Largo to file this Report as a Technical Report with Canadian securities 

regulatory authorities, pursuant to National Instrument 43-101 (2011), Standards of Disclosure for 

Mineral Projects. Except for the purposes legislated under Canadian provincial and territorial 

securities laws, any other use of this Report by any third party is at that partyôs sole risk. The 

responsibility for this disclosure remains with Largo. GE21 is under no obligation to update this 

Technical Report, except as may be agreed to between Largo and GE21 by contract from time to 

time. The user of this document should ensure that this is the most recent Technical Report for 

the property, as it is not valid if a new Technical Report has been issued. 

Currency is expressed in U.S. dollars, and metric units are used unless otherwise stated. 

This document, as a collective work of content, including its coordination, arrangement, and any 

enhancements of said content, is protected by copyright held by GE21 Consultoria Mineral Ltda.  
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CAUTIONARY NOTE TO UNITED STATES INVESTORS  

Disclosure regarding the Company's mineral properties, including with respect to Mineral Reserve 

and Mineral Resource estimates included in this technical report, was prepared in accordance 

with NI 43-101. NI 43-101 is a rule developed by the Canadian Securities Administrators that 

establishes standards for all public disclosure an issuer makes of scientific and technical 

information concerning mineral projects.  

The terms ñMineral Reserveò, ñProven Mineral Reserveò and ñProbable Mineral Reserveò are 

Canadian mining terms as defined in accordance with NI 43- 101 and the Canadian Institute of 

Mining, Metallurgy and Petroleum (CIM) ï CIM Definition Standards on Mineral Resources and 

Mineral Reserves (the ñCIM Definition Standardsò), adopted by the CIM Council, as amended.  

The United States Securities and Exchange Commission (SEC) adopted amendments to its 

disclosure rules (the ñSEC Modernization Rulesò) to modernize the mineral property disclosure 

requirements for issuers whose securities are registered with the SEC under the U.S. Securities 

Exchange Act of 1934 (the ñU.S. Exchange Actò), which are codified in Regulation S-K subpart 

1300. Under the SEC Modernization Rules, the historical property disclosure requirements for 

mining registrants included in SEC Industry Guide 7 have been replaced. As a foreign private 

issuer under United States securities laws that files its annual report on Form 40-F with the SEC 

pursuant to the multi-jurisdictional disclosure system (MJDS), the Company is not required to 

provide disclosure on its mineral properties under the SEC Modernization Rules and will continue 

to provide disclosure under NI 43-101 and the CIM Definition Standards.  If the Company ceases 

to be a foreign private issuer or loses its eligibility to file its annual report on Form 40-F pursuant 

to the MJDS, then the Company will be subject to the SEC Modernization Rules. 

The SEC Modernization Rules include the adoption of terms describing Mineral Reserves and 

Mineral Resources that are substantially similar to the corresponding terms under the CIM 

Definition Standards. As a result of the adoption of the SEC Modernization Rules, the SEC now 

recognizes estimates of ñMeasured Mineral Resourcesò, ñIndicated Mineral Resourcesò and 

ñInferred Mineral Resourcesò. In addition, the SEC has amended its definitions of ñProven Mineral 

Reservesò and ñProbable Mineral Reservesò to be substantially similar to the corresponding CIM 

Definition Standards.  

Shareholders resident in the United States are cautioned that while terms are substantially similar 

to CIM Definition Standards, there are differences in the definitions and standards under the SEC 

Modernization Rules and the CIM Definition Standards. Accordingly, there is no assurance any 

Mineral Reserves or Mineral Resources that the Company may report as ñProven Reservesò, 

ñProbable Reservesò, ñMeasured Mineral Resourcesò, ñIndicated Mineral Resourcesò and 

ñInferred Mineral Resourcesò under NI 43-101 will be the same as the Reserve or Resource 

estimates prepared under the standards adopted under the SEC Modernization Rules.  
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Shareholders resident in the United States are also cautioned that while the SEC now recognizes 

ñMeasured Mineral Resourcesò, ñIndicated Mineral Resourcesò and ñInferred Mineral Resourcesò, 

investors should not assume that any part or all of the mineralization in these categories will ever 

be converted into a higher category of Mineral Resources or into Mineral Reserves. Mineralization 

described using these terms has a greater amount of uncertainty as to their existence and 

feasibility than mineralization that has been characterized as ñReservesò. Accordingly, investors 

are cautioned not to assume that any ñMeasured Mineral Resourcesò, ñIndicated Mineral 

Resourcesò, or ñInferred Mineral Resourcesò on the Company's projects are or will be 

economically or legally mineable.  

Further, ñInferred Resourcesò have a greater amount of uncertainty as to their existence and as 

to whether they can be mined legally or economically. Therefore, shareholders resident in the 

United States are also cautioned not to assume that all or any part of the Inferred Resources 

exist. In accordance with Canadian rules, estimates of ñInferred Mineral Resourcesò cannot form 

the basis of feasibility or other economic studies, except in limited circumstances where permitted 

under NI 43-101.  

Accordingly, the information contained in this Technical Report describing mineral deposits may 

not be comparable to similar information made public by United States companies subject to the 

reporting and disclosure requirements under United States federal securities laws and the rules 

and regulations thereunder. Shareholders resident in the United States are urged to consider 

closely the disclosure on technical terminology under NI 43-101. 
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UNITS, SYMBOLS, AND ABBREVIATIONS  

Units and Symbols 

ñ Inches 

°C Celsius 

% Percentage 

Ø Dimeter 

Au g/t Grams of Gold per Tonne 

Au Gold 

cm Centimetre(s) 

E East 

Ga Gigaannum 

g/t Grams per Tonne 

ha Hectare(s) 

hp Horsepower 

hr Hour 

k Thousands 

kg Kilogram 

kgf Kilogram-force 

km Kilometre(s) 

kt Thousands of Tonnes 

ktpy Thousands of Tonnes per Year 

kV Kilovolt 

l Litre 

m Metres 

m³/h Cubic Metres per Hour 

Mt Megatonne 

M Millions 

masl masl meters above sea level 

Mtpa Million Tonnes per Annum 

mg Milligram 

NE Northeast 

NW Northwest 

t/h Tonnes per Hour 

tpd Tonnes per Day 

US$ United States Dollars 

V Volts 

w/v Weight by volume 

 

Abbreviations 

3D Three Dimensional 

AA Atomic Absorption 

ABA-M 
Associação Brasileira de Agroecologia ï Regional Minas 

Gerais 

ADAB Agência de Defesa Agropecuária da Bahia 

ANA Brazilian National Waters Agency 

ANM National Mining Agency of Brazil 

ARD Acid Rock Draining 

BNDES Banco Nacional de Desenvolvimento 

BNM Non-Magnetic Tailings Ponds 
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Abbreviations 

BOD Biochemical Oxygen Demand 

CDN Canadian 

CFEM Financial Compensation for Exploitation of Mineral Resources 

Chl Chlorite 

CIM Canadian Institute of Mining, Metallurgy and Petroleum 

CONAMA National Environmental Council 

CRM Certified Reference Material 

DGPS Differential Global Positioning System 

DNPM National Department of Mineral Production 

DT Davis Tube 

DWT Drop Weight Test 

EBDA Empresa Baiana de Desenvolvimento Agrícola 

EIA Environmental Impact Study 

ESG Environmental Social Health and Safety and Governance 

Esp Sphalerite 

ETA Water Treatment Plant 

ETS Effluent Treatment System 

FA Fire Assay 

FS Feasibility Study 

GE21 GE21 Consultoria Mineral 

GPS Global Positioning System 

GRG Gravity Recoverable Gold Tests 

Hem Hematite 

IBGE Brazilian Institute of Geography and Statistics 

ICU Intensive Cyanidation Unity 

IFC International Finance Corporation 

Iphan National Institute of Historical and Artistic Heritage 

Incra National Institute of Colonization and Agrarian Reform 

Inema Institute of Environment and Water Resources 

IUCN International Union for Conservation of Nature 

JV Joint Venture 

LI Installation License 

LO Operation License 

LOM Life of Mine 

LP Preliminary License 

LPG Liquefied Petroleum Gas 

Mag Magnetite 

MAR Metarenites 

MEE Mineral Engineering and Environment 

MGL Metaconglomerate 

MMA Ministry of Environment and Climate Change 

MVA  Ammonium Metavanadate 

MYL Upper Schist and Schist 

NAG Non-Acid Generating 

NI 43-101 National Instrument 43-101 

NPR Neutralization Potential Ratio 

NSR Net Smelter Revenue 

PAG Potentially Acid Generating 
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Abbreviations 

PRAD Degraded Area Recovery Program 

Py Pyrite 

P80 Passing 80% 

QA/QC Quality Assurance and Quality Control 

QP Qualified Person 

Qtz Quartz 

RIMA Environmental Impact Report 

ROM Run of Mine 

Sd Siderite 
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1 EXECUTIVE SUMMARY 

1.1 Introduction 

Largo Inc. is a globally recognized vanadium company known for its high-quality VPUREÊ and 

VPURE+Ê products, sourced from its Maracás Menchen Mine in Brazil. It is listed on the TSX 

(TSX: LGO) and NASDAQ (NASDAQ: LGO). 

Largo hired GE21 to prepare an updated Life of Mine Plan (LOMP) for Gulçari A (Campbell Pit) 

and conduct a Pre-Feasibility Study for Gulçari A Norte (GAN), Novo Amparo (NAO), Novo 

Amparo Norte (NAN), and São José (SJO) deposits. The Maracás Menchen Project (Project) is 

within the greater municipality of Maracás in eastern Bahia State, Brazil. Maracás lies about 250 

km southwest of the City of Salvador, the capital of Bahia. 

This Report is titled An Updated Life of Mine Plan for Gulçari A (Campbell Pit) and Pre-

Feasibility Study for Gulçari A Norte (GAN), Novo Amparo (NAO), Novo Amparo Norte 

(NAN) and São José (SJO) deposits, Maracás Menchen Project, Bahia, Brazil. The Company 

has undertaken a comprehensive optimization study for the Project, aiming to enhance forecast 

vanadium production and titanium dioxide efficiency while extending the mining life. Drilling work 

carried out on the Gulçari A Sul (GAS), Jacaré (JAC), and Rio de Contas (RIOCON) deposits has 

supported their inclusion in the updated Mineral Resources category. 

The Project consists of 37 concessions covering a total area of 48,953.7 ha, including 34 Mineral 

Exploration Licenses and 3 Exploitation Licenses (1 granted and 2 requested). These 

concessions are held by Vanádio de Maracás S.A., which is 99.9% controlled by Largo. 

1.2 Qualified Persons, Experience, and Independence 

GE21 is an independent mineral consulting firm based in Brazil formed by a team of professionals 

accredited by the Australian Institute of Geoscientists (AIG) as Qualified Persons for the 

declaration of Mineral Resources and Mineral Reserves following NI 43-101. 

The principal QP concerning the objectives of this Report is Mining Engineer Porfírio Cabaleiro 

Rodriguez. Mr. Rodriguez is a mining engineer who has 45 years of experience in Mineral 

Resource and Reserve estimation. He possesses considerable experience dealing with various 

commodities, such as phosphate, iron, uranium, gold, and nickel ore, besides vanadium, among 

others. Mr. Rodriguez is a Fellow of the Australian Institute of Geoscientists (FAIG). 

The independent QP responsible for this Reportôs content on issues related to Exploration and 

Mineral Resource Estimative is Fábio Valério Câmara Xavier (MAIG, B.Sc.), a Geologist, who has 

at least 21 years of experience in the Mineral Industry. Mr. Xavier is a member of the Australian 

Institute of Geoscientists (MAIG). 
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The independent QP responsible for this Reportôs content on issues related to mine planning (pit 

optimization, mining scheduler and fleet), economic analysis, (CAPEX/OPEX, DCF), risk analysis, 

and Mineral Reserve estimates is Guilherme Gomides Ferreira (MAIG, B.Sc.), a Mining Engineer, 

who has at least 19 years of experience in mineral Industry. Mr. Ferreira is a member of the 

Australian Institute of Geoscientists (MAIG). 

The independent QP responsible for this Reportôs content on issues related to the metallurgic 

process is Paulo Roberto Bergmann Moreira (FAusIMM, B.Sc.), a Mining Engineer, who has at 

least 40 years of experience in management and management of engineering companies and 

mining projects, technical reports, geometallurgical studies, due diligence, and audits. Mr. Moreira 

is a member of the Australasian Institute of Mining and Metallurgy (AusIMM). 

The independent QP responsible for this Reportôs content on issues related to environmental 

assessment is Branca Horta de Almeida Abrantes (MAIG, B.Sc.), a geographer, who has at least 

19 years of experience in the industrial, mining, energy, and sanitation sectors. Ms. Abrantes is a 

member of the Australian Institute of Geoscientists (MAIG). 

1.3 Reliance on Other Experts 

The authors of this Report are Qualified Persons (QPs) as defined under NI 43-101, with relevant 

experience in mineral exploration, data validation, Mineral Resource and Reserves estimation, 

and environmental impacts. 

The QPs have fully relied on information supplied by Largoôs staff and experts retained by Largo 

concerning the status of the current Surface Rights. The information presented regarding tenure, 

status, and permitted activities by permit type within the Largo property in Section 4, ñProperty 

Description and Locationò, is based on information published by the National Mining Agency of 

Brazil (Agência Nacional de Mineração, ANM) as of the effective date of May 14th, 2024, available 

to the public, and information provided by Largo.  

The QPs have relied on and disclaim responsibility for information on vanadium sources and 

resources, global production and consumption, supply-demand outlook, historical and price 

forecasts, a review of production by country, uses of vanadium, and an overview of the 

international market provided by Largo, obtained from Project Blue. Project Blue is considered a 

leader in independent, international metals and minerals research, producing 75 market reports, 

data books, and newsletters designed for formulating company strategies, following industry 

trends, competitor analysis, and gaining a complete overview of a single industry. The information 

presented in Section 19 was obtained from the following document: ñOutlook to 2030, 19th ed.ò, 

published in 2021. 

The environmental licensing status information and work plans related to community and social 

outreach included in Section 20, ñEnvironmental Studies, Permitting and Social or Community 

Impactò, were prepared by Largo and their consultants and reviewed by GE21. The QPs have 

fully relied on and disclaim responsibility for information received from Largoôs staff. 
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Other information regarding the status of environmental licensing procedures, market conditions, 

and contracts is based on information described by or obtained from Largo. 

1.4 Property Description and Location 

The Project is in the greater municipality of Maracás in Bahia State, in eastern Brazil. Maracás is 

approximately 250 km southwest of Bahiaôs capital city, Salvador. The City of Marac§s has a 

population of approximately 27,620 inhabitants (IBGE 2022 Census) engaged primarily in the 

agriculture and livestock industries, and a skilled labor force for mining activities.  

Mineral exploration and mining licenses are independent from land ownership. If Largo requires 

additional surface or access rights for the Project, it must negotiate directly with the owner or 

lessee of the relevant portion of land. 

1.5 Accessibility, Climate, Local Resources, Infrastructure, and Physiography 

The town of Maracás is accessible by a paved secondary highway from the main Brazilian coastal 

highway through Bahia State. It is approximately 405 road kilometers from Salvador (population: 

2.4 million (2022)). The Project is accessed by a 29 km paved secondary highway west of 

Maracás, followed by a 20 km gravel road that leads to a ranch gate. The Project is on the ranch 

and a 2.5-km sand and gravel trail leads to the Campbell Pit. 

The local climate has two distinct seasons, one is typically hot and humid and the other during 

the winter is dry. The climate does not create any problems for exploration with diamond drilling 

or other geological/geochemical work. Tropical weathering can create specific issues for 

geochemistry and mapping. There are no difficulties in conducting exploration at any time. 

Domestic power and telephone service are available both at the Property and in the town of 

Maracás, which is linked to the power grid. Maracás has a population of approximately 27,620 

(IBGE 2022 Census). The water supply is available from several rivers and creeks which drain 

into the general area. 

The Maracás Property is in the region between the coast and the high plateau, in an area of 

moderate to low-lying relief. At the Project itself site, the maximum relief is about 30 m. The 

surrounding terrain is a typical ranch/farm with low trees and shrubs and comprises several 

relatively flat plateaus adjacent to a series of creeks and ponds. 

The primary use of the local land at the Project is for agriculture, with ranching and grazing as the 

main activities, while also allowing mining and exploration activities. 
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1.6 History 

Exploration of the Rio Jacaré mafic to ultramafic intrusion by CBPM started in 1980 during a 

regional geological survey. This work led to the discovery of the vanadium-rich titaniferous 

magnetite occurrence on what is now part of the Maracás Property. In 1981, CBPM conducted 

an exploration program that included geological mapping, ground geophysical surveys (magnetic 

and VLF electromagnetic surveys), test pitting and trenching, and diamond drilling of two holes 

totaling 147 m. In 1983, CBPM continued work and focused on the Campbell deposit when it 

completed an additional 12 holes totaling 985 m. 

Over the past 40 years, the Maracás Menchen Mine has undergone several additional phases of 

exploration and economic evaluation, including geophysical surveys, prospecting, trenching, 

diamond drilling programs, geological studies, Mineral Resource estimates, petrographic studies, 

metallurgical studies, mining studies and economic analysis. These studies have advanced the 

Project to its present status of mine and to the development of exploration campaigns in target 

areas along the Rio Jacaré Intrusion.  

The Project began mining operations in 2013, on the Gulçari A Deposit, now known as the 

Campbell Pit, with the first V2O5 production commencing in August 2014. It is the only vanadium 

mine in Latin America. 

In 2018, the Company started an expansion process in the production plant to reach a capacity 

of 12 thousand tonnes per year. In July 2019, the Project achieved a monthly production record 

of 1,042 tonnes of vanadium pentoxide (V2O5). Also, in 2019, research and test projects were 

undertaken to recover titanium (pilot phase) and V2O3 conversion. The Company completed 

construction of its V2O3 plant in Q4 2021 with a production capacity of 14 tonnes per day. In March 

2021, the Board approved the construction of the Company's ilmenite concentrate plant. 

Construction was subsequently completed in Q2 2023, and a gradual ramp-up cycle of production 

began thereafter. 

1.7 Geological Setting and Mineralization 

The Rio Jacar® Intrusion, which hosts the Projectôs vanadium mineralization, is in the south-

central part of Bahia state in northeastern Brazil. It lies within the Archean São Francisco craton, 

which in this area is composed of the Contendas-Mirante Complex and the Gavião and Jequié 

blocks. The intrusion is on the eastern edge of the Contendas-Mirante supracrustal sequence, 

which forms a large anticlinorium trending approximately north-south. 

The Rio Jacaré mafic-ultramafic intrusion consists mainly of gabbro. It is a linear sheet-like 

structure that strikes almost north-south, with a length of approximately 70 km, an average width 

of 1.2 km, and a dip of 70° E. 
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Geologists have defined several discrete deposits or areas containing vanadium-rich 

titanomagnetite bodies along the strike of the Rio Jacaré Intrusion within the property. These 

include the Gulçari A (Campbell Pit) deposit, the Gulçari A North (GAN) deposit, the Gulçari B 

deposit (currently part of GAN), the São Jose deposit (SJO), the Novo Amparo (NAO) deposit, 

and the Novo Amparo North (NAN) deposit. Each of these deposits is at various stratigraphic 

heights within the Rio Jacaré Intrusion and thus occurs within different cyclic units. 

Within all deposits, mineralized bodies comprise magnetitite layers or magnetite pyroxenite layers 

formed as cyclic magmatic units associated with the surrounding gabbro. Typically, magnetite-

enriched units have sharp magmatic contacts with units below and gradational contacts with the 

units above. 

Elements of interest in the Project are vanadium and titanium. Vanadium is hosted within 

titaniferous magnetite, which is the major oxide phase found within the deposit. Ilmenite forms a 

second oxide phase which is commonly present, and which hosts titanium mineralization. 

Besides the vanadium and titanium that form the focus of exploration and mining at the Maracás 

Mine, elevated platinum and palladium values have been found associated with magnetite-rich 

zones in the Rio Jacaré Intrusion. 

1.8 Deposit Types 

Vanadiferous titano-magnetite (VTM) mineralization at the Project shows similarities to other 

magmatic VTM or ilmenite deposits associated with layered mafic intrusive complexes including 

the Bushveld Complex (South Africa), the Lac Doré Complex (Quebec, Canada) and the 

Skaergard Intrusion (Greenland). In these layered complexes, VTM and ilmenite deposits typically 

form in the upper portions of the magmatic stratigraphy. Geologists believe that magnetite 

crystallization begins when the evolving magma becomes sufficiently iron-enriched to form oxide 

minerals. 

Since vanadium is compatible with the magnetite crystal structure, this mineral incorporates it, 

depleting the magma in vanadium. This process will cause magnetite-carrying units having the 

highest V2O5 values, with the vanadium content of the magnetite gradually decreasing in the 

upper parts of the stratigraphy as the mineral density increases and it becomes concentrated in 

the lower layers. Titanium is less compatible with the magnetite structure, enriching the residual 

magma. This process handles an overall decrease in the V2O5 / TiO2 ratio of the upper 

stratigraphy units observed in the Project. 

1.9 Exploration 

Since the 1980s, researchers have studied the area using several methodologies such as regional 

and detailed geological mapping, geophysical survey with magnetometers, soil geochemistry 

campaigns, chemical analysis of rock (borehole and drill core), exploratory drilling on other 

targets, infill drilling and deep drilling on the target, topographic surveys, and petrographic studies. 
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From 2021 to 2023, a soil geochemistry campaign was conducted to define the geochemical 

signatures for iron-titanium-vanadium deposits along the Rio Jacaré Sill (SRJ). Thus, between 

2021 and 2023, 4,102 soil samples were collected. 

Between 2021 and 2023, geophysical airborne survey data were revisited to create new maps 

that could support the exploration program and integrate with geological data and soil 

geochemistry data. 

A geological model was developed (interpreted) over an extension of 27 km. This model was 

generated based on information from geology, geophysics, geochemistry, and both historical and 

current drilling data. 

The effective date of the Campbell Pit topography survey was January 30th, 2024. 

1.10 Drilling 

The initial geological research campaigns in the Vanadium Maracás Project were conducted by 

CBPM and Odebrecht in the 1980s at the Gulçari A (Campbell Pit), Gulçari A North (GAN), and 

Novo Amparo Norte (NAO) targets. Since the acquisition of the Project, in 2007, Largo has 

conducted a series of drilling programs on the surface and underground at the Campbell Pit and 

other exploratory targets, aligned along the regional trend of the Serra do Jacaré. The drill cores 

from these drill holes were described, sampled, and analyzed. They are stored and available for 

consultation in the core storage shed. These drilling campaigns were conducted with various 

objectives, including geological exploration, infill drilling, and Resource conversion. 

Table 1-1 summarizes the drilling campaigns of the Project. 

Table 1-1 ï Summary of the drilling campaigns of the Vanadium Maracás Project 

Target Type Nº Drill hole Drilling (m) Number of samples Meterage (m) 

Gulçari A (Campbell Pit) 
DD 243 45,411.68 15,884 15,356.53 

RC 141 7,739.00 4,547 4,547.00 

Total 384 53,150.68 20,431 19,903.53 

Gulçari A Norte (GAN) DD 120 21,054.05 9,433 9,166.97 

Novo Amparo Norte (NAN) DD 248 43,428.52 8,711 8,405.69 

Novo Amparo Oeste (NAO) DD 59 9,770.05 4,260 4,156.46 

São José (SJO) DD 61 19,572.09 5,159 5,072.30 

Jacaré (JAC) DD 28 3,943.22 2,079 2,078.77 

Gulçari A Sul (GAS) DD 19 5,125.96 1,352 1,323.42 

Riocon DD 10 1,503.65 284 254.11 

Água Branca DD 7 1,346.51 570 570.54 

Braga DD 28 5,419.92 1,996 1,976.87 

Ilha Grande DD 6 1,135.90 714 709.73 

Total 1,354 165,450.55 75,420 73,521.92 

Source: GE21, 2024. 
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In 2023, Largo conducted a review of its historical drilling database and re-sampled cores from 

previous campaigns. It conducted this review while implementing the MX Deposit drilling 

database management system by Seequent. The existing drilling information was validated by 

comparing it with topography, verifying geological descriptions in drill cores, and reviewing 

analytical results from laboratory certificates, with validation by Largo and GE21. During this 

process, intervals of host lithologies for mineralization were identified that were either unsampled 

or had incomplete chemical information. A postmortem analytical campaign was conducted to 

complete these chemical analyses, resulting in the collection of 5,097 samples. 

1.11 Sample Preparation, Analysis, and Security 

Largoôs sampling procedures are well-defined and in line with the industryôs best practices. GE21 

evaluated the sample collection, analysis and security methods, as well as the procedures used 

by Largoôs internal laboratory. 

Since 2009 Largo has implemented a QA/QC program on all drilling programs. This quality control 

allows for the confirmation of the precision and accuracy of %V2O5, % TiO2 and other elements 

(platinum and palladium contents) reported in the previous Mineral Resource estimation. 

The analysis of quality control, transportation to the laboratory, sample preparation and storage 

conditions in prior reports performed by the former owners and Largo allowed us to assume that 

the historical data is acceptable for a more current Mineral Resource estimate. GE21ôs QP has 

validated all current procedures. 

The primary and secondary labs involved in all drilling programs use the same control procedures 

as noted above and acknowledged as ñbest practiceò by the QP in this Report. Therefore, it also 

attests to its acceptability for Mineral Resource analysis. 

After the consolidation and understanding of all data received, such as data acquisition 

procedures, analytical results (chemical results and geophysical survey points) together with their 

corresponding quality control programs, the QP attests the data is suitable for the Mineral 

Resource estimate. 

1.12 Data Verification 

The QPs have conducted periodic field visits to the Largo Operations since 2017 to personally 

inspect the site infrastructure, the procedures used in data collection for Mineral Resource and 

Reserve estimation, and the results got from activities conducted by the Largo team. 

The most recent visits conducted by the QP team are listed below: 

¶ The Mining Engineer Porfirio Rodriguez and Geologist Fábio Xavier visited the site from 

February 6 to 10, 2023. 

¶ Mr. Xavier and Mining Engineer Guilherme Gomides visited the site on January 23 and 

24, 2024. 
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¶ Mr. Rodriguez and Mining Engineer Paulo Bergmann visited the site on March 13 and 14, 

2024. 

During the technical visits, the following points were verified: 

¶ Topographic survey. 

¶ Drilling Database. 

¶ Core Shed. 

¶ QA/QC and Density procedures. 

¶ Internal Laboratory. 

After the consolidation and understanding of all data received, such as data acquisition 

procedures, and analytical results together with their corresponding quality control programs, the 

technical responsible for revision considers that the data is appropriate for the Mineral Resource 

estimate. 

A site visit was held on March 13th, 2024, to the mine in Maracás, B.A. and, in the sequence, in 

the pilot plant in Salvador, the capital of the state. The purpose of the visit, attended by the QPs 

Porfirio Cabaleiro, FAIG, and Paulo Bergmann, FAusIMM, was to collect information regarding 

the ilmenite concentration and proposed Pigment Plant and inspect installations and check 

procedures. 

The engineering QPs received access to the mining and concentration plan in Maracás, and full 

access to the pigment pilot plant in Cama­ari. They found the data regarding Largoôs operation 

and concentration plant operation reliable and appropriate to declare as Mineral Reserves for 

vanadium and ilmenite. The visit to the pilot plant in Camaçari was important to clarify the pigment 

process and ensure that Largo is capable, and already has technical knowledge, to produce 

commercial TiO2 pigment. 

1.13 Mineral Processing and Metallurgical Testing 

Research on metallurgical tests was performed to evaluate the amenability of the existing process 

vanadium plant to recover vanadium and titanium from the Gulçari A (Campbell Pit), Novo Amparo 

Norte (NAN), São José (SJO), Novo Amparo Norte (NAO), and Gulçari A Norte (GAN) deposits. 

Largo completed significant metallurgical test work. Results indicate the viability of recovering 

titanium from these deposits by desliming and flotation to treat the wet non-magnetic tailings. The 

grade of TiO2 in the concentrate was higher than 45% for all test works. 

1.14 Mineral Resource Estimates 

The QP validated geological models received from Largo and then adjusted these models, when 

necessary, to produce updated block models and consequently declare the Mineral Resource 

estimates for Campbell Pit, GAN, SJO, NAO, NAN, GAS, JAC, and RIOCON deposits using 

current topographic and drilling data. Table 1-2 summarizes the databases for the Project. 
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Table 1-2 ï Summary of Databases for the Project 

Target Nº Drill hole Drilling (m) Number of Samples Total Size of Samples (m) 

Gulçari A (Campbell Pit) 232 41,098.88 15,884 15,356.53 

Gulçari A Norte (GAN) 117 20,154.80 9,433 9,166.97 

Novo Amparo Norte (NAN) 124 21,714.26 8,711 8,405.69 

Novo Amparo Oeste (NAO) 59 9,770.05 4,260 4,156.46 

São José (SJO) 61 10,718.85 5,159 5,072.30 

Jacaré (JAC) 28 3,943.22 2,079 2,078.77 

Gulçari A Sul (GAS) 19 5,125.96 1,352 1,323.42 

Rio de Contas (RIOCON) 10 1,503.65 284 254.11 

Total 650 114,029.67 47,162 45,814.25 

Source: GE21, 2024. 

The Rio Jacaré Intrusion is a mineralized mafic-ultramafic formation with a sheet-like structure 

running approximately 70 km north-south, an average width of 1.2 km, and a dip of 70° E. Detailed 

studies by Largo have subdivided the intrusion within the Project area into several cyclic units. 

Cycles C1 to C4 are interpreted as the feeder zone of the intrusion, showing limited lateral 

continuity. In contrast, cycles C5 to C10 form the upper portions of the deposit and extend laterally 

over the entire strike length of the Rio Jacaré Intrusion. Cycles C5 to C10 were modelled by 

differentiating each magmatic cycle, while cycles C1 to C4 were modelled together. 

Results from Davis Tube (%DT) and geological description were used to define the types of 

lithologies: Massive and banded Magnetite (MAG), Magnetite-pyroxenite (MPXT), Magnetite 

Gabbro (MGB), Pyroxenite with Magnetite (PXTM), Gabbro with Magnetite (GCM), Pyroxenite 

(PXT) and Gabbro (GAB). Grade shells at 0.3% of V2O5 and 1% of TiO2 were used to constrain 

the mineralized zones. Waste typologies such as pegmatite, gabbro, anorthosite, granite, and 

soils were also modelled using the implicit method.  

The modelled geological domains resulted from the intersection of magmatic cycles with 

lithological types. The Ordinary Kriging (OK) estimation method was used to estimate the contents 

(Head and Concentrate) for % V2O5, % TiO2, %Fe, % SiO2, and % DT got for all delimited domains 

by magmatic cycle. The estimates were separated for each domain, respecting the composites 

of each domain, using the Hard Boundary Concept. The estimate was made using four steps, 

varying the neighbouring search main radius, which was defined based on the range of the 

variogram modelled for each domain. 

The QP recognizes this choice of estimation method as adequate and considers it to be in line 

with industry best practices. The QP classified the Mineral Resources based on GE21 internal 

criteria and following CIM definitions. The data collected was evaluated in terms of both quality 

and quantity data. 

The Mineral Resource cut-off grade is 0.3% of V2O5 and 1% of TiO2. Only MAG, MPXT, and MGB 

domains were considered eligible for classification as Mineral Resources. 

Table 1-3 summarizes the Mineral Resources of the Project. 
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Table 1-3 ï Mineral Resource of Maracás Menchen Project 

Target Classification 
Mass 

Head Magnetic Concentrate Material Content 

V2O5 TiO2 DT V2O5 TiO2 V2O5 TiO2 

(Mt) (%) (kt) 

Campbell Pit + GAN 

Measured 30.28 0.71 7.64 22.21 2.40 3.48 215.73 2,313.22 

Indicated 21.09 0.54 7.28 18.51 2.14 2.73 114.50 1,536.38 

Measured + Indicated 51.37 0.64 7.49 20.69 2.30 3.17 330.23 3,849.60 

Inferred 29.94 0.54 7.46 18.52 2.00 2.31 162.2 2,232.6 

SJO 

Indicated 17.92 0.58 8.77 22.78 1.90 2.86 104.4 1,571.6 

Measured + Indicated 17.92 0.58 8.77 22.78 1.90 2.86 104.39 1,571.57 

Inferred 15.19 0.52 7.43 19.02 1.89 2.53 78.9 1,127.9 

NAO 

Indicated 7.13 0.58 10.06 27.29 1.72 3.06 41.4 717.2 

Measured + Indicated 7.13 0.58 10.06 27.29 1.72 3.06 41.38 717.16 

Inferred 4.09 0.59 8.61 23.34 1.83 3.03 24.0 351.8 

NAN 

Measured 19.44 0.64 9.02 22.88 2.14 2.83 123.7 1,753.6 

Indicated 8.93 0.60 9.14 21.90 2.14 2.63 53.9 815.6 

Measured + Indicated 28.37 0.63 9.06 22.57 2.14 2.77 177.54 2,569.17 

Inferred 6.88 0.66 9.16 22.69 2.28 2.68 45.7 630.0 

GAS Inferred 11.30 0.58 8.48 18.36 2.31 2.22 66.0 958.7 

JAC Inferred 21.16 0.47 7.78 18.57 1.74 4.65 98.9 1,645.3 

RIOCON Inferred 13.27 0.41 7.23 16.15 1.63 3.86 55.0 959.3 

Total 

Measured 49.72 0.68 8.18 22.47 2.30 3.22 339.39 4,066.84 

Indicated 55.06 0.57 8.43 21.58 2.01 2.80 314.15 4,640.66 

Measured + Indicated 104.78 0.62 8.31 22.01 2.15 3.00 653.54 8,707.50 

Inferred 101.82 0.52 7.76 18.75 1.93 3.08 530.79 7,905.60 

Notes: 
1. Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability. 
2. Mineral Resources were estimated by Fábio Xavier, BSc. (Geo), MAIG, a GE21 Associate, who meets the 

requirements of a ñQualified Personò as established by the Canadian Institute of Mining, Metallurgy and Petroleum 
(CIM) Definition Standards for Mineral Resources and Mineral Reserves (May 2014) (CIM Standards). 

3. The Mineral Resource estimates were prepared under the CIM Standards and the CIM Guidelines, using 
geostatistical, economic, and mining parameters appropriate to the deposits. 

4. Presented Mineral Resources are inclusive of Mineral Reserves. All figures have been rounded to the relative 
accuracy of the estimates. Summed amounts may not add due to rounding. 

5. The Campbell Pit topography survey effective date is January 30th, 2024. 
6. The Mineral Resource is reported on an effective date of January 30th, 2024. 
7. A cut-off grade of 0.3% V2O5 head is applied in V2O5 Mineral Resource. 
8. A cut-off grade of 1% TiO2 head, derived from an economic function, is associated to TiO2 Mineral Resource.  
9. Geometric and economic parameters include:  

¶ Mine Recovery of 100% and dilution 0%. 

¶ V2O5 selling price of $16 per lb. 

¶ TiO2 pigment selling price of $4,000.00 per tonne. 

¶ Mining costs of $2.93 per tonne for mineralization and waste. 

¶ Vanadium processing costs of $34.60 per tonne of ore feed.  

¶ Ilmenite concentrate costs $5.74 per tonne processed.  

¶ TiO2 pigment costs of $1,733.00 per tonne of pigment produced.  

¶ General and Administrative (G&A) costs of $0.27 per lb of V2O5. 
10. Exchange rate: $1.00 = R$5.10. 
11. Specific values for each Deposit:  

¶ Campbell Pit + GAN: Pit slope angles ranging from 37.5° to 64°. V2O5 concentrate recovery of 70.50% to 
78.86%. TiO2 overall recovery of 32.78% to 43.44%.  

¶ NAN: Pit slope angles ranging from 40° to 68°. V2O5 concentrate recovery of 70.00%. TiO2 overall recovery of 
45.90%.  

¶ SJO: Pit slope angles ranging from 40° to 56°. V2O5 concentrate recovery of 70.00%. TiO2 overall recovery of 
32.78%.  

¶ NAO: Pit slope angles ranging from 40° to 68°. V2O5 concentrate recovery of 70.00%. TiO2 overall recovery of 
32.78%.  
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Source: GE21, 2024. 

The Non-Magnetic Ponds Resource Estimate used the mass of material allocated in the ponds 

as surveyed on January 30th, 2024, along with the average TiO2 grade from all chemical assays 

reported up to that date. Considering the precision of the measurements and the variability 

observed in the volume and grade during validation, the Mineral Resource was classified as 

Indicated. Table 1-4 summarizes the Mineral Resources of the Project. 

Table 1-4 ï Non-Magnetic Ponds 

Pond Classification Mass (kt) Grade TiO2 (%) Metal content (kt) 

BNM 02 Indicated 1,131.77 10.69 120.99 

BNM 03 Indicated 1,051.72 11.87 124.84 

BNM 04 Indicated 3,034.94 10.03 304.42 

Total in Ponds Resources Indicated 5,218.43 10.54 550.25 

Notes: 
1. Stock of ñNon-Magnetic concentrateò available in the tailingôs ponds. 
2. Mineral Resources in ponds were estimated based on monthly processing and validated through topographic 

surveys (primitive data and current data) and reconciliation data. 
3. Effective Date: January 30th, 2024.  
4. Recovery is 100% and no dilution was applied to these Mineral Resources.  
Source: GE21, 2024. 

1.15 Mineral Reserve Estimates 

Mineral Reserves are an assessment of the economic portions of Measured and Indicated 

Resources that can be economically mined and processed. GE21 estimated the Mineral 

Reserves for Campbell Pit, NAN, GAN, SJO and NAO with an effective date of January 30th, 

2024, based on CIM guidelines. 

To convert Mineral Resources into Mineral Reserves consideration was given to metallurgical 

recoveries, mining dilution and ore loss factors, mining costs, processing costs, SG&A and 

logistics, as well as the forecasts and estimates of prices for vanadium and titanium products. 

The ultimate pit design and mining plan have been developed based on the Proven and Probable 

Reserves. The summary of Mineral Reserves for the Campbell Pit, GAN, NAN, SJO and NAO is 

presented in Table 1-5. 

In addition to the Mineral Reserves from the ultimate pit, three ancient tailing ponds containing 

titanium-enriched material from pre-processed, non-magnetic flows of the magnetic separation 

operation have been estimated separately as Probable Reserves, as shown in Table 1-6, were 

details on the TiO2 Mineral Reserves from these ponds are provided. 
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Table 1-5 ï Maracás Menchen Project ï Mineral Reserves Estimate (Effective Date ï January 30th, 
2024) 

Category 
Tonnage 

(Mt) 
%Magnetics 

Head 
Magnetic 

Concentrate 
Metal Contained 

%V2O5 %TiO2 
 Mag 
(Mt) 

%V2O5 %TiO2 
V2O5 in Magnetic 
Concentrate (kt) 

TiO2 in Non-
Magnetic 

Concentrate (kt) 

Campbell Pit I 

Proven 16.16 22.42 0.86 6.35 3.62 3.15 5.05 114.23 842.94 

Probable 5.47 18.75 0.76 5.60 1.03 3.23 4.60 33.14 259.09 

Total 
Campbell Pit 

Reserve 
21.63 21.49 0.83 6.16 4.65 3.17 4.95 147.37 1,102.03 

GAN II 

Proven 12.96 18.44 0.45 7.66 2.39 1.80 2.93  43.94   922.31  

Probable 11.34 16.88 0.42 7.16 1.91 1.79 2.53  34.23   763.94  

Total GAN 
Reserve 

24.29 17.71 0.44 7.42 4.30 1.79 2.75  77.17  1,685.25  

NAN III 

Proven 19.55 21.02 0.58 8.25 4.11 2.05 3.33  84.22  1,474.91  

Probable 6.40 21.14 0.56 8.63 1.35 1.98 3.04  27.84   511.05 

Total NAN 
Reserve 

25.95 21.05 0.58 8.34 5.46 2.03 3.26  111.06  1,985.96  

SJO IV 

Proven  -   -   -   -   -   -   -   -   -  

Probable 22.41 18.12 0.44 7.48 4.06 1.76 2.99  71.32  1,555.47  

Total SJO 
Reserve 

22.41 18.12 0.44 7.48 4.06 1.76 2.99  71.32  1,555.47  

NAO V 

Proven  -   -   -   -   -   -   -   -   -  

Probable 6.74 24.98 0.53 9.17 1.68 1.69 3.33  28.39   562.27  

Total NAO 

Reserve 
6.74 24.98 0.53 9.17 1.68 1.69 3.33  28.39   562.27  

Total Maracás Menchen Mine Proven and Probable Reserves 

Proven 48.67  20.80   0.64   7.46  10.12  2.38   3.85   241.39   3,240.16  

Probable 52.36  19.17   0.50   7.57  10.03  1.93   3.13   193.92   3,650.82  

Total 101.03  19.95   0.56   7.52  20.15  2.16   3.49   435.31   6,890.99  

Notes: 
1. Mineral Reserves estimates were prepared under the CIM Standards. 
2. Mineral Reserves are the economic portion of the Measured and Indicated Mineral Resources. 
3. Mineral Reserves were estimated by Guilherme Gomides Ferreira, BSc. (MEng), MAIG, a GE21 associate, who 

meets the requirements of a ñQualified Personò as established by the Canadian Institute of Mining, Metallurgy and 
Petroleum (CIM) Definition Standards for Mineral Resources and Mineral Reserves (May 2014) (CIM Standards). 

4. The Campbell Pit topography survey effective date is January 30th, 2024. 
5. Mineral Reserves are reported effective date January 30th, 2024. 
6. The reference point at which the Mineral Reserves are defined is the point where the ore is delivered from the 

open pit to the crushing plant.  
7. Vanadium product comes from magnetic concentrate, while TiO2 product comes from the non-magnetic portion. 
8. Mineral Reserves were estimated using the Geovia Whittle 4.3 software and following the geometric and economic 

parameters. 
9. Geometric and economic parameters include:  
Å Mine Recovery of 97% and dilution of 10%. 
Å V2O5 selling price (standard purity >98%) of $8.50/lb, with an additional premium of $1.00/lb for high purity 

(>99.5%) product. 
Å TiO2 pigment selling price (purity >94%) of $3,528.00 per tonne. 
Å Mining costs of $2.93 per tonne for mineralization and waste. 
Å Vanadium processing costs of $34.60 per tonne of ore feed.  
Å Ilmenite concentrate costs $5.74 per tonne processed.  
Å TiO2 pigment costs of $1,733.00 per tonne of pigment produced.  
Å General and Administrative (G&A) costs of $0.27 per lb of V2O5. 

10. Exchange rate: $1.00 = R$5.10. 
11. Specific values for each Deposit:  

I. Campbell Pit: Pit slope angles ranging from 37.5° to 64°. V2O5 concentrate recovery of 78.86%. TiO2 overall 
recovery of 43.44%. Strip Ratio 3.25 (tonnes per tonne).  

II. GAN: Pit slope angles ranging from 40° to 64. V2O5 concentrate recovery of 70.50%. TiO2 overall recovery of 
32.78%. Strip Ratio 6.17 (tonnes per tonne). 

III. NAN: Pit slope angles ranging from 40° to 68°. V2O5 concentrate recovery of 70.00%. TiO2 overall recovery of 
45.90%. Strip Ratio 5.75 (tonnes per tonne). 

IV. SJO: Pit slope angles ranging from 40° to 56°. V2O5 concentrate recovery of 70.00%. TiO2 overall recovery of 
32.78%. Strip Ratio 4.23 (tonnes per tonne). 

V.  NAO: Pit slope angles ranging from 40° to 68°. V2O5 concentrate recovery of 70.00%. TiO2 overall recovery of 
32.78%. Strip Ratio 6.98 (tonnes per tonne). 
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Source: GE21, 2024. 

Table 1-6 ï Maracás Menchen Project ï Non-Magnetic Reserves in Ponds 

Pond Classification Mass (kt) Grade TiO2 (%) Metal Content (kt) 

BNM 02 Probable 1,131.77  10.69 120.99 

BNM 03 Probable 1,051.72 11.87 124.84  

BNM 04 Probable  3,034.94 10.03  304.42  

Total in Ponds Reserves Probable 5,218.43 10.54 550.25 

Notes: 
1. Stock of ñNon-Magnetic concentrateò available in the tailingôs ponds. 
2. Mineral Reserves in ponds were estimated based on monthly processing and validated with topographic surveys 

(primitive data and current data) and reconciliation data.  
3. Effective Date: January 30th, 2024. 
4. Recovery is 100% and no dilution was applied to these Reserves 
Source: GE21, 2024. 

1.16 Mining Methods 

The Project comprises five open-pit mining operations employing a contract mining fleet of 

hydraulic excavators, front-end loaders, and 45-tonne haul trucks. Other equipment has been 

selected and sized following the specifications of these trucks and excavators. All mining fleets 

have been chosen and sized for both ore extraction and waste removal purposes. 

The mining will produce 3.4 Mtpa of ROM material. Initial mining will focus on the Campbell Pit 

for the first nine years. Subsequently, the mining sequence will shift to the NAN, SJO, NAO, and 

GAN pits. The modifying factors for all mines are 10% dilution and 97% mining recovery, 

estimated from historical operation data. Geotechnical studies provided the basis for slope angle 

definition at the Campbell Pit, and these values were extended to the NAN, GAN, SJO, and NAN 

deposits. The geotechnical studies for satellite deposits are still under development. 

The Companyôs strategy is to continue to seek ways to expand its vanadium and titanium Mineral 

Reserves through development in the NAN, SJO, NAO, and GAN deposits, along with the 

potential establishment of a TiO2 Pigment Plant in Camaçari City. Key projects and production 

capacities are detailed as follows: 

¶ Ilmenite Concentration Plant (Ilmenite Plant): This plant, initially capable of producing 100 

ktpy of ilmenite concentrate from the non-magnetic concentrate of the Campbell Pit, was 

completed in 2023. Initial production commenced in August 2023.  

¶ TiO2 Pigment Plant (Pigment Plant): Proposed for implementation in 2029 in Camaçari, 

Bahia, Brazil, the Pigment Plant would be designed to produce 100 ktpy of TiO2 pigment. 

The ramp-up phase would begin in 2029 with 30 ktpy, increase to 60 ktpy in 2030, and 

would be anticipated to achieve full capacity by 2031. 

¶ Ilmenite Plant Expansion: To support the demand for the proposed Pigment Plant, the 

Ilmenite Plant will expand its nameplate capacity from 100 ktpy to 265 ktpy. This 

expansion is expected to ramp-up by 2025 and reach full capacity by 2029. 
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1.16.1 Detailed Timeline 

Campbell Pit Development (Years 1-9): 

¶ Focus on extracting vanadium-rich ore to meet the production target of 2.6 Mtpa. 

¶ Initial production primarily sourced from the Campbell Pit. 

Subsequent Pits Development (Post-Year 9): 

¶ Sequential transition of mining activities to the NAN, SJO, NAO, and GAN pits. 

¶ Ensure continuous feed of 3.4 Mtpa to the processing plant. 

Ilmenite Concentration and Pigment Production: 

¶ 2023: Ilmenite Plant begins production at 100 ktpy. 

¶ 2025: Ilmenite Plant production increases to 122 ktpy. 

¶ 2026: Ilmenite Plant production reaches 196 ktpy. 

¶ 2029: Expansion of the Ilmenite Plant starts ramp-up to 265 ktpy. 

¶ 2029: Implementation of the proposed Pigment Plant begins, with ramp-up initiated at 30 

ktpy. 

¶ 2030: Proposed Pigment Plant increases to 60 ktpy. 

¶ 2031: Proposed Pigment Plant achieves full operational capacity of 100 ktpy. 

The mining production schedule spans for 31 years, outlining the sequence and duration of mining 

activities across multiple pits at the Project. The 31-year mining schedule ensures that the Project 

maintains consistent production rates while strategically transitioning between pits. Using mobile 

crushing units for NAN, SJO, and NAO pits facilitates efficient ore processing, supporting the 

long-term objectives of maximizing Resource utilization and maintaining production stability. 

Figure 1-1 summarizes the Mining Production Schedule, visually depicting the transition and 

production volume of each pit. 
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Figure 1-1 ï Maracás Menchen Project ï Mining Schedule 

Source: GE21, 2024. 
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1.17 Recovery Methods 

The current process at Maracáôs mine comprises three stages of crushing, one stage of grinding, 

two stages of magnetic separation, magnetic concentrate roasting, vanadium leaching, 

ammonium meta-vanadate (AMV) precipitation, AMV filtration and from this step to a reactor to 

remove ammonia and produce V2O3 or V2O5, both in powder. For V2O5 concentrate, it is possible 

to send the reactor product to a furnace to fuse the V2O5 into flakes. V2O3 powder, V2O5 powder 

and V2O5 flakes are the final products.  

The future process route for titanium concentrate production involves several key steps. First, the 

flotation of wet nonmagnetic tailings generated at Largo's vanadium plant will be conducted to 

produce an ilmenite concentrate. This concentrate will then be sent to a TiO2 chemical plant. Next, 

the ground concentrate will undergo digestion with sulfuric acid to leach the titanium from the 

ilmenite. The resulting liquor will be directed to a crystallization system to remove iron. Following 

this, the liquor will be subjected to thermal hydrolysis to precipitate titanium in hydroxide form. 

The hydroxide will then be calcined in a rotary kiln to produce TiO2 pigment. Finally, a polishing 

step will ensure that the pigment meets commercial specifications. 

1.18 Project Infrastructure 

The current infrastructure comprises administrative buildings, mine structures (stockpiles, roads, 

explosive magazine, fuel and lubricant storage) and plant structures (industrial areas, laboratory, 

sheds, compressed air, heating). Additionally, the development of a Pigment Plant in Camaçari 

City is being considered. To sustain the production process in the mining area, it would be 

necessary to expand and/or construct new structures, including additional stockpiles, waste piles, 

and tailing impoundment. Figure 1-2 below shows the mine structures. 
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Figure 1-2 ï Planned Infrastructure of Maracás Complex 

Source: GE21, 2024. 
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1.19 Market Studies and Contracts 

The vanadium market is characterized by its relative opacity and modest size compared to other 

commodities. Supply is notably constrained, concentrated primarily in four countries: China, 

Russia, Brazil, and South Africa. In 2023, the total global production of vanadium reached 

approximately 127,000 tonnes of pure vanadium, while global consumption was about 118,000 

tonnes. This supply-demand dynamic illustrates a relatively balanced market with a slight 

production surplus for 2023, which continues to persist in 2024. 

China dominates the global vanadium market, accounting for around 83,000 tonnes, or 

approximately 65% of total world production. Russia is also a significant player, contributing an 

estimated 15-20% of global output.  

Vanadium is produced through three primary methods: primary production, secondary production, 

and co-production. Primary production, which is approximately 17% of global supply, involves 

extracting vanadium directly from mineral deposits. This method is predominantly used in Brazil, 

China, and South Africa. In China, the process of primary production involves the exploitation of 

a unique ore type known as ñcoalstoneò which requires roasting, water leaching, and large 

quantities of caustic gases. This method has a relatively low recovery rate of approximately 45% 

and poses significant environmental challenges. 

Secondary production, accounting for approximately 13% of global supply, is derived from 

recycling spent catalysts, residues from alumina or uranium production, or ash from burning 

vanadium-bearing coal or petroleum. The United States is the largest producer in this category, 

with significant contributions from South Korea and other Asian countries. 

Co-production remains the most dominant method, contributing to approximately 70% of global 

vanadium supply. This process involves the recovery of vanadium as a by-product during the 

production of steel from vanadiferous titanomagnetite (VTM) ore, a type of iron ore. Vanadium in 

this process is initially separated into slag, which is then further processed to produce vanadium 

products. Co-production primarily occurs in China and Russia. 

1.19.1 Demand 

Vanadium demand is primarily driven by four key end-use sectors: steel production (especially 

rebar), defense and aerospace alloys, chemical catalysts, and vanadium-based energy storage 

systems. Most of the vanadium produced globally, approximately 83.2% according to Vanitec 

(Q1, 2024), is consumed in the steel industry. In this sector, vanadium is typically used in the form 

of ferrovanadium ï vanadium and iron alloy ï made from standard-grade vanadium (95-96% 

VϜOϟ). High-purity vanadium (minimum 99% VϜOϟ), which has more limited global supply with 

major producers in Brazil and South Africa, caters to more specialized applications such as 

aerospace alloys, catalysts, ceramics, dyes, electronics, and batteries. 
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The steel industryôs demand for vanadium is expected to grow further, particularly considering 

Chinaôs enforcement of mandatory rebar standards requiring higher vanadium content. This is 

expected to increase vanadium demand by approximately 20% annually (Vanitec). This 

regulatory shift is significant, given that China is a leading consumer and producer of steel, 

impacting global vanadium dynamics substantially. 

Besides its traditional uses, vanadium is increasingly critical to the renewable energy sector, 

specifically in vanadium redox flow batteries (VRFB). These batteries offer energy storage 

solutions, ideal for supporting the global shift towards renewable energy. The demand for 

vanadium in VRFBs has experienced a substantial rise over recent years. Global consumption 

from the energy storage sector surged from approximately 1,800 tonnes in 2020 to around 8,000 

tonnes in 2023, marking an increase of nearly 350%. This growth is particularly notable in China, 

which has rapidly advanced VRFB technology, now holding over 85% of the worldôs installed 

VRFB capacity with a cumulative installed capacity reaching 800 MWh as of 2023. Figure 1-3 

shows the VRFB Installations and demand for the next years. Looking forward, the demand for 

vanadium is projected to rise significantly. According to the International Monetary Fund (IMF), 

achieving net-zero emissions by 2050 could need a over 200% increase in vanadium production. 

 

Figure 1-3 ï Outlook for Annual VRFB Installations (GWh) and Vanadium Demand (t) 

Source: Project Blue, 2022. 

1.19.2 Vanadium Prices 

Ferrovanadium and vanadium pentoxide are the principal commercially traded vanadium 

products. Neither these nor any other vanadium products are traded through an exchange or 

terminal market, such as the London Metal Exchange or COMEX Division of the New York 

Mercantile Exchange (NYMEX).  

Transactions are usually negotiated under 12-month contracts between producers and 

consumers or trading houses. Prices are quoted in terms of US dollars per pound or per kilogram 

gross weight of contained vanadium pentoxide or vanadium units.  
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Figure 1-4 illustrates the trend in vanadium pentoxide prices over the past 12 years. 

 

Figure 1-4 ï Ferrovanadium Price Trend ï Europe (US$/kg VϜOϟ) 

Source: Project Blue, 2024. 

Over the past 20 years, real prices peaked at US$29.15/lb VϜOϟ in 2018 and hit a low of US$2.25 

/lb VϜOϟ in 2015. In a 2022 report commissioned by Largo, Project Blue predicts that VϜOϟ prices 

will remain elevated in the coming years due to favorable supply and demand dynamics as shown 

in Figure 1-5, below. 

 

Figure 1-5 ï Forecast Vanadium Pentoxide Prices (Europe) (US$/Ib) 

Source: Project Blue, 2022. 

1.19.3 Ilmenite Prices 

Ilmenite is a titanium-iron oxide mineral. From a commercial perspective, ilmenite is the main 

source of titanium dioxide, which is used in paints, printing inks, fabrics, plastics, paper, 

sunscreen, food and cosmetics.  

Transactions are usually negotiated under 3 to 12-month contracts between producers and 

consumers or trading houses. Prices are quoted in terms of US dollars per tonne. Stable pricing 

from the current ilmenite 46% equivalent price in China for 2024 and back calculated to a FOB 

Brazil equivalent using US$ 70/mt freight and 13% Chinese. The price used for Ilmenite 

concentrate is US$213.00/t concentrate 46%, data provided by Largo. 
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1.19.4 Titanium Pigment Prices 

Titanium dioxide is an inorganic compound with the chemical formula TiO2. It is a white, water-

insoluble solid, although mineral forms can appear black. As a pigment, it has a wide range of 

applications, including paint, sunscreen, and food coloring. It is estimated that titanium dioxide is 

used in two-thirds of all pigments, and pigments based on the oxide have been valued at $13.2 

billion. Blueôs projection for the long-term, made in 2021, is still aligned with the current market 

situation and outlook as presented in the table below (Table 1-7). 

Table 1-7 ï Titanium Pigment Prices 

 2024 2025 2026 2027 2028 2029 2030 

Chinese Supplies 
sulfate grades 

(US$/t pigment) *  
3,332.00 3,528,00 3,696.00 3,696.00 3,668.00 3,724.00 3,836.00 

Note: Blueôs Benchmark prices are calculated from reported import prices CIF Brazil plus import duty at the standard 
add of 12% rate. 
Source: Project Blue, 2021. 

1.19.5 Contracts 

For the year 2024, Largo committed approximately 80% of its forecasted production under long-

term, 12 months or more, agreements with vanadium end users, converters and traders in the 

steel, aerospace and chemical industries. The balance material will be sold in the spot market 

according to availability and demand from time to time. The yearly negotiations for 2025 will be 

conducted between September and November and are expected to be completed by mid-

December 2024.  

1.19.6 Selling Prices Adopted  

After analyzing the several sources of vanadium market demand and price forecasts, the QP has 

assumed the selling prices for economic analysis which are presented in Table 1-8. 

Table 1-8 ï Selling Price 

Description Unit 2024 2025 2026 2027 2028 2029 2030 

Average Dollar R$/US$ 5.10 5.10 5.10 5.10 5.10 5.10 5.10 

Vanadium - V2O5 Standard US$/lb 7.00 8.50 8.50 8.50 8.50 8.50 8.50 

Vanadium - V2O5 Premium US$/lb 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Vanadium Premium - Sale Price US$/lb 8.00 9.50 9.50 9.50 9.50 9.50 9.50 

Vanadium Premium - % of Sales % 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 

Ilmenite - Sale Price (No Tax Included) US$/t 213.00 213.00 213.00 213.00 213.00 213.00 213.00 

Ilmenite - Sale Price (Tax Included) US$/t 222.05 222.05 222.05 222.05 222.05 222.05 222.05 

Titanium (Pigment) - Sale Price (No Tax Included) US$/t 3,332.00 3,332.00 3,332.00 3,332.00 3,332.00 3,332.00 3,332.00 

Titanium (Pigment) - Sale Price (Tax Included) US$/t 4,040.05 4,040.05 4,040.05 4,040.05 4,040.05 4,040.05 4,040.05 

Source: GE21, 2024. 

1.20 Environmental Studies, Permitting and Social or Community Impact 

For mineral extraction activities, environmental licensing is mandatory in Brazil and must be 

conducted under the National Environmental Policy. The permitting process in Bahia considers 

the nature and size of the projects and activities, the characteristics of the affected ecosystem, 

and the supporting capacity of the area being impacted. 
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The Project (through VMSA) produces vanadium pentoxide and vanadium trioxide (V2O5 and 

V2O3) and has all the licenses to conduct its operations, including those regarding the construction 

of the Project. 

The Operational License for the Campbell Pit was published in the Official Gazette on November 

8th and 9th, 2014. The renewal process was filed within the legal time limit established by the 

environmental agency of the State of Bahia. In May 2020, however, because of the COVID-19 

pandemic, INEMA could not visit the Maracás Menchen Mine. INEMA is currently reviewing the 

information submitted. A formal letter from INEMA addressed to Largo confirmed that the LO has 

been automatically extended until INEMA completes its review and inspection process. Meetings 

have been held (2022 and 2023), recent discussions with INEMAôs representatives show that a 

field inspection will occur in 2024, and the Company expects that the renewed LO will be issued 

shortly thereafter.  

VMSA applied for the Ilmenite Project environmental license after fulfilling INEMA requirements 

in November 2021. The technical analysis begun by December 2021 and the license was issued 

by April 7th, 2022, with validity until April 7th, 2026. The Ilmenite Project is now part of the VMSA 

project. It is important to highlight that the Ilmenite Project is within the Projectôs facilities area and 

no archaeological impact, deforestation, new grant water, road and power line construction 

environmental license process were needed. No major constraints were addressed by the 

Environmental Agency.  

Additional environmental licenses/processes for the Projectôs expansions (e.g. non-magnetic 

waste dam, calcinated dam) and new projects (e.g. NAN, GAN, SJO and NAO) will be submitted 

fulfilling INEMAôs requirements on time and accordingly with the Projectôs phase/timeline. 

1.21 Capital and Operating Costs 

The Companyôs strategy is focused on seeking ways to increase the amount of vanadium and 

titanium Resources through NAN, SJO, NAO and GAN deposits, installing a new kiln to increase 

the capacity to process vanadium ore, expanding the ilmenite flotation plant, and potentially 

developing the Pigment Plant in Camaçari City.  

The Projectôs Ilmenite Plant, with a capacity to produce 196 ktpy of ilmenite concentrate, was 

concluded in 2023, and initial production of ilmenite concentrate was started in August 2023.  

The project to install a second kiln involves the installation of a kiln designed for a 20 t/h feed rate, 

increasing the nameplate capacity of the roasting area from 487.7 ktpy to 648.6 ktpy with 

construction starting in 2026. Ramp-up will commence in 2027, and by 2028, the plant will operate 

at its nameplate capacity. 

The proposed Pigment Plant, with a nameplate capacity of 100 kt of TiO2 per year, would be 

implemented in 2029 in Camaçari, Bahia, Brazil with construction beginning in 2026. Ramp-up 

would start in 2029 and would be completed in 2031, when the plant would operate at its 

nameplate capacity. 
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The project to expand the Ilmenite Plant involves increasing the nameplate capacity of the 

Ilmenite Plant from 196 ktpy to 265 ktpy to meet the demand of Largoôs proposed Pigment Plant, 

with construction starting in 2028. Ramp-up would commence in 2029, and the plant would 

operate at its nameplate capacity in the same year. 

The Campbell Pit will be depleted in 2032, and NAN deposit will substitute it as the main Largoôs 

Pit. After NAN, SJO, NAO and Gan will follow respectively as the main Pit. For the NAN, SJO and 

NAO operations, a rented mobile crushing unit will be installed near the respective pits. 

The capital cost estimate (CAPEX) was developed under the following assumptions: 

¶ Estimated currency: US dollar (US$) 

¶ Exchange rate: 1.00 = R$5.10 

Table 1-9 summarizes the Projectôs CAPEX, Sustaining CAPEX, and Mine Closure estimates for 

the Project in their respective years. 
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Table 1-9 ï CAPEX summary 

Period 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 

Total CAPEX 5.92 7.24 65.30 209.01 228.52 10.21 - 4.58 3.93 2.43 - - 4.56 5.04 2.43 - - 4.58 3.22 2.43 - - 4.52 5.82 2.43 - - 2.18 0.53 0.49 - - - - - - - - 

Sustaining CAPEX 13.20 5.70 8.10 8.73 8.73 9.89 11.06 13.39 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 15.72 - - - - - - - 

Total CAPEX+Sustaining 
CAPEX 

19.12 12.94 73.40 217.74 237.24 20.10 11.06 17.97 19.66 18.15 15.72 15.72 20.28 20.76 18.15 15.72 15.72 20.30 18.94 18.15 15.72 15.72 20.24 21.54 18.15 15.72 15.72 17.90 16.25 16.21 15.72 - - - - - - - 

Mine Closure 2.78 4.09 4.39 4.20 5.53 7.24 8.52 10.88 8.90 8.38 8.57 8.78 8.49 8.25 8.29 8.14 8.03 7.61 7.59 7.78 8.24 8.35 7.82 7.84 7.72 7.76 7.84 8.30 8.61 7.88 6.39 5.62 5.62 5.62 5.62 5.62 5.62 4.72 

Source: GE21, 2024. 
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1.21.1 Operating Cost Estimate 

The operating cost includes the mine, process plant and general and administration (G&A) for the 

Projectôs phases. All operating costs are in US$.  

Expenditures and costs were predominantly extracted or calculated from spreadsheets and 

information collected from Largo and reflect the actual costs collected from 2024.  

1.21.2 Mining Cost 

Largoôs unit mining costs are based on the current contract with Consórcio Maracás ï Dinex | 

EXE Mineral (CM). Loading and haulage operations are conducted by Consórcio Maracás using 

Sany SY750 and SY980 hydraulic excavators with bucket capacities of 4.2 and 5.5 m3, 

respectively, for ore and waste loading. Transportation is facilitated by Mercedes Benz and Volvo 

8x4 trucks, with capacities of 20, 22 and 22 m3. The unit cost is determined based on loading, 

transportation, and haul distance, detailed in Table 1-10. Table 1-11 presents the average mining 

costs for projects related to Campbell Pit, NAN, SJO, NAO, and GAN mines.  

Table 1-10: Contract Loading & Haulage Costs 

Haulage Distance (km) 
Cost of Haulage, Load and Spread (US$) 

Ore Waste 

0 to 0.50  1.60   1.48  

0.51 to 1.0   1.63   1.55  

1.01 to 1.5  1.74   1.63  

1.51 to 2.0  1.77   1.67  

2.01 to 2.5  1.91   1.76  

2.51 to 3.0  2.01   1.91  

3.01 to 3.5  2.14   2.01  

3.51 to 4.0  2.30   2.11  

4.01 to 4.5  2.33   2.21  

4.51 to 5.0  2.43   2.35  

5.01 to 5.5  2.54   2.50  

5.51 to 6.0  2.67   2.64  

6.01 to 6.5  2.82   2.78  

6.51 to 7.0  2.97   2.94  

Source: Largo, 2024. 

Table 1-11 ï Operating Costs - Mining 

Area Type of Cost Unit Cost 

Mining 

Transportation 

US$/ t moved 

1.44 

Diesel oil 0.34 

Drilling 0.45 

Blasting 0.35 

Equipment rental 0.04 

Labor 0.14 

Other 0.16 

Topography 0.03 

Total Mining Costs US$/ t moved 2.94 

Source: GE21, 2024. 

1.21.3 Processing Cost 

The OPEX estimate for the Vanadium Plant and its expansion was estimated based on current 

plant data. OPEX for the ilmenite and titanium plants was derived from similar operations and 

quotations. All OPEX estimates are summarized in Table 1-12 to Table 1-14. 
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Table 1-12 ï Operating Costs - Vanadium Processing 

Area Type of Cost Unit Cost 

Vanadium Processing 

Reagents and Consumables 

US$ / t ore fed 

16.09 

Labor 5.16 

Equipment Rental 1.71 

Power 2.49 

Other 0.89 

HSE 1.06 

Third-party service providers 0.95 

Maintenance Spares and Tools 3.82 

Maintenance Third-party service providers 1.72 

Maintenance Others 0.06 

Maintenance Equipment Rental 0.61 

Total Vanadium Processing Costs US$ / t ore fed 34.56 

Source: Largo, 2024. 

Table 1-13 ï Operating Costs - Ilmenite Processing 

Area Type of Cost Unit Cost 

Ilmenite Processing 

Power 

US$ / t Ilmenite 

4.26 

Consumables 38.39 

Operations Contracts 0.8 

Labor 5.86 

Equipment Rental 3.61 

Other 3.55 

Total Ilmenite Processing Costs US$ / t Ilmenite 56.46 

Source: GE21, 2024. 

Table 1-14 ï Operating Costs - Titanium Pigment Chemical Plant 

Area Type of Cost Unit Cost 

Titanium Pigment Plant 
Ilmenite as Raw Material 

US$/t TiO2 
493.00 

Process Cost 1,201.00 

Total Pigment Plant - Processing Costs US$ / t TiO2 1,694.00 

Source: GE21, 2024. 

For tailings pond recovery, the cost per tonne of material is estimated at US$1.04/t. This reclaimed 

material will be processed at the Ilmenite Plant from 2026 to 2032. The processing cost estimation 

is US$64.38/t product. 

1.21.4 General and Administration 

General and Administration (G&A) costs include items that are not captured in the mining or the 

process costs. These costs encompass management and administration personnel and labor, 

environmental monitoring, safety, medical services, catering expenses, travel expenses, 

communications, shared equipment, emergency response, site-wide maintenance, insurance, 

legal fees, property taxes, and other miscellaneous office expenses.  

The annual G&A costs are estimated to be US$6.3 million.  

1.22 Economic Analysis 

The Project estimates an NPV (7%) for Largo of US$1.1 billion post-tax and US$1.6 billion pre-

tax. The economic study analyzed Largo Inc.ôs Investment Plan from 2024 to 2061 as a whole 

and its benefits to the Companyôs strategy. The calculated NPV reflects the value of the Company 

in its current situation, along with the benefits of the projected investments. 
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As the Project is singular (a running project), economic parameters indicators such as IRR and 

Payback cannot be calculated or separated for each project phase. GE21 conducted a study 

aiming to present marginal results associated with the parameters. The marginal result for the 

Internal Rate of Return (IRR) is 18.5%.  

1.23 Other Relevant Data and Information 

The Company has several studies in evaluation or in progress that should improve future results. 

The main studies are the PGM evaluation, the improvement of magnetite quality, the increase of 

TiO2 grade of flotation feed, and the implementation of recycling in vanadium production. 

¶ Study of Platinum Group Minerals (PGM) 

o At the end of 2023, Largo plans to resume the study of Platinum Group Minerals 

(PGM) in tests with auger samples in its Non-Magnetic Basins (BNM) 2 and 3. 

o In March 2024, Largo announced through a News Release the identification of 

significant levels of Platinum-Palladium in these samples. At the same time, the 

Company informed the public that it intends to review the geological information and 

sampling data conducted in the boreholes neighboring the Campbell deposit with 

PGM results in its samples. 

¶ Magnetite Concentrate Quality: 

o The magnetite concentrate from wet magnetic concentration contains small amounts 

of silica, which reduces plant recovery. To improve this, the Company plans to install 

new magnetic concentrators, high-frequency screens, and demagnetizing coils at the 

Maracás plant, aiming to reduce silica content and increase recovery. These 

improvements are expected to be completed by the end of 2024. 

¶ Flotation Feed Concentration: 

o Largo is considering using the non-magnetic material disposed of in the ponds from 

2014 to 2023 sooner than planned, starting in 2024. This material has a higher TiO2 

content than the ore to be mined in 2024, potentially boosting ilmenite production 

through increased feed rate and TiO2 grade. The material will be transported to the 

flotation plant via a repulping system, expected to be operational by the end of 2024, 

alongside the completion of the Ilmenite Plantôs ramp-up. 

¶ Circular Economy Using Recycling: 

o The Company is evaluating the possibility of residues from other industries as new 

sources of vanadium. There are several residues in evaluation, all with a high content 

of vanadium. The main challenge is finding a process route that can be implemented 

in the Maracás plant without impacting the production from the current source, the 

magnetite ore. Despite this challenge, the studies already being performed are very 

promising. This development could not only increase vanadium production but is 

aligned with its strategy to assist in a greener future. 
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¶ Vanadium for Chemical Industry: 

o The Company is improving its processes in the Maracás plant to produce vanadium 

powder that is suitable for the chemical industry. This market demands a product with 

a very low content of contaminants, and Largoôs plant can produce these materials 

with improvements that are in progress. This could represent an important increase 

in Largoôs Market share, in the chemical sector. 

¶ Campbell ï GAS Connection: 

o The Company is assessing an exploration program to confirm the mineralization 

between Campbell Pit and GAS. The nineteen diamond drilling holes executed at the 

GAS target generated 11.3 Mt of Inferred Resources grading 0.58 of V2O5 and 8.48 

of TiO2, head and 2.31 of V2O5 and 2.22 of TiO2 into concentrate. The distance 

between the Campbell Reserves Pit and the GAS Resources Pit is 800 m and can 

increase the tonnes of ROM near the mining facility. 

1.24 Interpretation and Conclusions 

GE21 developed a Mineral Resource for Campbell Pit, GAN, NAO, NAN, SJO, Gulçari A Sul 

(GAS), Jacaré (JAC) and Rio de Contas (RIOCON), and Mineral Reserve for Campbell Pit, GAN, 

NAO, NAN and SJO. The QP Fábio Valério Câmara Xavier (MAIG) is responsible for Mineral 

Resources Estimate, and Guilherme Gomides Ferreira (MAIG) is responsible for Mineral 

Reserves estimation. The QP Porfirio Cabaleiro Rodriguez (FAIG) supervised the entire report 

and is responsible for the other sections of this document. 

The Mineral Resource cut-off grade is 0.3% of V2O5 and 1% of TiO2. Only MAG, MPXT and MGB 

domains were considered eligible to classification as Mineral Resource. The Measured and 

Indicated Mineral Resources to Campbell Pit, GAN, NAO, NAN, SJO, Gulçari A Sul (GAS), Jacaré 

(JAC) and Rio de Contas (RIOCON) totalizing 104.78 Mt @0.62% V2O5 head grade and 8.31% 

TiO2. 

Mineral Reserves estimate for Campbell Pit, NAN, SJO, NAO and GAN deposits together, 

resulted in a total Reserves of 101.0 Mt @0.56% V2O5 head grade and 7.52% TiO2 head grade. 

Furthermore, Non-Magnetic Tailings Ponds comprise a total Probable Reserves of 2.175 Mt 

@10.54% TiO2. 

The Project is designed as an open-pit mine utilizing a contract mining fleet of 2.5 m3 bucket 

small-hydraulic excavators, 2.5 m3 bucket front-end loaders and 36-tonne trucks. The mine plan 

model for Campbell Pit defined a 10% dilution and a 97% mining recovery based on reconciliation 

data provided by Largo.  

The Companyôs strategy is focused on seeking ways to increase the amount of vanadium and 

titanium Reserves through the NAN, SJO NAO and GAN deposits, and potentially develop the 

Pigment Plant in Camaçari City. Key projects and production capacities are detailed below: 
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¶ Ilmenite Concentration Plant (Ilmenite Plant): This plant, with an initial capacity to produce 

196 ktpy of ilmenite concentrate from the non-magnetic concentrate of the Campbell Pit, 

was completed in 2023. Initial production began in August 2023.  

¶ TiO2 Pigment Plant (Pigment Plant): Proposed for implementation in 2028 in Camaçari, 

Bahia, Brazil, this plant is designed to produce 100 ktpy of TiO2 pigment. The ramp-up 

phase is proposed to begin in 2029, reaching full capacity in 2031. 

¶ Ilmenite Plant Expansion: To support the demand of the proposed Pigment Plant, the 

Ilmenite Plant will expand its nameplate capacity from 196 ktpy to 265 ktpy. This 

expansion would be expected to ramp-up in 2029 and achieve full capacity by 2030. 

The Campbell Pit is expected to be depleted in 2032, and the NAN deposit will substitute it as the 

main Largoôs Pit. After NAN, SJO will be the main Pit, next to NAO and GAN. For the NAN 

operation, a rented mobile crusher will be installed near the NAN Pit. The projected mine life is 

31 years. 

To evaluate the Project, a discounted cash flow scenario was developed based on economic and 

financial parameters along with product generation. The Project estimates a net present value 

(NPV) of US$1.1 billion post-tax and US$1.6 billion pre-tax for Largo. The Project is singular (an 

ongoing project), and as a result, economic indicators such as the internal rate of return (IRR) 

and payback cannot be calculated or separated for each phase. GE21 conducted a study to 

present marginal results associated with these parameters. The marginal IRR result is 18.5%, 

which pertains to the entire Project and is not applicable for individual investments or expansions. 
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2 INTRODUCTION 

Largo Inc. is a globally recognized vanadium company known for its high-quality VPURE+Ê and 

VPURE+Ê products, sourced from its Maracás Menchen Mine in Brazil. It is listed on the TSX 

(TSX: LGO) and NASDAQ (NASDAQ: LGO). 

The Maracás Menchen Project (Project) is located within the greater municipality of Maracás in 

eastern Bahia State, Brazil. Maracás lies about 250 km southwest of the City of Salvador, the 

capital of Bahia. 

Largo hired GE21 to prepare an updated Life of Mine Plan (LOMP) for Gulçari A (Campbell Pit) 

and conduct a Pre-Feasibility Study for Novo Amparo Norte (NAN), São José (SJO), Novo 

Amparo Oeste (NAO), and Gulçari A Norte (GAN) deposits. The Project is within the greater 

municipality of Maracás in eastern Bahia State, Brazil. Maracás lies about 250 km southwest of 

the City of Salvador, the capital of Bahia. 

The Company has undertaken a comprehensive optimization study for the Project, with the 

objectives of improving forecasted vanadium production and titanium dioxide efficacy to extend 

the mine life. The updated Mineral Resource category includes the Gulçari A Sul (GAS), Jacaré 

(JAC) and Rio de Contas (RIOCON) deposits as a result of a successful exploration drilling 

program.  

The Project comprises 37 concessions with a total area of 48,953.7 ha, including 34 Mineral 

Exploration Licenses and 3 Exploitation Licenses, (1 granted and 2 requested). Vanádio de 

Maracás S.A., which is controlled 99.9% by Largo, holds the concessions. 

Mining Engineer Porfirio Cabaleiro Rodriguez leads the GE21 Group. Mr. Rodriguez acts as the 

principal Qualified Person for the company. He is a mining engineer with over 45 years of 

experience in Mineral Resources and Reserves estimation. He has considerable experience 

dealing with various commodities, such as phosphate, iron, uranium, gold, nickel ore, and 

vanadium, among others. Mr. Rodriguez is a Fellow of the Australian Institute of Geoscientists 

(FAIG). 

2.1 Terms of Reference 

This Report updates previous NI 43-101 Technical Reports by GE21 Consultoria Mineral (GE21) 

and released on October 16th, 2021, titled An Updated Life of Mine Plan (LOMP) for Campbell 

Pit and Pre-Feasibility Study for Novo Amparo Norte (NAN) and Gulçari A Norte (GAN) 

Deposits, Maracás Menchen Project, Bahia, Brazil. This updated Technical Report documents 

include an updated Mineral Resource estimation of the Project and an update of the Life of Mine 

Plan (LOMP) for Gulçari A (Campbell Pit) and Pre-Feasibility Study for Novo Amparo Norte 

(NAN), São José (SJO), Novo Amparo Oeste (NAO), and Gulçari A Norte (GAN) deposits. 
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This Report was prepared under the requirements and guidelines set forth in NI 43-101 

Companion Policy 43-101CP and Form 43-101F1 (June 2011), and the Mineral Resources and 

Mineral Reserves presented herein are classified according to Canadian Institute of Mining, 

Metallurgy and Petroleum (CIM) Definition Standards ï For Mineral Resources and Mineral 

Reserves, prepared by the CIM Standing Committee on Reserve Definitions and adopted by CIM 

Council on May 10th, 2014. 

The units of measurement used in this Report are all metrics following the International System 

of Units (SI). The projection system adopted was UTM ï Zone 24 South, Datum SIRGAS2000. 

Unless indicated otherwise, all monetary units are expressed in Brazilian Reais (R$) or United 

States Dollars (US$). Although some cost figures have been taken from local sources in Brazil, 

each of these figures was converted to US$ for the compilation and presentation of the financial 

analysis. 

An exchange rate of R$5.10 = 1US$ was applied throughout the study. 

2.2 Qualifications, Experience, and Independence 

GE21 is an independent mineral consulting firm based in Brazil formed by a team of professionals 

accredited by the Australian Institute of Geoscientists (AIG) as Qualified Persons for the 

declaration of Mineral Resources and Mineral Reserves following NI 43-101. 

Each of the authors of this Report has the appropriate qualifications, experience, competence, 

and independence, to be considered as a Qualified Person (QP), as defined in NI 43-101. Neither 

GE21 nor the authors of this Report do not have or have had no material interest in Largo or 

related entities. The relationship with Largo is solely professional, acting as an independent 

consultant. The payment of service fees is unrelated to the results of this Report. 

The independent QP responsible for this Reportôs content on issues related to the Exploration 

and Mineral Resource estimative is Fábio Valério Câmara Xavier (MAIG, B.Sc.), a Geologist, who 

has at least 20 years of experience in the Mineral Industry. Mr. Xavier is a member of the 

Australian Institute of Geoscientists (MAIG). 

The independent QP responsible for this Reportôs content on issues related to mining planning 

(pit optimization, mining scheduler and fleet), economic analysis, (CAPEX/OPEX, DCF), risk 

analysis, and Mineral Reserve estimates is Guilherme Gomides Ferreira (MAIG, B.Sc.), a Mining 

Engineer, who has at least 19 years of experience in mineral Industry. Mr. Ferreira is a member 

of the Australian Institute of Geoscientists (MAIG). 

The independent QP responsible for this Reportôs content on issues related to the metallurgic 

process is Paulo Bergmann Moreira (FAusIMM, B.Sc.), a Mining Engineer, who has at least 41 

years of experience in management and management of engineering companies and mining 

projects, technical reports, geometallurgical studies, due diligence, and audits. Mr. Moreira is a 

fellow of the Australasian Institute of Mining and Metallurgy (AusIMM). 
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The independent QP responsible for this Reportôs content on issues related to environmental 

assessment is Branca Horta de Almeida Abrantes (MAIG, B.Sc.), a geographer, who has at least 

19 years of experience in the industrial, mining, energy, and sanitation sectors. Ms. Abrantes is a 

member of the Australian Institute of Geoscientists (MAIG). 

Table 2-1 presents the summary information about QPs. The Qualified Person certificates are 

presented below. 

Table 2-1 ï Qualified Persons 

Company Qualified Person Site Visit Section Responsibility 

GE21 
Porfirio Cabaleiro 
Rodriguez, FAIG 

5 days duration in February 2023 and 2 days 
duration in March 2024 

2, 3,19,22,23,24 

and partially 1, 12, 25 and 
26 

GE21 
Fabio Valerio  
Xavier, MAIG 

5 days duration in February 2023 and 2 days 
duration in January 2024 

4, 5, 6, 7, 8, 9, 10, 11, 14, 

and partially 1, 12, 25 and 
26 

GE21 

Guilherme  

Gomides Ferreira, 

MAIG 

2 days duration in January 2024 

3,15,16,18, 

and partially 1, 12,21, 25 
and 26  

GE21 Paulo Bergmann, FAusIMM 2 days duration in March 2024 

13, 17 

and partially 1, 12, 21,25 
and 26 

GE21 
Branca Horta de Almeida 

Abrantes, MAIG  
Ms. Abrantes did not visit the Project 20 and partially 1, 25 and 

26 

Source: GE21, 2024. 

2.3 Effective Date 

Mineral Resources and Reserves for the Project has an effective date of January 30, 2024, for 

reviewed deposits. 

2.4 Main Sources of Information 

In addition to site monitoring by QPs during the last period, GE21 has been involved in the Project 

since 2017, participating in technical, and planning discussions, and overseeing the execution of 

activities conducted by Largo. 

The results presented in this Study have been generated from information provided and compiled 

by Largo through data organized in spreadsheets, internal and third-party technical reports, and 

supplemental information obtained from the Largo technical team. 

The information regarding the tenure, status and work permitted by permit type within the Largo 

property is based on information published by the National Mining Agency of Brazil (Agência 

Nacional de Mineração ï ANM), available to the public, and information provided by Largo. 

Information on the status of environmental licensing and work plans related to community and 

social outreach prepared by Largo and its consultants, as well as information on the status of 

environmental licensing procedures, market conditions and contracts. 
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3 RELIANCE ON OTHER EXPERTS 

The authors of this report are Qualified Persons (QPs) as defined under NI 43-101, with relevant 

experience in mineral exploration, data validation, Mineral Resource and Reserves estimation, 

and environmental impacts. 

The QPs have fully relied on information supplied by Largoôs staff and experts retained by Largo 

concerning the status of the current Surface Rights. The information presented regarding the 

tenure, status, and permitted activities by permit type within the Largo property in Section 4, 

ñProperty Description and Locationò, is based on information published by the National Mining 

Agency of Brazil (Agência Nacional de Mineração, ANM) as of the effective date of May 14th, 

2024, available to the public, and information provided by Largo. 

The QPs have relied on and disclaim responsibility for information on vanadium sources and 

resources, global production and consumption, supply-demand outlook, historical and price 

forecasts, a review of production by country, uses of vanadium, and an overview of the 

international market provided by Largo, obtained from Project Blue. Project Blue is considered a 

leader in independent, international metals and minerals research, producing 75 market reports, 

data books, and newsletters designed for formulating company strategies, following industry 

trends, competitor analysis, and gaining a complete overview of a single industry. The information 

presented in Section 19 was obtained from the following document: ñOutlook to 2030, 19th ed.ò, 

published in 2021. 

The environmental licensing status information and work plans related to community and social 

outreach included in Section 20, ñEnvironmental Studies, Permitting and Social or Community 

Impactò, were prepared by Largo and their consultants and reviewed by GE21. The QPs have 

fully relied on and disclaim responsibility for information received from Largoôs staff. 

Other information regarding the status of environmental licensing procedures, market conditions, 

and contracts is based on information described by or obtained from Largo. 
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4 PROPERTY DESCRIPTION AND LOCATION  

4.1 Location 

The Maracás Menchen Mine property totaling almost 49,000 hectares is in the municipality of 

Maracás, the eastern Bahia State of Brazil (Figure 4-1). The mine is located 250 km southwest 

of Salvador (Bahia State capital) and 813 km northeast of Brasilia (Brazil Capital). The Maracás 

Menchen Mine can be accessed by road from Salvador via 405 km of paved secondary road from 

the main costal highway in Bahia and via a direct Project access road of about 50 km west of the 

town of Maracás. Access to water, electric power grid and a railroad are within a reasonable 

distance, and a trained workforce familiar with the mining and mineral exploration industries can 

be found in the State of Bahia and within the country. 

The City of Maracás has a population of approximately 27,620 inhabitants (IBGE 2022 Census) 

engaged primarily in the agriculture and livestock industries, and an experienced labor force for 

mining activities. 

Mineral Exploration / Concession Licenses are separate from other Mining and Mineral 

Exploration properties. 

 

Figure 4-1 ï Maracás Menchen Mine Location Map 

Source: Largo, 2021. 
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4.2 Mineral Title in Brazil 

In Brazil, Mineral Resources are property of the Federal Government under the Federal 

Constitution of 1988 and are governed by the Federal Mining Code of 1967 (Mining Code), as 

significantly amended in 1996. Additional changes regarding the administration of the Mining 

Code and the royalty (CFEM) legislation applicable to mineral products were introduced in 2017, 

which amendments resulted in creating the National Mining Agency (ANM) to replace the former 

National Department of Mineral Research (DNPM) and, concerning the CFEM, the increase of 

the royalty from 1% NSR to 2% of gross revenue and disallowing the deduction of certain costs 

(such as transport and insurance costs) which had been permitted. The effects of these measures 

are captured in the economic projections of the assets, as described in Section 22 ï Economic 

Analysis. 

In June 2018, the Executive Branch enacted New Regulations under the Mining Code. These 

New Regulations did not require the approval of the legislature and focused on simplifying the 

process of conversion of an Exploration License to a Concession License either as permitted 

under the Mineral Code or through performing complimentary work after the submission of a Final 

Mineral Research Report. Neither the process of obtaining a Mining Rights Concession nor the 

investment commitments for each license were affected by the New Regulations. As of the 

effective date of this Report, the authors do not foresee any significant changes in Brazilian 

Mineral Legislation that would affect the Companyôs operations. 

4.3 Mining Legislation, Administration and Rights 

ANM is the Federal Agency with the right to Manage, Regulate and Supervise mining activities in 

Brazil, under the coordination of the Ministry of Mines and Energy (MME). Exploration and Mining 

Rights are granted by the ANM to Brazilian citizens and legal entities incorporated in Brazil. In 

general, there are no restrictions on foreign participation in these entities. 

Surface rights owners, which can be private owners or federal, state and municipal governments, 

are entitled to a royalty payable on extracted minerals. The CFEM varies from 1% to 3.5% 

depending on the mineral substance and is divided between the Federal, State and Municipal 

levels. If any minerals are extracted from private land that is not owned by the Project, the 

landowner is entitled to a royalty equivalent to 50% of the amount payable under the CFEM. 
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Legally, Holders of an Exploration License have the right to conduct mineral exploration activities 

in the licensed area, regardless of whether the Surface Rights are publicly or privately held, so 

long as the owner or occupant of the Surface Rights is financially compensated (lease) and the 

affected area is environmentally reclaimed after the research is completed. The amount of 

compensation payable to the Surface Rights owner (or occupant) is not fixed under the Mining 

Code and varies on a case-by-case basis. However, the Mining Code does state that if a Court is 

required to fix the values, the rent for land occupation may not exceed the maximum net profit 

that the owner or occupant would earn from agricultural activity on the licensed property and the 

indemnity may not exceed the assessed value of the area of the licensed property intended. 

In response to the Brumadinho disaster, new Regulations and Laws were enacted regarding the 

Design, Operation and Monitoring of tailings dams as outlined. On October 1st, 2020, Law nº. 

14,066/2020 was enacted, which amended the National Dam Security Policy. As at the time of 

this Report, the Company continues to work with ANM to assess any requirements for operational 

changes and or additional monitoring requirements for its tailing facilities. The authors of this 

Report reviewed the New Legislative Requirements and did not identify any material risk factors 

associated with compliance with the New Legislation or any impacts on the extraction of existing 

Mineral Reserves. 

4.4 Mineral Exploration Licenses 

Mineral Exploration Licenses are granted for up to three years and can be renewed for a further 

three years upon the approval of the ANM following an inspection and compliance with certain 

environmental requirements. The size of an individual license area ranges from 50 ha to 10,000 

ha, depending on the State in which the License is sought. 

4.5 Mineral Concessions 

Mining Concessions are valid until such time that the Deposit for which the concession was 

granted is exhausted. The Concession Holder is required to comply with any additional conditions 

imposed by the ANM and Applicable Laws.  

A Specific Type of Mining Concession is available for areas smaller than 20 ha and for Mineral 

Resources required for the Construction Sector, neither of which is relevant in the context of this 

Report. 
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4.6 Annual Fees and Reporting Requirements 

Annual License fees for Exploration Licenses are based on size and are calculated at R$4.53/ha 

for the first License Term and R$6.78/ha in Subsequent Terms. Each license holder must submit 

an exploration plan, budget, and timeline, although there is no work or expenditure requirement. 

Licenses require an Interim Report two months before License Expiration (if an extension is to be 

applied for), describing Exploration Results, Interpretation and Expenditures. The renewal of a 

License may be granted at the discretion of the ANM, considering the exploration works 

undertaken by the Holder. A Final Report is due at the end of the term or upon relinquishment of 

the License. 

Within this context of updating the laws, Largo has adapted to these main items below: 

¶ Government royalty payments changed from 1% NSR to 2% of gross revenue. 

¶ Align Brazilôs Mineral Reserve and Research Report formats with International Reports 

subject to international codes, such as NI 43-101. 

4.7 Largo Mineral Tenure 

Largoôs Mining Rights comprise 37 concessions, including 34 Mineral Exploration Licenses and 

3 Exploitation Licenses (one granted and two requested), as highlighted in green in Figure 4-2 

below, totaling 48,953.7 ha (Figure 4-3), last checked on ANM website in 14/05/2024. Table 4-1 

lists the Concessions. 
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Figure 4-2 ï Largo Mineral Tenure Location Map. 

Source: GE21, 2024.
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Table 4-1 ï Largo Mineral Tenure 

Holder  
ANM Mineral Right 

number 
Publication Date Substance Granted Area (ha) Status 

Research 
deadline 

Deadline for the Final Research 
Report (Resolution 55) (1) 

Municipality 

VMSA 870.134/1982 07/15/1983 V, Ag 1,000.00 Mining Request R.F.P.P.A. (3) Not applied  Maracás 

VMSA 870.135/1982 03/02/1983 V, Fe, Ag, Ti, Pt 1,000.00 Mining Concession  Not applied  Not applied  Maracás 

VMSA 872.202/2013 03/20/2017 V 115.59 Exploration Permit 3 years 09/29/2024 Manoel Vitorino 

VMSA 872.203/2013 10/18/2018 V, Ti 6.42 Exploration Permit R.F.P.P. (2) Not Applied Maracás 

VMSA 872.723/2013 10/18/2018 V, Ti 413.71 Exploration Permit R.F.P.P. Not applied Iramaia and Manoel Vitorino 

VMSA 872.724/2013 10/18/2018 V, Ti 495.75 Exploration Permit R.F.P.P. Not applied Maracás 

VMSA 872.725/2013 10/18/2018 V, Ti 988.46 Exploration Permit R.F.P.P. Not applied Maracás 

VMSA 872.726/2013 10/18/2018 V, Ti 593.75 Exploration Permit 3 years Not applied Iramaia and Maracás 

VMSA 871.507/2010 09/05/2013 Fe, V 1,713.65 Mining Request R.F.P.P.A. Not applied  Maracás 

VMSA 870.540/2012 03/16/2017 V 1,439.15 Exploration Permit R.F.P.P. Not applied  Maracás 

VMSA 871.485/2016 10/17/2016 Fe, V 1,887.73 Exploration Permit 3 years 09/30/2024 Maracás 

VMSA 871.483/2016 08/03/2020 Fe, V 1,833.58 Exploration Permit 3 years 09/30/2024 Maracás 

VMSA 871.937/2015 03/14/2016 V 375.87 R.F.P.P. 3 years 03/30/2024 Maracás 

VMSA 872.263/2016 03/30/2017 V 11.11 Exploration Permit 3 years 09/30/2024 Maracás 

VMSA 870.418/2017 12/06/2017 V, Fe, Ti, Pt, P 1,999.81 Exploration Permit 3 years 09/30/2024 Iramaia, Maracás, Barra da Estiva and Manoel Vitorino 

VMSA 870.419/2017 12/06/2017 V, Fe, Ti, Pt, P 1,999.56 Exploration Permit 3 years 09/30/2024 Iramaia and Maracás 

VMSA 870.420/2017 12/06/2017 V, Fe, Ti, Pt, P 926.91 Exploration Permit 3 years 09/30/2024 Maracás 

VMSA 870.554/2017 06/27/2017 V, Fe, Ti, Pt, P 981.52 Exploration Permit 3 years 09/30/2024 Maracás 

VMSA 871.091/2022 10/05/2022 V, Fe, Pt, Ti 0.56 R.F.P.P. 3 years 10/05/2025 Maracás 

VMSA 871.356/2022 08/03/2024 Fe, V, Ti, Pt 1,001.42 Exploration Permit 3 years 08/03/2027 Marcionílio Souza 

VMSA 871.375/2022 09/01/2023 Fe, V, Ti, Pt 1,967.96 Exploration Permit 3 years 01/09/2026 Maracás 

VMSA 871.360/2022 09/01/2023 Fe, V, Ti, Pt 1,948.79 Exploration Permit 3 years 01/09/2026 Marcionílio Souza 

VMSA 871.374/2022 09/01/2023 Fe, V, Ti, Pt 1,948.79 Exploration Permit 3 years 01/09/2026 Maracás 

VMSA 871.358/2022 03/08/2024 Fe, V, Ti, Pt 1,630.52 Exploration Permit 3 years 03/08/2027 Marcionílio Souza 

VMSA 871.353/2022 01/09/2023 Fe, V, Ti, Pt 1,807.60 Exploration Permit 3 years 01/09/2026 Marcionílio Souza 

VMSA 871.365/2022 01/09/2023 Fe, V, Ti, Pt 1,839.43 Exploration Permit 3 years 01/09/2026 Marcionílio Souza 

VMSA 871.372/2022 01/09/2023 Fe, V, Ti, Pt 1,894.69 Exploration Permit 3 years 01/09/2026 Maracás 

VMSA 871.362/2022 01/09/2023 Fe, V, Ti, Pt 1,972.30 Exploration Permit 3 years 01/09/2026 Marcionílio Souza 

VMSA 871.370/2022 03/08/2024 Fe, V, Ti, Pt 1,243.72 Exploration Permit 3 years 03/08/2027 Maracás 

VMSA 871.371/2022 01/09/2023 Fe, V, Ti, Pt 1,735.85 Exploration Permit 3 years 01/09/2026 Maracás 

VMSA 871.350/2022 03/08/2024 Fe, V, Ti, Pt 1,866.29 Exploration Permit 3 years 03/08/2027 Marcionílio Souza 

VMSA 871.363/2022 01/09/2023 Fe, V, Ti, Pt 1,887.31 Exploration Permit 3 years 01/09/2026 Marcionílio Souza 

VMSA 871.364/2022 03/08/2024 Fe, V, Ti, Pt 925.76 Exploration Permit 3 years 03/08/2027 Marcionílio Souza 

VMSA 871.369/2022 01/09/2023 Fe, V, Ti, Pt 1,861.20 Exploration Permit 3 years 01/09/2026 Marcionílio Souza, Maracás and Planaltino 

VMSA 871.368/2022 01/09/2023  Fe, V, Ti, Pt 1,944.82 Exploration Permit 3 years 01/09/2026 Marcionílio Souza and Maracás 

VMSA 871.366/2022 01/09/2023  Fe, V, Ti, Pt 1,722.02 Exploration Permit 3 years 01/09/2026 Marcionílio Souza, Maracás and Planaltino 

VMSA 871.373/2022 01/09/2023  Fe, V, Ti, Pt 1,972.10 Exploration Permit 3 years 01/09/2026 Maracás 

Notes: 
1. As noted earlier in this section, if a Concession Holder files a negative Final Research Report on an Exploration Concession or, in the case of a Positive Report, does not apply for the extension or conversion into a Mining Concession, the Exploration Concession will expire. 
2. R.F.P.P. = Final Research Report Filed 
3. R.F.P.P.A. = Final Research Report Filed and Approved 
Source: Largo, 2024. 
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Largo reports that most Mining Rights are registered as Mineral Exploration Licenses. A Mining 

Concession was granted to ANM nº 870.135/1982. Mining Concession ANM nº 870.134/1982 is 

still pending, but the Installation Permit (LI) has been granted. There is no tax on Mineral 

Exploration Licenses until an Exploration License is granted. 

Largo executed an Agreement with Companhia Baiana de Pesquisa Mineral (CBPM) to acquire 

90% of the stakes in Mining Rights (ANM nº 870.135/1982 and ANM nº 870.134/982). In this 

Agreement, Largo was required to maintain the Exploration Licenses in good regulatory condition. 

On December 22nd, 2012, VMSA purchased the Decrees from Vale and Odebrecht, giving Largo 

100% ownership of Mining Rights. The other mineral rights were got by Mineral Concurrence 

following the rules defined by the ANM. 

The Geological Service of Bahia (CBPM) owns the Mining Rights of most of the adjacent 

Deposits, other than Novo Amparo Norte (NAN), which is wholly owned by Largo. In the 

Agreement between Largo and CBPM (document named ñRoyalties Agreement #09/2013ò, 

signed on 07/26/2013), there is a Royalty Clause stating that 3% of Gross Sales Revenue will be 

allocated to CBPM. 

The Projectôs activities are conducted on 41 properties enrolled on at the Real Estate Registry 

Office of Maracás. These properties are registered under the name of Banco Econômico S.A., 

which is a party to a Free Lease Agreement (Contrato de Comodato) with Econômico Agropastoril 

e Industrial S.A. (EAP) and an intervening consenting party to the Rural Lease Agreement and 

Easement Right mentioned below. Largoôs surface and access rights to the properties are held 

under a Rural Lease Agreement (Contrato Particular de Arrendamento) and Public Deed of 

Easement (Escritura de Servidão) dated May 30th, 2011, among VMSA, Mineração Campo Alegre 

de Lourdes Ltda. (a Largo controlled subsidiary), EAP and Banco Econômico S.A. 

In addition to the required Surface Rights for the mined areas, Largo has negotiated Access 

Rights and the necessary Surface Rights for its Exploration Concessions. The Company intends 

to enter negotiations with individual landowners or leases for Surface Rights required to undertake 

mining activities at Novo Amparo Norte (NAN), Gulçari A Norte (GAN), São José (SJO) and Novo 

Amparo (NAO) significantly before 2032. Should any of such negotiations be unsuccessful, Largo 

may apply to the Local Court to establish a compensation fee to be paid to the Surface Rights 

Holder in exchange for the Surface Rights required to perform the mining activity. 

Figure 4-3 shows the sketch of the Non-Mining Rights of the Property. 
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Figure 4-3 ï Property area related to Mineral Rights 

Source GE21, 2024. 
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4.8 Environmental Liabilities and Permits 

Largoôs Environmental Liabilities are currently related to the Campbell Pit operation. The 

Environmental reclamation of these activities is supervised by the Bahia State Institute of 

Environment and Water Resources (Instituto do Meio Ambiente e Recursos Hídricos ï Inema), 

which is a government-run entity overseen by the Secretariat of Environment of the State of Bahia. 

GE21 identified no significant factors or risks that could jeopardize the Logistics, Surface Rights, 

Mining Rights and/or Experience required to perform work on Largo Mining Rights. 

Largo filed the renewal of the Campbell Pit Environmental License, and this action considers this 

LO in effect until the Regulatory Authority has issued its opinion. Mine Expansion Plan also 

requested a Production Change. Table 4-2 summarizes Largoôs current Environmental Permits. 

Largo has all the necessary Permits and Licenses to conduct its current activities and has applied 

to ANM to add TiO2 to the list of elements authorized for exploitation under the Mining 

Concessions covering the Campbell Pit. The Company plans to convert its current Exploration 

Licenses covering the relevant portions of the NAN, GAN, SJO and NAO Deposits into Mining 

Concessions before the beginning of mining at such Deposits in 2033. A further discussion of the 

Companyôs timeline for applying for the necessary Environmental Permits and Licenses is set out 

in Section 20.
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Table 4-2 ï Largo Environmental Permit  

Environmental Licenses 

Process number Opening date Status Formation date Ordinance/Certified License Issuance date Expiration date 

2019.001.005745/INEMA/LIC-05745 18/10/2018 Formed 43 721 22 245 Granting the use of water resources 02/05/2021 02/05/2025 

2019.001.007534/INEMA/LIC-07534 21/08/2019 Formed 11/21/2019 21 302 
Alteration License (LA) ï Waste rock 

stack 2 and BCl03 and Vegetation 
Suppression Authorization (ASV) 

8/26/2020 08/26/2022 

2020.001.001535/INEMA/LIC-01535 09/12/2019 Formed 03/04/2020 N/A FeV alteration license N/A N/A 

2020.001.003148/INEMA/LIC-03148 11/03/2020 Formed 06/01/2020 21 121 V2O3 Modification License 07/29/2020 07/29/2022 

2020.001.006773/INEMA/LIC-06773 18/05/2020 Formed 12/04/2020 N/A Renewal of Operating License N/A N/A 

2021.001.008493/INEMA/LIC-08493 10/05/2021 Formed 12/02/2021 N/A Ilmenite alteration license N/A N/A 

2021.001.006045/INEMA/LIC-06045 09/04/2020 Formed 09/02/2021 2021.001.001855/DTRP 
Hazardous Waste Transport Declaration 

(DTRP) 
09/02/2021 09/02/2022 

2021.001.000158/INEMA/JUR-00158 16/07/2021 Formed 07/16/2021 23 486 Alteration of ALRS Corporate Name 07/19/2021 N/A 

2021.001.000660/INEMA/LIC-00660 06/11/2020 Formed 02/12/2021 N/A Alteration License BNM04 N/A N/A 

2021.001.026926 /INEMA/REQ 25/03/2021 Formed N/A N/A 
Vegetation Suppression Authorization 

(ASV) of concession 872.726/2013 
N/A N/A 

2021.001.047248 /INEMA/REQ 04/06/2021 Formed N/A N/A Fauna Management Authorization ï AMF N/A N/A 

2022.001.003356/INEMA/LIC-03356 16/02/2022 Formed 16/05/2022 28.426 

Vegetation Suppression Authorization 
(ASV), Fauna Management Authorization 
- AMF, Alteration License BNM6, BNM07, 

BCAL04, BNM6 Support Structure, 
Residues (NaSO4) Unite, Explosives 
Magazine, access roads to explosives 

magazine. Expansion of Warehouse A, B 
and C; Expansion of third-party patio; 
Expansion of parking A and B; Waste 

Center 

21/04/2023 21/04/2026 

2022.001.005971/INEMA/LIC-05971 03/06/2022 Formed 24/08/2022 N/A Well drilling authorization  22/08/2023 22/08/2025 

2022.001.234856/INEMA/REQ 27/05/2022 
Requirement 

Docketed 
 2022.001.005971/INEMA/LIC-05971 

Vegetation Suppression Authorization 
(ASV) 419, 554 and 263 

N/A N/A 

2022.001.002299/INEMA/INEXIG 16/12/2022 Formed  2022.001.006761/INEMA/INEXIG 
License exemption ï Support structure for 

BNM06 ï Master Plan 
16/12/2023 N/A 

2022.001.002352 /INEMA/INEXIG 04/01/2023 Formed 04/01/2023 2.023.001.008.551 
License exemption ï construction of fords 
that do not interfere with the quantity, or 

flow regime of the waters 
04/01/2023 N/A 

2022.001.002353/INEMA/INEXIG 04/01/2023 Formed 04/01/2023 2.023.001.008.550 
License exemption ï construction of fords 
that do not interfere with the quantity, or 

flow regime of the waters 
04/01/2023 N/A 

2023.001.007731/INEMA/LIC-07731 28/06/2023 Formed 09/08/2023 30.783 

Alteration license ï Raising of Phase 2 of 
Waste Pile 2 and Implementation of 
Chlorinated Basin 4 in parts of Non-

Magnetic Basin 7 

11/04/2024 11/04/2027 

Source: Largo, 2024. 
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5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE, 

AND PHYSIOGRAPHY 

Most of this section has been reproduced in its entirety from the report A Preliminary 

Assessment of The Maracás Vanadium Project (Hennessey, 2007), Bahia State, Brazil by 

Micon, as fully cited in Section 27 (References). GE21 has verified the accuracy and 

completeness of the information contained herein and updated it as required. 

5.1 Access  

The town of Maracás is accessible by a paved secondary highway from the main Brazilian coastal 

highway through Bahia State. It is approximately 405 road kilometers from Salvador (population: 

2.4 million ï 2022). The Project is accessed by a 29 km paved secondary highway west of 

Maracás, followed by a 20 km gravel road that leads to a ranch gate. The Project is on the ranch 

and a 2.5 km sand and gravel road leads to the Campbell Pit on a small hill. 

Maracás has a small general aviation airstrip but no commercial air service. Salvador, being the 

state capital and one of the larger cities in Brazil, is served by an international airport with several 

daily flights from São Paulo and Brasilia. 

5.2 Infrastructure 

Domestic power and telephone service are available both at the Property and in the town of 

Maracás, which is linked to the power grid. Maracás has a population of approximately 27,620 

(IBGE 2022 Census). The water supply is available from several rivers and creeks which drain 

into the general area. 

Brazil has a large and highly active mining industry. Infrastructure for mining equipment, services 

and personnel are available in several centres, including São Paulo, Belo Horizonte, and Cuiabá. 

The Jacobina gold mine is located 275 km to the north of Maracás. There are several other small 

active mines in the general area and thus some local mining services are available in Salvador. 

There is a rail line close to the property and deep-water port facilities are also available. The Porto 

Alegre village is located south of the Project. 

5.3 Climate 

The local climate has two distinct seasons, one is typically hot and humid and the other during 

the winter is dry. This climate occurs predominantly in the stateôs countryside. The average 

daytime temperature in the countryside is near 30 °C. The temperatures drop in May and June 

when minimum daytime temperatures remain above 10 °C. Daytime temperatures rise to 40 °C 

in January and February. The average rainfall is about 1000 mm/year. 
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The rainy season runs from November to March. During that time, the rains are intense, and the 

temperatures are high. Some low-lying areas can experience flooding. The dry season is from 

July to September. The climate does not present any problem for the exploration with diamond 

drilling or other geological / geochemical work. Tropical weathering can create specific issues for 

geochemistry and mapping. There are no difficulties in conducting exploration at any time. 

5.4 Landscape 

Approximately 23% of the State of Bahia lies at less than 300 masl, 70% is between 300 to 900 

masl and 7% is above 900 masl. There are three types of relief observed: high plateau, coastal, 

and areas extending between the coast and the high plateau.  

The Maracás Property is in the region between the coast and the high plateau, in an area of 

moderate to low-lying relief. 

At the Project site itself, the maximum relief is about 30 m. The surrounding terrain is a typical 

ranch / farm with low trees and shrubs and comprises several relatively flat plateaus next to a 

series of creeks and ponds. The property is bounded to the east by a steep cliff that rises 300 m 

to an area of higher land where the town of Maracás is located. Figure 5-1 is a photograph of the 

Maracás Property with the hill on which is possible to see the Campbell outcrops in the 

background. 

 

Figure 5-1 ï Maracás Menchen Mine with Campbell Hill in Background 

Source: Largo, 2021. 

Occasional outcrops of pegmatite dike and gabbro are present on the property. The local 

overburden, which comprises residual soils, lesser alluvial and colluvial soils, ranges from 3 to 10 

m in thickness. 

The local land is primarily used for agriculture with ranching and grazing being the primary activity 

on the land at the Project where both mining and exploration activities are permitted. 
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5.5 Vegetation 

Central Bahia Region can be characterized as having caatinga-type vegetation, of low thorny 

plants and bushes adapted to the extremely arid climate. Predominant plants in the mining and 

development areas include cacti such as the mandacaru and xique-xique, as well as baraúna and 

umburana trees and bromeliads. The Central Bahia Region vegetation ranges from shrubby, 

sparsely vegetated type to rocky, savanna type and typically ranges from 10% to 60% cover with 

lesser coverage typically associated with areas of goat farming activity and subsistence 

agriculture. 
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6 HISTORY 

The history of the Maracás Property has been previously described by Menezes (2005) with a 

Feasibility Study Summary. The information in this section was taken from research by Brito et 

al. (1981), Galvão et al. (1984), Brito (2000), Menezes (2005) and other unpublished internal 

documents from previous operators. Later, more information about the deposit and research was 

also got from more recent publications such as Arsenault et al. (2013), Costa (2014), Largo 

Resources Ltd. (2015), Largo Resources Ltd. (2016), Lordão (2020) and other internal 

performance reports. Much of the following section has been taken from the Micon 2007 NI 43-

101 Technical Report (Hennessey et al., 2007). 

6.1 Summary  

Exploration of the Rio Jacaré mafic to ultramafic intrusion by the geologists of CBPM started in 

1980 during a regional geological survey. This work led to the discovery of the vanadium-rich 

titaniferous magnetite occurrence on what is now part of the Maracás Property. In 1981, CBPM 

conducted an exploration program that included geological mapping, ground geophysical surveys 

(magnetic and VLF electromagnetic surveys), test pitting and trenching, and diamond drilling of 

two holes totaling 147 m. In 1983, CBPM continued work and focused on the Campbell deposit 

when it completed an additional 12 holes totaling 985 m. 

Over the past 40 years, the Maracás Menchen Mine has undergone several additional phases of 

exploration and economic evaluation, including geophysical surveys, prospecting, trenching, 

diamond drilling programs, geological studies, Mineral Resource estimates, petrographic studies, 

metallurgical studies, mining studies and economic analyses. These studies have advanced the 

Project to its present status of mine and to the development of exploration campaigns in target 

areas along the Rio Jacaré Sill (Table 6-1). 

Table 6-1 ï Mineral Exploration areas 

Pit Areas Acronyms of holes 

North of the Pit 

Gulçari A ï GA ï Campbell FGA, FDGA 

Gulçari A Norte ï GAN FGAN, FGB, FGBS, EXP-03 

São José ï SJO FSJ, EXP-01, EXP-02 

Novo Amparo ï NAO FNA 

Novo Amparo Norte ï NAN FNAN 

Capivara FC 

South of the Pit 

Gulçari A Sul ï GAS FGAS, EXP-04, EXP-05 

Água Branca FAB 

Jacaré FJ 

Braga FB 

Source: Largo, 2021. 

The Maracás Menchen Mine (Campbell Pit) began mining operating in 2013 with the first V2O5 

production in August 2014, making it the only vanadium miner in Latin America. The mine has 

seen constant increases in production since that time reaching record production levels in 2020 

(Table 6-2). 
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Table 6-2 ï Historic Production Statistic for the Maracás Menchen Mine 

Year Tonnes Mined (ó000) 
Concentrate Grade 

(V2O5%) 
V2O5 Produced (tonnes) 

2014* 1,022 3.23 1,032 

2015 1,026 3.13 5,810 

2016 1,045 3.38 7,966 

2017 1,114 3.38 9,297 

2018 991 3.41 9,830 

2019 1,156 3.29 10,577 

2020 1,088 3.28 11,825 

Note:  
* Sept 2013 to Dec 2014 includes start-up and stockpile management. 
Source: Largo, 2021. 

In 2018, the Company started an expansion process in the production plant to reach a capacity 

of 12,000 tonnes per year. In July 2019, the Company achieved a monthly production record of 

1,042 tonnes of vanadium pentoxide (V2O5). Also, in 2019, research and test projects were 

undertaken to recover titanium (pilot phase) and V2O3 conversion. 

The following is a historical summary of the exploration work that has taken place since CBPM 

involvement, taken, in part, from the reports by CBPM (1981 and 1984), a report by Menezes 

(2005). Since Largoôs involvement several NI 43-101 Technical Reports and internal reports, 

including Micon 2006, Micon 2007, Akers 2009, RungePincockMinarco 2012, Micon 2016 and 

finally GE21, 2017. 

6.2 Exploration History  

Between 1981 and 1983, CBPM conducted 14 exploratory holes totaling 1132 m. In 1984, CBPM 

formed a joint venture with the Odebrecht Group, after a pre-feasibility study completed by 

CEPED, the State of Bahia Research and Engineering Centre. The joint venture formed a new 

company, Vanádio de Maracás Ltda., to explore and develop a mine and metallurgical plant to 

exploit the vanadium-bearing titaniferous magnetite deposit. 

During that year, Odebrecht S.A. conducted systematic exploration work, including 1,492 m of 

diamond drilling in 18 holes on the Campbell deposit. Over the next 3 years (1985 to 1987), 

Odebrecht completed three more drilling programs to further define the Mineral Resource at 

Campbell including nine holes (1985) totaling 971 m, eight holes (1986) totaling 1,136 m and four 

holes (1987) for 421 m, respectively. An additional 24 vertical holes totaling 648 m were drilled 

for geotechnical information regarding open-pit boundaries and overburden. These holes were 

not analyzed or included in the database used for the Mineral Resource estimate presented in 

this Report. Odebrecht also conducted an exploration program testing the three other prospects 

on the property (Gulçari B, São José and Nova Amparo), which included geological mapping, 

ground geophysical surveys (magnetics and VLF), trenching, and diamond drilling of 13 holes 

totaling 661 m. 

In 1986, CBPM and Odebrecht Group completed a ñreserveò estimate for the Campbell deposit. 

The holes of 1987 and geotechnical holes were not considered for this estimate. 
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Odebrecht S.A. conducted several petrographic studies, metallurgical tests and feasibility studies 

intermittently from 1984 to 1988. These were performed with recognized engineering companies 

such as CEPED from Brazil, Lurgi GMBH and Gesellschaft für Elektrometallurgie (GFE) from 

Germany, Mintek from South Africa, Rautaruukki Oyj from Finland, Jaakko Pöyry Engineering 

and Engenharia e Consultoria Mineral S.A. (ECM), both from Brazil. The conclusion of these 

studies in 1990 resulted in what was determined to be a feasible project to produce 4000 t/a of 

vanadium pentoxide (V2O5) with part converted to ferrovanadium as a final, value-added product. 

Because of the evaluation, the joint venture decided to contract Finnish company Rautaruukki Oyj 

for implementing final pilot plant tests and basic engineering design for the Project. 

Early in the 1990s, Odebrecht S. A., owning 93% of Vanádio de Maracás shares, decided to 

restructure the joint venture on a 50/50 basis with CAEMI (VALE) intending to bring to the Project 

expertise in mining, metallurgy and marketing. 

In 1990, a sampling program of the drill core from Maracás was conducted. The samples were 

also analyzed for platinum and palladium. A total of 167 samples from 10 drill holes were selected 

for analysis. Ninety-six samples were from magnetitite (a magnetite layer) and 71 samples were 

from pyroxenite. The results indicated potentially significant platinum and palladium values 

associated with high-grade V2O5 values. 

The following is a list of studies completed on the property by the above-listed companies: 

¶ CBPM Geological Study. 

¶ Lurgi GMBH Feasibility Study. 

¶ Rautaruukki Oyj Feasibility Study. 

¶ Jaakko Pöyry Feasibility Study. 

¶ Natron Environmental Impact Study. 

¶ ECM Feasibility Study. 

¶ CAEMI (VALE) (VALE) / MBR 1996 Revision of Feasibility Study. 

¶ CRU Market Study. 

¶ CRA Market Study. 

¶ IMS Processing Plant Study. 

¶ MINTEK Test Reports. 

¶ Paulo Abib Geo-Statistical Evaluation & Mining Plan. 

¶ VMSA ï National Department of Mineral Production (DNPM) Economic Development 

Plan. 

¶ 1996 CAEMI (now VALE S.A.) Feasibility Study. 

¶ 1999 Economic Update Report of 1996 Study. 
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In 2006, Largo signed an agreement with Odebrecht and CAEMI (now VALE) for the Maracás 

property. Largo conducted a re-sampling program to analyze a portion (approximately 10%) of 

the old drill core (CBPM and Odebrecht) to verify the past analytical database on the property 

(see Section 11). Analyses were done at SGS Minerals (SGS) laboratories, both in Belo 

Horizonte, Brazil and Lakefield, Ontario. Chemical analyses were validated for FeO, Fe2O3, SiO2, 

TiO2 and V2O5 by the XRF method and for platinum and palladium by a 50 g fire assay technique. 

Based on the verification of the database, Largo completed a revised block model and NI 43-101 

compliant Mineral Resource estimate, which was the subject of a Hennessey (2006) report. 

Between 2007 and 2020, the following works was conducted: 

¶ geological mappings and refinements to existing maps; 

¶ geophysical survey with magnetometers; 

¶ soil geochemistry campaigns; 

¶ chemical analysis of rock (borehole and field testimonies); 

¶ exploratory drilling on other targets; 

¶ drill mesh refinements; 

¶ infill drilling and deep drilling on the Campbell Pit (Gulçari A) target; 

¶ topographic surveys; 

¶ petrographic studies. 

An integrated geological map was prepared between 2011 and 2015, which highlighted the 

geological targets: NAO, NAN, GA and SJO. These geological plans are presented in Section 7 

of this Report, in item 7.2.2 ñNear Mine Targetsò. 

In 2019, a geotechnical study of the Campbell Pit was conducted recording four main structures: 

Foliation N101/63; NW-SE sub-vertical fracture plane; fracture plane N287/38 and sub-horizontal 

fracture plane N204/03. 

Also, in 2019, a re-logging campaign was undertaken to re-describe old holes to get further 

clarification on the stratigraphy of the Rio Jacare Sill. Over 18,000 m of the drill core were re-

described. These data supported the concept of cycles within the Rio Jacaré Sill, including key 

marker layers and brought greater detail to the understanding of the current genesis of the 

deposit. 

Between 2007 and 2017, the Company drilled 263 drill holes totaling 50,088.71 m for Mineral 

Resource calculation and exploration. The table below shows the number of holes, and the meters 

drilled for the companies CBPM, Odebrecht and VMSA for Campbell Pit and for the satellite 

deposits. Considering up to the year 2020, the technical inventory has around 651 holes totaling 

over 104,000 m drilled (Table 6-3). 
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Table 6-3 ï Summary of Total Drill Holes and Meters Drilled 

Areas 
CBPM Odebrecht VMSA Total 

Holes Total (m) Holes Total (m) Holes Total (m) Holes Total (m) 

Campbell 14 1,132.98 39 4,020.18 214 36,596.88 267 41,750.04 

Targets     13 661 371 61,877.41 384 62,538.41 

Total 14 1,132.98 52 4,681.18 585 98,474.29 651 104,288.55 

Source: Largo, 2021. 

Examples of some of the work developed in recent years are: 

¶ Platinum Group Element (PGE) Mineralization Associated with Fe-Ti-V Deposit, Rio 

Jacaré Intrusion, Bahia State, Brazil (Campbell, 2012). 

¶ Magnetic Pre-Concentration of Magnetite-Pyroxenite from Vanadium from Maracás S.A. 

(Costa, 2014). 

¶ Petrographic and Geochemical Characterization of Phosphorus Mineralizations in Apatite 

of Novo Amparo Norte Target in Sill Do Rio Jacaré ï Maracás/Ba (Vasconcellos, 2015). 

¶ Petrographic and Geochemical Characterization of Titanium Mineralizations in the Target 

Gulçari North of the Sill Do Rio Jacaré ï Maracás ï Bahia (Fróes, 2015). 

¶ Petrographic and Geochemical Characterization of Magnetites in the Upper Zone of the 

Capivara Complex, Maracás ï Bahia (Knuppel, 2017). 

¶ Petrographic and Geochemical characterization of the mineralizations of elements of the 

Platinum Group in the Novo Amparo Norte deposit, Maracás-Bahia (Almeida, 2018). 

¶ Integration of geological and geophysical data from the Ti-Magnetite Vanadifera 

71eposito f Novo Amparo Norte, Sill do Rio Jacaré, Maracás ï Ba (Carvalho, 2018). 

¶ Integração de dados geológicos e geofísicos do depósito de Ti-Magnetita Vanadífera de 

Novo Amparo Norte, Sill do Rio Jacaré, Maracás ï BA. Santos, 2018a). 

¶ Descriptive model of chromium mineralizations in the Capivara Complex ï Maracás, 

Bahia and Metallogenetic Implications (Santos, 2018b). 

¶ Geological-Geophysical Characterization of the Sill of the Jacaré River in the São José 

Target ï Maracás-Ba (Jesus, 2019). 

¶ Mapping and Petrographic Characterization of the Titano-Magnetite Vanadiferous 

Deposit of the Gulçari Target in the South, Maracás/Ba ï Contribution to the 

Understanding of the Economic Geology of the Sill of the Jacaré River (Santos, 2020). 

¶ Mapping and Petrographic Characterization of the Vanadiferous Titano-Magnetite 

Deposit of the Gulçari Target North, Maracás/Ba-Contribution to the understanding of the 

economic geology of the Rio Jacaré Sill (Pereira, 2020). 

¶ Stratigraphic Compartmentation of the Mafic-Ultramafic Complex of the Sill of Rio Jacaré 

in the Campbell Sector and its Implication for Vanadium Mineralization/Maracás-BA 

(Lordão, 2020). 
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6.3 Historical Drilling 

Between 1981 and 1987, CBPM / Odebrecht S.A. drilled 66 holes totaling 5,814 m, testing four 

deposits on the Maracás property ranging from south to north, Gulçari A (Campbell Pit), Gulçari 

B (now part of the GAN deposit), São José and Nova Amparo deposit. Table 6-4 sets out a 

summary of the complete drilling. 

Table 6-4 ï Summary of Diamond Drilling ï Maracás Property 

Deposit Nº of Holes Length (m) 

Gulçari A (Campbell Pit) 53 5,153 

Gulçari B 4 169 

Sao Jose 2 115 

Nova Amparo 7 377 

Total 66 5,814 

Source: Largo, 2021. 

Most of the work to this point was focused on the Campbell deposit. Previous diamond drilling on 

the Gulçari A deposit (Campbell Pit), completed by CBPM and Odebrecht S.A. is summarized in 

Table 6-5. The analytical results from the diamond drilling form the basis for the subsequent, 

historical ñreserveò estimates and metallurgical and feasibility studies on the deposit. 

Table 6-5 ï Historical Diamond Drilling Gulçari A deposit (1981-1987) 

Company Period Nº of Holes Length (m) 

CPBM 1981 2 147.2 

CPBM 1983 12 985.4 

CPBM / Odebrecht 1984 18 1,492.6 

CPBM / Odebrecht 1985 9 971.2 

CPBM / Odebrecht 1986 8 1,135.9 

CPBM / Odebrecht 1987 4 421.3 

Total  53 5,153.6 

Source: Largo, 2021. 

Besides Gulçari A, other deposits that are the focus of this Report are NAN and GAN. As of 1987, 

the NAN deposit had not yet been drilled and the GAN deposit (integration of GAN, GB and GBS) 

had only 4 holes measuring about 169 m. In 2007, Largo initiated several drilling campaigns to 

define additional Mineral Resources at the Project. 

Between 2007 and 2017, the Company drilled 263 drill holes totaling 50,088.71 m for exploration 

and Resource development. In addition, metallurgical and geotechnical holes were also 

completed. For Gulçari A, 160 holes were drilled, totaling approximately 27,594 m drilled. Of 

these, 103 holes with 12,959.82 m of core were drilled as part of an infill campaign conducted 

between 2012 and 2013. A new infill drilling campaign was conducted in 2018 with 31 holes 

totaling 2,323.7 m of core.  

Table 6-6 below shows the number and total of holes per target in detail. More details are 

presented in Section 10 of this Report.  

During 2018, Largo completed a drilling campaign with a further 24 holes in NAN with 4,223.30 

m core and 14 holes in the South Block (Braga-Jacaré-Água Branca) with 2,218.70 m drilled.  
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In 2019, Largo drilled 71 holes over three main areas. At Campbell, the Company drilled a total 

of 1,924.65 m, at GAN 3,050.95 m were drilled and in NAN 4,404.15 m of drilling were completed. 

At other targets named GAS, SJO and NAO, approximately 57 holes were drilled totaling 9,475 

m of core drilled.  

In 2020, Largo drilled 94 holes over three areas. At Campbell, 4,755.3 m of core were drilled; at 

GAN, 6,899.00 m of cored were drilled; and, at NAN, 8,187.65 m of core were drilled. At other 

targets, 30 holes were drilled, totalling approximately 4,923.80 m of core. Table 6-6 shows the 

details of this drilling by operator, year and target. 
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Table 6-6 ï Summary of Historical Drilling by Target 

Areas Type / Purpose 
2007-2017 2018 2019 2020 

Holes Total (m) Holes Total (m) Holes Total (m) Holes Total (m) 

Campbell Exploration 57 14,634.03     5 1,924.65 18 4,755.30 

Campbell In Fill 103 12,959.82 31 2,323.08         

Gulçari A North (GAN, GB & GBS) Exploration 34 5,622.77     20 3,050.95 45 6,899.00 

Novo Amparo North Exploration 17 3,283.50 24 4,223.30 46 5,404.15 32 8,187.65 

Novo Amparo Exploration 13 6,149.44     24 4,646.40 14 2,260.60 

São José Exploration 25 5,031.15     18 2,812.60 15 2,474.95 

Gulçari A South Exploration 2 261.00     15 2,016.00 1 188.25 

South Block (Braga-Jacaré-Água Branca) Exploration 4 628.95 14 2,218.70         

Capivara Exploration 8 1,518.05             

Total - 263 50,088.71 69 8,765.08 128 19,854.75 125 24,765.75 

Source: Largo, 2021. 
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6.4 Historical Resource Estimates ï Odebrecht, 1986 

The historical Mineral Reserve in 1986 per Odebrecht for the project was based on: Detailed 

geological mapping, geological sections incorporating structural geology and mineralogical and 

analytical results, sampling of 46 trenches totaling 1,950 m and 53 diamond drill holes totaling 

5,153 m, density tests and ore microscopy. The work was prepared by staff geologists from both 

CBPM and Odebrecht. 

The Odebrecht ñgeological reserveò had a kriging estimation done on a block model of 5 m x 5 m 

x 15 m. At the time, the mineral inventory was classified as measured Reserves above 150 m of 

vertical depth. This historical ñreserveò estimate, as summarized in Menezes (2005), is set out in 

Table 6-7. This historical estimate was reported at various cut-off grades as shown in Table 6-8 

and is not considered to be compliant with NI 43-101 and should not be taken as supporting data. 

The qualified person failed to properly classify this historical estimate as current Mineral 

Resources or Mineral Reserves, therefore, the historical estimate is not being treated as current 

Mineral Resources or Mineral Reserves by the issuer. 

Table 6-7 ï Historical ñReserveò Estimate (1986) ï Campbell 

Cut-off Grade (% V2O5) Average Grade (% V2O5) Tonnes (millions) 

0.0 1.13 13.2 

0.1 1.13 13.1 

0.2 1.14 13.0 

0.3 1.19 12.4 

0.4 1.28 11.4 

0.5 1.37 10.4 

0.6 1.45 9.6 

0.7 1.53 8.8 

0.8 1.62 7.9 

0.9 1.72 7.1 

1.0 1.82 6.4 

Source: Largo, 2021. 

Largoôs program intended to verify the database and provide a Mineral Resource estimate for the 

deposit following CIM NI 43-101 (Hennessey, 2006), which was updated in 2007 (Hennessey, 

2007). 

From the information provided above, Paulo Abib Engenharia S.A. built a complete geological 

and analytical database in the 1990s. This database was used in a geostatistical study of the 

deposit, where grades were interpolated into a block model by ordinary kriging. The geostatistics 

were also used to generate a variographic analysis of the deposit. 

Within the historical context still, there were two validations of the Mineral Resource estimate in 

2009 (Asker Solutions) and 2012 (RungePincockMinarco). 

In 2017, Largo retained GE21 to review the optimized mine plan and plant feed schedule for the 

Maracás Menchen Mine based on the new pit slope and on two proposed expansions that would 

increase the production rate to 11,520 tonnes per annum of V2O5 in 2019, and to 13,200 per 

annum of V2O5 for 2020 through to the end of the life of mine. 
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Table 6-8 ï Historical Reserve Estimate ï Campbell 

Class Tonnage (kt) % V2O5 Head % Magnetics % V2O5 Concentrate V2O5 Contained (kt) 

Proven 17.57 1.14 29.66 3.21 167.3 

Probable 1.44 1.26 33.89 3.20 15.6 

Total  19.01 1.15 29.98 3.21 182.9 

Notes: 
1. Block 5 m x 5 m x 5 m. 
2. Mining Recovery 100%. 
3. Dilution 5%. 
4. Effective date May 2nd, 2017. 
Source: GE21, 2017. 

GE21 estimated the Mineral Resources for the Campbell Pit, GAN, and NAN deposits in 2021 

following CIM NI 43-101 standards, by the QP Marlon Sarges, MAIG. Table 6-9 summarizes the 

Mineral Resources of the Gulçari A (Campbell Pit), GAN, and NAN deposits. 

Table 6-9 ï Mineral Resources Estimate ï Campbell 

Classification Mass (Mt) 
Head Magnetic Concentrate Metal Content 

%V2O5 %TiO2 %MAG %V2O5 %TiO2 V205 (kt) TiO2 (kt) 

Campbell Pit a, i 

Measured (M) 16.36 1.23 7.98 31.84 3.15 5.04 201.2 1,305.6 

Indicated (I) 3.07 0.98 7.97 28.2 2.69 4.45 30.1 244.5 

Total Campbell Pit M+I 19.43 1.19 7.98 31.27 3.08 4.95 231.3 1,550.1 

GAN b, ii 

Measured (M) 12.11 0.49 7.55 17.70 1.88 1.93 59.8 914.5 

Indicated (I) 9.25 0.58 8.28 21.13 2.08 2.27 54.1 766.5 

Total GAN M+I 21.37 0.53 7.87 19.18 1.97 2.07 113.8 1,681.0 

NAN c, iii 

Measured (M) 17.48 0.7 8.73 23.43 2.38 2.97 122.4 1,526.0 

Indicated (I) 5.41 0.74 8.76 23.51 2.48 2.78 40.1 474.1 

Total NAN M+I 22.89 0.71 8.74 23.45 2.40 2.92 162.4 2,000.1 

Total Maracás Menchen Mine M+I 

Measured (M) 45.95 0.83 8.15 24.91 2.52 3.43 383.3 3,746.1 

Indicated (I) 17.73 0.70 8.37 23.08 2.31 2.80 124.2 1,485.1 

Total M+I 63.69 0.80 8.21 24.40 2.46 3.26 507.6 5,231.2 

Campbell Pit Inferred 5.10 0.92 8.20 26.68 2.63 3.98 47.0 418.6 

GAN Inferred 4.52 0.64 8.40  22.37  2.15 2.49 29.0 380.1 

NAN Inferred 5.90 0.67 7.75  21.01  2.47 2.89 39.5 456.9 

Total Maracás Menchen Mine Inferred 15.52 0.74 8.09 23.27 2.44 3.13 115.5 1,255.6 

Notes: 
1. Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability. 
2. Mineral Resources were estimated by Marlon Sarges Ferreira, BSc. (Geo), MAIG, a GE21 Associate, meet the 

requirements of a ñQualified Personò as established by the Canadian Institute of Mining, Metallurgy and Petroleum 
(CIM) Definition Standards for Mineral Resources and Mineral Reserves (May 2014) (CIM Standards).  

3. The Mineral Resource estimates were prepared under the CIM Standards, and the CIM Guidelines, using 
geostatistical, plus economic and mining parameters appropriate to the deposit:  
a. Ordinary kriging inside 5m x 5m x 5m block size. 
b. Ordinary kriging inside 10m by 10m by 5m block size. 
c. Ordinary kriging inside 20m by 20m by 5m block size. 

4. Presented Mineral Resources inclusive of Mineral Reserves. All figures have been rounded to the relative accuracy 
of the estimates. Summed amounts may not add due to rounding. 

5. Mineral Resource is reported with an effective date of July 12th, 2021. 
6. A cut-off grade of 0.3% V2O5 head is applied in V2O5 Mineral Resource.  
7. A cut-off grade of 1% TiO2 head, derived from an economic function is associated with TiO2 Mineral Resource.   
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8. Mineral Resources were limited by an economic pit built in Geovia Whittle 4.3 software and following the geometric 
and economic parameters: 

I. Pit slope angles ranging from 37.5° to 64°. V2O5 long-term price of $15.60/lb, with an additional premium of 
$5.50/lb for high purity product. TiO2 pigment selling price of $7,382/tonne. Mining costs of $1.60/tonne for 
mineralization and waste. Vanadium processing costs $37.80/tonne of ore feed. V2O5 concentrate recovery of 
80.5%. Ilmenite concentrate costs of $55.00/tonne processed. TiO2 pigment costs $1,374/tonne of Ilmenite 
concentrate. TiO2 overall recovery of 37.9%. General and Administrative (G&A) costs of $0.16/lb V2O5. 

II. Pit slope angles ranging from 40.0° to 64°. V2O5 long-term price of $15.60/lb, with an additional premium of 
$5.50/lb for high purity product. TiO2 pigment selling price of $7,382/tonne. Mining costs of $1.60/tonne for 
mineralization and waste. Vanadium processing costs $37.80/tonne of ore feed. V2O5 concentrate recovery of 
79.2%. Ilmenite concentrate costs of $55.00/tonne processed. TiO2 pigment costs $1,374/tonne of Ilmenite 
concentrate. TiO2 overall recovery of 40.25%. General and Administrative (G&A) costs of $0.16/lb V2O5. 

III. Pit slope angles ranging from 40.0° to 64°. V2O5 long-term price of $15.60/lb, with an additional premium of 
$5.50/lb for high purity product. TiO2 pigment selling price of $7,382/tonne. Mining costs of $1.60/tonne for 
mineralization and waste. Vanadium processing costs $37.80/tonne of ore feed. V2O5 concentrate recovery of 
70.0%. Ilmenite concentrate costs of $55.00/tonne processed. TiO2 pigment costs $1,374/tonne of Ilmenite 
concentrate. TiO2 overall recovery of 38.25%. General and Administrative (G&A) costs of $0.16/lb V2O5. 

Source: GE21, 2021. 

This allowed three of Largoôs TiO2 tailing dams to be considered as an Indicated Mineral 

Resource. The Mineral Resource in the tailings dam were estimated based on topographic 

surveys and validated with monthly process and reconciliation data from mine production Tailing 

material data was sampled once every 8 hours, with an average TiO2 content of 11.35%. Table 

6-10 shows TiO2 Resources in Non-Magnetic Tailings. 

Table 6-10 ï TiO2 Mineral Resources in Non-Magnetic Tailings 

Pond Resource Class Volume (km3) Density (t/m3) Resource in Stock (kt) TiO2 (%) Contained Metal (kt) 

BNM04 Indicated 830 1.8 1,494 11.35 170 

BNM02 Indicated 640 1.8 1,153 11.35 131 

BNM03 Indicated 521 1.8 938 11.35 106 

Total 1,991 1.8 3,584 11.35 407 

Notes: 
1. Stock of ñNon-Magneticò material available in the pounds. 
2. Mineral Resources in pounds were estimated based on topographic surveys (primitive data and current data) and 

validated with monthly process and reconciliation data. 
3. Tailing material data was sampled once every 8 hours, with an average TiO2 content of 11.35%. 
4. No dilution was applied to the Resource. 
5. Mineral Resource estimated by Marlon Sarges Ferreira, BSc. (Geo), MAIG. 
Source: GE21, 2021. 

Mineral Reserves for Campbell Pit, GAN Deposit and NAN Deposit have an effective date of 

October 10th, 2021.  

The Mineral Reserves summary for Campbell Pit, GAN Deposit and NAN Deposit are presented 

in Table 6-11. Aside from Mineral Reserves from the ultimate pit, three tailingsô ponds bearing 

titanium-enriched material from pre-processed non-magnetic tailings of the vanadium magnetic 

separation process are estimated separately as Probable Reserves. Mineral Reserves were 

estimated under the supervision of the QP Mr. Guilherme Gomides Ferreira. 

Table 6-11 ï Mineral Resources Estimate ï Campbell 

Category 
Tonnage 

(Mt) 
% Magnetics 

Head 
Magnetic 

Concentrate 
Metal Contained 

% 
V2O5 

% 
TiO2 

 Mag 
(Mt) 

% 
V2O5 

% 
TiO2 

V2O5 in Magnetic 
Concentrate (t) 

TiO2 in Non-
Magnetic 

Concentrate (t) 

Campbell Piti 

Proven 15.64 31.91 1.22 8.02 4.99 3.14 5.04 156,686 1,002,650 

Probable 2.21 29.77 1.02 8.22 0.66 2.69 4.54 17,677 151,610 

Total Campbell 
Pit Reserve 

17.85 31.65 1.20 8.04 5.65 3.09 4.98 174,363 1,154,260 
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Category 
Tonnage 

(Mt) 
% Magnetics 

Head 
Magnetic 

Concentrate 
Metal Contained 

% 
V2O5 

% 
TiO2 

 Mag 
(Mt) 

% 
V2O5 

% 
TiO2 

V2O5 in Magnetic 
Concentrate (t) 

TiO2 in Non-
Magnetic 

Concentrate (t) 

GANii 

Proven 12.1 17.75 0.49 7.57 2.15 1.88 1.94 40,375 874,242 

Probable 8.06 21.15 0.57 8.33 1.71 2.04 2.29 34,790 632,616 

Total GAN 
Reserve 

20.16 19.11 0.52 7.87 3.85 1.95 2.08 75,165 1,506,858 

NANiii 

Proven 17.43 23.22 0.7 8.71 4.05 2.36 2.95 95,538 1,399,099 

Probable 4.92 23.38 0.72 8.76 1.15 2.44 2.78 28,059 398,901 

Total NAN 
Reserve 

22.35 23.26 0.7 8.72 5.2 2.38 2.91 123,598 1,798,000 

Total Maracás Menchen Mine Proven and Probable Reserves 

Proven 45.17 24.76 0.82 8.17 11.19 2.62 3.4 292,599 3,275,992 

Probable 15.19 23.12 0.68 8.45 3.51 2.29 2.78 80,526 1,183,126 

Total 60.36 24.35 0.79 8.24 14.7 2.54 3.25 373,125 4,459,118 

Notes: 
1. Mineral Reserves estimates were prepared under the CIM Standards. 
2. Mineral Reserves are the economic portion of the Measured and Indicated Mineral Resources. 
3. Mineral Reserves were estimated by Guilherme Gomides Ferreira, BSc. (Meng), MAIG, a GE21 associate, who 

meets the requirements of a ñQualified Personò as established by the Canadian Institute of Mining, Metallurgy and 
Petroleum (CIM) Definition Standards for Mineral Resources and Mineral Reserves (May 2014) (CIM Standards). 

4. Mineral Reserves is reported effective date October 10th, 2021. 
5. The reference point at which the Mineral Reserves are defined is the point where the ore is delivered from the 

open pit to the crushing plant.  
6. Vanadium product comes from magnetic concentrate, while TiO2 product from non-magnetic portion. 
7. Exchange rate $1.00 = R$5.10. 
8. Mineral Reserves were estimated using the Geovia Whittle 4.3 software and following the geometric and economic 

parameters: 
I. Recovery 100% and dilution 3%. Pit slope angles ranging from 37.5° to 64°. V2O5 long-term price of $7.80/lb, 

with an additional premium of $2.50/lb for high purity product. TiO2 pigment selling price of $3,691/tonne. Mining 
costs of $1.60/tonne for mineralization and waste. Vanadium processing costs of $37.80/tonne ore feed. V2O5 
concentrate recovery of 80.5%. Ilmenite concentrate costs of $55.00/tonne processed. TiO2 pigment costs of 
$1,374/tonne of Ilmenite concentrate. TiO2 overall recovery of 37.9%. General and Administrative (G&A) costs 
of $0.16/lb V2O5. 

II. Recovery 95% and dilution 5%. Pit slope angles ranging from 40° to 64°. V2O5 long-term price of $7.80/lb, with 
an additional premium of $2.50/lb for high purity product. TiO2 pigment selling price of $3,691/tonne. Mining 
costs of $1.60/tonne for mineralization and waste. Vanadium processing costs of $37.80/tonne ore feed. V2O5 
concentrate recovery of 79.2%. Ilmenite concentrate costs of $55.00/tonne processed. TiO2 pigment costs of 
$1,374/tonne of Ilmenite concentrate. TiO2 overall recovery of 40.25%. General and Administrative (G&A) costs 
of $0.16/lb V2O5. 

III. Recovery 95% and dilution 5%. Pit slope angles ranging from 40° to 64°. V2O5 long-term price of $7.80/lb, with 
an additional premium of $2.50/lb for high purity product. TiO2 pigment selling price of $3,691/tonne. Mining 
costs of $1.60/tonne for mineralization and waste. Vanadium processing costs of $37.80/tonne ore feed. V2O5 
concentrate recovery of 70.0%. Ilmenite concentrate costs of $55.00/tonne processed. TiO2 pigment costs of 
$1,374/tonne of Ilmenite concentrate. TiO2 overall recovery of 38.25%. General and Administrative (G&A) costs 
of $0.16/lb V2O5. 

Source: GE21, 2021. 

6.5 Historical Technical and Environmental Studies 

In 2008, Aker Solutions were retained by Largo to complete a Definitive Feasibility Study (DFS) 

for the Maracás Vanadium Project. The results were presented in a NI 43-101 Technical Report 

titled Technical Report of the Feasibility Study for the Maracás Vanadium Project, Brazil, 

amended version dated May 2009. 

Since the completion of this DFS, Largo has continued to advance the Project. Additional studies 

and technical effort have been completed in the following areas: 

¶ Pilot-scale metallurgical testing at Fundação Gorceix, Ouro Preto, August-September 

2010.  
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¶ Conceptual design of alternatives for disposal of non-magnetic tailings, Ausenco 

Minerals, May-June 2010. 

¶ Dry stacking feasibility study, Ausenco Minerals, September 2010  

¶ Land Agreement with Banco Econômico S.A. to secure land rights for mining and project 

development at São Conrado and São Pedro da Goiania lands, July 2011. 

¶ Environmental permit issuing: 

o Localization license ï CEPRAM Resolution nº 3941, 10/10/2008. 

o Installation (Construction) license ï Inema Resolution nº 1286, 10/20/2011. 

o Grant of Water Rights ï ANA resolution nº 684, 09/16/2011. 

o Air pollutant emissions modeling and simulation by SECA, February 2012. 

o 13,401 m of additional Resource drilling in Campbell and B trends. 

o Promon Engenharia ï basic engineering work for a hydrometallurgical plant, including 

infrastructure, process flowsheet re-evaluation and design, infrastructure engineering, 

capital and operating cost updates, production throughout review, March-November 

2011. 

o HYDROS Engineering ï basic engineering work for water pipeline and capital and 

operating costs estimates, May-November 2011. 

o VOGBR, basic engineering of main geotechnical structures, waste dump, tailings 

facility, site drainage design, hydrogeological studies and costs estimates, May-

November 2011. 

o RPM, basic mine design, with CAPEX and OPEX estimates, May-November 2011. 

o Project financed by Bank ITAÚ BBA. 

o Construction began in June 2012. 

o Commissioning began in March 2014. 

o Mining started in September 2013. 

o Ramp-up to full production on the expanded case started in August 2014 and in May 

2016 were 97.5% of nameplate production (800 tonnes V2O5/month). 

This Technical Report includes the results of the updated engineering and environmental studies, 

and everything described above. 
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7 GEOLOGICAL SETTING AND MINERALIZATION  

Sections 7.1 ï Regional Geology ï and 7.2 ï Rio Jacaré Intrusion ï have been reproduced from 

the NI 43-101 compliant Technical Report titled Maracás Vanadium Project, 1.4 Million Tonnes 

per Year Processing Plant, dated March 4th, 2013, prepared for Largo Resources Ltd. by 

RungePincockMinarco (as fully cited in Section 27, References). The rest of the information on 

which this section is based is taken from internal documents provided to GE21 by Largo Inc. 

GE21 has reviewed such information and is confident as to its accuracy and completeness. 

7.1 Regional Geology 

Brito (2000), Sá et al. (2005) and Teixeira et al. (2000) have described the regional geological 

setting for the Maracás property. These references give a detailed description of the geotectonic 

evolution of the São Francisco craton. The following is a summary of their work. The Rio Jacaré 

Intrusion, which hosts the Project vanadium mineralization, is in the south-central part of Bahia 

state in northeastern Brazil. It lies within the Archean São Francisco craton, which in this area is 

composed of the Contendas-Mirante Complex and the Gavião and Jequié blocks (Figure 7-1).  

The intrusion is on the eastern edge of the Contendas-Mirante supracrustal sequence, which 

forms a large anticlinorium trending north-south. The supracrustal rocks are between the early 

Archean Gavião block to the west, which is composed predominantly of tonalite-trondhjemite 

granodiorite, and the Archean Jequié block to the east, which is composed predominantly of 

charnockite and enderbite intrusive rocks with strong calc-alkaline affinities and granulite facies 

metamorphic rocks (Teixeira et al., 2000).  

The Contendas-Mirante Sequence is thought to be younger than the adjacent Gavião and Jequié 

blocks and comprises an Archean basal volcanic unit overlain by a Paleoproterozoic member 

containing flysch and metavolcanic rocks that are overlain by a clastic member. A Rb/Sr age of 

2.0 Ga for the granite, derived from the melting of the Contendas-Mirante metapelites, 

corresponds to the timing of the Tran Amazonian orogeny (2.14 to 1.94 Ga; Teixeira et al., 2000). 

The Contendas-Mirante Sequence was deformed by the collision of the Gavião and Jequié blocks 

during the Tran Amazonian orogeny and is now along part of the major Contendas-Jacobina 

lineament (Teixeira et al., 2000). 
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Figure 7-1 ï Maracás Area Simplified Regional Geology Map 

Source: Largo, 2017. 

7.2 Rio Jacaré Intrusion  

The Rio Jacaré mafic-ultramafic Intrusion (Figure 7-2) is composed of gabbro. It is a linear sheet-

like structure that strikes north-south, with a length of approximately 70 km, an average width of 

1.2 km, and a dip of 70° E. The intrusion has been described previously as a sill intruded into the 

volcanic rocks of the lower unit of the Contendas-Mirante gneissic complex (Brito, 1984; Galvão 

et al., 1986). However, the Rio Jacaré Intrusion is fault bounded to the east and west, and, 

therefore, its contacts with both the Contendas-Mirante Sequence and Jequié block are tectonic. 

The age of the intrusion is poorly known. Whole rock dating of rocks from the intrusion itself 

includes a Pb/Pb age of 2.47 Ga ±72 Ma, a Sm/Nd age of 2.8 Ga ± 68 Ma, and a zircon age of 

2.64 Ga ± 5 Ma (Brito et al., 2001).  

The intrusion is cut by granitic pegmatite veins that are closely related to a granite intrusion that 

has an age of 1.94 Ga ±54 Ma (Brito et al., 2001). Metamorphism and deformation have modified 

many of the igneous textures and minerals of the intrusion. Relict minerals are rare, but some 

igneous textures are still preserved such as olivine cumulate textures and layering between 

pyroxenite and gabbro. The pyroxene in these rock types is now largely altered to hornblende, 

which is replaced by actinolite, tremolite and chlorite in many samples. The presence of 

amphibole and garnet in the gabbro and magnetitite (an igneous rock composed of magnetite) in 

the Rio Jacaré Intrusion indicates amphibolite grade metamorphism. 
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Figure 7-2 ï Geological Geology Map of the Rio Jacaré mafic-ultramafic Intrusion in the general 
vicinity of the Maracás Menchen Mine showing the Gulçari A Deposit (Campbell Pit) and the other 

Near Mine Targets  

Source: Largo, 2024. 
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The gabbro is massive, coarse grained, and slightly foliated, whereas the diorite is massive and 

mainly fine grained. The primary igneous mineralogy of the gabbro comprised plagioclase and 

orthopyroxene as cumulate phases, with interstitial clinopyroxene. The orthopyroxene, 

clinopyroxene and olivine mineralogy has been examined in detail by Brito (2000). Quartz and 

biotite are present as minor phases, and apatite and titanite are common accessory phases. 

Within the Lower zone, there are lenses of magnetite-rich rocks. The outer margins of the lenses 

comprise magnetite-bearing pyroxenite with 30% to 70% opaque minerals. The centers of the 

lenses comprise massive magnetite (magnetitite). These bodies were previously described as 

forming pipes and plugs intruded into the gabbro of the Lower zone (Brito, 1984). However, the 

contact relationships with the gabbro are not clear, because the bodies are usually bounded by 

faults and are poorly exposed. They are described in greater detail below. The Upper zone has 

an average thickness of 600 m and is formed of layered gabbro, varying from leucogabbro to 

melagabbro with some cyclic units of gabbro, pyroxenite, magnetite-bearing pyroxenite, and 

magnetitite. The pyroxenite comprises thin layers, typically a few centimetres to less than 1 m in 

thickness, and which are many times associated with the magnetite bodies.  

7.3 Property Geology 

The north-south trending Rio Jacaré Intrusion underlying the Maracás Mine property and can be 

traced for the full 8 km strike length which occurs on the property to the north of Campbell Pit, 

and for over 25 km to the south. Recent work by Largo Inc. has resulted in a detailed subdivision 

of the Upper Zone of the Rio Jacaré Intrusion within the Project area into several cyclic units. 

These cyclic units are as follows (lowermost to uppermost) (Table 7-1, Figure 7-3). 

Table 7-1 ï Description of cyclic units of Rio Jacaré Intrusion 

Cycle Description 

TZ 
(Transition 

Zone) 

The TZ comprises a thick layer of leucogabbro (70-110 m) interspersed with pyroxenites (3-10 m) and 
magnetite pyroxenites (1-5 m). The TZ is the lowermost stratigraphic unit within the Rio Jacaré Intrusion 
containing modal magnetite, although it is only weakly mineralized. Note that the Lower Zone, which lies 
below the TZ, has not been described in detail as no magnetite mineralization is known to occur within it. 

C1 

C1 ï The base of the C1 cycle is market by a massive magnetitite layer ~ 1-3 m thick, that grades 
upwards into magnetite pyroxenite or pyroxenite with magnetite, and then into a biotite gabbro with 

sparse disseminated magnetite and thin pyroxenite bands. 
The SiO2 values increase to the top of the cycle, defining a modal stratification that shows the 

crystallization sequence of the magma depleting in modal magnetite and enriching in plagioclase. 

C2 
The C2 cycle is thin (maximum 5-20 m) and laterally discontinuous, comprising a thin basal magnetitite 

(1-3 m), grading into a magnetite pyroxenite and an upper biotite gabbro. 

C3 

The C3 cycle contains the most well-developed magnetite mineralization within the Project area and 

hosts the bulk of the mineralized material at the Campbell Pit. It comprises a lower magnetite pyroxenite, 

grading into a ~20-40 m thick magnetite layer unit, followed by another magnetite pyroxenite, a magnetite 
gabbro and an upper band of unmineralized gabbro. The magnetitite is interspersed with magnetite 

pyroxenite, and unlike the upper cycles where igneous rocks form laterally continuous stratigraphic units, 
the magnetitite within the C3 cycle does not appear laterally continuous and pinches out to the north and 

to the south. Some portions of the rock have a cumulative texture (pyroxene crystals and opaque 

minerals immersed in hornblende). Another important characteristic of this cycle is anomalous PGE 

values with Pd and Pt values up to 700 ppb. 

C4 

This cycle comprises a basal magnetite pyroxenite, overlain by magnetite gabbro and gabbro and 
leucogabbro containing disseminated magnetite. These gabbroic units display compositional macro-

layering. The upper part of this cycle is marked by a ~ 3 m anorthosite unit. AT the GAN and SJO 
deposits, additional magnetite gabbro and magnetite pyroxenite units are observed within the cycle that 

are not observed elsewhere. 
In the contact of C4 with C5, a titano-biotite-gabbro occurs with well-developed biotite and mylonitization 

features. In a more current analysis, this is considered the last cycle to present the biotite-gabbro 
lithotype (occurring from TZ to C4). 
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Cycle Description 

C5 

A unit of gabbro with a band of magnetite gabbro and magnetite pyroxenite, and an upper pyroxenite 
overlain by an anorthosite band. This magnetite metagabbro layer is one of the main layers of the Novo 
Amparo Norte target. In the São José target, a layer of metamagnetitite is common in the middle of the 

cycle. Occurrences of PGE in the ore at the base of the cycle.  

C6 

The cycle is described as a metamagnetitite layer with an approximate thickness of ten meters grading 
into magnetite-gabbro and enriching in plagioclase towards the top. This defines the following 

stratigraphic sequence: Metamagnetitite>magnetite metagabbro> gabbro with magnetite> metagabbro> 
metanorthosite. This cycle represents a significant resource for the company due to the geological 

continuity and the occurrence of high grades of V2O5, in the targets Novo Amparo Norte and São José. 

C7 

This cycle is characterized from the bottom to the top, by metamagnetitites, magnetite metagabbro and 
metagabbro, showing a reduction in magnetite and an increase in plagioclase to the top. This cycle has 

elevated levels of TiO2 (15 to 25 wt%) in the metamagnetitite and magnetite metagabbro. The C7 cycle is 
also noted for cumulus apatite, which appears immediately above the magnetite-enriched lower portion, 

within the lower part of the gabbro or magnetite gabbro unit. 

C8 

This thick cyclic unit contains a lower zone of magnetite gabbro grading into a ~20 m thick magnetitite 
overlain by a 2-3 m mottled anorthosite with clinopyroxene oikocrysts and a ~130 m thick package of 

gabbro and leucogabbro. The gabbro displays distinctive plagioclase phenocrysts, and the base of the 
sequence (with a gradation upwards from magnetite gabbro to magnetitite) differs from typical sequences 
with basal magnetitite units having sharp lower contacts. Anomalous copper values (of up to 3000 ppm) 

are also noted in this cycle. 

C9 

This is a broad cycle with a ~30 m magnetite gabbro package at the base, overlain by gabbro, anorthosite 
and magnetite leucogabbro, and characterised by a thick (40-150 m) unit of anorthosite making up the 

uppermost portion of the cycle. This anorthosite has a cumulus texture and distinctive pyroxene 
oikocrysts near the top of the cycle. 

C10 
The uppermost cyclic unit observed at the Rio Jacaré Intrusion comprises a ~5-20 m thick magnetite 

gabbro grading upwards into gabbro, leucogabbro and anorthosite. The upper contact of the C10 cycle 
with the Pé de Serra Gneiss is a tectonic contact. 

Source: Largo, 2021. 

Different areas of the sequence (Figure 7-3) are present in different areas of the Project ï the 

lowermost stratigraphic units (TZ, C1, C2, C3, C4) are only observed in the Campbell Pit, whereas 

the upper portions of the sequence (C5 to C10) are observed elsewhere through the deposit. 
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Figure 7-3 ï Stratigraphic sequence of the magmatic pulsesô proposal according to last work of 
Largo 

Source: Largo, 2021. 

It is interpreted that cycles C1 to C4 represent the feeder zone of the Rio Jacaré Intrusion, and 

that these cycles show less lateral continuity across the entire length of the deposit and are 

restricted to this feeder zone. In contrast, cycles C5 to C10, which form the upper portions of the 

deposit, are laterally extensive over the entire strike length of the Rio Jacaré Intrusion. A 

schematic longitudinal section illustrating this relationship is shown in Figure 7-4. 
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Figure 7-4 ï Schematic longitudinal section through the Rio Jacaré intrusion illustrating the 
continuity of various cyclic units  

Legend: note that units are not drawn to scale. 
Source: Largo, 2020. 

7.4 Individual Deposits  

The NNE-striking, ~70° ESE-dipping Paleoproterozoic Rio Jacaré Intrusion occurs throughout the 

40 km long Project exploration permits. Along the strike of the Rio Jacaré Intrusion within the 

property, several discrete deposits or areas containing vanadium-rich titanomagnetite bodies 

have been defined from north to south Novo Amparo North (NAN), Novo Amparo (NAO), São 

José (SJO), Gulçari A North (GAN), Gulçari A (Campbell Pit), Gulçari A South (GAS), Água 

Branca (ABR), Jacaré (JAC), Braga (BRG), Ilha Grande (ILG) and Rio de Contas (RIOCON). 

Each of these deposits are at various stratigraphic heights within the Rio Jacaré Intrusion, and 

thus occur within different cyclic units (Figure 7-5). 
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Figure 7-5 ï Schematic map of the location of the various deposits relative to cyclic units 

Source: Largo, 2021. 

Within all deposits, mineralized bodies comprise magnetitite layers, magnetite pyroxenite layers 

and magnetite gabbro layers formed as cyclic magmatic units associated with the surrounding 

gabbro. Typically, magnetite-enriched units have sharp magmatic contacts with units below and 

gradational contacts with the units above. 
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The Rio Jacaré Intrusion can be described by considering the Gulçari A (Campbell Pit) as the 

central point, with deposits divided into North and South groups. The North deposits include 

Gulçari A North (GAN), São José (SJO), Novo Amparo (NAO), and Novo Amparo Norte (NAN). 

The South deposits include Gulçari A South (GAS), Água Branca (ABR), Jacaré (JAC), Braga 

(BRG), Ilha Grande (ILG), and Rio de Contas (RIOCON). 

7.4.1 Gulçari A Deposit ï Campbell 

The Gulçari A deposit (also referred to as Campbell Pit) is in the lower parts of the Upper Zone 

of the Rio Jacaré Intrusion, between cyclic units C1 and C9, with magnetite mineralization 

predominantly hosted within the C1 to C4 units (Figure 7-6). For better interpretation and 

continuity of the main mineralized level of the deposit, the cyclic units C1 to C4 were grouped 

together. This C1-C4 unit comprises medium to coarse-grained gabbro containing lenses of 

magnetitite, magnetite-pyroxenite, and pyroxenite. These lenses are interpreted to pinch out 

along strike (i.e., in a N-S direction), and it is within this C1-C4 unit that the largest concentrations 

of vanadium-rich magnetite known on the property are found (Brito, 1984). 

The magnetite deposit extends approximately 350 m along strike, is up to 150 m wide, and has 

been intersected in drilling to vertical depths of at least 300 m, likely extending below these depths 

(Figure 7-6). Notably, magnetite mineralization is contained within the C1-C4 unit in magnetite 

pyroxenite and magnetitite. The topography represents the pit as of September 2020, with the 

original topography also indicated. 

 

Figure 7-6 ï Cross-section (NW-SE) through the Campbell deposit, showing lithologies and their 
subdivision into cyclic units from TZ to C9 

Source: GE21, 2024. 
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The magnetite-pyroxenite body at the Campbell deposit was previously interpreted as a separate 

pipe-like intrusion cross-cutting the gabbro (Sá, 1992), but more recently has been understood 

as having formed within the feeder zone of the Rio Jacaré intrusion and representing one of the 

lower cyclic units (the C1-C4 unit) of this intrusion. The horizontal unitôs distribution and contact 

relations is show in the Figure 7-7. 

 

Figure 7-7 ï Geological Map of the Campbell deposit 

Source: Largo, 2024. 

7.4.2 North Deposits 

The Campbellôs northern deposits (GAN, SJO, NAO, and NAN) exhibit some differences in the 

distribution of vanadium and titanium contents and the dip of the bodies. However, they are 

generally similar in terms of the lithological stacking of the cyclic units. All these deposits can be 

described within the C4 to C10 cycles. It is possible to identify the entire differentiation sequence, 

which starts with units richer in magnetite and pyroxene at the base. As the sequence progresses 

upwards, there is a depletion of these minerals, accompanied by an enrichment of plagioclase 

towards the top. 
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7.4.2.1 Gulçari A North ï GAN 

The GAN deposit is located immediately to the north of the Campbell deposit and is a northward 

continuation of the upper, more continuous cyclic zones of the Campbell deposit. The GAN 

deposit extends for approximately 1.2 km strike, with mineralization hosted within magnetite, 

magnetite gabbro and magnetite pyroxenite between the C4 and C9 cyclic units. 

 Lithologies comprise medium to coarse grained magnetite gabbro with local layers of massive 

magnetitite and fine to medium grained gabbro with narrow interlayers of magnetite gabbro, 

pyroxenite, and anorthosite. The massive magnetitite is black with 60-70% magnetic oxides and 

traces of disseminated sulfide (pyrite and chalcopyrite) as well as small interlayers of magnetite-

pyroxenite and anorthosite. 

The bulk of mineralization is contained within two magnetite-rich horizons (magnetitite and 

magnetite gabbro) in the C6 and C8 cycles, as well as within a magnetite gabbro in the C9 cycle. 

The C6 magnetitite is approximately 3 m in average thickness and extends for a known strike 

length of ~1 km. The C8 magnetitite is a layer extends for approximately 350 m along strike and 

has with a width of up to 20 m, averaging approximately 10 m, showing sideways gradient for 

magnetite gabbro. The C9 magnetite gabbro extends for a known strike of ~1.2 km and averages 

30 m in thickness. The magmatic layering and mineralized zones have strike direction of 020° 

with a dip ranging from 60° - 65° to the southeast. In the southern part of the deposit, the main 

ore body is cut by a fault with a northwest / southeast strike direction. All layered magmatic rocks 

are cut by later pegmatite dykes with a range of orientations. 

7.4.2.2 São José ï SJO 

The SJO Deposit is in the upper zone of the Rio Jacaré Intrusion and comprises two magnetitite 

units within the C6 and C8 cycles, along with an additional mineralized magnetite gabbro within 

the C9 cycle. The mineralized zones and other unmineralized magmatic lithologies have a strike 

of 020° and dip at 65° to the southeast. The magnetitite units are fine to medium-grained and 

massive, while the magnetite gabbro is coarse-grained and foliated, with a mineral assemblage 

composed of plagioclase, amphibole, garnet, and magnetite. 

The C6 magnetitite unit averages 5 m in thickness and has been drill-tested along approximately 

400 m of strike. The C8 magnetitite unit is narrower, approximately 3 m thick, and has been 

evaluated along approximately 250 m of strike. The C9 magnetite gabbro is about 30 m thick and 

has been evaluated over approximately 300 m of strike. 

On the east side, the deposit is hosted by magnetite gabbro, characterized by a coarse-grained, 

foliated mineral assemblage composed of plagioclase and amphibole, with garnet, and magnetite. 

On the west side, the ore body is in contact with a fine-grained, strongly foliated gabbro with 

narrow bands of pyroxenite. The magnetitite is dark gray to black, fine to medium-grained, and 

massive. 
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7.4.2.3 Novo Amparo ï NAO 

The NAO Deposit is between the NAN and SJO deposits in the upper cyclic units from C5 to C8 

of the Rio Jacare Intrusion. The main mineralized level is the magnetitite layer associated to C8 

cycle. The mineralized zones and other unmineralized magmatic lithologies have a strike of 010° 

and dip at 65° to the southeast. The magnetitite layer is fine to medium grained and massive, and 

the magnetite gabbro is coarse grained and foliated, with a mineral assemblage composed of 

plagioclase and amphibole, with garnet and magnetite. The C8 magnetitite is discontinuous with 

an average thickness of 5 m, reaching locally 20 m, with approximately 350 m along strike. 

The magnetite gabbro occurs in the western part of the deposit and is characterized by fine- to 

coarse-grained mineral assemblage of plagioclase, amphibole, titanomagnetite, and 

disseminated sulfide (pyrite and chalcopyrite). The deposit is cut longitudinally by bodies of 

quartz-feldspar pegmatite that cross the mineralized zone. These pegmatites have a strike 

direction of approximately 030° and dip at 60 - 70° to the northwest.  

7.4.2.4 Novo Amparo North ï NAN 

The NAN Deposit is the northernmost deposit identified to date within the Project area and is the 

northern extension of the C4 to C7 cyclic units of the Upper Zone of the Rio Jacaré intrusion. The 

deposit is overlain by tertiary cover and was detected by a ground magnetometer survey 

conducted in 2011, which was followed-up with drilling that intersected a 7 m thick massive 

magnetitite layer in the first hole drilled. 

The deposit extends for approximately 2.5 km of strike length and has been drilled in detail over 

approximately 1.8 km of this strike. Figure 7-8 shows the geological map of the NAN deposit. The 

geology of this deposit comprises fine to medium grained gabbro and magnetite gabbro, with 

layers of anorthosite, magnetite pyroxenite and magnetitite. All layers strike 020° and dip 

approximately 70-75° SE. Mineralization is hosted in a ~10-20 m thick magnetitite layer that 

grades upwards into magnetite gabbro. This layer is found within the C6 cyclic unit and comprises 

>60% of magnetic oxides besides pyroxene, amphibole, garnet and disseminated sulfides 

(pyrite). Small interbedded layers of magnetite pyroxenite, magnetite gabbro and anorthosite are 

observed within this magnetitite. At the northern end of the deposit, the mineralized zone is 

interrupted by a northwest-southeast trending fault. Figure 7-9 shows a representative cross-

section of The NAN deposit. 
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Figure 7-8 ï Geological Map of the NAN deposit 

Source: Largo, 2024. 
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Figure 7-9 ï NW-SE cross-section (looking towards 020°) through the NAN deposit 

Source: GE21, 2024. 

7.4.3 South Deposits 

The Campbellôs southern deposits (Gul­ari A Sul, Jacar®, Rio de Contas, Ćgua Branca, Braga 

and Ilha Grande) has some similar characteristics, such as mineralization associated with cyclic 

units C5 to C9, and a body of granite Pé de Serra tectonically emplaced between cyclic units C6 

and C7. In general, these deposits have thinner mineralized layers associated with magnetite 

gabbro and no presence of magnetitite layer. 

7.4.3.1 Gulçari A Sul ï GAS 

The GAS Deposit is located southern Campbell Pit. It is hosted in the lower parts of the Upper 

Zone of the Rio Jacaré Intrusion, between cyclic units C4 and C9, with magnetite mineralization 

in Magnetite Gabbro. These lenses are along strike (N-S direction), and it is within concentrations 

of vanadium-rich magnetite gabbro. This deposit extends for approximately 2,000 m along strike 

and has been intersected in drilling to vertical depths of at least 300 m, and it extends below these 

depths. The deposit into the same trend that others deposit in the southern sector of the Rio 

Jacaré Intrusion. The stratigraphic position of the mineralization has been determined by the 

grades presented into Magnetites (V2O5 > 0.3%) and due the thin level of magnetite. There is a 

layer of granitoid rock (Granite Pé de Serra ï GPS) between the cyclic unit C6 and C7 with a 

length of approximately 100 m. The mineralization occurs in a magnetitite layer to magnetite 

gabbro that extends for over 2,000 m along a north-northeast / south-southwest strike, with a dip 

of 60° SE and widths ranging from 10 m to 20 m. 
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7.4.3.2 Jacaré ï JAC 

Jacaré deposit is located to South of Gulçari A Sul ï GAS. It is hosted in the lower parts of the 

Upper Zone of the Rio Jacaré Intrusion, between cyclic units C4 and C9, with magnetite 

mineralization associated with magnetite gabbro layers. The strike is NNE-SSW, and it is within 

concentrations of vanadium-rich magnetite gabbro. The deposit has approximately 3,000 m along 

strike (Figure 7-10). There is a layer of granitoid rock (Granite Pé de Serra ï GPS) between the 

cyclic unit 5 and 8 with a thickness of 100 to 180 m (Figure 7-11), hosted in the northern part of 

the deposit. The magnetite-gabbro mineralized layers have a dip of 60° along strike varying in 

thickness from 6 m in cyclic units 4 to 5 and 10 m in cyclic units 8 and 9. 

 

Figure 7-10 ï Geological Map of the JAC deposit  

Source: Largo, 2024. 
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Figure 7-11 ï NW-SE cross-section (looking towards 020°) through the JAC deposit 

Source: GE21, 2024. 

7.4.3.3 Rio de Contas ï RIOCON Deposit 

Rio de Contas ï RIOCON, deposit is in the extreme south of the Rio Jacaré Sill, after the south 

bank of the Rio de Contas. It is hosted in the lower parts of the Upper Zone of the Rio Jacaré 

Intrusion, between cyclic units C4 and C9, with magnetite mineralization associated with 

Magnetite Gabbro layers. The strike is NNE-SSW, and it is within concentrations of vanadium-

rich magnetite gabbro. The deposit has approximately 1,500 m along strike. There is a layer of 

granitoid rock (Granite Pé de Serra ï GPS) between the cyclic unit 5 and 8 with a length of 

approximately 100 m, hosted in the northern part of the deposit. The magnetite-gabbro 

mineralized layers have a dip of 60° along strike varying in thickness from 6 m in cyclic units 4 to 

5 and 10 m in cyclic units 8 and 9. 

7.4.3.4 Água Branca (ABR), Braga (BRG) and Ilha Grande (L)G 

The ABR, BRG and ILG are a small deposit hosted in the Campbellôs southern domain, all of 

those were identified by magnetometer survey. 

The ABR deposit is situated to the south of GAS, was and has a different geological information 

base that could not support the identification the cyclic units. The mineralization layer is in levels 

of magnetite gabbro. 

The BRG deposit is in the south of JAC and could be considered as a continuation of JAC deposit. 

It was described a main mineralized layer of magnetite gabbro not related necessary to one 

specific cyclic unit, with 600 m along strike and approximately 6 m thickness, although the density 

of information available is not sufficient to confirm the continuity of mineralization in depth. 
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The ILG deposit is 3 km to the south of BRG. Regards, the level of knowledge was not enough to 

identify the mineralized level within the cyclic units. There is a main mineralized layer of magnetite 

gabbro with 200 m along strike and approximately 5 m thickness in depth. It is necessary more 

information to confirm the continuity of the mineralization. 

7.5 Mineralization  

Vanadium and titanium are the elements of interest at the Maracás Mine. Vanadium is hosted 

within titaniferous magnetite, which is the major oxide phase found within the deposit. Ilmenite 

forms a second oxide phase which is commonly present, and which hosts titanium mineralization. 

Magnetite occurs as primary magmatic crystal grains that may be partly transformed to martite. 

These occur as anhedral grains, with grain sizes of between 0.3 mm and 2.0 mm, which form a 

polygonal mosaic together with ilmenite, which occurs as discrete anhedral magmatic crystals but 

may also occurs as inclusions within in the titaniferous magnetite, commonly displaying exsolution 

textures. Magnetite from the lower cyclic units (particularly the C3 unit at the Campbell deposit) 

has higher V2O5 concentrations than magnetite from the upper cyclic units ï this is consistent 

across all deposits and is typical of layered magmatic magnetite deposits. 

Massive magnetitite layers are formed by ilmenite-magnetite heterogenic cumulates that form 2 

cm to 3 m thick layers containing variable amounts of clinopyroxene. They occur together with 

layered mafic and ultramafic cumulates, which comprise olivine-magnetite cumulates, and 

clinopyroxene-magnetite cumulates, and together form rhythmically micro-layered gabbro, 

magnetite, and magnetite-pyroxenite bands.  

Besides primary magnetite, fine-grained magnetite also occurs locally as inclusions within silicate 

grains and results from alteration of iron-rich silicates (e.g. uralitization of pyroxene and 

serpentinization of olivine). 

Silicate phases associated with the magnetite include augite, plagioclase, hornblende, and rare 

grains of clinopyroxene, olivine and spinel. Rare olivine and pyroxene grains are observed within 

the magnetitite, but most are altered to serpentine or chlorite. The Rio Jacaré Intrusion has been 

intensely metamorphosed, so the pyroxene compositions observed reflect metamorphic re-

equilibration rather than original magmatic compositions. In addition, Brito (2000) also 

documented orthopyroxene. Garnet and biotite are present in the Gulçari B and Novo Amparo 

deposits. 
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Sulfides (chalcopyrite and pentlandite with rare pyrite and pyrrhotite) are minor and only account 

for up to 1% of the rock within the magnetitite layer. Chalcopyrite is more abundant than the other 

sulfides and is most common in the rock types containing 50% magnetite or less. It commonly 

occurs in association with magnetite or ilmenite enclosed by amphibole and plagioclase. 

Pentlandite is much less abundant and occurs within in the magnetitite layer. Minor sphalerite and 

galena grains are found together in the silicates, associated with the other sulfides, especially in 

the magnetite-poor rock types. However, the dominant trace minerals are nickel and cobalt 

sulfides and arsenides and cobalt-rich pentlandite. Many times, the arsenides are associated with 

the sulfides and appear to be alteration products of the sulfides. 

Besides the vanadium and titanium that form the focus of exploration and mining at the Maracás 

Mine, elevated platinum and palladium values have been found associated with magnetite-rich 

zones in the Rio Jacaré Intrusion. They are much richer in platinum-group metals than the 

surrounding silicate rocks, and there are significant correlations between all the PGMs and 

between PGM and copper. 

In the magnetite zones, palladium-rich minerals, especially bismuthides and antimonides, are the 

most abundant PGM minerals. Most times, these occur with interstitial silicates or within silicate 

inclusions in magnetite and ilmenite grains, and are associated with pentlandite and, sometimes, 

with arsenides. Sperrylite is the most abundant platinum mineral and is associated with silicates 

interstitial to magnetite and ilmenite grains. At sites where the igneous mafic minerals have been 

altered to amphiboles, sperrylite may be altered to platinum-iron alloys. 

It is suggested that copper, nickel and PGM were concentrated in the magnetite layers by the co-

precipitation of a small quantity of sulfide with the magnetite. These PGM-bearing base metal 

sulfides subsequently exsolved the platinum minerals. The association of palladium minerals with 

base metal sulfides and the minor variation in the Pt/Pd ratio (4:1) suggests that the PGMs have 

not been extensively remobilised in the magnetite. 

The association of PGM enrichment with magnetite layers in the Rio Jacaré Intrusion has 

similarities with the Rincón del Tigre, Skaergaard and Stella Complexes. This enrichment is rarely 

associated with visible sulfides but suggests a target for PGM exploration. 

7.6 Oxidation 

In the Maracás area, the water table lies 30 m below surface. The rocks are fresh below this water 

table and over it they weather and oxidize to varying degrees, with deeper oxidation near faults, 

which may provide a conduit for fluid ingress. In weathered zones, silicate minerals weather (to 

clay minerals) more rapidly than oxides weather (Figure 7-12). Oxide minerals such as magnetite 

and ilmenite oxidize to other minerals such as maghemite, hematite, goethite, and other iron 

oxides. The main effect of weathering / oxidation is a potential reduction in vanadium recovery to 

the magnetite concentrates ï since the oxidized products of magnetite (e.g., hematite) are not 

magnetic, increased weathering may result in a lowering of vanadium recoveries. 



 

 
 

 

Largo Inc. / Maracás Menchen Project, GE21 Project nº 230213 OS8 / OS9 

Independent NI 43-101 Technical Report ï November, 2024 

78 

 

 

Figure 7-12 ï Variation of alteration zone in depth ï oxidized rock to unaltered rock ï Campbell 

Source: Largo, 2021. 
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8 DEPOSIT TYPES 

8.1 Mineralization Styles 

The information on which this section is based has been taken from internal documents provided 

to GE21 by the Company. GE21 has independently verified this information and has confidence 

in its accuracy and completeness. 

According to Gross (1996), orthomagmatic Fe-Ti-V deposits, or Vanadiferous Titano-Magnetite 

(VTM) deposits are classified into two types: (i) Ilmenite type, which has ilmenite as its 

predominant oxide and occurs associated with anorthosite complexes, and (ii) Titanomagnetite 

type, in which the predominant oxide is titanomagnetite and occurs related to stratified gabbro 

anorthosite complexes. The largest known vanadiferous deposits are classified as type (ii) 

deposits, such as Bushveld in South Africa (Tegner et al., 2006), Mustavaara, in Finland (Karinen 

et al., 2015) and Maracás, in Brazil (Brito, 2000). 

The deposits which are subjects of this Report are hosted within the Rio Jacaré Intrusion, which 

contains the largest known vanadium resources in the Americas. The Rio Jacaré Intrusion is 

composed of a series of mafic-ultramafic rocks with a strike length of 70 km along the N-S 

direction and 1.2 km wide in the E-W direction. The Rio Jacaré Intrusion is a layered mafic to 

ultramafic intrusion characterized by rhythmic and cryptic layers the deposit was described in this 

way by the way it was generated: an initial magmatic ore type deposit formed by concentration 

through liquid immiscibility. 

According to Reynolds (1985), the favorable physicochemical conditions for generating large 

amounts of titan-vanadiferous magnetite are created from a prolonged period of fractional 

crystallization, concentrating elements in the residual magma. This author also suggests that the 

liquid Fe2O3 / FeO ratio (linked to the water content and the oxygen fugacity) is decisive in the 

process. The genesis of the Rio Jacaré Intrusion is also related to an open magmatic system, but 

with a periodic supply of three magma flows (Brito, 2000). The same attributes, therefore, the 

interaction between magma mixing processes and fractional crystallization as the main genetic 

processes of the Rio Jacaré Intrusion. 

Vanadiferous titano-magnetite (VTM) mineralization at the Project shows similarities to other 

magmatic VTM or ilmenite deposits associated with layered mafic intrusive complexes including 

the Bushveld Complex (South Africa), the Lac Doré Complex (Quebec, Canada) and the 

Skaergaard Intrusion (Greenland). In these layered complexes, VTM and ilmenite deposits 

typically form in the upper portions of the magmatic stratigraphy. It suggests that magnetite 

crystallization is initiated when the evolving magma becomes sufficiently iron-enriched to form 

oxide minerals. 
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Knowing that vanadium is compatible in the magnetite crystal structure, it is incorporated into this 

mineral, depleting the magma in vanadium. This process will result in magnetite-carrying units 

having the highest V2O5 values, with the vanadium content of the magnetite gradually decreasing 

in the upper parts of the stratigraphy as the mineral density increases and it becomes 

concentrated in the lower layers. Titanium is incompatible with the magnetite structure, enriching 

the residual magma. This process is responsible for an overall decrease in the V2O5 / TiO2 ratio 

of the upper stratigraphy units observed in the Project. Figure 8-1 (A) illustrate some of the general 

increase in TiO2 and decrease in V2O5 in magnetite with increased stratigraphic height in the 

upper portions of layered mafic complexes. B: V2O5 / TiO2 ratios through the Rio Jacare Intrusion. 

Note that lower layers (C1-C4) have higher V2O5 / TiO2, and that a large change occurs through 

the C5 and C6 units. 

 

Figure 8-1 ï Relationship between V2O5 and TiO2 throughout the stratigraphy 

Source: Largo, 2021. 
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Lower magnetitite layers and magnetite gabbro layers, such as those in the C3 cyclic unit at the 

Project, can locally have V2O5 contents of over 5% V2O5 in magnetite, and this drops to below 1% 

V2O5 in the upper layers (C8). Lower magnetite-rich horizons at Maracás layers have TiO2 

contents between 4-6% TiO2, while upper layers can reach up to 20% TiO2. Often in VTM 

deposits, apatite crystallization and P2O5 enrichment may be associated with upper layers 

enriched in TiO2, and nelsonite (ilmenite + apatite) units may form locally. Nelsonites have not yet 

been observed in the Rio Jacaré Intrusion, but local enrichment in P2O5 has been observed in the 

C7 cycle at the NAN deposit. 

8.2 Conceptual Models 

The Bushveld Complex is the largest repository of mafic and ultramafic deposits in the world, and 

among them the Fe-Ti-V deposits of its upper zone stand out (Tegner et al., 2006; Willemse, 

1969). For the authors, the magnetiteôs found in the deposit in question were formed by 

differentiation in a stagnant magmatic chamber, where the segregation of magnetite occurred 

through fractional crystallization and precipitation by a gravitational accumulation of magnetite 

and ilmenite; crystallization is initiated when the evolving magma becomes sufficiently enriched 

in iron to form oxides. Magnetite may crystallize and gravitationally settle, creating localized 

lowering of the magma density from ~2.7 to ~2.5, creating a density inversion. This density 

inversion results in an overturn of the magma and magma mixing, precipitating additional 

magnetite. The repetition of this process may lead to the formation of several stratified layers of 

magnetite, often with sharp bases and gradational upper contacts. 

VTM deposits are typically found in the upper, more fractionated portions of layered complexes. 

In the Upper Zone of the Bushveld Complex, which has been extensively studied, the formation 

of VTM-enriched layers has been attributed several formation mechanisms ï the most likely of 

these appears to be that magnetite crystallization is initiated when the evolving magma becomes 

sufficiently iron-enriched to form oxide minerals. Magnetite may crystallize and gravitationally 

settle, creating localized lowering of the magma density from ~2.7 to ~2.5, creating a density 

inversion. This density inversion results in an overturn of the magma and magma mixing, 

precipitating additional magnetite. The repetition of this process may lead to the formation of 

several stratified layers of magnetite, often with sharp bases and gradational upper contacts.  
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Recently, Kruger and Latypov (2020) have argued that for some magnetitites layers in the 

Bushveld Complex, magnetite crystallization occurs in situ on the base of the magma chamber, 

rather than crystals gravitationally settling, and that this solidification front moves upwards (Figure 

8-2). Additional formation mechanisms that have also been suggested also include magma mixing 

during the influx of new magma (Harne & Von Gruenewaldt, 1995), or separation of a dense, iron-

rich magma owing to large-scale silicate liquid immiscibility (Van Tongeren & Mathez, 2012). The 

latter mechanism (liquid immiscibility) may explain the occurrence of apatite-oxide layers in the 

upper portions of some layered mafic complexes. The Rio Jacaré Intrusion has not been 

extensively studied and does not yet have a well-defined mechanism for magnetite crystallization, 

but recent studies suggest a metallogenies like other complexes rich in this mineral. 

 

Figure 8-2 ï Illustration of in situ magnetite crystallization and growth of a magnetitite layer on the 
base of a magma chamber 

Source: Kruger & Latypov, 2020. 

 

 

 

 

 



 

 
 

 

Largo Inc. / Maracás Menchen Project, GE21 Project nº 230213 OS8 / OS9 

Independent NI 43-101 Technical Report ï November, 2024 

83 

 

9 EXPLORATION 

9.1 2006 Exploration Program ï Largo Inc. (Micon, 2007) 

Largo signed a letter of intent to acquire the Project in October 2006. Largo completed an 

extensive due diligence and technical audit as part of their process. Prior to completing due 

diligence work, a Mineral Resource estimate (Hennessy, 2006) was undertaken for the previous 

owners and the Largo data was excluded from this assessment. 

By the end of 2006, Largo reinstated the exploration grid and had completed check surveys of 

drill hole collars that were marked with casing or plastic pipe. 

Most of the historic drill core (CBPM and Odebrecht Group) was stored in a rented facility in the 

town of Maracás and was in excellent condition. Largo personnel re-logged and re-sampled much 

of the historic core and verified assay results for V2O5, TiO2 and Platinum Group Elements 

(PGMs). 

2006 Exploration Program ï Largo Inc. In this section has been reproduced in its entirety from 

the report titled Technical Report of the Feasibility Study for the Maracás Vanadium Project 

Brazil by Akers Solutions (2009), as fully cited in Section 27, ñReferencesò. GE21 has verified 

the accuracy of the information contained and updated as required. 

In 2007, Largo conducted an exploration plan with the following steps:  

¶ 175 km of line cutting; 

¶ 175-km line of ground magnetic geophysical surveying; 

¶ 136-km line of induced polarization (IP) geophysical surveying; 

¶ geological mapping of the property at a scale of 1:2,500; 

¶ resampling old drill holes from 1981 through 1986 for PGMs; 

¶ surveying; 

¶ thin section and lithogeochemical studies; 

¶ diamond drilling, 61 holes totaling 13,876 m. 

The surveying program aimed to standardize the coordinate system, both for the previous work 

and for the basis of future work. All holes and trenches since 1981 have been converted to UTM. 

The entire property has been covered by 175 km of line cutting. The grid lines are 2.5 km long 

and oriented east-west with 100-m line spacing and 25-m stations along the lines. This line cutting 

work has been done to conduct geological mapping, sampling and ground geophysical surveys 

(magnetic and IP). Geological mapping was done at a scale of 1:2,500 over the entire property, 

concentrating on favorable areas that have a limited amount of information. These include 

Campbell, Gulçari B, Novo Amparo and São José. This work was completed to get a better 

understanding of the areaôs potential prior to conducting further drill testing. 
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Ground magnetic surveying was completed over the entire property. It was hoped that the 

magnetic survey would help in understanding the geology that underlies the property and trace 

the magnetite-rich horizons associated with the mineralization along strike and at depth. The 

results were encouraging, given that the magnetite horizons are good magnetic anomalies that 

respond strongly. 

A total of 136 km line of IP surveying has been completed on the property. IP responds well to 

the magnetite and disseminated sulfide mineralization found at Maracás. Geophysical surveys 

are considered important in this phase of work and their use will be discussed in the next section. 

Data compilation, re-logging and additional resampling of previously drilled holes (1981 to 1986) 

were undertaken. This work was done to correlate the lithologies between holes and from section 

to section, and to evaluate the platinum and palladium potential of the deposit, to better 

understand the geological setting and help in future work plans. 

Petrographic analysis was conducted on 56 polished thin sections from drill holes representing 

the various rock types, including highly mineralized samples from Campbell and Novo Amparo. 

They were used to characterize the rock types and mineralization in the immediate area around 

the deposits. The mineralized samples were also analyzed with inductively coupled argon plasma 

(ICP) multi-element package. Fresh, unaltered samples were also chosen for whole rock analysis, 

to characterize the intrusive rocks in the belt. 

A diamond-drilling program of 61 holes totaling 13,876 m was completed in 2007 on the property. 

9.2 Previous Geophysical Surveys 

A few geophysical surveys were conducted by previous operators (CBPM, Odebrecht and 

CAEMI,) over the Maracás property during the period 1980 to 1986. These include magnetic and 

very low frequency EM (VLF) surveys. A review of this coverage is beyond the scope of this 

Report. Any new drill targets will be generated by the new geophysical surveys. 

9.3 2008 Exploration Program (RungePincockMinarco, 2012) 

In 2008, Largo conducted a 5,000 m drill program at Maracás, designed to evaluate IP targets 

other than Gulçari A. This program is described in Section 10 below. 

9.4 2011-2012 Exploration Program (RungePincockMinarco, 2012) 

In 2011 and 2012, Largo executed a diamond drilling program of approximately 13,400 m. Part 

of this program was still conducted at the Campbell deposit, but most of the holes were drilled at 

other anomalies known throughout the Project. The results of the program are described in 

Section 10 below. 
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9.5 2012 Infill Drill Program (Micon, 2016) 

In 2012, Largo completed an additional infill diamond drilling campaign at the Campbell deposit 

comprising 103 vertical drill holes totaling 3,929.15 m. The aim of this campaign was to ensure 

the initial 2-3 years of mine operation. These holes were included in the database used in the 

Resource estimate. This campaign is best described in Section 10 below. 

9.6 2018-2019 Exploration Program 

Between April 15th and May 20th, 2019, the Largo conducted a ground magnetometer survey on 

concessions 871,483/2016 and 871,485/2016, located north of the Novo Amparo Norte deposit. 

Figure 9-1 show the location of ground magnetometer surveys completed by Largo and the 

location of key deposits. 
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Figure 9-1 ï Largo Ground Magnetometer Survey and Key Deposits 

Source: Largo, 2021. 

The survey was conducted on east-west survey lines spaced 100 m apart. In total, the surveyed 

area covered 99-line kilometers on concession 871.483/2016- and 123-line kilometers on 

concession 871.485/2016. The survey equipment was set up for continuous readings. 

Considering a typical walking speed (å 5 km/h), there is a station spacing of approximately 3 m 

along each survey line. 



 

 
 

 

Largo Inc. / Maracás Menchen Project, GE21 Project nº 230213 OS8 / OS9 

Independent NI 43-101 Technical Report ï November, 2024 

87 

 

Magnetic data was acquired with Largoôs GSM-19W Overhauser GEM magnetometers and a 

GEM GSM-19T proton precession magnetometer that was operated as a base station to provide 

data for daytime corrections. 

The data were collected, corrected, and processed using Oasis MontajTM. All data collected were 

standardized in the UTM coordinate system in DATUM SIRGAS 2000 (24S). Magnetic anomalies 

indicate an N-S magnetic tendency. 

In 2018, more detailed exploration was conducted at the NAN and Jacare deposits. At NAN 

(Carvalho, 2018), the field campaign was completed in 18 days and recorded 477 map data 

points. The methodology used comprised activities such as aerial photography interpretation, 

geological mapping on a scale of 1:5,000, petrographic studies, qualitative geophysical modeling 

through the interpretation of ground magnetometer data and structural analysis.  

Exploration was also undertaken in the Jacare deposit (Santos, 2018b). Work included geological 

mapping focusing on understanding the geological relationship of the deposit within the Rio 

Jacare Intrusion. Rock units were defined based on known stratigraphy of the sill, including 

petrographic studies. 

In 2019, mapping was conducted on the scale of 1: 10,000 in the São Jose area (Jesus, 2019) 

whose field campaign was conducted for 8 days totaling 650 points described. Work again 

focused on the stratigraphic relationship of the deposit within the Rio Jacare Intrusion. Specific 

lithotypes were macroscopically defined, and an attempt was made to correlate these rock units 

with the detailed ground magnetic data to help define stratigraphy and drill targets. 

9.7 2020 Exploration Program 

In 2020, Dr. Moraes completed the processing, presentation, interpretation, and integration of 

government aerial geophysical data (Gamma spectrometry and magnetometry) and Largoôs 

detailed ground magnetic survey results. 

In 2020, geological mapping, at 1:5,000 scale, and petrographic studies was conducted in the 

areas of GAN and GAS. In the GAN area (Pereira, 2020), the field stage lasted 10 days, with 59 

outcrop points identified, in which lithologies were described macroscopically and correlated with 

magnetic anomalies and stratigraphy.  

At GAS, the mapping was done on the scale of 1:10,000 (Santos, 2020). The field campaign was 

conducted over the course of 13 days with 259 survey points described. Parameters such as 

mineralogical composition, textures, granulometry, magnetic susceptibility, degree of 

metamorphism and structures were considered. 
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9.8 Exploration Program 2021-2023 

Between 2021 and 2023, the drilling focused on detailing targets already identified by the 

independent Technical Report NI 43-101 titled An Updated Life of Mine Plan (LOMP) for 

Campbell Pit and Pre-Feasibility Study for NAN and GAN Deposits Maracás Menchen 

Project, Bahia, Brazil, 2021, which includes the targets Gulçari A Norte (GAN), São José (SJO), 

and Novo Amparo (NA). Besides executing new drillings, a re-sampling campaign of drill cores 

was conducted in 2022/2023, seeking to re-sample in mineralized zones not sampled in previous 

drilling campaigns. Besides detailed drilling, exploratory drilling focusing on the development of 

new targets was also conducted. 

Between 2022 and 2023, the reprocessing and reinterpretation of aero geophysical data were 

performed, which, integrated with geological mapping and soil geochemical surveys (conducted 

in previous campaigns), focused on defining new mineral potentials, which were the focus of 

drilling campaigns between 2022 and 2023. 

The exploration stages conducted during this period will be described in detail throughout this 

section. 

9.8.1 Soil Geochemistry Campaign 

During this period, a soil geochemistry campaign was conducted with the objective of defining the 

geochemical signatures for iron-titanium-vanadium deposits along the Rio Jacaré Sill (SRJ). 

Thus, between 2021 and 2023, 4102 soil samples were collected (Table 9-1). 

The samples were analyzed by the SGS-Geosol laboratory using the ICP14B methodology for 

the following elements: Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, La, Li, Mg, Mn, Mo, 

Na, Ni, P, Pb, Sb, Sc, Se, Sn, Sr, Th, Ti, Tl, U, V, W, Y, Zn, and Zr. 

Table 9-1 ï Quantification of Samples Collected Between 2021 and 2023 

Target Number of Samples Year 

SRJ 702 2021 

SRJ 791 2022 

SRJ 2,609 2023 

Total 4,102  

Source: Largo, 2024. 

From the results of the chemical analyses, it was possible to generate soil geochemistry maps 

that aided in defining new research targets as well as delineating already known targets (Figure 

9-2 to Figure 9-4). 
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Figure 9-2 ï Geochemical Maps (Fe-V-Ti) resulting from the 2021/2023 Soil Geochemistry Campaign 

Source: Largo, 2024. 
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Figure 9-3 ï Geochemical Maps (Fe-V-Ti) resulting from the 2021/2023 Soil Geochemistry Campaign 
ï Detail of the North Sector 

Source: Largo, 2024. 

 

Figure 9-4 ï Geochemical Maps (Fe-V-Ti) resulting from the 2021/2023 Soil Geochemistry Campaign 
ï Detail of the South Sector 

Source: Largo, 2024. 
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The Rio Jacaré Sill region exhibits a wide diversity of V, Ti, and Fe anomalies, as observed in the 

soil geochemical survey, which supported the exploration program and demonstrate the mineral 

potential of the area where Largo Inc. holds its mining rights. 

Besides the main elements (V, Ti, and Fe), there are other elements associated with Iron-

Vanadium-Titanium mineralization that support mineral exploration. Copper proved to be an 

excellent marker, as chalcopyrite mineralization associated with Vanadium-Titanium 

mineralization can be observed at the Campbell Pit. 

9.8.2 Review of Aero Geophysical Data 

Between 2021 and 2023, geophysical airborne survey data were revisited to create new maps 

that could support the exploration program, integrate with geological data, and soil geochemistry 

data. 

9.8.2.1 Magnetometry 

All aeromagnetic data were reprocessed to get more signatures from this potential method. 

Several products were generated that supported the interpretations and integrations of the 

information. The products generated included: Total Magnetic Intensity (TMI), Tilt Derivative 

(TDR), Analytic Signal Amplitude (ASA), Euler Deconvolution, and First Vertical Derivative (1DV) 

(Figure 9-5 to Figure 9-7). 

These processing helps to define the magnetic susceptibility present in structures and magnetic 

bodies, delimitation of these signals, definition of structures that form mineralization, depth, and 

modeling of these same structures. 

In Figure 9-5, a regional structure can be observed that controls the Fe-V-Ti mineralization and, 

consequently, the magmatic intrusion of the Rio Jacaré Sill. This is a piece of data that supports 

the definition of the entire mineral exploration program of the SRJ. Regarding TMI (Total Magnetic 

Intensity), it is observed that the main mineral occurrences are associated with dipole anomalies. 
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Figure 9-5 ï Integration of Aerial Magnetometry Data: First Vertical Derivative (gray basemap) and 
Total Magnetic Intensity (TMI ï colored) 

Source: Largo, 2024. 
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Figure 9-6 ï Magnetometric Map of the Northern Portion of the Rio Jacaré Sill: First Vertical 
Derivative (gray basemap) overlaid by the Total Magnetic Intensity (TMI ï colored) 

Source: Largo, 2024. 



 

 
 

 

Largo Inc. / Maracás Menchen Project, GE21 Project nº 230213 OS8 / OS9 

Independent NI 43-101 Technical Report ï November, 2024 

94 

 

 

Figure 9-7 ï Magnetometric Map of the Southern Portion of the Rio Jacaré Sill: First Vertical 
Derivative (gray basemap) overlaid by the Total Magnetic Intensity (TMI ï colored) 

Source: Largo, 2024. 

The analytic signal data, which better delineate the magnetic bodies and structures, were also 

reviewed. This information, integrated with other data, provides a better definition of the targets 

that were investigated between the years 2021 and 2023 (Figure 9-8). 
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Figure 9-8 ï Analytic Signal Map (magnetometry) of the Rio Jacaré Sill: First Vertical Derivative 
(gray basemap) overlaid by the Analytic Signal (ASA ï colored) 

Source: Largo, 2024. 

With this review of the aeromagnetometry data, the drilling program was redefined and 

demonstrates the high mineral potential of the Rio Jacaré Sill. 

9.8.2.2 Gamma Spectrometry 

The aerogammaspectrometry data demonstrate that the mineralized bodies are associated with 

low gammaspectrometry zones, which are linked to mafic-ultramafic rocks that host the Fe-V-Ti 

mineralization (Figure 9-9). These low gammaspectrometry zones are between high 

gammaspectrometry zones associated with the Pé de Serra granite and intermediate zones 

indicating geological units of the Contendas-Mirante complex (volcano-sedimentary sequence). 

In Figure 9-10, it can be observed that the mineralized zones are associated with a region of low 

radiometric thorium values, which is a good indicator for defining mineral exploration targets. 
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Figure 9-9 ï Ternary Gamma Spectrometric Map 

Source: Largo, 2024. 
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Figure 9-10 ï Equivalent Thorium Gamma Spectrometric Map. Low Thorium zones mark the region 
of Fe-V-Ti mineralization in mafic / ultramafic rocks 

Source: Largo, 2024. 

9.8.3 Data Integration of Exploration 

In this stage, maps with overlaid (integrated) information will be presented that supported the 

definition of targets (known or unknown), their extensions, support for the current exploration 

program, and the entire drilling plan conducted between the years 2021 and 2023. This integration 

utilized all available historical data and new data. 
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Geophysical data such as Euler deconvolution (estimation of the depth of magnetic signals) aided 

in the interpretation of deep structures that control the mineralization. 

Thus, all available information was used to revise the exploratory geological model and to 

generate mineral exploration targets. 

A geological model was developed (interpreted) over an extension of 27 km. This model was 

generated based on information from geology, geophysics, geochemistry, and both historical and 

current drilling data (Figure 9-11). 

 

 

Figure 9-11 ï Exploratory Geological Model generated from aerial geophysical data, soil 
geochemistry, and drilling information (historical and current) 

Source: Largo, 2024. 
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9.9 Topography Survey 

Topographic survey was conducted at the Campbell Pit deposit using Trimble R8s receivers, 

including two integrated MaxwellÊ 6 chips and 440 GNSS channels, capable of tracking a wide 

range of satellite systems including GPS, GLONASS, Galileo, BeiDou and QZSS. All these 

functions, coupled with the CMRx communication protocol, provide the user with different data 

correction and compression tools. 

The effective date of the Campbell Pit topography survey was January 30th, 2024. 

For the other areas considered in this Technical Report, including the GAN, NAN, SJO, and NAO 

pits and the southern targets (Jacaré, RIOCON, and Água Branca), a topographic survey was 

conducted of all areas involved in this Report. 

The work was conducted between July 1-15, 2023, involving a survey using orthorectified aerial 

photography with a resolution of 5.00 cm per pixel, georeferenced to the official marker of the 

mining company in the SIRGAS2000 datum, in the UTM metric system, and orthometric height. 

For georeferencing the basic support points, GPS with 40 L1 and L2 channels was used, post-

processed via PPP-IBGE. 
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10 DRILLING 

The initial geological research campaigns in the Project were conducted by CBPM and Odebrecht 

in the 1980s at the Gulçari A (Campbell Pit), Gulçari A North, and NAO targets. Since the 

acquisition of the Project in 2007, Largo has conducted a series of drilling programs on surface 

and underground at the Campbell Pit and other exploratory targets, aligned along the regional 

trend of the Serra do Jacaré. The drill cores from these drill holes were described, sampled, 

analyzed, and are stored and available for consultation in the core storage shed. These drilling 

campaigns were conducted with various objectives, including geological exploration, infill drilling, 

and Resource conversion. 

The drilling campaigns of the Project are summarized in Table 10-1 and their location is shown in 

Figure 10-1. The complete list of all drill holes is included at the deposits and research targets 

with their coordinates, final depth, and year in Appendix A. 

Table 10-1 ï Summary of the drilling campaigns of the Vanadium Maracás Project 

Target Type Nº Drill hole Drilling (m) Number of samples Meterage (m) 

Gulcari A (Campbell Pit) 
DD 243 45 411.68 15 884 15 356.53 

RC 141 7 739.00 4 547 4 547.00 

Total 384 53 150.68 20 431 19 903.53 

Gulçari A Norte (GAN) DD 120 21 054.05 9 433 9 166.97 

Novo Amparo Norte (NAN) DD 248 43 428.52 8 711 8 405.69 

Novo Amparo Oeste (NAO) DD 59 9 770.05 4 260 4 156.46 

São José (SJO) DD 61 19 572.09 5 159 5 072.30 

Jacaré (JAC) DD 28 3 943.22 2 079 2 078.77 

Gulçari A Sul (GAS) DD 19 5 125.96 1 352 1 323.42 

RIOCON  DD 10 1 503.65 284 254.11 

Água Branca DD 7 1 346.51 570 570.54 

Braga DD 28 5 419.92 1 996 1 976.87 

Ilha Grande DD 6 1 135.90 714 709.73 

Total 1 354 165 450.55 75 420 73 521.92 

Source: GE21, 2024. 
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Figure 10-1 ï Location of drilling 

Source: GE21, 2024. 

10.1 Drilling by Previous Operators (Micon 2006 and 2007)  

CBPM and Odebrecht Group completed a first drilling campaign in 1986 at Campbell's deposit.  
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Between 1981 and 1987, previous CBPM/Odebrecht drilled 66 holes totaling 5,814 m, testing four 

deposits on the Maracás property, namely, ranging from south to north, Campbell, Gulçari B, São 

José and Nova Amparo deposits.  

10.2 Largo Drill Program ï 2007 

This sub-section has been reproduced in its entirety from the Technical Report for the 

Feasibility Study for the Maracás Vanadium Project (2009), Bahia State, Brazil by Akers 

Solutions, as fully cited in Section 27, ñReferencesò. GE21 has verified the accuracy of the 

information contained herein and updated as required. 

During 2007, Largo completed a drilling program consisting of 61 holes totaling 13,876 m. 

Boart Longyear (Geoserv Pesquisas Geológicas S.A.) began the program with one drill rig on 

February 15th, 2007, and added a second drill rig on March 5th, 2007. Two rigs continued on the 

property until August 19th, 2007, at which time drilling was completed on the Campbell deposit. 

One rig was released, and the second drill went to Novo Amparo where 11 holes totaling 1,852 

m were completed. The drill rig then cored five regional holes testing geophysical deposits totaling 

827.40 m. Drilling was completed on October 29th, 2007. 

The drilling at Novo Amparo was designed to test and characterize the mineralization 4 km to the 

north, along strike of Campbell and the sulfide content and PGM potential of the mineralization. 

Finally, after the ground magnetic survey was completed, five deposits that had not been 

previously tested were selected. These showings occur along magnetic trends that can be traced 

across the property for 4 km from Novo Amparo in the north to Campbell in the south. 

At the time, the Campbell deposit, as outlined from the drilling programs, extended 400 m along 

strike, to a vertical depth of over 320 m with true widths ranging from 11 to 100 m with an average 

width of about 40 m. This deposit is part of a mineralizing system that extends for 8 km across 

the property. All the results from the drilling program up to hole FGA-99 (the 2007 drilling program) 

were completed and incorporated in the block model at that time. 

10.3 Largo Drill Program ï 2008 

This sub-section has been reproduced in its entirety from the Technical Report for the Largo 

Project, 1 Million Tonnes per Year Processing Plant (2012), Brazil by RungePincockMinarco, 

as fully cited in Section 27, ñReferencesò. GE21 has verified the accuracy of the information 

contained herein and updated as required. 

In May 2008, Largo began a 5,000-m drill campaign to test high-priority IP targets for PGM 

mineralization. Boart Longyear (Geoserv Pesquisas Geológicas S.A.) began the program with 

one drill rig on May 28th, 2008, and continued until September 19th, 2008, at which time the drilling 

program was terminated due to the capital market collapse. It was decided that it was more 

prudent to discontinue drilling and save the resources. At the time the program was suspended, 

Largo had completed 16 holes totaling 3,842.7 m. 
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10.4 Largo Drill Program (RungePincockMinarco, 2012) ï 2011-2012 

This sub-section has been reproduced, with minor changes, from the NI 43-101 Technical Report 

titled Amended: Technical Report for the Largo Maracás Vanadium Project, 1 Million 

Tonnes per Year Processing Plant, Brazil by RungePincockMinarco (2012) as fully cited in 

Section 27, ñReferencesò. GE21 has verified the accuracy of the information contained herein and 

updated as required. 

Between May 16th, 2011, and February 16th, 2012, Largo completed a drill campaign consisting 

of 72 holes totaling 13,401 m.  

Layne Christensen (Layne do Brasil Sondagens Ltda.) began the program with one drill rig on 

May 16th, 2011, and added a second drill rig on June 1st, 2011. Two rigs continued on the property 

until December 20th, 2011, at which time one was released, and the second drill went to Gulçari 

A Norte where 8 holes totaling 1,006.55 m were completed. Drilling was completed on February 

5, 2012. Layne Christensen drilled with NQ-sized rods and an average of 900 m per rig / month. 

Core recovery was good with a reported average of about 90%. 

The diamond drilling program focused on further delineating additional resources on the Maracás 

property. The area encompassed by the drilling includes a 6.5-km strike length from, south to 

north, Gulçari A Norte to Novo Amparo Norte and a 1.5-km strike length on the east side from 

São José to Gulçari B Sul (RungePincockMinarco, 2012). 

There has been sufficient drilling in this area to demonstrate the continuity of the magnetite-rich 

horizons which is also supported by the ground magnetic survey that traces the known zones on 

surface. The ground magnetic survey also has identified several deposits that had not been 

previously tested. 

10.5 Largo Infill Drill Program ï 2012 

Most part of this sub-section has been reproduced in its entirety from the Technical Report An 

Updated Mine Plan and Mineral Reserve for the Maracás Menchen Project, Bahia State, 

Brazil, July 8th, 2016, as fully cited in Section 27, ñReferencesò. GE21 has verified the accuracy 

of the information contained herein and updated as required.  

Between September 10th, 2012, and January 21st, 2013, Largo completed an infill drilling 

campaign consisting of 103 vertical holes totaling 3,929.35 m. 

Layne Christensen (Layne do Brasil Sondagens Ltda.) began the program with one drill rig on 

September 10th, 2012. The rig continued the property until January 21st, 2013, at which time it 

had completed the drilling on Campbell. Layne Christensen drilled with NQ-sized rods and an 

average of 980 m per month. Core recovery was good with a reported average of about 90%. 
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Holes are logged in a conventional manner with lithologies and mineralization marked up with a 

lumber crayon and described, as well as the recording of basic geotechnical observations (rock 

quality designation, RQD). Particular attention was placed on the degree of magnetism in the 

core. Logging was performed using a computer and the ñLoggerò front-end data collector program 

written for Gemcom®. 

10.6 Largo Infill Drill Program (Campbell Pit) ï 2018 

Between April 19th and May 30th, 2018, Largo completed a drilling program with 31 vertical and 

inclined holes totaling 2,323.10 m at the Campbell Pit. 

SGS GEOSEOL started the program with a rig in April 2018. The rig was kept in the area until 

May 2018, with NQ-sized rods and an average of 1,161.55 m per month. The average recovery 

reported was about 99%.  

At the Campbell Pit, drilling indicated the local change in the thickness and magnetite-pyroxenite 

modeled bodies. The regional context of mineralized bodies was not changed by this drilling. 

From a total of 31 holes drilled, 24 intercepted by mineralization. The Ti-V intervals ranged from 

1.34 m to 56.52 m in length with a weighted average of 2.09% V2O5 and 15.71 % TiO2. 

Lithologies, mineralized zones and geotechnical observations (rock quality and RQD) were 

marked with pencils on the core box, as well as in the standard description worksheet used by 

the Largo team. All cores were submitted to magnetic susceptibility analysis. 

10.7 Largo Exploration Drill Program ï 2018 

During 2018, Largo completed an exploration drilling campaign totaling 38 diamond drill holes: 24 

drill holes in NAN totaling 4,223.30 m, and 14 drill holes in Braga-Jacaré totaling 2,218.70 m 

drilled. 

At NAN the 2018 drill program began on May 29th and ended on September 1st, with 24 holes 

drilled, completing 4,223.3 m. Two Mach Sonda 320 model diamond drills were used. Average 

monthly drill core production per rig was 703 m. Subsequently, these rigs were mobilized to areas 

in the southern extension of the Rio Jacaré Intrusion. A total of 14 regional holes (2,218.7 m) 

confirmed the anomalies, showing the continuity of the metallogenetic potential of mafic-

ultramafic intrusion to the south. 

The average diameter of the drill rods was NQ and the average recovery in all areas was above 

95%. Mineral exploration program was also based on NNE-SSW regional magnetic anomalies 

associated with the base lithology of the magmatic differentiation of the region.  

Lithologies, mineralized zones and geotechnical observations (rock quality and RQD) were 

marked with pencils on the core box, as well as in the standard description worksheet used by 

the Largo team. All core was submitted to magnetic susceptibility analysis. 
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10.8 Largo Exploration Drill Program ï 2019 

In 2019 Largo drilled 129 holes totaling 19,854.75m at 6 deposits. Drilling was distributed as 

follows; 5 drill holes in Campbell Pit totaling1,924.65m; 20 drill holes in GAN deposit with a total 

of 3,050.95 m drilled; 47 drilled in NAN holes totaling 5,404.15m and in the Near Mine Targets 57 

drill holes totaling 9,475m (NAO, SJO and GAS).  

At Campbell Pit in 2019, the campaign began on May 30th, 2019, and ended on November 18th 

of the same year with a break from July to August. Five drill holes were drilled totaling 1,924.65 

m utilizing 2 drill rigs (rigs 274 and 286) working with an average production of 588 meters per 

month each. The drilling program was to confirm additional mineralization within the west wall 

portion of Campbell Pit to expand the Mineral Resource sufficiently to confirm its economic 

potential. The drilling confirmed the mineralized body (magnetite gabbro) in depth and down-dip 

direction. 

The Company drilled 20 holes totaling 3,050.95 m of core at the GAN deposit. The intention of 

GAN drilling program was to expand the mineralization for SW portion and to confirm the 

continuity in depth to expand the Mineral Resource sufficiently to confirm its economic potential. 

Lithologies, mineralized zones and geotechnical observations (rock quality and RQD) were 

marked with pencils on the core box, as well as in the standard description worksheet used by 

the Largo team. All cores were submitted to magnetic susceptibility analysis. 

The campaigns have average diameter of the drill rods was NQ and the average recovery in all 

areas was above 95. The survey was also based on NNE-SSW regional magnetic anomalies 

associated with the base lithology of the magmatic differentiation of the region. 

Also in 2019, a review of the geological description of older drill holes was conducted to obtain 

further clarification on stratigraphy across the Rio Jacaré Intrusion. More than 18,000 meters of 

historic drill core were reviewed in relation to the last survey description. 

10.9 Largo Drill Program ï 2020 

In 2020 Largo drilled 124 diamond drill holes over areas (Campbell Pit, GAN, NAN and Near Mine 

Targets. At Campbell Pit Largo completed 4,757.30 m of coring (17 holes), at GAN deposit 

6,899.00 m of coring (45 holes) was completed and at NAN 32 holes were drilled totaling 8,187.65 

m of core. Thirty drill holes were executed at the São José and Novo Amparo deposits for about 

4,923.80 m of core. 

At Campbell Pit the 2020 drill program was consisted by 17 holes drilled holes totaling 4,757.75 

m and focused on targets to the northwest and southeast in relation to the main ore body with the 

aim of better defining the geometry of mineralization and increasing the confidence of inferred 

resources classified in the last Mineral Resource estimate. 
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Drilling at the GAN consisted by a total of 45 drill holes with 6,899.0 m of core. The program 

covered all portions of deposit, and the results improved the level of confidence of the 

interpretation.  

The most recent drilling updated the extension of the main GAN body (magnetitite, magnetite-

gabbro and magnetite-pyroxenite) to approximately 1.4 km in strike length and to an average 

vertical depth of 300 m. 

At NAN the program consisted of 32 holes for 8,187.65 m of drill core. In total 8 diamond drill rigs 

were used at the deposit. Drill holes were cased with HQ rods and reduced to NQ rods for normal 

drilling. On occasion, holes were downsized to BQ rods if drillers encountered downhole issue, 

but this was rare. The average recovery in all areas was above 97%. 

The holes in NAN ore body were arranged further north and east of the main structure line to 

confirm the ore body at depth, as well as increase confidence in the longitudinal direction of 

interpretation. The drilling updated the extent of NAN mineralization (magnetitite layer) to 

approximately 2.4 km strike length to an average vertical depth of 350 m. 

Also, in 2020 Largo drilled 15 holes totaling 2,474.95 m of core at ~SJO deposit and at NAO 

deposit the Company drilled 14 holes totaling 2,260.6 m of core.  

Lithologies, mineralized zones and geotechnical observations (rock quality and RQD) were 

marked with pencils on the core box, as well as in the standard description worksheet used by 

the Largo team. All cores were submitted to magnetic susceptibility analysis. 

10.10 Largo Drill Program ï 2021 to 2023 

Between 2021 and 2023, Largo conducted drilling campaigns at different targets within the Project 

area. Table 10-2 presents the quantities of the campaigns at Campbell pit (mine), GAN, NAN, 

SJO, GAS, JAC, and RIOCON, where 283 holes were drilled, including diamond drilling and 

reverse circulation, totaling 35,832.83 meters of drilling. Figure 10-2 shows the drill holes from 

the 2021 to 2023 campaigns. 

Table 10-2 ï Drill holes of Campbell target, 2021 to 2023  

Target Drilling Type 
2021-2023 

Number of Drill holes Meterage (m) 

Campbell Pit  
DD 66 11,406.79 

RC 141 7,739.00 

Gulçari A Norte (GAN) DD 14 5,212.05 

Novo Amparo Norte (NAN) DD 4 618.66 

São José (SJO) DD 1 283.50 

Gulçari A Sul (GAS) DD 19 5,125.96 

Jacaré (JAC) DD 28 3,943.22 

RIOCON DD 10 1,503.65 

Total  283 35,832.83 

Source: GE21, 2024. 
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Figure 10-2 ï Drill holes Map 2021 to 2023 Drill holes 

Source: GE21, 2024. 

10.10.1  Campbell Pit 

A total of 207 holes were drilled at Campbell Pit, of which 66 were diamond drilling (11,406.79 

meters) and 141 were reverse circulation drilling (7,739.00 meters). 
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The 66 diamond drilling holes were executed with an average azimuth of 270° and average 

inclination of 60°, aiming to represent the mineralized layer that has a dip direction between 90°Az 

and 110°Az. The 141 reverse circulation drilling holes were executed in the pit area, mostly with 

an inclination of 90° (vertical), and when oriented, they have an inclination ranging from 55° to 

80° in the direction of 270°Az. Table 10-3 presents the collar information for the 207 holes. 

Table 10-3 ï Drill holes Campbell target ï 2021 to 2023 

Hole_id Coord. X Coord. Y Elev. Z Dip Azimuth Depth Year Type 

FDGA-130 318 247.56 8 486 071.53 190.02 60.00 290.98 79.90  2021 DD 

FDGA-131 318 163.00 8 486 035.00 220.94 60.00 290.00 74.09  2021 DD 

FDGA-132 318 384.49 8 486 115.12 189.82 70.00 290.00 85.03  2021 DD 

FDGA-133 318 378.22 8 486 067.44 190.28 60.00 290.00 70.26  2021 DD 

FDGA-134 318 402.42 8 485 937.62 240.91 42.86 292.71 242.96  2021 DD 

FDGA-135 318 269.33 8 486 020.00 199.46 37.40 289.30 134.42  2021 DD 

FDGA-136 318 328.95 8 486 127.46 175.78 62.97 289.31 72.69  2021 DD 

FDGA-137 318 290.86 8 486 075.62 175.82 46.94 290.35 81.25  2021 DD 

FDGA-138 318 241.45 8 486 129.93 189.99 54.57 290.45 80.14  2021 DD 

FDGA-139 318 338.57 8 486 189.27 190.49 50.90 290.34 35.49  2021 DD 

FDGA-140 318 294.46 8 486 051.04 189.84 55.00 291.50 81.57  2021 DD 

FDGA-141 318 082.69 8 486 133.53 270.20 52.85 285.56 40.21  2021 DD 

FDGA-142 318 047.97 8 486 012.95 279.60 53.67 275.78 40.04  2021 DD 

FDGA-143 318 392.20 8 486 162.07 190.57 62.97 354.63 110.27  2021 DD 

FDGA-144 318 220.78 8 486 000.50 210.37 63.77 289.44 45.75  2021 DD 

FDGA-145 318 180.71 8 486 104.41 213.28 41.36 294.80 100.85  2021 DD 

FDGA-146 318 168.07 8 486 084.85 214.39 61.97 283.51 95.34  2021 DD 

FDGA-147 318 095.54 8 486 153.64 269.62 55.00 290.00 80.59  2021 DD 

FDGA-148 318 346.78 8 486 168.66 176.62 60.44 287.19 65.61  2021 DD 

FDGA-149 318 270.58 8 485 983.71 210.98 69.47 279.46 110.33  2021 DD 

FDGA-150 318 295.10 8 486 155.08 180.37 54.00 290.00 65.35  2021 DD 

FDGA-151 318 301.83 8 486 132.54 175.62 62.00 290.00 70.90  2021 DD 

FDGA-152 318 231.70 8 486 081.47 188.14 54.46 288.83 102.97  2021 DD 

FDGA-153 318 262.77 8 486 131.70 184.18 54.46 284.14 105.44  2021 DD 

FDGA-154 318 328.05 8 486 115.59 169.35 70.00 290.00 90.58  2021 DD 

FDGA-155 318 293.99 8 486 097.75 172.62 60.00 290.00 86.09  2021 DD 

FGA-132 318 707.56 8 486 105.80 299.56 59.98 290.71 451.55  2021 DD 

FGA-133 318 552.68 8 485 896.65 281.87 60.30 290.47 391.30  2021 DD 

FGA-134 318 493.22 8 485 874.03 271.16 48.58 297.35 401.82  2021 DD 

FGA-135 318 578.74 8 486 153.22 261.23 58.61 297.81 342.78  2021 DD 

FGA-136 318 447.41 8 486 180.81 220.29 59.35 286.41 220.85  2021 DD 

FGA-137 318 472.00 8 486 070.00 221.46 57.65 290.72 269.95  2021 DD 

FGA-138 318 443.32 8 486 040.83 222.21 51.72 290.44 258.41  2021 DD 

GUA-DD-001 318 764.73 8 486 207.51 312.50 48.81 268.42 620.53  2022 DD 

GUA-DD-002 318 071.60 8 486 011.51 272.09 68.67 270.81 219.39  2022 DD 

GUA-DD-003 318 236.89 8 485 871.41 280.61 60.42 269.11 131.61  2022 DD 

GUA-SD-001 318 301.12 8 486 078.09 154.86 79.89 298.99 97.45  2022 DD 
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Hole_id Coord. X Coord. Y Elev. Z Dip Azimuth Depth Year Type 

GUA-SD-002 318 344.19 8 486 101.95 153.73 79.50 279.79 87.68  2022 DD 

GUA-SD-003 318 367.60 8 486 091.04 156.70 80.62 276.96 16.89  2022 DD 

GUA-SD-004 318 129.40 8 486 140.41 239.62 78.44 299.13 111.45  2022 DD 

GUA-SD-005 318 118.86 8 486 103.95 243.00 81.18 289.01 48.06  2022 DD 

GUA-SD-006 318 043.86 8 486 101.89 265.66 80.28 262.42 63.71  2022 DD 

GUA-SD-007 318 103.52 8 486 054.64 240.23 79.87 270.64 117.99  2022 DD 

GUA-SD-008 318 423.80 8 486 188.76 200.61 44.85 275.56 173.40  2022 DD 

GUA-SD-009 318 202.50 8 486 083.21 174.56 42.59 273.67 58.61  2022 DD 

Gua-SD-010 318 331.83 8 485 945.03 220.77 69.12 270.24 44.48  2022 DD 

GUA-SD-011 318 321.87 8 486 087.57 149.86 80.00 270.00 49.49  2022 DD 

GUA-SD-012 318 231.66 8 486 023.67 180.20 78.84 272.05 55.35  2022 DD 

GUA-SD-013 318 109.74 8 486 080.83 229.40 81.09 271.04 77.07  2022 DD 

GUA-SD-014 318 453.64 8 486 189.91 201.34 44.02 274.81 201.14  2022 DD 

GUA-SD-015 318 358.93 8 486 055.16 161.53 80.00 270.00 59.96  2022 DD 

GUA-SD-016 318 192.88 8 485 976.35 229.43 68.45 260.44 115.91  2022 DD 

GUA-SD-017 318 450.30 8 486 181.39 201.38 67.84 266.11 234.68  2022 DD 

GUA-SD-018 318 149.54 8 486 017.11 231.08 67.62 272.41 134.34  2022 DD 

GUA-SD-019 318 241.35 8 485 943.41 230.16 69.10 266.83 201.11  2022 DD 

GUA-SD-020 318 138.52 8 485 931.15 279.78 58.19 268.24 200.76  2022 DD 

GUA-DD-004 318 696.53 8 486 102.33 280.54 60.00 275.00 596.65  2023 DD 

GUA-DD-005 318 523.17 8 486 001.09 221.70 50.00 275.00 276.80  2023 DD 

GUA-DD-006 318 523.17 8 486 001.09 221.70 69.63 280.65 299.20  2023 DD 

GUA-DD-007 318 537.32 8 485 905.95 261.20 50.13 283.81 287.50  2023 DD 

GUA-DD-008 318 647.44 8 485 977.88 274.98 48.88 277.94 407.10  2023 DD 

GUA-DD-009 318 292.48 8 486 295.29 259.29 56.26 158.41 339.45  2023 DD 

GUA-DD-010 317 998.27 8 486 017.93 288.32 59.13 58.50 315.25  2023 DD 

GUA-DD-011 318 073.74 8 486 287.65 294.46 46.43 147.78 379.90  2023 DD 

GUA-DD-012 318 615.95 8 486 315.59 290.49 51.07 222.29 410.50  2023 DD 

GUA-DD-013 318 130.81 8 485 878.53 295.81 54.01 36.80 388.60  2023 DD 

GUA-RC-001 318 274.41 8 485 950.39 209.68 70.00 270.00 75.00  2023 RC 

GUA-RC-002 318 274.59 8 485 927.64 219.50 70.00 270.00 100.00  2023 RC 

GUA-RC-003 318 271.10 8 485 996.37 190.08 80.00 270.00 70.00  2023 RC 

GUA-RC-004 318 439.58 8 486 120.60 179.58 80.00 280.00 100.00  2023 RC 

GUA-RC-005 318 436.21 8 486 145.39 180.21 80.00 283.00 100.00  2023 RC 

GUA-RC-006 318 299.30 8 486 103.93 140.34 80.00 270.00 50.00  2023 RC 

GUA-RC-007 318 241.55 8 486 056.71 172.11 90.00 270.00 50.00  2023 RC 

GUA-RC-008 318 390.67 8 486 180.24 179.91 90.00 270.00 100.00  2023 RC 

GUA-RC-009 318 349.18 8 486 193.65 179.61 90.00 270.00 50.00  2023 RC 

GUA-RC-010 318 380.90 8 486 183.34 179.26 50.00 180.00 85.00  2023 RC 

GUA-RC-011 318 410.48 8 486 161.24 178.62 90.00 270.00 90.00  2023 RC 

GUA-RC-012 318 295.92 8 486 007.50 189.61 90.00 270.00 50.00  2023 RC 

GUA-RC-013 318 142.97 8 486 104.59 200.57 90.00 270.00 70.00  2023 RC 

GUA-RC-014 318 279.66 8 486 083.72 141.36 90.00 270.00 50.00  2023 RC 

GUA-RC-015 318 044.98 8 486 054.75 271.59 90.00 270.00 50.00  2023 RC 
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Hole_id Coord. X Coord. Y Elev. Z Dip Azimuth Depth Year Type 

GUA-RC-016 318 137.72 8 486 075.90 200.55 90.00 270.00 70.00  2023 RC 

GUA-RC-017 318 418.92 8 486 158.32 179.87 55.00 255.00 40.00  2023 RC 

GUA-RC-018 318 158.20 8 486 034.46 199.32 90.00 - 70.00  2023 RC 

GUA-RC-019 318 177.00 8 486 181.54 220.30 90.00 - 70.00  2023 RC 

GUA-RC-020 318 143.37 8 486 142.21 220.06 90.00 - 85.00  2023 RC 

GUA-RC-021 318 335.70 8 486 052.76 158.95 90.00 - 50.00  2023 RC 

GUA-RC-022 318 264.83 8 486 052.58 168.81 90.00 - 50.00  2023 RC 

GUA-RC-023 318 385.01 8 486 164.85 169.48 90.00 - 20.00  2023 RC 

GUA-RC-024 318 379.77 8 486 169.05 169.20 55.00 270.00 20.00  2023 RC 

GUA-RC-025 318 155.30 8 486 011.29 221.34 90.00 - 50.00  2023 RC 

GUA-RC-026 318 109.61 8 486 092.13 219.75 90.00 - 75.00  2023 RC 

GUA-RC-027 318 117.66 8 486 064.71 220.81 90.00 - 75.00  2023 RC 

GUA-RC-028 318 228.63 8 486 096.45 174.21 90.00 - 60.00  2023 RC 

GUA-RC-029 318 429.18 8 486 104.23 179.38 55.00 290.00 80.00  2023 RC 

GUA-RC-030 318 428.51 8 486 105.70 179.43 55.00 270.00 80.00  2023 RC 

GUA-RC-031 318 184.86 8 486 153.90 202.06 90.00 - 70.00  2023 RC 

GUA-RC-032 318 205.08 8 486 171.51 201.66 90.00 - 75.00  2023 RC 

GUA-RC-033 318 162.28 8 486 132.95 201.52 90.00 - 75.00  2023 RC 

GUA-RC-034 318 187.57 8 486 116.35 194.42 90.00 - 60.00  2023 RC 

GUA-RC-035 318 096.16 8 485 994.69 270.18 90.00 - 50.00  2023 RC 

GUA-RC-036 318 207.41 8 486 141.79 195.70 90.00 - 40.00  2023 RC 

GUA-RC-037 318 337.58 8 486 182.17 170.35 90.00 - 20.00  2023 RC 

GUA-RC-038 318 358.08 8 486 181.65 171.19 90.00 - 20.00  2023 RC 

GUA-RC-039 318 260.69 8 485 966.19 205.23 90.00 - 45.00  2023 RC 

GUA-RC-040 318 169.76 8 486 098.91 190.00 90.00 - 55.00  2023 RC 

GUA-RC-041 318 160.89 8 486 083.42 196.91 90.00 - 60.00  2023 RC 

GUA-RC-042 318 159.73 8 486 068.71 199.15 90.00 - 70.00  2023 RC 

GUA-RC-043 318 203.31 8 486 123.25 194.96 90.00 - 20.00  2023 RC 

GUA-RC-044 318 178.23 8 486 113.26 194.00 90.00 - 20.00  2023 RC 

GUA-RC-045 318 207.91 8 486 072.61 175.25 90.00 - 31.00  2023 RC 

GUA-RC-046 318 420.68 8 486 149.27 166.12 90.00 - 20.00  2023 RC 

GUA-RC-047 318 396.00 8 486 165.96 162.11 90.00 - 20.00  2023 RC 

GUA-RC-048 318 383.04 8 486 166.66 161.04 90.00 - 20.00  2023 RC 

GUA-RC-049 318 388.86 8 486 162.40 161.24 90.00 - 14.00  2023 RC 

GUA-RC-050 318 060.12 8 486 030.92 271.05 90.00 - 60.00  2023 RC 

GUA-RC-051 318 421.49 8 486 139.48 167.93 70.00 270.00 80.00  2023 RC 

GUA-RC-052 318 420.19 8 486 122.92 169.80 70.00 270.00 80.00  2023 RC 

GUA-RC-053 318 422.54 8 486 130.90 170.37 90.00 - 80.00  2023 RC 

GUA-RC-054 318 412.07 8 486 088.60 171.26 60.00 270.00 45.00  2023 RC 

GUA-RC-055 318 232.46 8 486 037.12 178.51 90.00 - 40.00  2023 RC 

GUA-RC-056 318 229.53 8 486 082.07 174.60 90.00 - 60.00  2023 RC 

GUA-RC-057 318 253.18 8 486 026.79 179.55 90.00 - 45.00  2023 RC 

GUA-RC-058 318 383.97 8 486 121.58 149.89 90.00 - 50.00  2023 RC 

GUA-RC-059 318 283.41 8 486 026.26 177.69 90.00 - 50.00  2023 RC 
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Hole_id Coord. X Coord. Y Elev. Z Dip Azimuth Depth Year Type 

GUA-RC-060 318 305.49 8 486 017.26 188.87 90.00 - 50.00  2023 RC 

GUA-RC-061 318 136.05 8 486 093.11 200.44 90.00 - 65.00  2023 RC 

GUA-RC-062 318 257.79 8 486 056.95 170.10 90.00 - 50.00  2023 RC 

GUA-RC-063 318 146.12 8 486 063.78 200.01 90.00 - 60.00  2023 RC 

GUA-RC-064 318 156.57 8 486 047.89 200.02 90.00 - 60.00  2023 RC 

GUA-RC-065 318 153.75 8 486 117.42 201.07 90.00 - 65.00  2023 RC 

GUA-RC-066 318 175.85 8 486 016.10 200.40 90.00 - 30.00  2023 RC 

GUA-RC-067 318 123.84 8 486 051.16 220.47 90.00 - 75.00  2023 RC 

GUA-RC-068 318 139.88 8 486 028.09 220.53 90.00 - 70.00  2023 RC 

GUA-RC-069 318 165.59 8 485 996.82 219.84 90.00 - 75.00  2023 RC 

GUA-RC-070 318 062.98 8 486 145.99 261.65 90.00 - 70.00  2023 RC 

GUA-RC-071 318 357.73 8 486 033.30 171.18 90.00 - 55.00  2023 RC 

GUA-RC-072 318 173.80 8 486 052.96 189.73 90.00 - 30.00  2023 RC 

GUA-RC-073 318 279.16 8 486 192.02 199.97 90.00 - 60.00  2023 RC 

GUA-RC-074 318 167.49 8 486 067.33 189.88 90.00 - 50.00  2023 RC 

GUA-RC-075 318 331.24 8 486 027.07 170.61 90.00 - 45.00  2023 RC 

GUA-RC-076 318 103.68 8 486 172.81 259.88 90.00 - 62.00  2023 RC 

GUA-RC-077 318 195.94 8 486 094.92 180.78 90.00 - 50.00  2023 RC 

GUA-RC-078 318 209.17 8 486 102.94 180.00 90.00 - 40.00  2023 RC 

GUA-RC-079 318 127.99 8 486 122.86 220.28 90.00 - 70.00  2023 RC 

GUA-RC-080 318 377.03 8 486 094.87 155.12 90.00 - 23.00  2023 RC 

GUA-RC-081 318 327.52 8 486 137.52 149.95 90.00 - 50.00  2023 RC 

GUA-RC-082 318 368.09 8 486 146.83 150.32 90.00 - 30.00  2023 RC 

GUA-RC-083 318 317.01 8 486 134.39 149.80 90.00 - 30.00  2023 RC 

GUA-RC-084 318 388.69 8 486 139.85 149.27 90.00 - 30.00  2023 RC 

GUA-RC-085 318 255.20 8 486 148.89 179.52 90.00 - 60.00  2023 RC 

GUA-RC-086 318 239.53 8 486 142.93 179.74 90.00 - 55.00  2023 RC 

GUA-RC-087 318 200.60 8 486 034.62 180.02 90.00 - 40.00  2023 RC 

GUA-RC-088 318 251.55 8 486 037.01 172.89 90.00 - 40.00  2023 RC 

GUA-RC-089 318 278.60 8 486 167.70 179.86 90.00 - 55.00  2023 RC 

GUA-RC-090 318 193.34 8 486 192.03 219.66 90.00 - 64.00  2023 RC 

GUA-RC-091 318 380.26 8 486 112.38 153.68 90.00 - 40.00  2023 RC 

GUA-RC-092 318 351.65 8 486 137.28 149.84 90.00 - 60.00  2023 RC 

GUA-RC-093 318 367.11 8 486 073.31 155.87 90.00 - 45.00  2023 RC 

GUA-RC-094 318 306.13 8 486 048.73 162.13 90.00 - 50.00  2023 RC 

GUA-RC-095 318 354.25 8 486 065.70 156.35 90.00 - 65.00  2023 RC 

GUA-RC-096 318 286.28 8 486 110.47 149.35 90.00 - 50.00  2023 RC 

GUA-RC-097 318 296.92 8 486 123.09 149.78 90.00 - 34.00  2023 RC 

GUA-RC-098 318 154.52 8 486 156.19 219.76 90.00 - 80.00  2023 RC 

GUA-RC-099 318 244.51 8 486 123.34 174.67 90.00 - 60.00  2023 RC 

GUA-RC-100 318 234.48 8 486 116.17 174.96 90.00 - 60.00  2023 RC 

GUA-RC-101 318 238.40 8 486 072.89 173.47 90.00 - 60.00  2023 RC 

GUA-RC-102 318 365.14 8 486 209.08 181.00 90.00 - 40.00  2023 RC 

GUA-RC-103 318 224.49 8 486 054.88 172.93 90.00 - 50.00  2023 RC 
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Hole_id Coord. X Coord. Y Elev. Z Dip Azimuth Depth Year Type 

GUA-RC-104 318 272.84 8 486 008.01 181.22 90.00 - 40.00  2023 RC 

GUA-RC-105 318 235.89 8 486 009.23 178.39 90.00 - 30.00  2023 RC 

GUA-RC-106 318 299.11 8 486 200.40 180.63 90.00 - 50.00  2023 RC 

GUA-RC-107 318 320.72 8 486 205.64 180.67 90.00 - 50.00  2023 RC 

GUA-RC-108 318 365.08 8 486 125.57 151.25 65.00 270.00 65.00  2023 RC 

GUA-RC-109 318 383.72 8 486 087.94 155.51 90.00 - 50.00  2023 RC 

GUA-RC-110 318 378.83 8 486 025.78 170.37 90.00 - 50.00  2023 RC 

GUA-RC-111 318 274.96 8 486 096.19 147.45 90.00 - 45.00  2023 RC 

GUA-RC-112 318 288.40 8 486 098.34 147.37 90.00 - 50.00  2023 RC 

GUA-RC-113 318 376.57 8 486 057.10 161.63 90.00 - 50.00  2023 RC 

GUA-RC-114 318 336.19 8 486 154.53 150.01 90.00 - 40.00  2023 RC 

GUA-RC-115 318 379.03 8 486 151.40 147.92 90.00 - 30.00  2023 RC 

GUA-RC-116 318 192.06 8 486 044.51 180.27 90.00 - 45.00  2023 RC 

GUA-RC-117 318 161.41 8 486 073.99 180.91 90.00 - 29.00  2023 RC 

GUA-RC-118 318 427.67 8 486 065.05 170.81 90.00 - 100.00  2023 RC 

GUA-RC-119 318 250.78 8 486 004.65 180.36 90.00 - 50.00  2023 RC 

GUA-RC-120 318 411.28 8 486 040.41 170.17 90.00 - 100.00  2023 RC 

GUA-RC-121 318 177.20 8 485 984.36 219.49 90.00 - 50.00  2023 RC 

GUA-RC-122 318 109.94 8 486 076.03 219.78 90.00 - 28.00  2023 RC 

GUA-RC-123 318 131.80 8 486 038.74 220.60 90.00 - 70.00  2023 RC 

GUA-RC-124 318 213.30 8 486 025.50 179.54 90.00 - 50.00  2023 RC 

GUA-RC-125 318 049.03 8 486 117.95 264.50 90.00 - 70.00  2023 RC 

GUA-RC-126 318 042.72 8 486 078.13 267.73 90.00 - 50.00  2023 RC 

GUA-RC-127 318 216.89 8 486 042.14 178.26 90.00 - 50.00  2023 RC 

GUA-RC-128 318 079.06 8 486 154.10 260.27 90.00 - 60.00  2023 RC 

GUA-RC-129 318 116.89 8 486 108.94 219.44 90.00 - 90.00  2023 RC 

GUA-RC-130 318 167.53 8 486 169.90 219.94 90.00 - 80.00  2023 RC 

GUA-RC-131 318 286.30 8 486 043.20 165.80 90.00 - 50.00  2023 RC 

GUA-RC-132 318 368.99 8 486 102.01 144.92 90.00 - 75.00  2023 RC 

GUA-RC-133 318 198.07 8 485 971.32 219.08 90.00 - 75.00  2023 RC 

GUA-RC-134 318 214.20 8 485 959.00 220.10 90.00 - 75.00  2023 RC 

GUA-RC-135 318 232.28 8 485 966.69 203.41 90.00 - 50.00  2023 RC 

GUA-RC-136 318 187.59 8 486 001.51 202.05 90.00 - 50.00  2023 RC 

GUA-RC-137 318 221.07 8 486 147.46 180.03 90.00 - 45.00  2023 RC 

GUA-RC-138 318 199.74 8 486 127.22 180.13 90.00 - 45.00  2023 RC 

GUA-RC-139 318 177.50 8 486 111.15 180.31 90.00 - 27.00  2023 RC 

GUA-RC-140 318 340.50 8 486 118.60 142.70 90.00 - 42.00  2023 RC 

GUA-RC-141 318 295.14 8 486 159.88 170.65 90.00 - 70.00  2023 RC 

Source: GE21, 2024. 

Table 10-4 presents the intervals from the 2021 to 2023 campaign with grades higher than 2.5% 

V2O5.  
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Table 10-4 ï Intervals with grade over 2.5% V2O5  

Hole Id From To Lenght (m) V2O5% TiO2% 

FDGA-104 16.00 41.40 25.40 2.78 14.62 

FDGA-105 0.00 11.00 11.00 3.26 16.30 

FDGA-106 0.00 10.25 10.25 3.04 15.35 

FDGA-107 8.20 23.37 15.17 3.33 16.14 

FDGA-108 0.00 19.00 19.00 2.93 16.37 

FDGA-109 7.25 17.03 9.78 2.92 14.44 

FDGA-109 19.15 23.00 3.85 2.60 16.22 

FDGA-109 31.00 38.00 7.00 2.70 15.01 

FDGA-109 48.85 53.60 4.75 2.83 14.58 

FDGA-110 37.35 50.15 12.80 2.76 14.04 

FDGA-111 0.00 38.90 38.90 3.02 12.55 

FDGA-111 40.00 49.20 9.20 2.79 12.63 

FDGA-115 57.20 66.80 9.60 2.82 13.01 

FDGA-119 36.60 41.60 5.00 2.80 13.64 

FDGA-123 250.00 254.35 4.35 2.59 13.29 

FDGA-128 4.00 11.45 7.45 2.78 13.60 

FDGA-128 19.00 22.35 3.35 2.91 12.33 

FDGA-128 22.35 55.40 33.05 2.70 10.25 

FDGA-129 6.00 33.53 27.53 2.68 9.24 

FDGA-129 35.50 39.50 4.00 2.74 11.03 

FDGA-129 39.50 51.15 11.65 2.56 11.75 

FDGA-129A 0.00 22.17 22.17 2.89 11.28 

FGA-43 84.00 98.00 14.00 2.94 12.84 

FGA-43 122.00 128.00 6.00 2.87 12.43 

FGA-57 130.00 138.10 8.10 2.60 15.67 

FGA-58 70.00 75.40 5.40 2.84 14.36 

FGA-58 83.00 99.00 16.00 2.84 15.60 

FGA-58 145.00 149.00 4.00 2.58 15.72 

FGA-59 65.00 68.00 3.00 3.04 11.24 

FGA-59 69.00 81.87 12.87 2.93 13.95 

FGA-59 87.17 93.00 5.83 3.23 16.02 

FGA-61 89.00 107.00 18.00 2.65 14.84 

FGA-64 110.00 113.25 3.25 2.56 16.47 

FGA-67 33.00 46.00 13.00 2.68 14.21 

FGA-68 124.00 128.00 4.00 2.75 13.26 

FGA-69 48.00 55.00 7.00 2.70 12.28 

FGA-69 64.00 76.00 12.00 3.10 15.19 

FGA-69 97.00 112.00 15.00 2.81 12.65 

FGA-70 24.17 28.00 3.83 2.55 14.69 

FGA-71 156.02 166.20 10.18 2.80 14.99 

FGA-73 132.50 148.40 15.90 3.14 16.05 

FGA-77 133.50 144.50 11.00 2.88 16.36 

FGA-79 151.00 154.00 3.00 3.07 10.23 

FGA-79 174.00 177.00 3.00 2.63 15.74 

FGA-89 307.00 317.00 10.00 2.71 16.25 

FDGA-132 16.53 19.86 3.33 2.82 15.60 

GUA-RC-017 26.00 34.00 8.00 2.74 13.08 

GUA-RC-053 59.00 63.00 4.00 2.94 12.91 

GUA-RC-052 47.00 50.00 3.00 2.61 16.11 

GUA-RC-052 56.00 60.00 4.00 2.77 15.54 

GUA-RC-051 18.00 41.00 23.00 2.94 12.85 

GUA-RC-029 61.00 64.00 3.00 2.75 16.36 

GUA-RC-109 21.00 25.00 4.00 2.62 14.19 

GUA-RC-084 2.00 5.00 3.00 2.60 13.94 

GUA-RC-083 7.00 17.00 10.00 2.62 16.09 

Source: GE21, 2024. 

10.10.2 GAN Target 

At the GAN target, 14 diamond drilling holes were executed, totaling 5,212.05 meters in the year 

2023. The holes were drilled with azimuths of 270° and 290° and inclinations ranging from 45° to 

70°, aiming to represent the mineralized layer which has a dip direction between 90° and 110° 

and an average inclination of 58°. 

Table 10-5 presents the drilling holes executed in the 2023 campaign. 
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Table 10-5 ï Drill holes of GAN target 

Hole Id Coord. X Coord. Y Elev. Z Lenght (m) Azimuth Dip Type Year 

GAN-DD-004 318853 8486577 303.86 437.55 270 -60 DD 2023 

GAN-DD-005 318854 8486577 303.90 242.95 270 -45 DD 2023 

GAN-DD-006 318796 8486299 310.18 464.9 270 -60 DD 2023 

GAN-DD-007 318771 8486387 307.21 380.9 270 -60 DD 2023 

GAN-DD-008 318813 8487648 322.75 248.55 270 -45 DD 2023 

GAN-DD-009 318802 8487470 321.16 409.3 270 -45 DD 2023 

GAN-DD-010 318815 8487648 322.84 213.15 270 -70 DD 2023 

GAN-DD-011 318768 8486543 306.16 256.45 270 -60 DD 2023 

GAN-DD-012 319110 8487520 328.92 515.4 270 -45 DD 2023 

Source: GE21, 2024. 

Table 10-6 presents the intervals from this campaign with grades exceeding 0.3% V2O5. These 

holes confirm the continuity of mineralization at depth and contribute to the identification of 

additional Mineral Resources. 

Table 10-6 ï Intervals with grade over 0.3% V2O5  

Hole Id From To Length (m) V2O5% TiO2% Year 

GAN-DD-001 48.00 87.00 39.00 0.37 6.94 2023 

GAN-DD-001 244.00 255.00 11.00 0.43 10.80 2023 

GAN-DD-001 390.00 394.75 4.75 0.56 7.70 2023 

GAN-DD-001 414.00 418.19 4.19 0.58 5.13 2023 

GAN-DD-002 4.00 66.07 62.07 0.41 7.19 2023 

GAN-DD-003 42.19 82.33 40.14 0.38 6.93 2023 

GAN-DD-004 83.60 126.27 42.67 0.55 11.76 2023 

GAN-DD-004 319.00 324.20 5.20 0.46 4.87 2023 

GAN-DD-004 339.00 348.00 9.00 0.43 3.59 2023 

GAN-DD-005 68.50 80.64 12.14 0.33 6.85 2023 

GAN-DD-006 322.00 328.00 6.00 0.48 3.42 2023 

GAN-DD-007 226.35 243.83 17.48 0.38 6.39 2023 

GAN-DD-007 266.86 271.65 4.79 0.33 3.99 2023 

GAN-DD-008 60.62 64.50 3.88 0.81 12.06 2023 

GAN-DD-008 103.02 150.55 47.53 0.44 3.85 2023 

GAN-DD-009 94.00 103.00 9.00 0.42 6.53 2023 

GAN-DD-009 139.72 151.00 11.28 0.33 3.05 2023 

GAN-DD-009 170.00 180.75 10.75 0.79 5.01 2023 

GAN-DD-010 77.57 85.32 7.75 0.49 6.99 2023 

GAN-DD-010 136.09 148.78 12.69 0.34 2.98 2023 

GAN-DD-010 168.76 179.08 10.32 0.71 5.28 2023 

GAN-DD-011 238.46 245.80 7.34 0.45 4.98 2023 

GAN-DD-012 63.00 66.82 3.82 0.39 7.25 2023 

GAN-DD-012 153.00 164.00 11.00 0.32 5.55 2023 

GAN-DD-012 205.15 215.90 10.75 0.41 6.24 2023 

GAN-DD-012 349.00 352.70 3.70 0.80 12.84 2023 

GAN-DD-012 420.40 428.40 8.00 0.54 3.87 2023 

GAN-DD-013 54.44 74.62 20.18 0.38 7.66 2023 

GAN-DD-013 363.34 369.51 6.17 0.48 6.60 2023 

GAN-DD-013 396.00 441.80 45.80 0.60 4.31 2023 

GAN-DD-014 78.00 89.24 11.24 0.49 7.14 2023 

GAN-DD-014 127.00 138.47 11.47 0.35 2.96 2023 

Source: GE21, 2024. 

10.10.3  NAN Target 

 Largo conducted 4 diamond drilling holes at the NAN target, totaling 618.66 meters in the year 

2022. The holes were drilled with azimuths ranging from 270.91° to 274.82° and inclinations 

varying from 43° to 47°, aiming to represent the mineralized layer which has a dip direction 

between 90° and 100° and an average inclination of 70°. 

Table 10-7 presents the collar information for the drilling holes at the NAN target. 
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Table 10-7 ï Drill holes of NAN target, 2022 

Hole Id Coord. X Coord. Y Elev. Z Depth Azimuth Dip Type Year 

NAN-DD-001 8 490 327.81 319 518.19 338.93 173.97 274.82 -43.3 DD 2022 

NAN-DD-002 8 490 330.13 319 594.74 340.86 149.26 271.26 -46.64 DD 2022 

NAN-DD-003 8 490 314.67 319 305.33 337.50 148.63 267.18 -43.17 DD 2022 

NAN-DD-004 8 490 346.60 319 058.29 336.06 146.80 270.91 -45.22 DD 2022 

Source: GE21, 2024. 

Table 10-8 presents the intervals from this campaign with grades exceeding 0.3% V2O5. These 

holes confirm the continuity of mineralization south of the NAN target and at depth. 

Table 10-8 ï Intervals with grade over 0.3% V2O5 in 2022 drill holes campaign 

Hole Id From To Length (m) TiO2% V2O5% 

NAN-DD-002 2.5 3.72 1.22 7.92 0.55 

NAN-DD-002 66 67 1.00 8.29 0.32 

NAN-DD-002 69 70 1.00 7.10 0.31 

NAN-DD-002 74 76 2.00 7.06 0.33 

NAN-DD-002 86 88 2.00 6.13 0.36 

NAN-DD-002 94 95 1.00 5.25 0.32 

NAN-DD-003 49 52 3.00 5.71 0.64 

NAN-DD-003 76 77 1.00 6.78 0.54 

NAN-DD-003 89 90 1.00 2.79 0.33 

Source: GE21, 2024. 

10.10.4 SJO Target 

As the SJO target, 1 diamond drilling hole was executed in the year 2022. Table 10-9 presents 

the collar information for this hole. 

Table 10-9 ï Drill hole of NAN target, 2022 

Hole Id Coord. X Coord. Y Elev. Z Depth Azimuth Dip Type Year 

SJO-DD-001 319153.03 8488880.86 330.29 283.5 275.3 43.6 DD 2022 

Source: GE21, 2024. 

10.10.5  GAS Target  

Nineteen diamond drilling holes were executed at the GAS target, totaling 5,125.96 meters 

between the years 2021 and 2023. 

These holes were drilled with azimuths ranging from 270° to 292.4° and inclinations varying from 

43.93° to 75°, aiming to represent the mineralized layers which have a dip direction ranging from 

95° to 110° and an average inclination of 60°. 

Table 10-10 presents the collar information for the drilling holes at this target. 
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Table 10-10 ï Drill holes GAS target, 2021 to 2023 

Hole Id Coord. X Coord. Y Elev. Z Depth Azimuth Dip Type Year 

FEXP-07 8485 108.97 319 133.87 327.75 397.40 271.10 -44.76 DD 2021 

FEXP-08 8485 103.93 319 117.09 327.13 411.96 292.40 -43.93 DD 2021 

GAS-DD-001 8485 629.74 317 894.99 294.82 151.05 266.60 -45.18 DD 2022 

GAS-DD-002 8485 615.93 317 342.46 294.00 47.78 268.10 -45.62 DD 2022 

GAS-DD-003 8485 806.96 317 627.06 288.18 57.22 273.94 -45.19 DD 2022 

GAS-DD-004 8483 595.80 317 793.69 293.21 158.57 295.72 -45.34 DD 2022 

GAS-DD-005 8483 677.31 317 834.39 296.34 205.11 292.06 -43.98 DD 2022 

GAS-DD-006 8484 035.87 317 882.89 295.60 201.94 287.54 -44.47 DD 2022 

GAS-DD-007 8483 917.51 317 881.52 294.89 255.06 290.00 -45.00 DD 2022 

GAS-DD-008 8483 770.51 317 852.78 295.39 645.20 270.00 -55.00 DD 2023 

GAS-DD-009 8483 919.31 317 951.77 305.45 251.97 270.00 -75.00 DD 2023 

GAS-DD-010 8484 031.47 317 952.20 299.86 301.50 270.00 -75.00 DD 2023 

GAS-DD-011 8484 134.35 317 923.50 297.40 599.70 270.00 -50.00 DD 2023 

GAS-DD-012 8483 671.32 317 895.59 303.84 237.20 270.00 -75.00 DD 2023 

GAS-DD-013 8484 124.52 317 980.21 300.69 311.60 270.00 -75.00 DD 2023 

GAS-DD-014 8484 619.91 318 051.06 307.40 244.90 270.00 -55.00 DD 2023 

GAS-DD-015 8484 621.87 318 103.54 310.33 251.15 270.00 -74.00 DD 2023 

GAS-DD-016 8484 035.35 318 133.46 304.25 146.25 270.00 -45.00 DD 2023 

GAS-DD-017 8483 200.97 317 899.03 301.33 250.40 270.00 -45.00 DD 2023 

Source: GE21, 2024. 

Table 10-11 presents the intervals from these campaigns with grades exceeding 0.3% V2O5. 

These holes confirm the continuity of mineralization at depth. 

Table 10-11 ï Intervals with grade over 0.3% V2O5 these drill holes campaigns 

Hole Id From To Length V2O5% TiO2% 

FEXP-07 315.76 318.94 3.18 0.32 3.45 

GAS-DD-004 43.00 57.00 14.00 0.49 6.52 

GAS-DD-004 84.00 92.27 8.27 0.60 6.21 

GAS-DD-005 64.00 78.93 14.93 0.48 7.59 

GAS-DD-005 106.00 114.00 8.00 0.58 5.92 

GAS-DD-006 53.00 87.29 34.29 0.45 6.36 

GAS-DD-007 76.00 107.14 31.14 0.32 4.78 

GAS-DD-008 76.59 116.06 39.47 0.34 3.91 

GAS-DD-009 160.73 164.68 3.95 0.52 11.70 

GAS-DD-010 142.28 177.70 35.42 0.52 6.70 

GAS-DD-011 101.00 109.10 8.10 0.56 5.91 

GAS-DD-012 152.56 193.70 41.14 0.50 5.81 

GAS-DD-013 154.08 188.36 34.28 0.72 8.39 

GAS-DD-014 101.22 108.24 7.02 0.76 7.04 

GAS-DD-015 135.98 140.95 4.97 0.77 13.02 

GAS-DD-015 157.00 168.10 11.10 0.45 4.44 

GAS-DD-016 32.00 51.67 19.67 0.31 5.46 

GAS-DD-017 197.83 213.70 15.87 0.45 5.51 

Source: GE21, 2024. 

10.10.6 JAC Target 

 Twenty-eight diamond drilling holes were executed in the year 2022 at the JAC target, totaling 

3,943.22 meters. Most of the holes were drilled with an approximate azimuth of 270° and an 

average inclination of 46°. 

Table 10-12 presents the collar information for the drilling holes at this target. 

Table 10-12 ï Drill holes of JAC target, 2022 

Hole Id Coord. X Coord. Y Elev. Z Depth Azimuth Dip Type Year 

JAC-DD-001 315 850.74 8 477 899.45 244.73 153.96 111.58 -44.39 DD 2022 

JAC-DD-002 316 364.13 8 478 065.24 258.27 220.74 292.26 -44.65 DD 2022 

JAC-DD-003 315 957.14 8 477 189.25 241.23 154.54 272.92 -45.98 DD 2022 

JAC-DD-004 316 389.53 8 477 682.84 255.76 135.07 271.00 -43.79 DD 2022 

JAC-DD-005 316 068.10 8 477 817.58 245.97 158.09 271.28 -44.85 DD 2022 
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Hole Id Coord. X Coord. Y Elev. Z Depth Azimuth Dip Type Year 

JAC-DD-006 316 527.69 8 478 095.54 262.22 123.88 267.75 -45.24 DD 2022 

JAC-DD-007 316 053.98 8 477 190.66 249.84 154.45 269.18 -43.84 DD 2022 

JAC-DD-008 316 526.76 8 477 886.68 260.05 141.49 269.72 -43.99 DD 2022 

JAC-DD-009 316 338.38 8 477 522.94 254.47 145.67 273.04 -44.36 DD 2022 

JAC-DD-010 316 854.75 8 478 743.64 265.50 124.88 268.28 -43.80 DD 2022 

JAC-DD-011 316 056.68 8 477 190.58 250.60 154.54 269.16 -59.22 DD 2022 

JAC-DD-012 316 960.22 8 478 917.00 268.31 148.04 268.63 -45.27 DD 2022 

JAC-DD-013 316 543.32 8 478 817.12 266.08 169.86 270.90 -44.56 DD 2022 

JAC-DD-014 316 675.64 8 478 511.12 265.11 107.15 267.78 -47.50 DD 2022 

JAC-DD-015 316 529.79 8 478 095.55 262.19 140.49 270.82 -59.54 DD 2022 

JAC-DD-016 316 340.55 8 477 522.82 253.86 145.68 269.29 -59.23 DD 2022 

JAC-DD-017 316 441.49 8 478 815.41 263.27 161.47 265.79 -45.92 DD 2022 

JAC-DD-018 316 583.75 8 478 904.70 266.96 151.75 270.37 -45.29 DD 2022 

JAC-DD-019 316 926.39 8 478 751.45 267.60 154.06 265.13 -45.35 DD 2022 

JAC-DD-020 316 502.03 8 478 728.45 265.31 156.86 268.52 -44.90 DD 2022 

JAC-DD-021 316 817.75 8 478 681.56 264.65 113.30 272.71 -45.10 DD 2022 

JAC-DD-022 316 467.34 8 478 644.10 264.13 153.90 272.39 -45.38 DD 2022 

JAC-DD-023 316 655.74 8 478 422.26 265.34 105.76 272.99 -43.73 DD 2022 

JAC-DD-024 316 427.23 8 478 562.74 263.17 147.37 271.63 -44.96 DD 2022 

JAC-DD-025 316 949.36 8 479 011.33 265.87 117.05 271.60 -44.80 DD 2022 

JAC-DD-026 316 907.70 8 478 825.54 265.50 100.57 271.13 -45.54 DD 2022 

JAC-DD-027 316 767.01 8 478 596.33 266.19 88.31 268.08 -45.12 DD 2022 

JAC-DD-028 316 754.07 8 478 508.63 268.14 114.29 269.54 -44.75 DD 2022 

Source: GE21, 2024. 

Table 10-13 presents the intervals from this campaign with grades exceeding 0.3% V2O5. These 

holes confirm the continuity of the mineralization at the JAC target and at depth. 

Table 10-13 ï Intervals with grade over 0.3% V2O5 in 2022 drill holes campaign 

Hole Id From To Length V2O5% TiO2% 

JAC-DD-003 59 63.26 4.26 0.49 8.8 

JAC-DD-003 111 120.5 9.5 0.53 5.78 

JAC-DD-004 41 44 3 0.34 5.82 

JAC-DD-005 51 56 5 0.65 10.76 

JAC-DD-005 103 109.24 6.24 0.54 5.47 

JAC-DD-007 135 138.74 3.74 0.61 10.94 

JAC-DD-008 88 95 7 0.35 6.43 

JAC-DD-009 15 18 3 0.4 5.19 

JAC-DD-009 48.4 51.69 3.29 0.59 10.06 

JAC-DD-010 34 38 4 0.39 6.24 

JAC-DD-011 147 152 5 0.59 10.22 

JAC-DD-013 50 53.2 3.2 0.57 9.81 

JAC-DD-013 98 134 36.0 0.45 4.82 

JAC-DD-015 53 61 8.0 0.32 5.12 

JAC-DD-016 38 41 3.0 0.4 5 

JAC-DD-016 71 79 8.0 0.54 9.58 

JAC-DD-017 29 45 16 0.33 3.21 

JAC-DD-018 49 54 5 0.49 7.64 

JAC-DD-018 96 102.53 6.53 0.58 5.64 

JAC-DD-018 130.6 136 5.4 0.46 5.74 

JAC-DD-019 98 101 3 0.38 6.21 

JAC-DD-020 57.59 62 4.41 0.44 8.06 

JAC-DD-020 137 143 6 0.53 5.99 

JAC-DD-022 59 63 4 0.57 9.99 

JAC-DD-022 91 95 4 0.56 8.83 

JAC-DD-022 139 144.97 5.97 0.64 6.65 

JAC-DD-023 25 28 3 0.44 6.28 

JAC-DD-024 45 50.09 5.09 0.71 11.09 

JAC-DD-024 86.75 90 3.25 0.66 10.47 

JAC-DD-024 129 139.04 10.04 0.4 4.82 

JAC-DD-025 35 40 5 0.36 5.64 

JAC-DD-026 35 39 4 0.36 5.55 

JAC-DD-027 43 48 5 0.33 5.3 

Source: GE21, 2024. 



 

 
 

 

Largo Inc. / Maracás Menchen Project, GE21 Project nº 230213 OS8 / OS9 

Independent NI 43-101 Technical Report ï November, 2024 

118 

 

10.10.7  RIOCON Target 

Ten diamond drilling holes were executed at the RIOCON target, totaling 1,503.65 meters. The 

holes in this campaign were drilled with an approximate azimuth of 290° and an average 

inclination of 45° to represent the mineralized layers, following the regional trend. 

Table 10-14 presents the collar information for the drilling holes at the RIOCON target. 

Table 10-14 ï Drill holes of RIOCON target 

Hole Id Coord. X Coord. Y Elev. Z Lenght Azimuth Dip Type Year 

FRC-01 314093.5 8468348 232.94 150.3 292.6 -44.35 DD 2021 

FRC-02 314284.2 8468427 232.74 150.03 286.6 -44.45 DD 2021 

FRC-03 313977.1 8467908 243.2 150.3 287.2 -43.61 DD 2021 

FRC-04 313988.9 8467624 253.82 150.73 283.3 -43.00 DD 2021 

FRC-05 314255 8467834 242.68 149.97 289.3 -43.21 DD 2021 

FRC-06 314273.7 8468093 240.85 150.31 293.1 -43.09 DD 2021 

FRC-07 314046.3 8468168 237.69 150.89 291.5 -44.9 DD 2021 

FRC-08 313903.5 8467327 253.21 150.27 292.9 -44.94 DD 2021 

FRC-09 314258.5 8467264 269.62 150.51 288.7 -45.56 DD 2021 

FRC-10 314105.5 8466796 260.65 150.34 295.8 -44.52 DD 2021 

Source: GE21, 2024. 

Table 10-15 presents the intervals from this campaign with grades exceeding 0.3% V2O5. These 

holes confirm the continuity of the mineralization at the RIOCON target at depth. 

Table 10-15 ï Intervals with grade over 0.3% V2O5 in 2021 drill holes campaign 

Hole Id From To Length (m) V2O5% TiO2% 

FRC-02 50.94  56.86  5.92  0.40  6.54  

FRC-04 143.33  147.01  3.68 0.57  6.05  

FRC-05 62.74  70.81  8.07  0.32  4.17  

FRC-05 94.57  98.97  4.40  0.49  8.00  

FRC-06 71.09  76.37  5.28  0.48  8.46  

FRC-08 127.72  131.57  3.85  0.58  4.61  

FRC-10 39.11  46.86  7.75  0.30  6.01  

FRC-10 82.87  89.13  6.26  0.39  7.44  

Source: GE21, 2024. 

10.10.8  Drill Core Resampling 

In 2023, Largo conducted a review of the historical drilling database and re-sampled cores from 

previous campaigns (historical data). 

The database review was conducted concurrently with the implementation of the MX Deposit 

drilling database management system by Seequent. During this process, existing drilling 

information was validated through checks with topography, verification of geological descriptions 

in drill cores, and review of analytical results in laboratory certificates. The validation was 

performed by Largo and GE21. 

During the review of the drilling database, intervals of host lithologies for the mineralization were 

identified that had either not been sampled or had incomplete chemical information. A more 

detailed analytical campaign was conducted with the aim of completing the chemical analyses for 

these intervals in the database. A total of 5097 samples were collected during this campaign. 
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Table 10-16 ï Number of resampling in Postmortem campaign 

Target Number of Samples 

NAN 473 

SJO 1553 

GAN 1128 

NAO 1943 

Source: Largo, 2024. 
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11 SAMPLE PREPARATION, ANALYSES AND SECURITY  

11.1 Sampling Method  

11.1.1 Previous Operators ï Before 2006 

This following subsection has been reproduced in its entirety from the report titled Technical 

Report of the Feasibility Study for the Maracás Vanadium Project, Brazil by AkersSolutions 

in 2009, as fully cited in Section 27, ñReferencesò. GE21 has verified the accuracy of the 

information contained herein and updated as required. 

Sampling of mineralization within the Study area by previous operators has been conducted by 

both diamond-drilling and trench-sampling methods. 

The sampling method and approach conducted by CBPM (1981 and 1983) was not known by 

Largo. However, during Largoôs visit to the core facility, it was observed that the drill core had 

been carefully sawn in half with all the drill holes at Maracás available for review in the core 

warehouse. The remaining half showed the core to be very competent. It is believed by Largo, 

given the competent nature of the rock, together with clearly marked sample intervals, that careful 

sampling procedures were conducted, and that the sampling method had been conducted in a 

professional manner. In that period Micon visited the core shed and spent several days reviewing 

the core. Nothing viewed during the visit would cause Micon to come to a different conclusion. 

Sampled intervals were easy to identify and the core was in good condition. 

Personal communication between R. A. Campbell and Marcos Nunes, then the project geologist 

for Odebrecht, described the drill-core sampling procedures for 1984 through 1987, as set out 

below. 

ñDrill core was split using a diamond blade tile saw. The core pans were cleaned between each 

split sample. The remaining half of the core sample was returned to the core box. Half the core 

was then bagged along with its corresponding sample tag and bagged for shipment. Commercial 

trucking shipped the core samples to GEOSOLôs Laboratory (1983 to 1987), Paulo Abib 

Engenharia S.A. laboratory (1985 to 1987) both in Belo Horizonte.ò 

ñDuring the Odebrecht drilling programs samples were crushed, ground completely to pulp 

passing ï 150 mesh and then split at the GEOSOL and Paulo Abib Engenharia S.A.ôs preparation 

facilities in Belo Horizonte, Brazil. The split pulps were then analyzed by XRF method also in 

GEOSOL and Paulo Abib Engenharia S.A.ôs laboratory in Belo Horizonte.ò 

ñThe sample core length was 2.0 m in all cases in past sampling programs. The layered nature 

of the deposit and thicknesses of the mineralized zone from 4 to 100 m justified this interval. The 

potential mining method of large tonnage open pit was also considered when selecting sample 

intervals. Smaller intervals would only be taken if there was a particular geological reason to do 

so.ò 
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ñChannel samples were also cut on 2.0 m intervals and usually no greater than this, due to the 

large amount of material generated. Channel intervals were also governed by topography and 

geology, so their lengths varied on occasion.ò 

11.1.2 2006 and Early 2007 Re-logging 

At the time of preparation of the Mineral Resource estimate used in this study Largo had drilled 

no core of its own. It had only re-sampled old drill holes from earlier programs. 

In collecting its samples, Largo split all core using a diamond blade tile saw. Half of the core was 

placed in a numbered plastic sample bag with the sample tag. The remaining half core was 

returned to the core box. A brick was briefly sawn between each sample cut, to clean the blade 

and prevent any contamination between samples. 

The half core was then sealed in the bags along with its corresponding sample tag. The sample 

bags were placed into larger ñriceò bags, in groups of 15 samples, for shipment. The samples 

were transported in a company-operated vehicle from the office in Maracás to Salvador, where 

they were handed over to a commercial transport company for truck delivery to SGS Geosol 

Laboratórios Ltda. (SGS) in Vespasiano, Minas Gerais State. The core trays with the remaining 

quarter-core were placed in core racks at the core storage facility / office in Maracás, to be 

available for future reference. 

The sampled core length was 2.0 m in all cases, to duplicate past sampling programs. Largo 

agreed that the layered nature of the deposit and thicknesses of the mineralized zone from 2 to 

100 m justified this interval. 

11.1.3 2007 Exploration Drill Program 

This following subsection has been reproduced in its entirety from the report titled Technical 

Report of the Feasibility Study for the Maracás Vanadium Project, Brazil by AkersSolutions 

in 2009, as fully cited in Section 27, ñReferencesò. GE21 has verified the accuracy of the 

information contained herein and has updated as required.  

Sample boundaries were marked up by the geologists during the logging process. Core was 

selected for sampling based on magnetite content or nearby strong alteration. Intervals to be 

sampled were marked in red lumber crayon. The beginning of each sample interval was marked 

on the edge of the core box with a felt tip marker and with a sample tag, affixed to the box with a 

staple, at the end of the interval. Overall, about 45% of the core drilled was sampled. 

Sampling commenced several meters prior to the beginning of mineralization and proceeded 

down to the hole, usually at 1-m intervals, until a major lithologic contact. Sampling did not cross 

these contacts. Sample intervals could be shortened or lengthened depending on these 

observations. Magnetite and magnetite-pyroxenite were sampled separately, if the magnetite 

bands were approximately 1 m in size or larger. 
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Samples were collected by sawing the core in half with a diamond blade tile saw at the logging 

facility. Once sawn, the half core was placed in a numbered plastic sample bag with the 

corresponding sample tag. The remaining half core was returned to the core box. A brick was 

briefly sawn between each sample cut, to clean the blade and prevent any contamination between 

samples. The sample bags were placed into larger plastic containers, in groups of 15 samples, 

for shipment. The samples were transported in a company-operated vehicle from the office in 

Maracás to Jequié where they were handed over to a commercial transport company for truck 

delivery to SGS in Vespasiano-MG. 

Logged and sampled core boxes were stored in a roofed, fenced-in enclosure with a concrete 

floor and knee wall, within the fenced yard of the farmhouse. 

These procedures continued to be used in the 2008, 2011-2012 drilling programs and 2012 infill 

drilling program. 

11.1.4 2018 and 2019 Largo Core Drill Program 

During the geological logging of drill core, the exploration team (geologists) marked the sampling 

intervals with their corresponding identification in the core box. In general, the sample was 

selected based on the magnetite content (Kappa Measurement) or based on contacts between 

guiding mineralization lithologies. Before and after core removal for sampling, all core boxes were 

photographed. All this data was stored in MS Excel digital files. 

After sample intervals were marked, the core was sent to be sawn in half by diamond blades 

(Figure 11-1). The sampling interval defined was 1m (å 3kg), following the same pattern as 

previous programs. After being cut, an identified half went to the laboratory (batches), and the 

second part was returned to the core box to be stored in the shed and available for further 

investigation. The transportation to SGS in Vespasiano-MG was made by road by an outsourced 

company.  

  

Figure 11-1 ï Largo core cutting facility for the 2018-2019 Exploration Program 

Source: Largo, 2021. 
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Then the QP visited the core shed and no noncompliance was seen during that visit. The intervals 

sampled were easy to identify and the core was in good condition. 

11.1.5 2020 to 2023 Largo Core Drilling Program 

As holes are being drilled, filled core boxes are delivered by the drilling company directly to the 

core shed in a location specified by the geologist responsible. 

The receipt and registration, and storage of core at the central core facility followed the same 

acceptable procedures as the previous programs. The box number, final depth, footage markers 

with depth / feed / recovery of each box are checked. All core boxes are photographed (both 

whole core and half sawn core) and magnetic susceptibility measurements are made every 25 

cm over the length of the entire length of each drill hole. 

After geological descriptions are completed, sample intervals are determined by geologists based 

on geological factors. The sample intervals are marked on the core and on the core box as well 

with sample tickets stapled to the box. 

The drill core is hand sawn by assistants using electrical core cutting saws with diamond blades. 

The sampling interval is generally 1 m in length (å 3 kg). This follows the same procedures as 

Largo's previous exploration programs. 

After sawing, half of the sample was placed in a plastic bag identified with the corresponding 

sample label. The other half was returned to the core box. A clay brick was sawed briefly between 

each sample cut to clean the blade and avoid any contamination between samples. The sample 

bags are collected in batches were placed in larger plastic containers and transported to the SGS 

in Vespasiano-MG. 

The remaining core boxes are stored at the core facility at just south of the mine complex and is 

available for future reference. 

The QP visited the core shed and no noncompliance was seen during that visit. The intervals 

sampled were easy to identify and the core was in good condition. The core boxes were properly 

stored at core shed. 

11.2 Chemical Sample Preparation, Analyses and Security 

11.2.1 Pre-2006 Analytical Work 

The majority of this subsection has been reproduced in its entirety from the A Preliminary 

Assessment of The Maracás Vanadium Project (2007), Bahia State, Brazil, by Micon, as fully 

cited in Section 27, ñReferencesò. GE21 has verified the accuracy of the information contained 

herein and updated as required. 
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Personal communication between R. A. Campbell and Mr. Marco Nunes also described the 

sample preparation and analytical protocols in use prior to Largoôs involvement in the Project, but 

after 1983. According to Nunes, CBPM and Odebrecht used GEOSOL and Paulo Abib 

Engenharia S.A. as their analytical laboratories during the 1981 to 1983 exploration programs 

and again between 1984 and 1987. Their procedures were summarized as follows. 

ñA total of 1,675 core samples were prepared at GEOSOL and Paulo Abib Engenharia S.A.ôs 

laboratories in Belo Horizonte, Brazil. These core samples were packaged in batches of 40 

samples which included two replicates, one reference standard and one blank, inserted randomly. 

All samples underwent standard crushing and pulverizing techniques. The entire drill sample was 

passed through a primary crusher to yield a fine crushed product, with better than 75% of the 

sample passing 2 mm. When the crushed sample yielded approximately 2 kg the entire sample 

was pulverized.ò 

ñA crushed 2 kg sample was ground using a ring and puck mill pulveriser. The pulveriser uses a 

chrome steel ring and puck set. All samples were pulverized to over 95% of the ground material 

passing through a -150-mesh screen. Grinding with chrome steel may impart trace amounts of 

iron and chromium into the sample.ò 

ñCore samples were then analyzed at GEOSOL and Paulo Abib Engenharia S.A.ôs laboratories 

in Belo Horizonte, Brazil. All samples were analyzed for FeO, Fe2O3, SiO2, TiO2 and V2O5. 

Routinely, a sample weight of 0.66 grams was fused with 7.2 g of flux to prepare each bead. 

However, there were variations to this ratio for some matrices, giving a lower limit for detection of 

0.01% and an upper limit of detection of 5.0% for V2O5. Samples were fused into a glass disc 

using a Lithium Borate flux much as described for normal fused glass beads. For óore gradeô, 

materials flux composition and sample/flux ratios were varied to ensure all the sample dissolves 

and that recrystallization does not occur as the melt is cooled.ò 

11.2.2 Largo Analytical Work (2007, 2008 and 2011-2012)  

The majority of this subsection has been reproduced in its entirety from the Technical Report titled 

Technical Report of the Feasibility Study for the Maracás Vanadium Project, Brazil by 

AkersSolutions, 2012 as fully cited in Section 27, ñReferencesò. GE21 has verified the accuracy 

of the information contained herein and updated as required. 

All sample preparation and primary analyses of drill core from the 2006/2007 resampling program 

and the 2007, 2008 and 2011-2012 drilling programs were performed by SGS in Vespasiano-MG, 

Brazil and Lakefield, Ontario. During 2012 infill drilling program, both SGS in Vespasiano-MG, 

Brazil, and Intertek in Cotia, Brazil were used for sample preparation and analyses. Originally, the 

samples were analyzed for FeO, Fe2O3, SiO2, TiO2 and V2O5 by the XRF method and for platinum 

and palladium by a 50 g fire-assay technique at SGS. This was changed to a 20 g fire assay for 

the 2007 and later drilling programs, because of some initial problems with flux and the amount 

of magnetite in some of the samples. The XRF method gives a lower limit of detection of 0.01% 

V2O5.  
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SGS claims that their quality assurance system ñcomplies with the requirements of the 

international standards ISO 9001:2000 and ISO 14001:2004 to chemical analysis and geochem 

of soils, rocks and oresò (SGS Minerals, 2006). Intertek also claims that their quality assurance 

system complies with the requirements of the international standards ISO 9001:2008 to chemical 

analysis and geochemistry of soils, rocks and ores. 

Core samples were prepared similarly at both labs using the following protocol: 

¶ weigh, dry and reweigh sample; 

¶ primary crush to -2 mm (70% passing); 

¶ pulverise split fraction to -150 mesh in chrome steel ring mill pulveriser. 

The fire-assay procedure employed for platinum and palladium used a 50 g aliquot (later changed 

to 20 g as described above) with aqua regia digestion, followed by an atomic absorption (AA) 

spectroscopy finish. Since this was a check sampling program, there were no field duplicates and 

field blanks inserted by Largo for this resampling program. 

Both labs (SGS and Intertek) prepared and analyzed its own laboratory duplicates and inserted 

its own internal reference standards and blanks. Largo reviewed the quality control data files from 

both labs, which were verified by the Largo staff member responsible. Also, the Largo staff 

member made a site visit to each facility to inspect and review the procedure on-site at least one 

time during the program. There were no abnormalities detected in either the procedures or the 

results. SGS has ISO/IEC 17025 accreditation for its mineral analytical services. 

11.2.3 2015 Davis Tube Testwork 

Most of this subsection has been reproduced in its entirety from the Technical Report titled An 

Update Mine Plan and Mineral Reserve for Maracás Menchen Project, Bahia State, Brazil, 

by Micon (2016), as fully cited in Section 27, ñReferencesò. The QP has verified the accuracy of 

the information contained herein and updated as required. 

In June 2015, Largo staff seeking to improve their understanding of vanadium in the mineralization 

at the Campbell, started a program of Davis Tube (DT) test work to determine the magnetic 

percentage and the V2O5 grade and SiO2 grade in the magnetic concentrate. 

Davis tube testing is considered by metallurgists to be a simulation of industrial wet magnetic 

separation. The test is a two-stage process, a pulverising step and the Davis Tube wash. Davis 

Tube tests use an electromagnet to separate material into magnetic and non-magnetic / 

paramagnetic fraction. The DT test generates the weight recovery / magnetic iron content, or 

proportion of the deposit which is magnetite and the ñprobableò grade of concentrate at a given 

grind size. The quality of a vanadium-bearing titanomagnetite DT concentrate is process-sensitive 

depending on the feed size and as well on other parameters like magnetic field strength, current 

intensity, tube oscillation, tube inclination and wash-water rate during the test work.  
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The program was completed by September 2015 using the facilities of SGS Geosol and an-

instrument purchased by Largo (Figure 11-2 to Figure 11-4). A total of 7,567 pulp-samples were 

collected from the previous drilling programs. These samples were stored in a secure lock storage 

area at Largoôs exploration camp near the mine site. The samples were collected and packaged 

into large plastic crates, labeled and strapped down securely, for shipping. A local shipping 

company picked up the crates and transported them to SGSôs facility in Vespasiano suburb in 

Belo Horizonte. For pulp and coarse reject samples the amount sent was approximately 100 g. 

The grind size of the stored pulps was, according to historical information, always 95% passing 

106 microns. In case any of the pulp samples were not available (lost), coarse reject fractions 

were chosen. In the event of both missing pulp and reject samples a quarter of the core was 

sampled at the core facility. This happened exclusively on historical CBPM holes, where most of 

the pulps and coarse reject fractions are systematically missing. 

  

Figure 11-2 ï Largoôs First Davis Tube Device during Implementation on site 

Source: Micon, 2016. 
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Figure 11-3 ï Two Davis Tube devices at SGS Laboratory 

Source: Micon, 2016. 

  

Figure 11-4 ï Largo Staff During Site Visit at SGS in Vespasiano-MG (August 24th, 2015) 

Source: Micon, 2016. 

The sample preparation process was as follows: 

¶ sample all pulps (p) + rejects (r) + core (c); 

¶ received sample weighing (p + r + c); 

¶ drying at 105°C (p + r + c); 

¶ crush to 90% passing 3 mm (c); 

¶ split sample with riffle splitter (c); 

¶ pulverise 250-300 g to 95% passing 106 microns (c); 

¶ pulverising ï quality control test (p + r + c); 

The following are the specifications and settings used for the Davis tube equipment: 
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¶ Feed sample mass: 30 g 

¶ Tube inclination: 45° 

¶ Initial tube oscillation: 30 rpm 

¶ Final tube oscillation: 60 rpm 

¶ Wash-water rate: 540 l/min. 

¶ Magnetic field strength: At the beginning, during the sample feeding procedure in the 

glass tube, is applied 3,700 Gauss (1.6A) to avoid premature loss of the sample mass. 

After the entire sample is added the test began applying 1,480 Gauss (0.5A); 

¶ Davis tube washing period: 20 to 30 minutes (dependent on the degree of difficulty for 

washing the sample). 

QA/QC sampling protocol was implemented whereby a pulp duplicate, and one certified standard 

were inserted into every 40-sample batch. 

11.2.4 2018-2019 Chemical Assay Preparation, Analyses and Security 

Largo core samples were prepared and analyzed by SGS in an ISO 9000-2001 certified 

laboratory. The main analysis procedures performed in this laboratory in Belo Horizonte, Minas 

Gerais were: 

¶ Titration with Potassium Dichromate; 

¶ Fire Assay ï ICP; 

¶ LOI: Loss by fire ï Calcination of samples at 405 °C / 1000 °C; 

¶ Fusion with lithium tetraborate ï X-ray fluorescence; 

¶ Davis Tube; 

Pulp samples were also analyzed for V2O5 using an atomic absorption fire-assay technique. The 

selected samples were subsequently sent for multiple element analysis by ICP spectrometry as 

previously described.  

11.2.5 2020 Chemical Assay Preparation, Analyses and Security 

Largo core samples were prepared and analyzed by ALS in a laboratory that operates under the 

ISO 17025 quality management system. The physical preparation of the sample was made by 

ALS with sample registration in the tracking system, drying, crushing of the entire sample up to 

70% < 2 mm (-10 #); the crushed samples are quartered using a riffle splitter to obtain a sub 

sample of approximately 250 g. The sub-sample is pulverized to 85% < 75 microns (-200 #). 

The main analysis procedures performed in this laboratory were: 

¶ LOI: Fire of loss ï Calcination of samples; 

¶ Fusion with lithium metaborate or tetraborate and Determination by XRF; 

¶ Davis Tube Test. 
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11.3 Density Determination 

11.3.1 Until 2015 

Most of this subsection has been reproduced in its entirety from the Technical Report titled 

Technical Report the Largo Maracás Vanadium Project, 1 Million Tonnes per Year 

Processing Plant, Brazil by RungePincockMinarco (2012), as fully cited in Section 27, 

ñReferencesò. The QP has verified the accuracy of the information contained herein and updated 

as required. 

The mass density or density of a material is defined as its mass per unit volume. Mathematically, 

density (ɟ) is defined as mass (m) divided by volume (V). From this equation, mass density must 

have units of a unit of mass per unit of volume (e.g. g/cm3, kg/m³, etc.).  

The Archimedes principle was used to determine the density, further reasoned that if the liquid in 

this volume were removed and replaced by an object of the same size and shape as this liquid 

portion, none of the liquid pressure forces acting on its surface would change. Because the object 

is the same shape and volume as the fluid removed, it would fit exactly into the previous volume 

without compressing the surrounding fluid. Therefore, Archimedes (287 ï 212 B.C) had concluded 

that the net buoyant for B upward on any object immersed in a fluid is equal to the weight of the 

fluid displaced. 

Up until 2015, all of Largoôs Density samples were analyzed in Federal University of Bahia State, 

using Archimedes principle. Some of this procedure is illustrated in Figure 11-5. The results are 

shown in Table 11-1. 

  

Figure 11-5 ï Density Determination by Archimedes Principle (until 2015) 

Source: Pincock, 2012. 

Table 11-1 ï Density Summary (until 2015) 

Target Lithology Number of Samples Density (g/cm3) 

NOVO AMPARO (NAO) 

Magnetitito 26 4.36 

Magnetita Gabro 11 3.38 

Gabro 11 3.00 
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Target Lithology Number of Samples Density (g/cm3) 

Anortosito 3 2.88 

Pegmatito 2 2.61 

NOVO AMPARO NORTH (NAN) 

Magnetitito 30 4.26 

Magnetita Gabro 11 3.33 

Gabro 11 3.06 

Anortosito 5 2.86 

Pegmatito 3 2.6 

SÃO JOSE (SJO) 

Magnetitito 19 4.3 

Magnetita Gabro 13 3.33 

Gabro 9 3.05 

Anortosito 3 2.84 

Pegmatito 3 2.58 

GULÇARI A NORTH (GAN) 

Magnetitito 14 4.28 

Magnetita Gabro 12 3.32 

Gabro 8 3.03 

Anortosito 5 2.84 

Pegmatito 2 2.62 

GULÇARI B 

Magnetitito 15 4.42 

Magnetita Gabro 14 3.35 

Gabro 3 2.90 

Anortosito 1 2.83 

Pegmatito 2 2.63 

Source: Pincock, 2012. 

11.3.2 2015 Determination Density 

Most Part of this subsection has been reproduced in its entirety from the report titled An Update 

Mine Plan and Mineral Reserve for Maracás Menchen Project (2016), Bahia State, Brazil, by 

Micon, as fully cited in Section 27, ñReferencesò. The QP has verified the accuracy of the 

information contained herein and updated as required. 

In 2015 Largo acquired their own density determination equipment and started making 

measurements with in-house staff. They used the water immersion method on diamond core 

sections with a digital density scale (Gehaka DSL 910). Best care and attention were taken by 

staff as of June 1st, 2015 (Micon, 2016). 

A total of 297 core samples were measured to determine the specific gravity of the various ore 

and waste rock domains and these were added to Campbellôs density database. In Micon (2016) 

report the Largo showed a summary of the Specific Gravity (SG) according to this new series of 

measurements and the new domain classification is presented in Table 11-2. 

Table 11-2 ï Average Specific Gravity for the Campbell deposit, Largo Data 2016 

Rock Type Rock Code Number of Samples Average SG 

Massive and banded magnetite 1 10 97 4.38 

Massive and banded magnetite 2 11 39 4.24 

Massive and banded magnetite 3 12 4 4.14 

Massive and banded magnetite 4 13 5 4.17 

Magnetite-pyroxenite 1 20 116 3.52 

Magnetite-pyroxenite 2 21 21 3.60 

Magnetite-pyroxenite 3 22 3 3.58 

Magnetite-pyroxenite 4 23 3 3.46 

Pyroxenite 25 98 3.23 

Magnetite Gabbro 40 13 3.37 

Gabbro 45 130 3.01 

Anorthosite 50 16 2.78 

Pegmatite 80 64 2.58 

Overburden 90 0* 1.80* 

Note:  
1. According to operating experience during Campbell operation and as in Coffey (2012) for the Satellite. 
Source: Micon, 2016. 
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11.3.3 2016 to 2019 Determination Density 

In Total, between 2016 and 2019 Largo completed 1555 density determinations in Campbell Pit, 

GAN and NAN deposits. Table 11-3 summarizes average density obtained in database of this 

campaign. 

Table 11-3 ï Average Specific Gravity from 2016 to 2019, Largo Database 

 Average (g/cm3) 

Rock Type Campbell Pit (906 samples) GAN (330 samples) NAN (319 samples) 

ANO 2.77 2.83 2.81 

GAB 3.08 3.09 3.1 

GCM  3.21 3.22 

GPS    

MAG 4.39 4.2 4.32 

MGB  3.51 3.5 

MGTGAB  3.26 3.28 

MGPYXT 3.47 3.82 3.51 

MPXT  3.62 3.62 

PEG 2.58 2.62 2.59 

PYXT 3.23 3.34 3.23 

PXTM  3.36 3.36 

Source: Largo, 2021. 

11.3.4 2020 Determination Density (by Pycnometer) 

In the 2020 campaign, density was determined by specific mass of pulps using a pycnometer, 

another density method also to validate the previous determinations. This pycnometer was 

performed at the ALS GLOBAL Laboratory in Vespasiano- MG.  

Largo obtained 601 density determinations considering different lithotypes and magmatic cycles 

for Gulçari A (Campbell Pit) with 143 samples, NAN with 229 samples and GAN with 229 samples. 

These data were entered in the database duly identified for future use. Table 11-4 summarizes 

density values by pycnometers determined in 2020. 

Table 11-4 ï Average Specific Gravity for deposits, 2020 Pycnometer Data 

 Average (g/cm3) 

Rock Type Campbell Pit (143 samples) GAN (229 samples) NAN (229 samples) 

ANO 2.76 2.75 2.76 

GAB 3.02 3.00 3.04 

GCM 3.16 3.14 3.10 

GPS  2.62 2.67 

MAG 3.95 3.97 3.95 

MGB 3.52 3.42 3.30 

MPXT 3.67 3.48 3.61 

MPXT 3.78   

PEG 2.70 2.69 2.52 

PXT 3.27 3.13 3.15 

PXTM 3.22 3.28 3.32 

Source: GE21, 2021. 

11.3.5 2021 to 2023 Campaign 

In the 2023 campaign, all density samples were analyzed by Largo, using Archimedes principle. 

A total of 4,337 samples were analyzed at different targets. Table 11-5 summarizes density values 

determined in 2023. 
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Table 11-5 ï Average Specific Gravity for deposits, 2023 Data 

Lithology ABR BRG GAN GAS Campbell Pit ILG NAN NAO SJO 

Total of samples 247 397 1456 303 831 282 275 249 297 

AND  2.90 2.74 2.85 2.75    2.68 

ANO 2.74 2.81 2.84 2.74 2.89 2.84 2.89 2.82 2.75 

BRC     2.56     

DIB       2.92   

GAB 3.11 3.04 3.08 2.99 3.02 3.09 3.09 3.06 3.02 

GCM   3.13  3.10  3.18 3.10 2.98 

GPS 2.75 2.68 2.66 2.69 2.69  2.66 2.64  

GRT 2.66 2.68 2.59 2.61 2.65 2.82   2.55 

MAG   4.27 4.06 4.10  4.01 4.17 4.63 

MGB   3.34  3.45  3.42 3.16 3.31 

MPXT   3.47  3.63 3.13 3.26 3.71  

PEG 2.50 2.62 2.63 2.54 2.60 2.59 2.62 2.62 2.68 

PXT  3.28 3.38 3.64 3.26 3.37 3.22  3.37 

PXTM     3.46  3.54   

QVN      2.77    

Source: GE21, 2024. 

11.4 Largo QA/QC Program  

This subsection has been reproduced in its entirety from the Technical Report titled A Preliminary 

Assessment of The Maracás Vanadium Project, Municipality of Maracás, Bahia State, 

Brazil, by Micon (2007), as fully cited in Section 27, ñReferencesò. The QP has verified the 

accuracy of the information contained herein and updated as required. 

11.4.1 Pre-2006 Program 

It is reported that CBPM and Odebrecht made use of replicate and blank samples along with 

reference standard materials during their sampling and assaying programs. No detailed results 

are available for the results of these programs. Therefore, before using the data in a Mineral 

Resource estimate, Largo decided to conduct a check sampling program on 8% of the mineralized 

core. That program is described the following. 

11.4.2 2006 Program 

Largoôs drill core re-sampling program was conducted during May 2006 to verify the precision of 

the V2O5 grades reported during the 1981 through 1987 drill campaigns. It was also used to 

provide additional data on the PGM content of the mineralization. A total of 123 quarter core 

samples from 8 drill holes (7.3% of samples) were analyzed. Check analyses were systematically 

completed at a second laboratory during the re-sampling program. 

The original analyses were done at GEOSOL and Paulo Abib Engenharia S.A. laboratories in 

Belo Horizonte, Brazil between 1981 and 1987. The 2006 duplicate sample analyses were 

conducted at SGS Minerals laboratories, both in Belo Horizonte, Brazil and Lakefield, Ontario. 

Every effort was made to use similar techniques and sample sizes in order to compare results. 

Check analyses on the 2006 duplicate samples were analyzed by Ultra Trace Analytical 

Laboratories in Perth, Australia (Ultra Trace). A total of 25 pulp samples (20%) from the 

resampling program were sent to Ultra Trace for analysis to compare against the duplicate results. 

Again, every effort was made to use similar techniques. 
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The duplicate samples sent to SGS were analyzed for the major oxides (FeO, Fe2O3, SiO2, TiO2 

and V2O5) using borate fusion XRF. The lower detection limit for V2O5, for this method, was 0.01% 

while the upper limit was 5%. Elements were reported as oxides. The samples were also analyzed 

by SGS for platinum and palladium by fire assay with an AA finish on a 50-g sample. Internal 

quality control procedures included duplicate and blank sample and certified reference material 

analysis. These data were used to check the analytical reproducibility and precision of the assays. 

Ultra Traceôs XRF method used a fusion technique, with a high-energy X-ray instrument. The 

resulting detection limits are reported to often be better than those obtained by pressed methods 

on older instruments. The lower detection limit for V2O5 was 0.01% while the Upper limit was 5%. 

A sample weight of 0.66 g was fused with 7.2 g of flux to prepare each bead. However, there are 

variations to this ratio for some matrices. Samples were fused into a glass fluxed with lithium 

borate much as described for normal fused glass beads. For ore grade materials, flux composition 

and sample / flux ratios are varied to ensure the entire sample dissolves and re-crystallization 

does not occur as the melt is cooled. 

Two comparisons of the results were conducted: 

¶ Original sample results versus SGS duplicate sample (quartered core) results; and  

¶ SGS duplicate sample (quartered core) results versus Ultra Trace check pulp sample 

results. 

In both cases, the agreement was good. Overall, there is little evidence of any systematic or 

conditional bias. The correlation coefficient between the original samples and the duplicate 

samples is 0.84 a number considered good for quarter-core field duplicate samples. Any variability 

in the sample results can be attributed to a number of conditions including differences in sample 

mass or half core versus quartered core. This is partly confirmed by the comparison of the SGS 

duplicate samples and the check sample results of the pulps from Ultra Trace where the 

correlation coefficient is 0.89. 

It is therefore concluded that the analytical reproducibility is satisfactory, and that the analytical 

accuracy is equally acceptable. Consequently, Largo chose to use the original assay data for the 

geostatistical analysis.  

Micon concurs with Largoôs decision and concluded that the data were suitable for use in the 

Mineral Resource estimate. Micon understood that Largo intended to continue sampling the core 

to get more data on PGM content. It was recommended that, while doing this, Largo continue with 

the practice of assaying for vanadium pentoxide as well. 

11.4.3 Early 2007 

In accordance with the recommendations made in Miconôs December 2006 Technical Report 

(Hennessey, 2006), Largo has continued with a program of resampling of old drill core from the 

Campbell deposit. 
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The results, which are graphed on Figure 11-6 below show generally good agreement clustered 

about the 45° black reference line, except for a clustered group of data (see red ellipse) appearing 

to fall on a flatter line of about 30° dip. Further investigation revealed that all these data points 

were from drill hole FGA-41. 

Figure 11-7 shows a similar graph with the results of hole FGA-41 removed from the analysis. 

The red fitted trend line shows agreement is extremely close with y = 0.97x and a correlation 

coefficient of 0.92. The data are clustered about the black 45° reference line. Micon concludes 

that something went awry in the analysis of this hole, a calibration or dilution issue with the 

readings taken in the laboratory. 

As a result of this analysis, it was decided that drill hole FGA-41 should be removed from the 

database and the block model re-interpolated. The resulting Mineral Resource estimate was 

essentially identical in tonnage to that published in Hennessey (2006) and the V2O5 grade 

dropped marginally from 1.37% to 1.35%, a difference of only 1.5%.  

  

Figure 11-6 ï Gulçari A Core Duplicate Sampling 

Source: Micon, 2007. 
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Figure 11-7 ï Campbell Pit Core Duplicate Sampling with Hole FGA-41 Removed 

Source: Micon, 2007. 

11.4.4 2007 Campaign 

This subsection has been reproduced in its entirety from the report titled Technical Report of 

the Feasibility Study for the Maracás Vanadium Project, Brazil, by AkerSolutions (2012), as 

fully cited in Section 27, ñReferencesò. The QP has verified the accuracy of the information 

contained herein and updated as required. 

Largoôs drill-core sampling program was conducted from April 3rd to October 30th, 2007. A quality 

assurance / quality control (QA/QC) program was conducted, to verify the precision of the V2O5, 

platinum and palladium grades reported during the drill campaign. It was also used to provide 

additional data on the PGM content of the mineralization. 

The QA/QC procedures consisted of the insertion of one of two certified reference standards, two 

field duplicate samples, and one field blank sample with each batch of samples sent to the 

laboratory. The laboratory batch size is 40 samples, of which 5 were Largo QA/QC samples. 

There were also laboratory-inserted blanks and duplicates used by SGS in accordance with its 

own QA/QC policy. 

11.4.4.1 Certified Reference Standards 

Largo had two certified reference standards made using pulps from an earlier drill program that 

sampled material from the Campbell Pit deposit. The standards consisted of both a high-grade 

(magnetitite) and lower-grade (magnetite-pyroxenite) material. The high and low standards were 

inserted at a rate of approximately one each per batch (40 samples). 
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These certified reference standards were prepared and packaged by CDN Resource Laboratories 

of Delta, B.C. Each sample was pulverized in a large rod mill, screened through a 200-mesh 

screen using an electric sieve and homogenized in a large rotating mixer. Each standard was 

sealed in plastic to prevent gravity separation and oxidation.  

Each of the standards underwent blind round robin assaying for V2O5 by five laboratories and the 

data were reviewed and certified by Barry W. Smee, Ph.D., P.Geo. (Smee & Associates 

Consulting Ltd., see Appendix 2 of Hennessey, 2007). Both standards were also analyzed for 

PGM and the high-grade magnetitite layers was found to have high enough values to potentially 

be useful as a precious metal standard. Experience with it has found that while it repeated well 

as a platinum standard, it did not perform well as a palladium standard. 

All the analytical results for the high and low standards were tracked on control charts on a 

continuous basis from April 3rd to October 30th, 2007. Each of these charts tracks the results of 

assaying of a single standard over time and plots it against the accepted value (the mean from 

the round robin assay program) and ±2 standard deviations (SD) from the mean. Staying within 

the ±2 SD lines is acceptable performance for precision and accuracy at a laboratory. 

The performance of the in-house V2O5 standards used by Largo was judged to be acceptable. 

Figure 11-8 and Figure 11-9 show the V2O5 analytical results for the high and low standard, as 

well as the platinum and palladium results for the high standard. 

  

Figure 11-8 ï Exploration High Standard V2O5 Assay Results 

Source: AkerSolutions, 2012. 
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Figure 11-9 ï 2007 Exploration High Standard V2O5 Assay Results 

Source: AkerSolutions, 2012. 

11.4.4.2 Field Blanks 

Field blanks of a known barren rock were randomly inserted at least once in every 40 samples, 

usually resulting in one sample per batch. This was done to check for cross contamination at any 

point in the sample preparation or assaying. Micon has reviewed the analytical results for the field 

blanks (Figure 11-10) and found them to be acceptable.  

  

Figure 11-10 ï 2007 Exploration Field Blank Assay Results 

Source: AkerSolutions, 2012. 
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11.4.4.3 Duplicates Samples 

Two field duplicate samples were randomly inserted in each batch. These samples are used to 

determine the precision of the assay laboratory and the degree of nugget effect introduced in 

sampling. Detailed records were kept at the core shed for all field duplicate sample locations. 

SGS also introduced sample duplicates prepared at the laboratory into the stream. These 

samples are useful in determining the analytical precision of the laboratory. 

The results of the field duplicate sampling are presented in Figure 11-11. Micon has reviewed 

these results and finds them to be acceptable and better behaved than most. 

 

Figure 11-11 ï Maracás Project ï Original vs Duplicate Analyses 

Source: AkerSolutions, 2012. 

11.4.4.4 Secondary Laboratory Checks 

Check analyses were systematically completed at a second laboratory during the drill program, 

to assess the precision and relative bias of the primary laboratory. A total of 500 pulp samples 

from 40 drill holes (9.1% of samples) were analyzed (Figure 11-12 and Figure 11-13). 

The original analyses were done at the SGS laboratory in Belo Horizonte, Brazil. The 2007 

duplicate sample analyses were conducted at ALS Chemex laboratory in Vancouver, B.C. Every 

effort was made to use similar techniques and sample sizes, to compare results. The longest 

lapse of time between the original assays at SGS and the secondary checks at ALS Chemex was 

4 months, and the shortest period was 2 months. 
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The samples sent to SGS were analyzed for the major oxides (FeO, Fe2O3, SiO2, TiO2 and V2O5) 

using borate fusion XRF. The lower detection limit for V2O5, for this method, was 0.01%, while the 

upper limit was 5%. Elements were reported as oxides. The samples were also analyzed by SGS 

for platinum and palladium by fire assay with an AA finish on a 20-g sample. Internal quality control 

procedures included duplicate and blank sample and certified reference material analysis. These 

data were used to check the analytical reproducibility and precision of the assays. 

ALS Chemexôs XRF method used a fusion technique, with a high-energy X-ray instrument. The 

lower detection limit for V2O5 was 0.01%, while the upper limit was 5%. A sample weight of 0.66 

g was fused with 7.2 g of flux to prepare each bead. Samples were fused into a glass disc using 

a lithium borate flux much as described for normal fused glass beads. The samples were also 

analyzed for platinum and palladium by fire assay with an AA finish on a 20-g sample. 

ALS Chemexôs XRF method used a fusion technique, with a high-energy X-ray instrument. The 

lower detection limit for V2O5 was 0.01%, while the upper limit was 5%. A sample weight of 0.66 

g was fused with 7.2 g of flux to prepare each bead. Samples were fused into a glass disc using 

a lithium borate flux much as described for normal fused glass beads. The samples were also 

analyzed for platinum and palladium by fire assay with an AA finish on a 20-g sample. 

Largo, therefore, concluded that the analytical reproducibility was satisfactory, and that the 

analytical accuracy is equally acceptable. Consequently, Largo chose to use the original 2007 

assay data for the geostatistical analysis. Micon supported the decision. 

  

Figure 11-12 ï Secondary Laboratory Check Assays ï V2O5 

Source: AkerSolutions, 2012. 
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Figure 11-13 ï Secondary Laboratory Check Assays ï Pt 

Source: AkerSolutions, 2012. 

11.4.4.5 AkersSolutions QA/QC Summary (2012) 

The purpose of adding a QC program to any drill program is to verify the accuracy and precision 

of the laboratoryôs results and to react immediately to any deviation at the laboratory 

demonstrated by the standards. Use of the certified reference materials in this case has meant 

that the laboratory results for the metals can be said to be reasonably accurate and precise. 

The SGS pulp duplicates from the 2007 drilling show close agreement and little bias between first 

and second assay. The correlation coefficients confirm the close agreements between the original 

and the laboratory duplicates. Largoôs field duplicates also showed good reproducibility. 

Largoôs 180 field blanks routinely returned very low values for all elements with three exceptions. 

Two samples, LML6272 and VML1682, assayed above background precious metal levels and 

V2O5 and one sample, LML6056, showed elevated V2O5 levels. 

The performance of the certified reference standards was good for the high V2O5, low V2O5 and 

platinum determinations with over and under limit palladium assays returned. The high V2O5 

results were stable and consistent and all clustered between the ±2 SD control limits. The results 

for low V2O5 standard were good with only one sample that fell outside the ± 2SD control limits. 

The high V2O5 standard is not really a precious metal standard. However, the values for platinum 

were very consistent, except for one sample and within acceptable ±2 SD limits. The palladium 

results on the other hand were variable showing no consistent drift. 
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11.4.5 RungePincockMinarco Analysis ï 2012 

Most of this subsection has been reproduced from the Technical Report titled Technical Report 

the Largo Maracás Vanadium Project, 1 million Tonnes per Year Processing Plant, Brazil 

by RungePincockMinarco (2012), as fully cited in Section 27, ñReferencesò. The QP has verified 

the accuracy of the information contained herein and updated as required. 

In 2011-2012 Coffey Mining validated Largo's QA/QC data since 2006. The program was 

implemented by Largo to complete the survey campaigns analyzed by the companies Intertek 

and SGS laboratory. The controls defined for the analysis were field white, internal standards 

(material in certification) and sample duplicates.  

The objective of the analysis was to determine the accuracy and accuracy of the values of the 

retested pairs and to monitor their relative errors. 

At the same time as the verification Largo certified two internal standards of high content and 

lower vanadium content. Table 11-5 and Table 11-6 show the certified standards and statistical 

results of the certification. 

Table 11-6 ï Internal Standard Detection Limits 

Standard Mean Mean + 2SD Mean -2 SD Mean + 3 SD Mean - 3 SD 

V2O5 High grade 2.6 2.76 2.54 2.84 2.46 

V2O5 Low grade 0.988 1.054 0.922 1.087 0.889d 

Source: RungePincockMinarco, 2012. 

Table 11-7 ï Standards and Blank QA/QC Summary Results 

Reference values  Analyzed Results  Results 

Standard / variable 
Origin 

(%) 
Min 
(%) 

Max 
(%) 

Sample 
N 

Min 
(%) 

Max 
(%) 

Mean 
(%) 

% Inside 
precision limits  

% Outside 
precision limits 

Site Project  

Blank / V2O5 0.01 0.005 0.015 199 0.001 0.18 0.008 84.422 15.578 

High Grade / V2O5 2.6 2.52 2.68 187 2.38 2.53 2.45 3.21 96.76 

Low Grade / V2O5 0.988 0.955 1.021 193 0.95 1.06 1.015 63.212 36.788 

XRF_SGS 

Blank / V2O5 0.01 0.01 0.01 173 0.005 0.05 0.007 95.954 4.046 

Source: RungePincockMinarco, 2012. 

11.4.6 Comparative Data Analysis 

The verification of Coffey (2012) consisted of comparatively analyzing all the controls made 

available by Largo in addition to analyzing remonstrate values in the core. Table 11-7 shows the 

quantity of this study. 

 The pairs of field duplicates showed that 88.78% of the analyses were within the acceptance limit 

(10%) stipulated. Another observation was that 93.82% of the pairs of pulp duplicates were within 

the same acceptance limit. On the same condition the Replicate (SGS) with 93.6%, SGS labor 

vs. Intertek labor interlaboratory check with 96.94% and SGS labor vs ALS labor interlaboratory 

check with 94.43% showed adequate correlation rates.  

Coffey Mining concluded that the patterns showed moderate to high accuracy regarding the 

interlaboratory check (SGS vs. Intertek) and the other controls were also considered adequate.  
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Table 11-8 ï QA/QC Program Summary 

Chemical Element  Sample Type  Number of Samples Analyzed 

V2O5 

Field Duplicate 196 

Duplicate (Lab SGS) 275 

Replicate (Lab SGS) 296 

Check Lab SGS vs Intertek 359 

Check Lab SGS vs ALS 305 

Source: Coffey, 2012. 

11.4.7 2021 and 2023 GE21 QA/QC Analysis 

Since 2009 Largo has implemented a QA/QC program on all drilling programs. This quality control 

allowed to check precision and accuracy of % V2O5, % TiO2 and other elements including platinum 

and palladium contents, reported in the previous Mineral Resource estimative. 

The program consisted of routinely inserting certified standards and blanks throughout the 

laboratory analysis process. The key features of the control samples are described below. 

Blank ï Until 2018 blank was unmineralized building material acquired at one specific supplier in 

Maracás city, close to the Project site. From 2018 blank samples were from pegmatites from 

Gulçari A (Campbell Pit). They are separated in bags of approximately 1 kg and the label is placed 

regarding the position in the lot. In the control sample the following characteristics are observed: 

¶ Ensure the sample does not have any other source lithology of V2O5 or TiO2. 

¶ They should be washed with running water to remove dust. 

Standard ï Internal high and low V2O5 content standards ï In 2018 Largo had Smee and 

Associates Consulting Ltd. create additional CRM samples for use in the QA/QC program. In later 

campaigns Largo used also externally certified reference material from SGS. Normally these 

samples were separated into small bags with 50g of aliquot for each. The Table 11-8 shows 

Certified Reference Material used in QA/QC internal program of Largo. 

Table 11-9 Main ï Certified Reference Material used by Largo 

Name  Responsible Company 

Certified Reference Material HCV 
SGS-GEOSOL 

Certified Reference Material LCV 

Certificate of Analysis Largo Standard 2018 HG 
SMEE & Associates Consulting Ltd 

Certificate of Analysis Largo Standard 2018 LG 

Source: GE21, 2024. 

Duplicate coarse ï Reserves of crushed material from previous campaigns were used as 

duplicate control samples in the 2020 campaign. Duplicate coarse control was discontinued as of 

the 2021 campaign. 

Pulp Duplicate ï Reserves of pulverized material from previous campaigns were used as 

duplicate control samples in the 2020 campaign. Since the 2021 campaign, duplicates have been 

made using samples from the same batch as the analysis, considering external 

recommendations. 

Since 2018 Largo have implemented QA/QC program with following controls: 
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¶ 2018 (Coffey, 2012). 

o Blank ï sample intern the chemical analysis for V2O5 and TiO2. The insertion rate of 

1 control sample per 32 samples. 

o Standards ï external and internal certified sample. The insertion rate of 1 standard 

sample per 16 samples. 

o Duplicates ï verification of laboratory precision. The insertion rate of 1 standard 

sample per 16 samples 

After 2019 normally in batch of 40 samples, at least 5 were control samples. The Intertek, ALS 

and SGS laboratory also subjected all Largo samples to its internal quality control procedure 

(standards and blanks). The QP has not checked the procedures of this control program for each 

laboratory.  

Following main control applied Largoôs QA/QC program:  

¶ 2019 

o blank sample; 

o high grade standard; 

o low grade standard. 

¶ 2020 

o blank sample; 

o high grade standard; 

o low grade standard;  

o coarse duplicate; 

o pulp duplicate.  

¶ 2021 to 2023 

o blank sample; 

o high grade standard; 

o low grade standard;  

o pulp duplicate.  

11.4.7.1 Blanks  

The Blank control samples were randomly inserted during shipment to the Laboratory throughout 

the program. This control allowed to check a point in the analysis and preparation process for 

contamination. 

In 2020, a total of 463 samples were inserted in the program with reference value of 0.001% and 

0.01% V2O5. Most of the values obtained in the analysis show the absence of % V2O5 (below 

detection limit), that is, a source of possible contamination in the analytical circuit was not found 

(Figure 11-14). 
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A total of 714 samples were inserted into 2021 to 2023 campaign. The analysis was conducted 

for all deposits together (Figure 11-15 to Figure 11-18). A source of contamination in the analytical 

circuit was not found. 

 

 



 

 
 

 

Largo Inc. / Maracás Menchen Project, GE21 Project nº 230213 OS8 / OS9 

Independent NI 43-101 Technical Report ï November, 2024 

145 

 

 

 

Figure 11-14 ï Blanks Campbell Graphic ï 2018 to 2020 

Source: GE21, 2024. 
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Figure 11-15 ï Blanks Graphics ï Laboratory: Largo ï V2O5 ï 2021 to 2023 

Source: GE21, 2024. 

 

Figure 11-16 ï Blanks Graphics ï Laboratory: Largo ï TiO2 ï 2021 to 2023 

Source: GE21, 2024. 
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Figure 11-17 ï Blanks Graphics ï Laboratory: SGS ï V2O5 ï 2021 to 2023 

Source: GE21, 2024. 

 

Figure 11-18 ï Blanks Graphics ï Laboratory: SGS ï TiO2 ï 2021 to 2023 

Source: GE21, 2024. 

The QP validated the analytical results of blanks and found them acceptable in 2018, 2019, 2020 

and 2021 to 2023 campaign. The analyses of blank prior to 2018 received by the QP did not show 

values that compromise the data for the estimative of the Mineral Resource. 
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11.4.7.2 Standard Samples 

Standard samples were also randomly inserted into program batches. These samples were used 

to determine laboratory accuracy and to measure a possible nugget effect of the samples. 

Throughout the program, four standards were used, where two had high % V2O5 values and two, 

low % V2O5 values of companies SGS and SMEE & ASSOCIATES CONSULTING LTD. 

ANALYSIS 2020 

¶ Campbell Pit: 

In total survey campaigns, 344 standards have been inserted into the sampling circuit in Campbell 

since the beginning of the exploration by Largo. The resulting bias in the control charts of high 

and low value of % V2O5 was within the acceptable limits stipulated for this type of deposit (bias 

±10%) of average V2O5. Figure 11-19 shows the comparative graphs of this control measure.  

The major difference (4.37%) is related to data prior to 2018 and to the low value standard of % 

V2O5 LCV-GEOSOL-V2015. Possibly related to calibration of the instrument at the beginning of 

chemical analyses. The inverse situation in relation to calibration occurs in the analyses of the 

2018 HG and LG standards of SMEE analyzed in 2020, showing a better adherence to the 

certified value. 
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Figure 11-19 ï Campbell Pit Standard Chart 

Source: GE21, 2024. 
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¶ GAN 

During the drilling campaigns on the GAN deposit, 364 standards were inserted into the sampling 

circuit. The resulting bias in the high and low value control charts of % V2O5 stayed also within 

the acceptable limits stipulated for this control (bias ±10%). Figure 11-20 shows the comparative 

graphs of this control measure.  

The largest difference (-7.26%) observed is related to data prior to 2018 and to the high value 

standard of % V2O5 HCV-GEOSOL-V2008 showing accurate but not certified results. Possibly 

related to instrument calibration. A continuous improvement in time calibration occurs in the 

analyses of the 2018 HG and LG standards of SMEE analyzed in 2020, showing a better 

adherence to the reference value. 
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Figure 11-20 ï Standard GAN Chart 

Source: GE21, 2024. 
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¶ NAN 

At NAN, 313 standards were inserted into the sampling circuit. The resulting bias in the high and 

low value control charts of % V2O5 were also within the acceptable limits stipulated (bias ±10%). 

Figure 11-21 shows the comparative graphs of this control measure.  

The behavior of the same standards used in Campbell and GAN showed a better adherence to 

the reference value of each certificate. The bias observed is less than 4% showing a good 

accuracy in general form in relation year of campaign and V2O5 and TiO2 content. 
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Figure 11-21 ï NAN Standard Chart 

Source: GE21, 2024. 
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The QP validated the standard samples and found them acceptable in 2018, 2019, 2020 sampling 

campaigns (Campbell Pit, GAN and NAN deposits). The analyses of standard samples prior to 

2018 received by the QP did not show values that committed the data for the estimative of the 

Mineral Resource. 

ANALYSIS 2021 to 2023 

A total of 713 control samples were entered from 2021 to 2023. Accuracy analysis was performed 

for all targets together, for the SGS and internal Largo laboratories (Figure 11-22 to Figure 11-29). 

The results were assessed as adequate, presenting a maximum relative bias of 2% in TiO2% 

analyzes in the SGS laboratory. The QP validated the standard samples and found them 

acceptable in 2021 to 2023 sampling campaigns. 

 

Figure 11-22 ï High Grade Standard Chart ï Laboratory: Largo ï V2O5 ï 2021 to 2023 

Source: GE21, 2024. 
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Figure 11-23 ï High Grade Standard Chart ï Laboratory: Largo ï TiO2 ï 2021 to 2023 

Source: GE21, 2024. 

 

Figure 11-24 ï High Grade Standard Chart ï Laboratory: SGS ï V2O5 ï 2021 to 2023 

Source: GE21, 2024. 














































































































































































































































































































































































































































































































































































































