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1 SUMMARY  

1.1 INTRODUCTION 

Sigma Lithium Corporation (Sigma) requested SGS Geological Services (SGS) to prepare an updated NI 43-101 

¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘ όǘƘŜ wŜǇƻǊǘύ ƻƴ {ƛƎƳŀΩǎ DǊƻǘŀ Řƻ /ƛǊƛƭƻ ǇǊƻƧŜŎǘ ƭƻŎŀǘŜŘ ƛƴ the state of Minas Gerais, Brazil. 

This report contains an updated Mineral Resource Estimate for the Xuxa, Barreiro, Nezinho do Chicão - Lavra do 

Meio, Maxixe, Tamboril and Murial pegmatites. 

This report contains an updated Mineral Reserve Estimate for the Xuxa, Barreiro, Nezinho do Chicão - Lavra do 

Meio, Maxixe, Tamboril and Murial pegmatites. 

Sigma Mineração S.A. (SMSA) is the Brazilian subsidiary of Sigma and is the owner of the mining rights and the 

holder of mining concessions ordinance which includes the Xuxa, Barrerio, Murial, Lavra do Meio and Nezinho do 

Chicão deposits. 

The Report supports the disclosure by Sigma in the news release dated the 31st of January and the 8th of May 2024. 

Mineral Resources and Mineral Reserves (MRMR) are reported using the 2014 Canadian Institute of Mining, 

Metallurgy and Petroleum (CIM) Definition Standards (2014 CIM Definition Standards) and adhere, as best as 

possible, to the 2019 CIM Estimation of Mineral Resources & Mineral Reserves Best Practice Guidelines (2019 CIM 

MRMR Guidelines). 

1.2 PROPERTY DESCRIPTION AND LOCATION 

The Project is in northeastern Minas Gerais State, in the municipalities of Araçuaí and Itinga, approximately 25 km 

east of the town of Araçuaí and 600 km northeast of Belo Horizonte. 

The Project is comprised of four properties held by SMSA and is divided into the Northern Complex (the Grota do 

Cirilo, Genipapo and Santa Clara properties) and the Southern Complex (the São José property). 

The Project consists of 29 mineral rights, which include mining concessions, applications for mining concessions, 

exploration permits and applications for mineral explorations authorizations, spread over 185 km2, and includes 

nine past producing lithium mines and 11 first-priority exploration targets.  Granted mining concessions are in good 

standing with the Brazilian authorities. 

Tƻ ǎǳǇǇƻǊǘ {ƛƎƳŀΩǎ ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘƛƴ ǘƘŜ DǊƻǘŀ Řƻ /ƛǊƛƭƻ ǇǊƻǇŜǊǘȅ, SMSA has entered 

into surface lease agreements with three related party companies: Arqueana, Miazga and Tatooine, as well as with 

third-party surface owners in the Project area. There are no conditions limiting the access to the land by SMSA. 

SMSA has a mining easement (Servidão Mineral) with a total of 413.3 hectares and aims to cover the areas of waste 

and tailings piles, production plant, all access roads (internal), electrical substation, installation of fueling station 

and support structures. The Servidão Mineral was published in the Official Gazette of the Federal Government. It 

contemplates the mining and processing activities of the Xuxa deposit and processing plant (ANM Process No. 

824.692/1971). 
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The Brazilian Government levies a Compensação Financeira pela Exploração de Recursos Minerais (CFEM) royalty 

of 2% on mineral production.  The Project is also subject to a third-party net smelter return (NSR) royalty of 1%. 

To the extent known to the QPs, there are no other significant factors and risks that may affect access, title, or the 

right or ability to perform work on the Project that have not been discussed in this Report. 

1.3 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND PHYSIOGRAPHY 

The Project is easily accessible from federal Highway BR-367, which runs through the northern part of the Project.  

Within the Project area, accessibility is provided by municipal roads. A municipal airport services the town of 

Araçuaí for private flights. The closest major domestic airports are located at the municipality of Vitória da 

Conquista, 273 km east of the Project and at the municipality of Montes Claros, 329 km west of the Project. 

The project area has a Central Brazil Tropical climate, ranging from semi-arid to semi-humid, with more significant 

rainfall during the summer months and average temperatures consistently above 20°C throughout the year.  

Mining operations and exploration are usually conducted year-round, but can be interrupted by short-term rainfall 

events. 

Mining operations have been previously conducted in the Project area.  Existing infrastructure includes power 

supply and substation, an extensive office block equipped with internet and telephones, dining hall and kitchen, 

workshop, on-site laboratory and sample storage building, warehouse and a large store, a fuel storage facility with 

pumping equipment, and a water pumping facility from the Jequitinhonha River with its reservoir.  The main 138 

kV transmission line from the Irape hydro power station runs through the northern part of the Project area.  The 

towns of Araçuaí and Itinga can supply certain services.  Other services may be sourced from Belo Horizonte or São 

Paulo. 

The project is located within the Jequitinhonha Depression, a geomorphological unit shaped predominantly by the 

erosive activity of the Jequitinhonha River and its tributaries. These watercourses have incised through the schists 

of the Salinas Formation and other surrounding rock types, resulting in a landscape evolution characterized by a 

flattened relief with gently sloping, convex hillsides, broad, rounded hilltops, and fluvial plains composed of sandy 

and clayey sediments derived from the erosion of upstream source areas. 

1.4 HISTORY  

9ȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ƳƛƴƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ǇǊƛƻǊ ǘƻ {ƛƎƳŀΩǎ ǇǊƻƧŜŎǘ ƛƴǘŜǊŜǎǘ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ōȅ /ƻƳǇŀƴƘƛŀ 9ǎǘŀƴƜŦŜǊŀ Řƻ 

Brazil (CEBRAS), Arqueana Minérios e Metais (Arqueana), Tanex Resources plc (Tanex; a subsidiary of Sons of 

Gwalia Ltd (Sons of Gwalia)), and RI-X Mineração S.A. (RI-X).  CEBRAS produced a tin/tantalite concentrate from 

open pit mines from 1957 to the 1980s.  Arqueana operated small open pit mines from the 1980s to the 2000s, 

exploiting pegmatite and alluvial gravel material for tin and tantalite.  Tanex Resources obtained a project interest 

from Arqueana, and undertook channel sampling, air-track, and reverse circulation (RC) drilling.  The Project was 

subsequently returned to Arqueana.  In 2012, RI-X obtained a controlling interest in Arqueana, and formed a new 

subsidiary company to Arqueana called Araçuaí Mineração whose name was later changed to SMSA.  SMSA 

completed mapping, data compilation, a ground magnetic survey, channel sampling, and HQ core drilling.  A heavy 

mineral separation (HMS) pilot plant was built during 2014ς2015.  Lithium-specific mining activities were 

conducted over at least five deposits in the Northern Complex, and four deposits in the Southern Complex. 
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In 2017 Sigma purchased a dense media separation (DMS) unit to produce a 5.5% Li2O lithium oxide concentrate.  

Sigma has completed ground reconnaissance, satellite image interpretation, geological mapping, channel and chip 

sampling, trenching, core drilling, Mineral Resource and Mineral Reserve estimation, and a feasibility study.  Sigma 

initially focused on a geological assessment of available field data to prioritize the 200 known pegmatites that 

occur on the various properties for future evaluation.  A ranking table that highlighted pegmatite volume, 

mineralogy and Li2O and Ta2O5 grade was established.  Within the more prospective areas, Sigma concentrated its 

activities on detailed geological and mineralogical mapping of historically mined pegmatites, in particular, on the 

larger pegmatites. 

Sigma began mining in the Xuxa open pit in April 2023 and, as of December 2024, {ƛƎƳŀΩǎ production volume 

totaled 342.7kt of lithium oxide concentrate.  At the end of 2024, Sigma began procurement for the 

commencement of Phase 2 construction. 

1.5 GEOLOGICAL SETTING AND MINERALIZATION 

The pegmatites in the Project area are classified as lithiumςcesiumςtantalum or LCT types. The Project area lies in 

the Eastern Brazilian Pegmatite Province (EBP) that encompasses a very large region of about 150,000 km2, 

stretching from the state of Bahia to Rio de Janeiro state. 

The pegmatite swarm is associated with the Neoproterozoic Araçuaí orogeny and has been divided into two main 

types: anatectic (directly formed from the partial melting of the country rock) or residual pegmatite (fluid rich 

silicate melts resulting from the fractional crystallization of a parent magma).  The pegmatites in the Project area 

are interpreted to be residual pegmatites and are further classified as LCT types. 

Pegmatite bodies are typically hosted in a grey biotiteςquartz schist and form bodies that are generally concordant 

with the schist foliation but can also cross-cut foliation. The dikes are sub-horizontal to shallow-dipping sheeted 

tabular bodies, typically ranging in thickness from a few metres up to 40 m or more, and display a discontinuous, 

thin, fine-grained chilled margin.  Typical pegmatite mineralogy consists of microcline, quartz, spodumene, albite 

and muscovite.  Spodumene typically comprises about 28ς30% of the dike, microcline and albite around 30ς35%, 

and white micas about 5ς7%.  Locally, feldspar and spodumenes crystals can reach as much as 10ς20 cm in length.  

Tantalite, columbite and cassiterite can occur in association with albite and quartz.  The primary lithium-bearing 

minerals are spodumene and petalite.  Spodumene can theoretically contain as much as 3.73% Li, equivalent to 

8.03% Li2O, whereas petalite, can contain as much as 2.09% lithium, equivalent to 4.50% Li2O. 

Features of the pegmatites where mineral resources have been estimated include: 

¶ Xuxa:   

foliation concordant, strikes northwestςsoutheast, dips to the southeast at 40º to 45º, and is not zoned.  The 

strike length is 1,700 m, averages 12ς13 m in thickness and has been drill tested to    259 m in depth.  Xuxa 

remains open to the west, east, and at depth. 

¶ Barreiro:   

foliation discordant, strikes northeastςsouthwest, dips to the southeast at 30º to 35º, and is slightly zoned with 

a distinct spodumene zone as well as an albite zone.  The pegmatite is about 600 m long (strike), 30ς35 m 

wide, and 800 m along the dip direction.  Barreiro remains open to the northeast and at depth. 

¶ Murial:   

foliation discordant, strikes northςsouth, and has a variable westerly dip, ranging from 25º to 75º.  The strike 

length is about 750 m, with a thickness of 15ς20 m, and the down-dip dimension is  200 m.  The pegmatite is 
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zoned with a spodumene-rich intermediate zone and a central zone that contains both spodumene and 

petalite.  The southern section of the pegmatite has lower lithium tenors than the norther portion of the dike.  

Murial remains open to the west, east, and at depth. 

¶ Lavra do Meio:   

foliation concordant, strikes northςsouth, dips 75ºς80º to the east.  The strike length is 300 m with an average 

thickness of 12ς15 m and a down-dip distance of 250 m.  The pegmatite is zoned and contains both spodumene 

and petalite and remains open at depth. 

¶ Nezinho do Chicão: 

The pegmatite body strikes nearly north-south (020º) and dips at 40-75º to the southeast.  The dike is about 

1,600 m long, 200 m down-dip and 20-30 m thick.  It remains open to the north, south and at depth. The NDC 

pegmatite is a high-grade mix of spodumene and petalite with a variable ratio depending on the thickness of 

the zone. 

1.6 EXPLORATION 

The development of the Project started in the second quarter of 2012, focusing on a geological assessment of 

available field data to prioritize the 200 known pegmatites that occur on the various properties for future 

evaluation. A ranking table that highlighted pegmatite volume, mineralogy and Li2O and Ta2O5 grade was 

established.   

Within the more prospective areas, Sigma concentrated its activities on detailed geological and mineralogical 

mapping of historically mined pegmatites, in particular, on the larger pegmatites, Xuxa and Barreiro.  These dikes 

were channel sampled and subsequently assessed for their lithium, tantalum and cassiterite potential.  This work 

was followed by bulk sampling, drilling and metallurgical test work. In the southern complex area, Sigma geologists 

have visited sites of historical workings, and undertaken reconnaissance mapping and sampling activities.  The 

Lavra Grande, Samambaia, Ananias, Lavra do Ramom and Lavra Antiga pegmatites were mined for spodumene and 

heavy minerals, and in some cases gem-quality crystals were targeted.  These pegmatites are considered to 

warrant additional work. 

1.7 DRILLING 

Drilling completed by Sigma as of the 18th January 2024 across the Project area consists of 647 core holes totalling 

131,982 m.  To date, this drilling has concentrated on the Grota do Cirilo pegmatites.  Drilling was completed using 

HQ core size (63.5 mm core diameter) in order to recover enough material for metallurgical testing.  Drill spacing 

is variable by pegmatite, but typically was at 50 m with wider spacing at the edges of the drill pattern.  Drill 

orientations were tailored as practicable to the strike and dip of the individual pegmatites.  The drill hole intercepts 

range in thickness from approximately 85ς95% of true width to near true width of the mineralization.   

All core was photographed.  Drill hole collars were picked up in the field using a Real Time Kinematic (RTK) global 

positioning system (GPS) instrument with an average accuracy of 0.01 cm.  All drill holes were down-hole surveyed 

by Sigma personnel using the Reflex EZ-Track and Reflex Gyro instruments.  Calibrations of tools were completed 

every year since 2017. 

Sampling intervals were determined by the geologist, marked and tagged based on lithology and mineralization 

observations.  The typical sampling length was 1 m but varied according to lithological contacts between the 
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mineralized pegmatite and the host rock.  In general, 1-2 m host rock samples were collected from each side that 

contacts the pegmatite. 

Sigma conducted HQ drilling programs in 2014, 2017, 2018, 2020, 2021, 2022 and 2023 on selected pegmatite 

targets.  The drill programs have used industry-standard protocols that include core logging, core photography, 

core recovery measurements, and collar and downhole survey measurements.   

There are no drilling, sampling or recovery factors that could materially impact the accuracy and reliability of the 

results in any of the drill campaigns.  

Drill results from Grota do Cirilo property support the Mineral Resource and Mineral Reserve (MRMR) estimates. 

1.8 SAMPLE PREPARATION, ANALYSES AND SECURITY 

The protocols used by SMSA for core handling, logging and sampling are considered to represent acceptable 

industry standards. 

SMSA use commercial laboratories for their sample analysis. The laboratories used are ISO/IEC 17025 accredited 

and all laboratories used are independent of SMSA. 

SMSA has a robust quality assurance quality control (QAQC) program utilising standards, blanks, coarse duplicates, 

pulp duplicates and check assays. The QAQC program has been reviewed by SGS and found to be acceptable by 

industry standards. 

Overall, the QP is confident that the system is appropriate for the collection of data suitable for a Mineral Resource 

estimate and can support Mineral Reserve estimates and mine planning. 

1.9 DATA VERIFICATION 

SGS conducted site visits in 2017, 2018, 2021, 2022, 2023 and 2024, During those visits, the QP reviewed the 

exploration methods used by SMSA, the field conditions, the position of the drill hole collars, the core storage and 

logging facilities and the different exploration targets. 

SGS has validated the drillhole database, the QAQC program and core sampling control and chain of custody. SGS 

is of the opinion that these databases and systems are acceptable by industry standards. 

In 2017 SGS conducted a witness sampling campaign to validate the assays within the drillhole database. The 

results showed the difference in grade between the original samples and the witness samples was not statistically 

significant. 

Following the data verification process and QA/QC review, the QP is of the opinion that the sample preparation, 

analysis and QA/QC protocol used by SMSA for the Project follow generally accepted industry standards and that 

the Project data is of a sufficient quality.   

1.10 MINERAL PROCESSING AND METALLURGICAL TESTING  

1.10.1 Xuxa 

Drill core samples from the Xuxa deposit were processed at the SGS Lakefield facility in 2018 and 2022, samples 

from the Barreiro deposit were tested between November 2020 and May 2021, and samples from the Nezinho do 
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Chicão deposit in 2022.  Work conducted on the Xuxa deposit samples included comminution, heavy liquid 

separation (HLS), REFLUXϰ classifier, dense media separation (DMS) and magnetic separation. The Barreiro deposit 

test work program included sample characterization, grindability testing, HLS and DMS metallurgical test work. 

The Nezinho do Chicão deposit test work program included sample characterization, mineralogical analyses, HLS, 

DMS, and magnetic separation. Xuxa 

Drill core samples were selected and combined into six variability (Var) samples for a test work program comprising 

of mineralogical analyses, grindability, HLS, REFLUXϰ classifier, DMS, and magnetic separation testing.  Flowsheets 

for lithium beneficiation were developed in conjunction with the test work.  The goal was to produce lithium oxide 

concentrate grading a minimum 6% Li2O and maximum 1% Fe2O3 while maximizing lithium recovery. 

Four HLS tests, at four crush sizes (15.9 mm, 12.5 mm, 9.5 mm, and 6.3 mm) were carried out on each of the six 

variability samples to evaluate the recovery.  The 9.5 mm crush size was selected as the optimum crush size for 

DMS test work, as it resulted in the highest lithium recovery with minimal fines generation. 

The DMS variability samples were each crushed to -9.5 mm and screened into four size fractions: coarse (-9.5 

mm/+6.3 mm), fines (-6.3 mm/+1.7 mm), ultrafines (-1.7 mm/+0.5 mm) and hypofines (-0.5 mm).  The coarse, fines 

and ultrafines fractions of each variability sample were processed separately for lithium beneficiation. The 

REFLUXϰ classifier (RC) test work was carried out with a RC-100 unit for mica rejection from the fines and ultrafines 

fractions only.  This test work was conducted ŀǘ C[{ƳƛŘǘƘΩǎ aƛƴŜǊŀƭǎ ¢ŜǎǘƛƴƎ ŀƴŘ wŜǎŜŀǊŎƘ /ŜƴǘŜǊ ƛƴ ¦ǘŀƘΣ ¦{!Φ 

The coarse, fines and ultrafines RC underflow streams of each variability sample were processed separately 

through DMS. The DMS concentrate from each fraction underwent dry magnetic separation at 10,000 gauss. 

The DMS test work flowsheet for the coarse and fines fractions included two passes through the DMS; the first at 

a lower specific gravity (SG) cut-point (~2.65) to reject silicate gangue and the second pass at a higher SG cut-point 

(ca. ~2.90) to generate lithium oxide concentrate.  The coarse DMS middlings were re-crushed to -3.3 mm and a 

two stage HLS test was conducted.  The ultrafines DMS test work flowsheet included both a single pass and a 

double pass DMS circuit at a high SG cut-point (~2.90) to generate lithium oxide concentrate. 

The DMS test results demonstrated the ability to produce lithium oxide concentrate with >6% Li2O in most of the 

tests. Based on the test work results, a lithium recovery of 60.4% was selected for plant design. 

1.10.2 Barreiro 

Four variability and one composite sample were tested for Barreiro, with the goals of the program to provide 

preliminary process information on the metallurgical performance of mineralized material from the Barreiro 

deposit.  The test work program was developed based on the flowsheet developed for the Xuxa deposit.  The aim 

of the test work program was to produce chemical grade lithium oxide concentrate (>6% Li2O) with low iron 

content (<1% Fe2O3), while maximizing lithium recovery. 

Two sets of HLS tests were undertaken. The first set was conducted using the Composite to test optimal crush size 

(i.e., top size of 15.9 mm, 12.5 mm, 10.0 mm, and 6.3 mm).  HLS tests were then performed on each variability 

sample at the optimum crush size. The fine fraction (i.e., -0.5 mm) was screened out from each sub-sample and 

the oversize fraction was submitted for HLS testing. A crush size of -10 mm was determined to be optimal and 

variability HLS testing was undertaken at this crush size. Interpolated stage recoveries (6% Li2O concentrate) for 

the four variability samples ranged from 56.0% to 77.3%. 
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In all four variability samples, HLS tests produced >6% Li2O lithium oxide concentrate with low iron content (<1.0% 

Fe2O3). 

Pilot-scale DMS test work was operated on the composite sample. Dry magnetic separation was undertaken on 

the DMS feed. DMS test work results showed combined lithium oxide concentrate grade of 6.11% Li2O and stage 

recovery of 59.5% for a global recovery of 50.9%. 

1.10.3 Nezinho do Chicão 

Three variability samples and one composite sample were tested for Nezinho do Chicão (NDC), with the goal of the 

program to provide process information on the metallurgical performance of mineralized material from the NDC 

deposit.  The test work program was developed based on the flowsheet developed for the Barreiro deposit.  The 

aim of the test work program was to produce chemical grade lithium oxide concentrate (>5.5% Li2O) with low iron 

content (<1% Fe2O3), while maximizing lithium recovery. 

HLS tests were undertaken across four different crush sizes (i.e., top size of 15.9 mm, 12.5 mm, 9.5 mm, and 6.3 

mm) to determine the optimum crush size, for each ore (high grade, medium grade and low grade). The fine 

fraction (i.e., -0.5 mm) was screened out from each sub-sample and the oversize fraction was submitted for HLS 

testing. A crush size of -9.5mm was determined to be optimal and variability HLS testing was undertaken at this 

crush size. Interpolated stage recoveries (5.5% Li2O concentrate) for the three variability samples ranged from 

58.7% to 61.4%, and the master composite a nominal 57.8%, for the 9.5mm crushed process step 1.54% Li2O head 

grade. 

Pilot-scale DMS test work was operated on the composite sample. Dry magnetic separation was undertaken on 

the DMS feed. DMS test work results showed combined lithium oxide concentrate grade with petalite 5.50% Li2O 

and stage recovery of 58.7% for a global recovery of 50.6%. 

1.10.4 Lavra do Meio, Maxixe and Tamboril Test Work 

Four combined variability samples were tested for Lavra do Meio, Maxixe and Tamboril, with the goal of the 

program to provide process information on the metallurgical performance of mineralized material from the 

deposits.  The test work program was developed based on the flowsheet developed for the NDC deposit.  The aim 

of the test work program was to produce chemical grade lithium oxide concentrate (>5.5% Li2O) with low iron 

content (<1% Fe2O3), while maximizing lithium recovery. 

HLS tests were undertaken across four different crush sizes, namely 9.5mm to 6.35mm, 6.35mm to 4.00mm, 

4.00mm to 1.7mm and 1.7mm to 0.5mm to determine the optimum crush size, for each sample (high grade, 

medium grade, low grade and high schist).  

The material from Lavra do Meio, Maxixe and Tamboril displayed a high content of petalite, between 40.3% in the 

medium grade sample to 59% in the low grade sample. The DMS test work showed an overall average concentrate 

of 5.2% spodumene at a recovery of 33.9% and an average petalite concentrate of 2.87% with a recovery of 15.5%, 

for a total average recovery of 49.4% Li2O. 

The concentrate had a high Fe2O3 content, which was determined to be the result of biotite from the schist 

reporting to the lithium oxide concentrate. 
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1.10.5 Murial Test Work 

Four combined variability samples were tested for Murial, namely a high grade, medium grade, low grade and high 

schist sample. The aim of the test work was to produce chemical grade lithium oxide concentrate (>5.5% Li2O) with 

low iron content (<1% Fe2O3), while maximizing lithium recovery. 

HLS tests were undertaken across four different crush sizes, namely 9.5mm to 6.35mm, 6.35mm to 4.00mm, 

4.00mm to 1.7mm and 1.7mm to 0.5mm to determine the optimum crush size, for each sample. 

The Murial samples displayed a negligible petalite content and the DMS test work produced a Li2O concentrate of 

5.3% with an average recovery of 49.2% Li2O. The iron content was within acceptable limits below 1% Fe2O3. 

1.11 MINERAL RESOURCE ESTIMATES 

Mineral Resources for the Grota do Cirilo project were estimated using a computerised resource block model.  

Three-dimensional wireframe solids of the mineralisation were defined using drill hole Li2O analytical data. 

Data were composited to 1 m composite lengths, based on the northςsouth width of the block size defined for the 

resource block model.  Compositing starts at the schist-pegmatite contact.  No capping was applied on the 

analytical composite data.  The Xuxa model used a 5 m x 3 m x 5 m block size and while the Barreiro, Murial, Lavra 

do Meio, Nezinho do Chicão, Maxixe, Tamboril and Elvira models used a 5 m x 5 m x 5 m block.  Average densities 

were applied to blocks, which varied by pegmatite, from 2.65 t/m3 at Lavra do Meio to 2.71 t/m3 at Barreiro. 

Variography was undertaken for Xuxa, Barreiro, NDC and Murial models and the projection and Z-axis rescaling 

were done according to the mineralization orientation. 

The grade interpolation for the Xuxa, Barreiro, NDC and Murial resource block models were completed using 

ordinary kriging (OK).  The Lavra do Meio, Maxixe, Tamboril and Elvira models were estimated using an inverse 

distance weighting to the second power (ID2) methodology.  The interpolation process was conducted using three 

successive passes with more inclusive search conditions from the first pass to the next until most blocks were 

interpolated. 

For the 2025 MRE the resources for NDC, Tamboril, Maxixe and LDM are presented in a single table, as they are 

constrained in a single pit for the purposes of estimating reasonable prospects for eventual economic extraction. 

The estimates and models were validated by statistically comparing block model grades to the assay and composite 

grades, and by comparing block values to the composite values located inside the interpolated blocks.  The 

estimates were considered reasonable. 

Mineral Resources are classified into Measured, Indicated and Inferred categories.  The Mineral Resource 

classification is based on the density of analytical information, the grade variability and spatial continuity of 

mineralization.   

Conceptual economic parameters were used to assess the reasonable prospects of eventual economic extraction.  

A series of economic parameters were estimated to represent the production cost and economic prospectivity of 

an open pit and underground mining operation in Brazil and came either from SGS Canada or SMSA.  These 

parameters are believed to be sufficient to include all block models in future open pit and underground mine 

planning. 
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The combined mineral resource estimate for the Grota do Cirilo project is reported in Table 1-1, while the individual 

MREs for the different pegmatites are reported in Table 1-2 to Table 1-6 using a 0.3% Li2O cut-off for open pit and 

a 1.0% Li2O cutoff for underground. The Mineral Resource estimates are constrained by the topography and are 

based on the conceptual economic parameters.  All Mineral Resource Estimates have an effective date of the 15th 

January 2025.  The QP for the estimates is Mr. Marc-Antoine Laporte, P.Geo., an SGS employee. 

Table 1-1: Grota do Cirilo Complete Mineral Resource Estimate 15th January 2025 

     

Cut-off Grade Li2O 
(%) 

Category 
Tonnage 

(Mt) 
Average Grade Li2O 

(%) 
LCE (Kt) 

0.3 (Pit) 1.0 (UG) Measured 45.8 1.39 1,575 

0.3 (Pit) 1.0 (UG) Indicated 47.4 1.40 1,643 

  
Measured + 
Indicated 

93.2 1.40 3,222 

0.3 (Pit) 1.0 (UG) Inferred 13.7 1.36 459 

 

Notes to accompany Mineral Resource tables: 

1. Mineral Resources have an effective date of the 15th January, 2025 and have been classified using the 2014 CIM Definition Standards.  The Qualified 

Person for the estimate is Mr. Marc-Antoine Laporte, P.Geo., an SGS employee. 

2. All Resources are presented undiluted and in situ, constrained by continuous 3D wireframe models, and are considered to have reasonable 

prospects for eventual economic extraction. 

3. Mineral Resources are reported assuming open pit mining methods, and the following assumptions:  lithium concentrate (6% Li2O) price of 

US$800/t, mining costs of US$2.2/t for mineralization and waste, crushing and processing costs of US$10.7/t, general and administrative (G&A) 

costs of US$4/t, concentrate recovery of 60%, 2% royalty payment, pit slope angles of 55º, and an overall cut-off grade of 0.3% Li2O. 

4. Tonnages and grades have been rounded in accordance with reporting guidelines.  Totals may not sum due to rounding.  

5. Mineral resources which are not mineral reserves do not have demonstrated economic viability. An Inferred Mineral Resource has a lower level 

of confidence than that applying to a Measured and Indicated Mineral Resource and must not be converted to a Mineral Reserve. It is reasonably 

expected that the majority of Inferred Mineral Resources could be upgraded to Indicated Mineral Resources with continued exploration.  

6. ¢ƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ Ǉƛǘ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀǊŜ ǳǎŜŘ ǎƻƭŜƭȅ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘŜǎǘƛƴƎ ǘƘŜ άǊŜŀǎƻƴŀōƭŜ ǇǊƻǎǇŜŎǘǎ ŦƻǊ ŜŎƻƴƻƳƛŎ ŜȄǘǊŀŎǘƛƻƴέ ōȅ ŀƴ ƻǇŜƴ Ǉƛǘ 

and do not represent an attempt to estimate mineral reserves. The results are used as a guide to assist in the preparation of a Mineral Resource 

statement and to select an appropriate resource reporting cut-off grade.  

7. The estimate of Mineral Resources may be materially affected by environmental, permitting, legal, title, taxation, socio-political, marketing, or 

other relevant issues. 
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Table 1-2: NDC Deposit Mineral Resource Estimate 

CUT-OFF GRADE  
LI2O (%) CATEGORY 

TONNES 
(MT) 

AVERAGE  
GRADE LI2O  

(%) 

CONTAINED 
LCE (KT) 

0.3 Measured 5.4 1.35 180 

0.3 Indicated 32.9 1.42 1,155 

0.3 Measured + Indicated 38.3 1.41 1,335 

0.3 Inferred 2.4 1.16 69 

Table 1-3: Murial Deposit Mineral Resource Estimate 

CUT-OFF 
GRADE  
LI2O (%) 

METHOD CATEGORY 
TONNAGE 

(MT) 

AVERAGE  
GRADE 

LI2O  
(%) 

LCE (KT) 

0.3 Open Pit Measured 10.7 1.26 333 

0.3 Open Pit Indicated 1.6 1.06 42 

1.0 UG Measured 1.8 1.51 67 

1.0 UG Indicated 0.5 1.50 19 

  Measured + 
Indicated 

14.6 1.28 466 

0.3 Open Pit Inferred 1.5 1.31 49 

1.0 UG Inferred 0.6 1.45 22 

  Inferred 2.1 1.35 71 

 

 

Table 1-4: Xuxa Deposit Mineral Resource Estimate 

CUT-OFF 
GRADE  
LI2O (%) 

METHOD CATEGORY 
TONNAGE 

(MT) 

AVERAGE  
GRADE 

LI2O  
(%) 

LCE (KT) 

0.3 Open Pit Measured 8.2 1.59 322 

0.3 Open Pit Indicated 3.8 1.55 146 

1.0 UG Measured 0.2 1.35 7 

1.0 UG Indicated 2.5 1.41 87 

  Measured + 
Indicated 

14.7 1.55 562 
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CUT-OFF 
GRADE  
LI2O (%) 

METHOD CATEGORY 
TONNAGE 

(MT) 

AVERAGE  
GRADE 

LI2O  
(%) 

LCE (KT) 

0.3 Open Pit Inferred 1.5 1.63 60 

1.0 UG Inferred 1.8 1.57 70 

  Inferred 3.3 1.60 130 

 

Table 1-5: Barreiro Deposit Mineral Resource Estimate 

CUT-OFF GRADE  
LI2O (%) CATEGORY 

TONNAGE 
(T) 

AVERAGE  
GRADE LI2O  

(%) 
LCE (KT) 

0.3 Measured 19.5 1.38 665 

0.3 Indicated 6.1 1.29 195 

0.3 Measured + Indicated 25.6 1.36 861 

0.3 Inferred 3.8 1.38 130 

 
Table 1-6: Elvira Deposit Mineral Resource Estimate 

CUT-OFF  
GRADE LI2O 

(%) 
CATEGORY TONNAGE 

(MT) 

AVERAGE  
GRADE LI2O 

(%) 
LCE (KT) 

0.3 Measured -  - - 

0.3 Indicated - - - 

0.3 Measured + Indicated - - - 

0.3 Inferred 2.1 1.16 60.2 

 

Factors that can affect Grota do Cirilo Mineral Resource estimates include but are not limited to: 

¶ Changes to the modelling method or approach. 

¶ Changes to geotechnical assumptions, in particular, the pit slope angles. 

¶ Changes to any of the social, political, economic, permitting, and environmental assumptions considered 

when evaluating reasonable prospects for eventual economic extraction. 

¶ Mineral Resource estimates can also be affected by the market value of lithium and lithium compounds. 
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1.12 MINERAL RESERVE ESTIMATES 

The combined mineral reserve estimate for the Grota do Cirilo project is reported in Table 1-7, while the individual 

reserves for the different pegmatites are reported in Table 1-8 to Table 1-12. 

Table 1-7: Sigma Consolidated Mineral Reserves Grota do Cirilo Project 

Sigma Consolidated Mineral Reserve  

Classification Tonnage (Mt) Li2O(%) LCE(Kt) 

Proven 39.9 1.33 1,314 

Probable 36.4 1.28 1,157 

Total 76.4 1.29 2,434 

 

Notes to accompany Mineral Resource table 

1. Mineral Reserves were estimated using Geovia Whittle 4.3 software and following the economic parameters listed below: 

2. Sale price for Lithium concentrate at 5.5% Li2O = US$1,150/t concentrate FOB mine gate. 

3. Exchange rate US$1.00 = R$5.00. 

4. Mining costs: US$2.20/t/US$50 mined. 

5. Processing costs: US$10.70/t ore milled. 

6. G&A: US$4.00/t ROM (run of mine). 

7. Mineral Reserves are the economic portion of the Measured and Indicated Mineral Resources. 

8. 97% Mine Recovery 

9. Final slope angles based on geotechnical considerations presented in Section 16. 

10. Strip ratios based on individual mining parameters 

11. The Qualified Person for the estimate is William van Breugel, P.Eng., an SGS associate 
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Table 1-8: Xuxa Mineral Reserves 

Sigma Xuxa Mineral Reserves 

Classification Method Tonnage (Mt) Li2O(%) LCE(Kt) 

Proven Open Pit 7.9 1.55 303 

Proven UG 1.3 1.15 37 

Probable Open Pit 3.2 1.55 123 

Total  12.4 1.51 462 

 

Table 1-9: Barreiro Mineral Reserves 

Sigma Barreiro Mineral Reserves 

Classification Tonnage (Mt) Li2O(%) LCE(Kt) 

Proven 16.9 1.38 577 

Probable 4.8 1.29 153 

Total 21.8 1.36 730 

 
Table 1-10: NDC-LDM Mineral Reserves 

Sigma NDC-LDM Reserves  
Classification Tonnage (Mt) Li2O(%) LCE(Kt)* 

Proven 4.8 1.29 153 

Probable 27.1 1.27 851 

Total 31.9 1.27 1,002 

 

Table 1-11: Murial Mineral Reserves 

Sigma Murial Reserves  

Classification Tonnage (Mt) Li2O(%) LCE(Kt)* 

Proven 9.0 1.10 245 

Probable 1.2 0.87 26 

Total 10.2 1.07 270 

 

1.13 MINING METHODS 

1.13.1 Xuxa 

Xuxa is an operating mine and commenced production in April 2023. It is currently operating as an open pit mine, 
with a mine life of eight years, with an underground component adding a further six years to the mine life. 

1.13.2 Barreiro 

The mine layout and operation are based on the following criteria: 

¶ A single open pit on the Barreiro pegmatite 

¶ Low height mineralized material benches to reduce mine dilution and maximize mine recovery 
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¶ Pre-splitting of the mineralized material to reduce mine dilution 

¶ Elevated inter-ramp angles for the waste to reduce strip ratio 

The basis for the scheduling includes: 

¶ Pit wall pre-stripping the pit to liberate mineralized material 

¶ Pit push-backs in years 4 to 6 to expand and allow deepening of the pit 

¶ Mining at a rate of 1.80 Mtpa 

¶ The planned open pit mine life is 12 years 

¶ The mining fleet is based on road trucks operated by a mining contractor. 

1.13.3 Nezinho do Chicão ς Lavra do Meio 

The mine layout and operation are based on the following criteria: 

¶ One large pit encompassing the north and south NDC pegmatite bodies and the LDM pegmatite 

¶ Low height mineralized material benches to reduce mine dilution and maximize mine recovery 

¶ Pit wall pre-splitting of the mineralized material to reduce mine dilution 

¶ Elevated inter-ramp angles for the waste to reduce strip ratio 

 

The basis for the scheduling includes: 

¶ Mining at a rate of 1.80 Mtpa 

¶ The planned open pit mine life is 16 years 

¶ The mining fleet is based on road trucks operated by a mining contractor. 

1.13.4 Murial 

The mine layout and operation are based on the following criteria: 

¶ A single open pit on the Murial pegmatites 

¶ Low height mineralized material benches to reduce mine dilution and maximize mine recovery 

¶ Pre-splitting of the mineralized material to reduce mine dilution 

¶ Elevated inter-ramp angles for the waste to reduce strip ratio 

 

The basis for the scheduling includes: 

¶ Pit wall pre-stripping the pit to liberate mineralized material 

¶ Mining at a rate of 1.80 Mtpa 

¶ The planned open pit mine life is 6 years 

¶ The mining fleet is based on road trucks operated by a mining contractor. 

1.14 RECOVERY METHODS 

1.14.1 Processing Plant Description 

The Xuxa concentrator is situated approximately 1.5 km northeast of the Xuxa open-pits.  The lithium oxide 

concentrate is produced by Dense Medium Separation (DMS). The DMS plant is designed based on Xuxa design 
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parameters and will produce a lithium oxide concentrate with a target grade of 5.3% Li2O. The Xuxa plant 

throughput capacity is based on 1.8 Mtpa (dry) of ore fed to the crushing circuit. 

A second DMS concentrator will be constructed to process the Barreiro ore (Phase 2). This plant will produce a 

lithium oxide concentrate with a target grade of 5.3% Li2O from an average ore grade of 1.36% Li2O (diluted).  The 

Barreiro plant throughput capacity is based on 1.85 Mtpa (dry) of ore fed to the crushing circuit. 

Phase 3 involves the construction of a third DMS concentrator. The standalone NDC plant would be a duplicate of 

the Barreiro design, with a plant capacity based on 1.85 Mtpa (dry) of ore fed to the crushing circuit and an average 

ore grade of 1.45% Li2O (diluted). The combined plant throughput capacity is 3.9 Mtpa (dry) of ore fed to a 

dedicated crushing circuit from both the Barreiro and NDC ore bodies. The plant is designed to produce a combined 

spodumene and petalite concentrate of 5.3% Li2O. 

1.14.2 Design Criteria and Utilities Requirements 

The power consumption of the processing plant is 2.5 MW. 

The raw water consumption is approximately 38 m³/hr, with an additional make-up raw water requirement to 

process water as needed.  

The process water is recycled within the plant using a thickener, where all fines slurry streams are directed and 

recovered.  This water is pumped to the process water tank and recycled to the circuits as needed.  

Consumables will include reagents and operational consumables for the crushing circuit and the DMS plant. 

Reagents will include ferrosilicon with a consumption rate of 280 g/t primary DMS feed and 960 g/t ultrafines DMS 

feed. and flocculant (Magnafloc 10 or equivalent) at a consumption rate of 30 g/t and coagulant 800 g/t, DMS feed. 

In the crushing circuit, consumables will include liners for all the crushers and the screen panels.  In the DMS plant, 

maintenance items will be necessary for cyclones, pumps, screens and belt filters. 

1.15 PROJECT INFRASTRUCTURE   

1.15.1 Buildings, Roads, Fuel Storage, Power Supply and Water Supply 

The Phase 1 plant site and Xuxa mine pits, located approximately 4 km from the main highway, are accessible via 

an existing municipal road off Highway BR367. This road has been widened to a width of 8 m. The municipal 

authorities have built a new road to bypass the plant, providing access to local communities. 

To access the NDC-LDM & Murial Deposits, the same road access to Barreiro will be used with an approximate 

distance of 10 km from the processing plant at Xuxa. A 7.8 km long bypass road will be built at the Murial and LDC-

LDM proposed waste dump to allow access to local communities/property owners. 

The plant and mine services areas have administrative buildings such as offices, changeroom, cafeteria, concierge, 

clinic, fire emergency services and operation support facilities such as workshops and warehouses. 

Fuel is delivered to the site under a contracted supply arrangement. The diesel is stored in an overhead tank with 

a capacity of 15m³, situated within a concrete containment bunded area. 
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CEMIG, a state power company, supplies power. The power is supplied from an existing 138 kV overhead 

transmission line. This line supplies a new CEMIG substation (intersection substation), which serves as the main 

source of power for the adjacent Sigma substation. 

Sigma has been granted an allocation of 150 m³/hr for all months of the year by the Agencia Nacional das Águas 

(ANA) for a period of 10 years. The water is drawn from the Jequitinhonha River by two floating pumps, one in 

operation and one on standby, to the water treatment plant. 

1.15.2 Waste Rock and Tailings Disposal and Stockpiles 

At Xuxa, waste rock is stored in five waste piles in the vicinity of the Xuxa pits. Geotechnical studies determined an 

optimal bench height of 20 m, with a face angle of 38°. The access ramps are 12 m wide, with a maximum gradient 

of 10%.  

Table 1-12 shows the capacities of the Xuxa waste piles. 

Table 1-12 ς Xuxa Waste Pile Storage  

5ŜǎƛƎƴŜŘ tƛƭŜ ±ƻƭǳƳŜ 
όaƳшύ 

!ǊŜŀ 
όƘŀύ 

tƛƭŜ м пΦп мсΦур 

tƛƭŜ н уΦр ноΦло 

tƛƭŜ о мΦу уΦфф 

tƛƭŜ п нрΦр рлΦсн 

tƛƭŜ р мΦо уΦп 

¢h¢![ пмΦр млтΦуф 

 

The Barreiro waste will be stored in a single waste pile close to the Barreiro pit. The waste pile parameters are the 

same as the Xuxa parameters ς a 20 m bench height, 38° face angle, 12 m access ramp and a maximum gradient 

of 10%. 

Table 1-13 show the capacity of the Barreiro waste pile. 

Table 1-13: Barreiro Waste Pile Storage 

Waste Pile Value 

Volume (Mm3) 110.9 

Area (ha) 122.7 

Maximum height (m) 220 

 

The NDC waste will be stored in a single waste stockpile adjacent to the NDC pit. The waste pile parameters are 

the same as those for Xuxa and Barreiro, namely a 20 m bench height, 38° face angle, 12 m access ramp and a 

maximum gradient of 10%. 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 17 
    

SGS Canada Inc. 

Table 1-14 show the capacity of the NDC-LDM & Murial waste pile. 

Table 1-14: NDC-LDM & Murial Waste Pile Capacity and Surface Area 

Waste Pile Value 

Volume (Mm3)  

NDC-LDM 243.3 

Murial 170 

Total 413.3 

Area (ha)  

NDC-LDM 194.87 

Murial 136.9 

Maximum height (m) 225 

 

The tailings stockpile will be fed by a radial stacker from the process plant. The tailings will then be loaded into 

mine trucks by front end loaders and transported to a tailings pile for storage. 

1.15.3 Control Systems and Communication 

A process control system (PCS) including a main plant supervisory control and data acquisition (SCADA) system has 

been installed for monitoring and control purposes. 

The telecommunications network consists of the telecommunications network and internet services, local area 

network (LAN), Wi-Fi access points, access control systems, and CCTV surveillance system. 

1.16 MARKET STUDIES AND CONTRACTS 

The key information contained in the market study regarding lithium demand, supply and price forecasts are 

summarized from a variety of sources, including recently published industry studies and Benchmark Mineral 

Intelligence forecasts (2024). 

1.16.1 Demand and Consumption 

Driven by structural changes in the automotive industry, particularly the growing transition to electric vehicles 

(EVs), the demand for lithium has surged dramatically over the past decade. The primary factors driving this 

demand growth beyond 2024 will be continued expansion of electric vehicle production and rise of battery storage 

systems.  

According to Benchmark Mineral Intelligence, global lithium demand is projected to reach 2.6 million tonnes of 

lithium carbonate equivalent (Mt LCE) by 2030, marking a substantial increase of approximately 1.6 Mt from 2024 

levels. By 2040, global lithium demand is expected to reach 5.3 Mt. This growth is primarily driven by battery 

demand for electric vehicles and other energy storage solutions. In 2024, batteries were expected to account for 
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about 86% of total lithium demand, and this share is forecast to rise to over 94% by 2035, as demand from other 

industrial sectors declines. 

Benchmark Mineral Intelligence forecasts that global electric vehicle (EV) penetration will grow from 12.6% in 2024 

to 75% by 2040, driven by a combination of pure electric, hybrid, and plug-in hybrid vehicles. Whereas lithium-ion 

battery demand from stationary storage applications is forecast to accelerate with an average 12% CAGR from 

2025-2030. 

1.16.2 Supply 

Currently, lithium supply is dominated by Australia, South America, and China, with the majority of lithium 

materials being sourced from hard rock deposits in Australia, China, and Brazil, and brine deposits in Chile, 

Argentina, and China. Most lithium sourced from hard rock deposits undergoes chemical conversion in China, while 

brine conversion is predominantly carried out in South America. While 81% of global supply came from Australia, 

China, and Chile in 2023, Benchmark Mineral Intelligence projects their combined share will drop to 46%, signaling 

a trend towards increasing geographical diversification of lithium supply. 

In the long term, Benchmark Mineral Intelligence has revised its mining forecasts to 2.4 Mt LCE by 2030, with 

supply growth expected to remain relatively flat through 2040. This forecast includes expansions from existing 

mines as well as new entrants developing pre-production projects. 

1.16.3 Price Forecast 

Lithium prices have pulled back from recent highs in the market, as discussed above. Short term pricing (2025 to 

2030) indicates a measured rise in prices from 2024 lows, up to a peak of $36,000 per tonne in 2030, then pulling 

back to a long-term average of $29,000 for 2034 and beyond. 

Long term tight market supply combined with rapidly improving demand for lithium chemicals is expected to put 

continued strong upward pressure on prices. 

1.16.4 Contracts 

1.16.4.1 Operational Contracts 

SMSA maintains an ongoing agreement with Fagundes Construção e Mineração S.A. to provide mining services 

ŘǳǊƛƴƎ {a{!Ωǎ ƻǇŜǊŀǘƛƻƴŀƭ ǇƘŀǎŜΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǎǳǇǇƭȅ ƻŦ ŀƭƭ ƴŜŎŜǎǎŀǊȅ ŜǉǳƛǇƳŜƴǘ ŦƻǊ ǘƘŜǎŜ ǎŜǊǾƛŎŜǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ 

SMSA has an agreement with IBQ Indústrias Químicas S.A. for the supply and handling of explosives used in SMSA's 

mining operations. 

{a{! Ƙŀǎ ŀŎǘƛǾŜ ŀƎǊŜŜƳŜƴǘǎ ǿƛǘƘ Dт [ƻƎ ¢ǊŀƴǎǇƻǊǘŜǎ [ǘŘŀΦ ŀƴŘ 5ΩDǊŀƴŜƭ ¢ǊŀƴǎǇƻǊǘŜǎ Ŝ /ƻƳŞǊŎƛƻ [ǘŘŀΦ  ŦƻǊ ǘƘŜ 

transportation of goods to the ports and with Multilift Logística Ltda. for storage and port handling services. 

SMSA has an ongoing agreement that regulates the connection of the facilities of {a{!Ωǎ consumption unit to the 

ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ ƻǇŜǊŀǘŜŘ ōȅ /ƻƳǇŀƴƘƛŀ 9ƴŜǊƎŞǘƛŎŀ ŘŜ aƛƴŀǎ DŜǊŀƛǎ όά/9aLDέύ ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ǘƘƛǎ ŘƛǎǘǊƛōǳǘƛƻƴ 

system by the Company at the contracted voltage of 138kV. 

1.16.4.2 Construction contracts 

At the end of 2024, SMSA began procurement for the commencement of Phase 2 construction.  
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As of February 2025, SMSA has already signed a Technical and Engineering Services Agreement with DRA Chile 

SpA. for the preparation of the early earthworks project and the parties are currently negotiating the terms and 

conditions of an EPCM Agreement for the processing plant expansion as part or Phase 2. 

SMSA has also signed a letter of intent with the engineering firm FX Minas Construções e Empreendimentos Ltda. 

for the development and execution of the earthworks project to be prepared by DRA for Phase 2.  

Lƴ 5ŜŎŜƳōŜǊ нлнпΣ {a{!Ωǎ tǊƻŎǳǊŜƳŜƴǘ ¢ŜŀƳ ƛƴƛǘƛŀǘŜŘ ƴŜƎƻǘƛŀǘƛƻƴǎ ǘƻ ǇǳǊŎƘŀǎŜ ƭƻƴƎ-lead items necessary for the 

Phase 2 Project. These agreements are currently in the final stages of closing. 

1.17 ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL OR COMMUNITY IMPACT 

 

1.17.1 Applicable Legal Requirements for Project Environmental Permitting 

CONAMA Resolution N° 237 (1997) defines environmental licensing as an administrative procedure by which the 

competent environmental agency permits the locating, installation, expansion and operation of enterprises and 

activities that use environmental resources in a manner considered to be effectively or potentially polluting. 

The licensing process in Minas Gerais has been developed in accordance with COPAM Regulatory Deliberation N° 

217, dated December 6, 2017, and establishes classification criteria based on scale and polluting potential, as well 

as the locational criteria used to define the modalities of environmental licensing of ventures and activities that 

use environmental resources in the state of Minas Gerais. 

In compliance with CONAMA Resolution 09/90, the environmental licensing of mining projects is always subject to 

an Environmental Impact Study (EIS), followed by an Environmental Impact Report (EIR), which supports the 

technical and environmental feasibility stage of the project and the granting of a Preliminary Licence (LP), a 

concurrent Preliminary and Installation License (LP + LI), and/or a concurrent Preliminary, Installation and 

Operational License (LP + LI + LO). 

1.17.2 Permitting 

COPAM granted an Operation License (LO) to SMSA for commercial production and sale in March 2023 for the 

·ǳȄŀΩǎ tƛǘ Ім όbƻǊǘƘ tƛǘύ ŀƴŘ ƛƴ !ǇǊƛƭ нлно ŦƻǊ ǘƘŜ ·ǳȄŀΩǎ tƛǘ Ін ό{ƻǳǘƘ tƛǘύΦ  

On January 31, 2024, Conselho Estadual de Política Ambiental (COPAM) granted Sigma a permit to increase the 

ǇǊƻŎŜǎǎƛƴƎ ǇƭŀƴǘΩǎ ǇǊƻŘǳŎǘƛƻƴΦ 

On December 21, 2024, CMI granted the environmental license for the Barreiro mine and waste piles. 

SMSA holds approved economic mining plans (Plano de Aproveitamento Econômico or PAE) over the Xuxa, 

Barreiro, Lavra do Meio, Murial, Maxixe and Nezinho do Chicão deposits within the Grota do Cirilo project.  

SMSA has been granted a permit for 150 m³/hr of water from the Jequitinhonha River for all months of the year 

by the Agencia Nacional das Águas (ANA) for a period of 10 years, which is expected to be sufficient for the life-of 

mine (LOM) requirements for mining and product processing from Xuxa. 
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SMSA is the owner of the mining rights registered under DNPM Nº 824.692/1971, and the holder of Mining 

Concession Ordinance Nº 1.366, published on October 19, 1984. In 2018 a PAE was registered with the National 

Mining Agency (ANM), which was approved on November 16, 2018. 

1.17.3 Land Access 

Sigma entered into right-of-way agreements with Miazga and third-party surface rights owners of the Project, to 

carry out mining activities on its properties.  These farms include Legal Reserves (LR) which are preserved and 

registered in the Sistema Nacional de Cadastro Ambiental Rural (SICAR), in accordance with Law Nº 12.651, dated 

May 25, 2012. 

SMSA has a mining easement (Servidão Mineral) with a total of 413.3 hectares and aims to cover the areas of waste 

and tailings piles, production plant, all access roads (internal), electrical substation, installation of fueling station 

and support structures. The Servidão Mineral was published in the Official Gazette of the Federal Government. It 

contemplates the mining and processing activities of the Xuxa deposit (ANM Process No. 824.692/1971). 

1.17.4 Social License Considerations 

Sigma understands and accepts the importance of proactive community relations as an overriding principle in its 

day-to-day operations as well as future development planning.  The company therefore structures its community 

relations activities to consider the concerns of the local people and endeavors to communicate and demonstrate 

its commitment in terms that can be best appreciated and understood to maintain the social license to operate. 

The Jequitinhonha valley is considered one of the poorest region in Minas Gerais which is plighted by poverty and 

is in the lowest quartile the Human Development Index (HDI).  Sigma is one of the largest investors and operators 

in the area  and the project will be transformational to the local communities.  The largest direct economic benefit 

is that Sigma is subject to a 2% CFEM which is divided between the Federal Government, State Government and 

Local Government. Secondly a portion of the taxes on local procurement of goods and services is shared with the 

Local Government. These incomes from the royalty and tax are a most important source of funding for local 

Government and Sigma is the largest direct contributor in the region. Sigma is the largest employer in the region 

with 1,550 direct jobs and approximately 20,000 indirect jobs created. 

Farming in the area is small-scale subsistence type as the area is semi-arid.  Sigma operation causes minimal impact 

on the neighbouring farms of Grota do Cirilo properties.  Sigma and contractor workforce lives in the cities of 

Araçuaí and Itinga and strict environmental management plans are in place to minimize the environmental 

footprint of the project.  An example is 90% of the process water is re-circulated and there is zero run-off water 

from the site except during the wet season, when run-off water is discharged in an overflow channel. The process 

uses dry stacking technology, and no slimes dam was built.  Regular environmental monitoring is conducted, and 

results are shared with the local communities.  

Sigma has targeted and continues with consultations/engagements with numerous stakeholders in support of 

project development of the Project and has hosted visits from representatives of government departments and 

local institutions. 

1.17.5 Rehabilitation, Closure Planning and Post-Closure Monitoring 

The closure plan for the Grota do Cirilo property encompasses the following: dismantling of building and 

infrastructure, removal of heavy mobile and surface equipment, restoration by reconstituting vegetal cover of the 
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soil and the establishment of the native vegetation, grading and capping with vegetation suppression layer and 

revegetation of the waste rock and overburden stockpiles, removal of suppressed vegetation along with slope 

cover and surface drainage for water management, fencing of site, environmental liability assessment studies 

where there may have been spillages and soil and water contamination and safe disposal, revegetation of the open 

pit berm areas and fencing around the open pits. 

In the post-closure phase, a socioenvironmental and geotechnical monitoring program will be carried out, to 

support ecosystem restoration or preparation for the proposed future use. 

The monitoring program will collect soil and diversity of species on an annual basis, continuing for a five-year 

period after mine closure. 

1.17.6 NDC Environmental Work to Date 

The environmental licensing process for NDC began in December 2022 and was filed on August 10, 2023, with the 

presentation of technical studies for the production of 1,700,000 t/year for open pit mining and 182.2 ha for waste 

piles. 

1.18 CAPITAL AND OPERATING COSTS 

1.18.1 Basis of Estimate  

The capital and operating cost estimates for the expansion of the Grota do Cirilo Project, Phases 2 and 3, have 

been developed based on industry benchmarks, supplier quotations, and internal engineering studies.  

Contingencies have been applied according to the level of definition of each scope item and risk profile. All costs 

are expressed in US dollars and reflect Q1 2025 pricing. 

1.18.2 Capital Cost Summary 

Capital cost estimates have been prepared in detail for Phase 2 and Phase 3, supported by vendor quotes and 

internal engineering. These cost estimates have been informed by the actual capital and operating expenditures 

incurred during the construction and commissioning of Phase 1.  

The breakdown provided below includes key functional areas: 
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Table 1-1515: Phase 1, 2 & 3 Capex 

 

 

1.19 ECONOMIC ANALYSIS 

1.19.1 Economic Assumptions 

Three levels of economic analyses were undertaken for the Project, contemplating the mining of the Mineral 

Reserves of: 

¶ the Xuxa deposit (Phase 1) 

¶ the Barreiro deposit (Phase 2) 

¶ the NDC deposit (Phase 3) 

The economic analyses contemplate the production of lithium oxide concentrate (SC) at grades of 5.3% Li2O, in line 

with the current lithium market conditions. 

The economic analyses were undertaken on a 100% equity basis and were developed using the discounted cash 

flow method based on the data and assumptions detailed in this report for revenue, capital expenditure (Capex) 

and operating cost (OPEX) estimates. An exchange rate of 5.60 BRL per US$ was used to convert particular 

components of the cost estimates into US$. No provisions were made for the effects of inflation and the base 

currency was considered on a constant 2025 US$ basis. Exploration costs are deemed outside of the Project and 

any additional Project study costs have not been included in the analyses. 

The base case scenario after-tax net present value (NPV) results are detailed in Table 1-16 below. The discount 

rate assumed for the after-tax NPVs is 8%. 

Capex Phase 1 Phase 2 Phase 3

US$ 000's US$ 000's US$ 000's

Automation/Digitalization 1,571.4                   1,509.1                   1,509.1                   

Contingency -                           4,581.6                   4,581.6                   

Crushing system - Primary/Secondary/ Scalping 18,669.7                 19,095.2                 19,095.2                 

DMS System 29,769.9                 28,323.9                 28,323.9                 

DMS System / Recrushing -                           -                           -                           

Infrastructure 16,600.0                 15,780.9                 15,780.9                 

Management 32,545.7                 20,981.0                 20,981.0                 

Mine general 5,259.3                   -                           -                           

Mine infrastructure general 2,078.0                   -                           -                           

Opex & ESG During Construction -                           -                           -                           

Sewage & Water Treatment 3,615.4                   1,644.7                   1,644.7                   

Substation System 8,051.4                   911.8                       911.8                       

Tailings Dry Stacking 4,900.7                   5,438.9                   5,438.9                   

Water Recycling 3,259.2                   2,968.6                   2,968.6                   

Total 126,320.7              101,235.8              101,235.8              
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Table 1-16 ς Base Case After-Tax NPVs 

MODELLED CASE UNIT @ 5.3% LI2O SC 

Phase 1 US$ M $1,389 

Phase 2 US$ M $1,885 

Phase 3 US$ M $2,456 

Phase 1, 2 & 3 US$ M $5,730 

 

! ǎŜƴǎƛǘƛǾƛǘȅ ŀƴŀƭȅǎƛǎ ǊŜǾŜŀƭǎ ǘƘŀǘ ǘƘŜ tǊƻƧŜŎǘΩǎ Ǿƛŀōƛƭƛǘȅ ǿƛƭƭ ƴƻǘ ōŜ significantly vulnerable to variations in capital 

expenditures, within the margins of error associated with the estimates for Phase 1, Phase 2 and Phase 3, 

ǊŜǎǇŜŎǘƛǾŜƭȅΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ tǊƻƧŜŎǘΩǎ ŜŎƻƴƻƳƛŎ ǊŜǘǳǊƴǎ ǊŜƳŀƛƴ Ƴƻǎǘ ǎŜƴǎƛǘƛǾŜ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ǎǇƻŘǳƳene prices, 

feedstock grades and recovery rates. 

Phase 1, Phase 2 and Phase 3 were evaluated on a pre- and after-tax basis. It must be noted that there are many 

potential complex factors that affect the taxation of a mining project. The taxes, depletion, and depreciation 

calculations in the economic analyses are simplified and only intended to give a general indication of the potential 

tax implications at the project level. 

Sudene is a government agency tasked with stimulating economic development in specific geographies of Brazil. 

The project is installed in a Sudene-covered geographic area, where a tax incentive granted to the project indicates 

a 75% reduction of income tax for 10 years, after achieving at least 20% of its production capacity. The considered 

Brazilian income tax rate is 15.25%, which represents the Sudene tax benefit applied to the Brazilian maximum 

corporate tax of 34% on taxable income (25% income tax plus 9% social contribution). For Phase 2 & 3, the Sudene 

tax incentive is expected to be renewed after the 10th anniversary of achieving at least 20% of their production 

capacities. 

The Project is expected to be exempt from all importation taxes for products where there is no similar item 

produced in Brazil (Ex-Tarifário). Assembled equipment where some but not all individual components are 

produced in Brazil can be considered exempt from import taxes under these terms. 

The Project royalties will include:  

¶ A 2.0% CFEM royalty on mining operations, paid to the Brazilian Government. The CFEM royalty amount is 

split between the Federal Government of Brazil (12%), State Government of Minas Gerais (23%), and 

Municipal Government of Araçuaí (65%). 

¶ A 1.0% NSR royalty with permissible deductions from gross spodumene revenue including the CFEM 

royalty, any commercial discounts, transportation costs and taxes, paid to a third-party.   

1.19.2 Phase 1 Economic Analysis 

The Phase 1 economic analysis is based on an twelve-ȅŜŀǊ ƻǇŜǊŀǘƛƻƴ ǎƻǳǊŎƛƴƎ ŦŜŜŘǎǘƻŎƪ ƻǊŜ ŦǊƻƳ ǘƘŜ ·ǳȄŀ ŘŜǇƻǎƛǘΩǎ 

Mineral Reserve of 12.3 Mt grading at 1.52% Li2O. Phase 1 is expected to generate run-rate production of 270 ktpa 

of lithium concentrate, delivering an average US$220 million of annual free cash flow, at a 5.3% Li2O SC grade. 

The base case scenario results are detailed in Table 1-17 below. 
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Table 1-17: Phase 1 Base Case Scenario Results 

ITEM UNIT @ 5.3% LI2O SC 

After-Tax NPV @ 8% US$ M $1,389 

The key technical assumptions used in the base case are highlighted below in Table 1-18. 

Table 1-18: Key Phase 1 Technical Assumptions 

ITEM UNIT @ 5.3% LI2O SC 

Total Ore Processed (ROM)  Mt 12.3 

Annual ROM Ore Processed  Mt 1.1 

Average Run-Rate SC Production  Ktpa 298.5 

Run-Rate LCE Production  Ktpa 39.1 

Average Strip Ratio Ratio 14.4 

Average Li2O Grade % 1.52% 

DMS Cyclone Recovery % 70.0% 

Lithium Oxide Concentrate Grade % Li2O 5.3% 

Operating Life Years 12 Years 

Cash Cost at Plant Gate (C1) US$/t SC 318.0 

Transportation Costs (CIF China) US$/t SC 90.0 

Cash Cost at Asia Port CIF (C3) & Royalties US$/t SC 443.3 

All in Sustaining Cost US$/t SC 525.0 

Mine Costs US$/t Material Mined 2.2 

Plant Costs US$/t ROM 21.1 

G&A Costs US$/t ROM 22.94 

Note 1: tonnage based on direct conversion to LCE excluding conversion rate.  
Note 2: Values in this table may not match other values in this report due to rounding of averages  

Tables above illustrate the after-tax cash flow and cumulative cash flow profiles of Phase 1 under the base case 

scenario. The intersection of the after-tax cumulative cash flow with the horizontal zero line represents the 

payback period of the Capex to production.  

As highlighted, the total gross revenue derived from the sale of lithium oxide concentrate is estimated at US$3.7 

billion, an average revenue of US$1,607/t 5.3% SC with total operating costs (including royalty payments and 

commercial discounts) of US$0.9 billion at an average cost of US$410/t 5.3% SC. The resulting after-tax earnings 

margin (gross revenue less realization, operating costs and taxes) was estimated at US$2.2 billion. 

1.19.3 Phase 2 Economic Analysis 

The Phase 2 economic analysis is based on a twelve-year operation sourcing feedstock ore from the Barreiro 

ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ 24.7 Mt grading at 1.36% Li2O. Phase 2 is expected to generate run-rate production 

of 270 ktpa of lithium concentrate, delivering an average US$290 million of annual free cash flow, at a 5.3% Li2O 

SC grade. 
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The base case scenario results are detailed in Table 1-19 below. 

Table 1-19: Phase 2 Base Case Scenario Results 

ITEM UNIT @ 5.3% LI2O SC 

After-Tax NPV @ 8% US$ M $1,885 

After-Tax IRR @ 8% % 154% 

 

The key technical assumptions used in the base case are highlighted below in Table 1-20. 

Table 1-20: Key Phase 2 Technical Assumptions 

ITEM UNIT @ 5.3% LI2O SC 

Total Ore Processed (ROM)  Mt 21.8 

Annual ROM Ore Processed  Mt 1.8 

Average Run-Rate SC Production  Ktpa 297.6 

Run-Rate LCE Production  Ktpa 39.0 

Average Strip Ratio Ratio 9.4 

Average Li2O Grade % 1.36% 

DMS Cyclone Recovery % 70.0% 

Lithium Oxide Concentrate Grade % Li2O 5.3% 

Operating Life Years 12 Years 

Cash Cost at Plant Gate (C1) US$/t SC 318.0 

Transportation Costs (CIF China) US$/t SC 90.0 

Cash Cost at Asia Port CIF (C3) & Royalties US$/t SC 446.7 

All in Sustaining Cost US$/t SC 515.8 

Mine Costs US$/t Material Mined 3.2 

Plant Costs US$/t ROM 18.7 

G&A Costs US$/t ROM 22.5 

Note 1: tonnage based on direct conversion to LCE excluding conversion rate 

Tables above illustrate the after-tax cash flow and cumulative cash flow profiles of Phase 2 under the base case 

scenario. The intersection of the after-tax cumulative cash flow with the horizontal zero line represents the 

payback period of the Capex to production.  

As highlighted, the total gross revenue derived from the sale of lithium oxide concentrate is estimated at US$6.1 

billion, an average revenue of US$1,713/t 5.3% SC with total operating costs (including royalty payments and 

commercial discounts) of US$1.8 billion at an average cost of US$497/t 5.3% SC. The resulting after-tax earnings 

margin (gross revenue less realization, operating costs and taxes) was estimated at US$3.4 billion. 
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This robust cash flow profile compares to an estimated Capex of US$101.2 million (as of March 2025) which 

includes the DMS plant, non-ǇǊƻŎŜǎǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ƻǿƴŜǊΩǎ ŎƻǎǘΦ ¢ƘŜ ŜǎǘƛƳŀǘŜŘ ǎǳǎǘŀƛƴƛƴƎ ŀƴŘ ƳƛƴŜ ŎƭƻǎǳǊŜ 

costs are approximately US$10 million. 

1.19.4 Phase 3 Economic Analysis 

The Phase 3 economic analysis is based on a twelve-year operation sourcing feedstock ore from the NDC  ŘŜǇƻǎƛǘΩǎ 

Mineral Reserve of 42.2 Mt grading at 1.26% Li2O. Phase 3 is expected to generate run-rate production of 270 ktpa 

of lithium concentrate, delivering an average US$290 million of annual free cash flow, at a 5.3% Li2O SC grade. 

The base case scenario results are detailed in Table 1-21 below. 

Table 1-21: Phase 3 Base Case Scenario Results 

ITEM UNIT @ 5.3% LI2O SC 

After-Tax NPV @ 8% US$ M $2,456 

After-Tax IRR @ 8% % 160% 

 

The key technical assumptions used in the base case are highlighted below in Table 1-22. 

Table 1-1: Key Phase 3 Technical Assumptions 

ITEM UNIT @ 5.3% LI2O SC 

Total Ore Processed (ROM)  Mt 42.2 

Annual ROM Ore Processed  Mt 2.0 

Average Run-Rate SC Production  Ktpa 324.0 

Run-Rate LCE Production  Ktpa 42.5 

Average Strip Ratio Ratio 16.4 

Average Li2O Grade % 1.26% 

DMS Cyclone Recovery % 70.0% 

Lithium Oxide Concentrate Grade % Li2O 5.3% 

Operating Life Years 21 Years 

Cash Cost at Plant Gate (C1) US$/t SC 318.0 

Transportation Costs (CIF China) US$/t SC 90.0 

Cash Cost at Asia Port CIF (C3) & Royalties US$/t SC 446.7 

All in Sustaining Cost US$/t SC 541.9 

Mine Costs US$/t Material Mined 2.0 

Plant Costs US$/t ROM 18.5 

G&A Costs US$/t ROM 29.3 

Note 1: tonnage based on direct conversion to LCE excluding conversion rate 
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Tables above illustrate the after-tax cash flow and cumulative cash flow profiles of Phase 3 under the base case 

scenario. The intersection of the after-tax cumulative cash flow with the horizontal zero line represents the 

payback period of the Capex to production.  

As highlighted, the total gross revenue derived from the sale of lithium oxide concentrate is estimated at US$11.6 

billion, an average revenue of US$1,701/t 5.3% SC with total operating costs (including royalty payments and 

commercial discounts) of US$3.0 billion at an average cost of US$437/t 5.3% SC. The resulting after-tax earnings 

margin (gross revenue less realization, operating costs and taxes) was estimated at US$7.0 billion. 

This robust cash flow profile compares to an estimated Capex of US$101.2 million (as of March 2025) which 

includes the DMS plant, non-ǇǊƻŎŜǎǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ƻǿƴŜǊΩǎ ŎƻǎǘΦ ¢ƘŜ ŜǎǘƛƳŀǘŜŘ ǎǳǎǘŀƛƴƛƴƎ ŀƴŘ ƳƛƴŜ ŎƭƻǎǳǊŜ 

costs are approximately US$10 million.  

1.19.5 Phase 1, 2 & 3 Economic Analysis 

The Phase 1, 2 & 3 economic analysis is based on a 22-year operation sourcing feedstock ore from the Xuxa 

ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ 12.3 Mt grading at 1.52% Li2hΣ .ŀǊǊŜƛǊƻ ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ нмΦ7 Mt grading 

at 1.36% Li2h ŀƴŘ ǘƘŜ b5/ ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ 42.2 Mt grading at 1.26% Li2O. Phase 1, 2 & 3 is expected 

to generate run-rate production of up to 766 ktpa of lithium concentrate, delivering US$600 million of annual free 

cash flow, at a 5.3% SC grade. 

The base case scenario results are detailed in Table 1-23 below. 

Table 1-23: Phase 1, 2 & 3 Base Case Scenario Results 

ITEM UNIT @ 5.3% LI2O SC 

After-Tax NPV @ 8% US$ M $5,731 

 

The key technical assumptions used in the base case are highlighted below in Table 1-24. 

Table 1-24: Key Phase 1, 2 & 3 Technical Assumptions 

ITEM UNIT @ 5.3% LI2O SC 

Total Ore Processed (ROM) Mt 76.1 

Annual ROM Ore Processed Mt 3.3 

Run-Rate SC Production ktpa 895.3 

Run-Rate LCE Production (Note 1) ktpa 117.3 

Phase 1 Strip Ratio t 14.4 

Phase 2 Strip Ratio ratio 9.4 

Phase 3 Strip Ratio ratio 16.4 

Phase 1 Average Li2O Grade % 1.52% 

Phase 2 Average Li2O Grade % 1.36% 

Phase 3 Average Li2O Grade % 1.26% 
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ITEM UNIT @ 5.3% LI2O SC 

Plant 1 Yield  % 17.5% 

Plant 2 Yield  % 17.5% 

Plant 3 Yield  % 17.5% 

Lithium Oxide Concentrate Grade % Li2O 5.3% 

Operating Life years 23 

Cash Cost at Plant Gate (C1) US$/t SC 318.0 

Transportation Costs (CIF China) US$/t SC 90.0 

Cash Cost at Asia Port CIF (C3) & Royalties US$/t SC 443.3 

All in Sustaining Cost US$/t SC 525.0 

Mine Costs US$/t SC 204.0 

Processing Costs US$/t ROM 19.3 

G&A Costs US$/t ROM 22.0 

Note 1: tonnage based on direct conversion to LCE excluding conversion rate 

Tables above illustrate the after-tax cash flow and cumulative cash flow profile of Phase 1, 2 & 3 under the base 

case scenario. The intersection of the after-tax cumulative cash flow with the horizontal zero line represents the 

payback period of the Capex to production.  

As highlighted, the total gross revenue derived from the sale of lithium oxide concentrate is estimated at US$21.3 

billion, an average revenue of US$1,688/t 5.3% SC with total operating costs (including royalty payments and 

commercial discounts) of US$5.5 billion at an average cost of US$434/t 5.3% SC. The resulting after-tax earnings 

margin (gross revenue less realization, operating costs and taxes) was estimated at US$12.8 billion. 

 

1.20 INTERPRETATION AND CONCLUSIONS 

Mineral Resources are reported for eight pegmatite bodies, Xuxa, Barreiro, Murial, Lavra do Meio, Nezinho do 

Chicão, Maxixe, Tamboril and Elvira.  Mineral Reserves are reported for the Xuxa, Barreiro, NDC-LDM and Murial 

deposits.   

1.20.1 Risk Assessment 

Risk assessment sessions were conducted individually and collectively by all parties.  

Most aspects of the project are well defined.  The risks are grouped by licensing, cost (CAPEX and OPEX), schedule, 

operations, markets, and social/environmental categories.  One of the most significant risks identified for the 

Project is related to lithium markets. 

The following risks are highlighted for the project: 

¶ Lithium market sale price and demand (commercial trends) 

¶ Fluctuations in the exchange rate and inflation 
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¶ Labour strikes at the Port and at site (construction and operation) 

¶ Tax exemptions and import not confirmed 

¶ Increased demands from the local community once in operation  

¶ The production rate and size of the pit may impose challenges for operations 

1.20.2 Opportunities 

The following opportunities are identified for the Grota do Cirilo Project: 

¶ Sales of hypofines as DSO 

¶ Recovery of Li2O from petalite  

¶ Sale of plant rejects to the ceramics industry 

¶ Potential upgrading of some or all of the Inferred Mineral Resources to higher-confidence categories 
and eventually conversion to Mineral Reserves  

¶ Potential for future underground mining at both Phase 1 and Phase 2 projects. 

¶ 9ȄŎƘŀƴƎŜ ǊŀǘŜ Ƴŀȅ ǿƻǊƪ ƛƴ ǘƘŜ tǊƻƧŜŎǘΩǎ ŦŀǾƻǳǊΦ 
 

1.21 RECOMMENDATIONS 

The following summarizes the recommendations from this report.   

1.21.1 Geology and Resources  

The QPs recommend that additional exploration drilling be conducted to the west and northwest of Barreiro to 

potentially increase resources. The overall cost for the drill program is estimated to be US$3M. 

It is recommended that a geotechnical study of the Murial deposit be undertaken to provide more detailed 

information for the Murial mineral reserve and mine design. 
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2 INTRODUCTION  

Sigma requested SGS Geological Services (SGS) to prepare an updated NI 43-101 Technical Report (the Report) on 

{ƛƎƳŀΩǎ DǊƻǘŀ Řƻ /ƛǊƛƭƻ ǇǊƻƧŜŎǘ ƭƻŎŀǘŜŘ ƛƴ aƛƴŀǎ DŜǊŀƛǎ {ǘŀǘŜΣ .ǊŀȊƛƭΦ 

This report contains an updated Mineral Resource Estimate for the Nezinho do Chicão, Lavra do Meio and Murial 

pegmatites and the maiden Mineral Resource Estimate for the Maxixe, Tamboril and Elvira pegmatites. 

There has been no change in the Mineral reserves or financial analysis from previous reports. 

SMSA is the Brazilian subsidiary of Sigma and is the owner of the mining rights and the holder of mining concessions 

ordinance which includes the Xuxa, Barreiro, Murial, Lavra do Meio and Nezinho do Chicão deposits. 

Mineral Resources and Mineral Reserves (MRMR) are reported using the 2014 Canadian Institute of Mining, 

Metallurgy and Petroleum (CIM) Definition Standards (2014 CIM Definition Standards) and adhere, as best as 

possible, to the 2019 CIM Estimation of Mineral Resources & Mineral Reserves Best Practice Guidelines (2019 CIM 

MRMR Guidelines). 

 

Figure 2-1: Project Location  

2.1 TERMS OF REFERENCE  

Mineral Resources are reported for eight pegmatite bodies, Xuxa, Barreiro, Nezinho do Chicão, Murial, Lavra do 

Meio, Maxixe, Tamboril and Elvira.  Mineral Reserves are reported for the Xuxa, Barreiro and Nezinho do Chicão 

deposits.  A feasibility study has been conducted on the Xuxa deposit and a pre-feasibility level study has been 

conducted on the Barreiro and Nezinho do Chicão deposits. 
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Mineral Resources and Mineral Reserves are reported using the 2014 Canadian Institute of Mining, Metallurgy and 

Petroleum (CIM) Definition Standards (2014 CIM Definition Standards). 

This Report is based, in part, on internal reports and information as listed in Section 27 of this Report. Where 

sections from reports authored by other consultants have been directly quoted in this Report, they are indicated 

as such in the Report sections. 

2.2 EFFECTIVE DATES 

The effective date of the Mineral Resource and Mineral Reserve estimates reported in this technical report is the 

15th January 2025. 

2.3 QUALIFIED PERSONS  

This Technical Report was prepared for Sigma by or under the supervision of the following Qualified Persons (QPs): 

¶ Mr. Johnny Canosa, P.Eng., Senior Engineer, SGS 

¶ Mr. Joseph Keane, P. Eng., Metallurgical Engineer, SGS 

¶ Mr. Marc-Antoine Laporte, P.Geo., Senior Geologist, SGS 

¶ Mr. William van Breugel, P.Eng, Associate Mining Engineer, SGS 

2.4 SITE VISITS 

The following Qualified Persons visited the Project site. 

Mr. Marc-Antoine Laporte visited the Project site on September 11ς15, 2017, from July 11ς17, 2018, from 

September 18-23, 2018, from October 18-21, 2021, from May 30 to June 1 2022, from November 22-24, 2023 and 

from November 7-11, 2024.  During the 2017 site visit, Mr. Laporte conducted a general review of the logging and 

QA/QC procedures in place for the 2017 drill program.  Drill hole collars were visited, and selected collar positions 

checked with a hand-held global positioning system (GPS) instrument.  An inspection of the drilling equipment and 

deviation survey methodology and tools was completed.  Mr. Laporte took 26 witness (control) samples from the 

remaining 2014 Xuxa campaign drill core to submit for independent confirmation of the presence of lithium-

bearing mineralization.  During the July 2018 site visit a general review of the logging and QA/QC procedure was 

conducted with Sigma geologists to confirm compliance with industry best practices.  Drill hole collars at Xuxa, 

Barreiro and Lavra Do Meio were inspected, and selected collar positions checked with a hand-held GPS 

instrument.  An extensive review of the mineralized core from the four main pegmatite was conducted during the 

first two days of the visit including discussion of the sampling method with technical staff.  Inspection of the drilling 

equipment and deviation survey methodology and tools between the two drilling companies was also completed 

to check consistency between the drill teams.  One day was spent on the Sao Jose property to inspect the different 

historical mine workings and make recommendations for future drilling.  Mr. Laporte visited the site again in 

September 2018, where he discussed the geological model and information needed to complete the resource 

estimates on the Xuxa, Barreiro, Murial and Lavra do Meio pegmatites. On his site visit in 2021, Mr. Laporte 

reviewed logging, QAQC and the drilling program underway at the Barreiro deposit. He also discussed the 

geological model and the information needed to update the MRE for Barreiro. 
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2.5 INFORMATION SOURCE 

Sigma provided the financial model for the economic study.  SGS has reviewed the model and input files for 

alignment with the Project input data. 
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3 RELIANCE ON OTHER EXPERTS 

3.1 MARKETING 

The QP has fully relied upon, and disclaims responsibility for, marketing information derived from a third-party 

expert retained by Sigma through the following document: 

¶ Benchmark Mineral Intelligence, Q2 - 2024:  Lithium Forecast, Q2 - 2024. 
 

This information is used in Section 19, the Mineral Reserve estimate in Section 15, and the financial analysis in 

Section 22.   

The QP considers it reasonable to rely on Benchmark Mineral Intelligence because the company is independent, 

privately owned, and is an industry leader in battery metals reporting. Benchmark Mineral Intelligence, founded 

in 2014, is a London-based IOSCO-regulated Price Reporting Agency and specialist information provider for the 

lithium-ion battery to EV supply chain. Benchmark Mineral Intelligence specialises in providing in depth market 

reports that give a comprehensive analysis of an individual metal or mineral market.  These reports cover world 

supply and demand, the operations of the major producers, end-use market applications, price trends, 

international trade patterns and forecasts. Benchmark Mineral Intelligence also publishes regularly updated cost 

curves and databases for a number of metals and minerals. 

3.2 UNITS AND CURRENCY 

Système International d'unités (SI) metric units are used, including metric tonnes (tonnes, t) for weight. 

All currency amounts are stated in US dollars (US$) unless otherwise stated. 

3.3 ENVIRONMENTAL, PERMITTING AND SOCIAL LICENCE 

The QP has fully relied upon, and disclaims responsibility for, environmental, permitting, and social licence 

information derived from third-party experts retained by Sigma. 

The environmental studies conducted by Sigma and submitted to the environmental authority responsible for the 

permitting process are organized as follows: 

¶ Phase 01 ς North Pit and South Pit: In this process, the administrative infrastructure, the water treatment 

plant, the sewage treatment plant, the mineral processing unit, the North Pit, the South Pit, and the waste 

rock piles were licensed. 

For the environmental permitting, the following environmental impact studies and environmental control plans 

were prepared: 

¶ Estudo e Relatório de Impacto Ambiental Phase 1 North Pit ς EIA-RIMA dated October 2018 

¶ Plano de Controle Ambiental Phase 1 North Pitς PCA dated December 2018 

¶ Estudo e Relatório de Impacto Ambiental Phase 1 south pit ς EIA-RIMA dated August 2020, and 

¶ Plano de Controle Ambiental Phase 1 south pit ς PCA dated August 2020 

Aiming to optimize the geometry of the pits and waste rock piles, the following studies were developed: 
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¶ Estudo e Relatório de Impacto Ambiental ς Ampliação da ADA ς EIA-RIMA dated September 2024, and 

¶ Plano de Controle Ambiental ς Ampliação da ADA ς PCA dated September 2024 

¶ Phase 02 ς Barreiro: In this process, the pit and the waste rock pile in the area known as Barreiro were 

licensed, while the processing plant was licensed under the Plant Expansion (DMS Phase 02 and 03)  

process. 

For the environmental permitting, the following environmental impact studies and environmental control plans 

were prepared. 

¶ Estudo e Relatório de Impacto Ambiental Phase 2 Barreiro t ς EIA-RIMA dated February 2022, and 

¶ Plano de Controle Ambiental Phase 2 Barreiro ς PCA dated March, 2022 

¶ Phase 03 ς NDC:  In this process, the pit and the waste rock pile in the area known as Nezinho do Chicão 

were licensed, while the processing plant was licensed under the Plant Expansion (DMS Phase 02 and 03) 

process. 

For the environmental permitting, the following environmental impact studies and environmental control plans 

were prepared. 

¶ Estudo e Relatorio de Impacto Ambiental Phase 3 NDC ς EIA-RIMA dated August 2023, and 

¶ Plano de Controle Ambiental Phase 3 NDC ς PCA dated August, 2023 

¶ Plant Expansion (DMS Phase 02 and 03) ς In this process, the mineral processing infrastructure for Phases 

02 and 03 was licensed. 

¶ Relatório de Controle Ambiental DMS Phase 2 and 3ς RCA ς  dated June, 2023 

This information is used in Section 20, and in support of the Mineral Resource estimate in Section 14, the Mineral 

Reserve estimate in Section 15, and the financial analysis in Section 22. 

3.4 COST ESTIMATION AND FINANCIAL ANALYSIS 

As this report is a resource update, the economic background and analysis for existing reserves at the Xuxa, 

Barreiro and Nezinho Do Chicão deposits is unchanged from previous reports. The QP has relied upon previous 

QP's assessment for these deposits in this report. 

The QP has studied the previous cost estimates and conducted an audit of the previously published financial model. 

Cost estimates were suitably applied in the financial model. The audit found no errors or inconsistencies in the 

financial model. 

The QP has fully relied upon, and disclaims responsibility for taxation (including amortization, interest rates, 

depreciation, discounts), levy, royalty, and buy-back options information derived from third-party experts retained 

by Sigma. 

Updated and new reserve estimates for the Nezinho do Chicão, Lavra do Meio, Murial, Maxixe, Tamboril and Elvira 

pegmatites will require updated capital, operating and commodity price estimates in future reports. 
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3.5 MINERAL TENURE 

The QPs have not reviewed the mineral tenure, nor independently verified the legal status, ownership of the 

Project area, underlying property agreements or permits.  The QPs have fully relied upon, and disclaim 

responsibility for, information derived from third-party experts retained by Sigma through the following document: 

Friere, W., Costa, B., Soares, D.R., and Azevedo, M., 2018:  Legal Opinion 29/2018:  report prepared by William 

Freire and Partners for Sigma, 10 April 2018, 68 p.  

This information is used in Section 4 of the report, and in support of the Mineral Resource estimate in Section 14, 

the Mineral Reserve estimate in Section 15, and the financial analysis in Section 22.  
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4 PROPERTY DESCRIPTION AND LOCATION  

4.1 PROPERTY DESCRIPTION AND LOCATION 

The Project area is located within Zone SE24 of the Americas topographic map reference, and is divided into four 

properties: 

Grota do Cirilo property:  UTM 190,615 m east and UTM 8146,788 m north; WGS 84, Zone 24S 

Genipapo property:  UTM 191,226 m east and UTM 8,155,496 m north, WGS 84, Zone 24 K 

Santa Clara:  UTM 197,682 m east and UTM 8,134,756 m north, WGS 84, Zone 24 K 

São José property:  UTM 190,612 m east and UTM 8,119,190 m north, 84, Zone 24 K. 

The property locations are shown in Figure 4-1. 

 

Figure 4-1: Project Properties - Genipapo, Grota do Cirilo, Santa Clara and São José 
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4.2 MINERAL TENURE 

The legal framework for the development and use of mineral resources in Brazil was established by the Brazilian 

Federal Constitution, which was enacted on October 5, 1988 (the Brazilian Constitution) and the Brazilian mining 

code, which was enacted on January 29, 1940 (Decree-law 1985/40, later modified by Decree-law 227, of February 

29, 1967, the Brazilian Mining Code). 

According to the Brazilian Constitution, all mineral resources in Brazil are the property of the Federal Government.  

The Brazilian Constitution also guarantees mining companies the full property of the mineral products that are 

mined under their respective concessions.  Mineral rights come under the jurisdiction of the Federal Government 

and mining legislation is enacted at the Federal level only.  To apply for and acquire mineral rights, a company must 

be incorporated under Brazilian law, have its management domiciled within Brazil, and its head office and 

administration in Brazil.  

In general, there are no restrictions on foreign investment in the Brazilian mining industry, except for mining 

companies that operate, or hold mineral rights within a 150 km-wide strip of land parallel to the Brazilian terrestrial 

borders.  In this instance the equity interests of such companies have to be majority Brazilian-owned.  Exploration 

and mining activities in the border zone are regulated by the Brazilian Mining Code and supporting legislation. 

The Project consists of 29 mineral rights, mining concessions, applications for mining concessions and exploration 

permits covering an area of 18,278 Ha in four property areas (refer to Figure 4-1).  The tenure holdings are 

summarized in Table 4-1 and tenure outlines are shown in Figure 4-2.  The identification numbers used in Figure 

4-2 correspond to the identification numbers in the first column of Table 4-1.  A summary of the types of concession 

within each property area is provided in Table 4-2.  
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Table 4-1: Mineral Rights Description 

ID Number Year Type Expiry Date 
Area  Associated 

Property (ha) 

1 802.401 1972 Mining concession (*) Life of mine 1,796.54 Genipapo 

2 802.400 1972 Mining concession (*) Life of mine 969.13 Genipapo 

3 801.312 1972 Mining concession (*) Life of mine 2,505.22 Grota do Cirilo 

4 831.891 2017 Exploration Permit 03/10/2026 ** 10.57 Genipapo 

5 830.039 1981 Mining Application Life of mine 658.2 Grota do Cirilo 

6 824.692 1971 Mining concession Life of mine 756.21 Grota do Cirilo 

7 810.345 1968 Mining concession (*) Life of mine 125.54 Grota do Cirilo 

8 9.135 1967 Mining concession (*) Life of mine 312 Grota do Cirilo 

9 5.804 1953 Mining concession (*) Life of mine 9.33 Grota do Cirilo 

10 804.541 1971 Mining Application Life of mine 44.89 Grota do Cirilo 

11 824.695 1971 Mining concession (*) Life of mine 1,069.21 Grota do Cirilo 

12 805.799 1970 Mining concession (*) Life of mine 8.29 Grota do Cirilo 

13 4.134 1953 Mining concession (*) Life of mine 494.69 Grota do Cirilo 

14 831.975 2017 Exploration Permit 05/04/2026 ** 4.03 Grota do Cirilo 

15 2.998 1953 Mining concession (*) Life of mine 327.84 Santa Clara 

16 801.870 1978 Mining concession Life of mine 544.9 Santa Clara 

17 801.316 1972 Mining concession (*) Life of mine 3,727.89 Santa Clara 

18 801.315 1972 Mining concession (*) Life of mine 991.71 Santa Clara 

19 813.413 1973 Mining concession (*) Life of mine 379.31 Santa Clara 

20 832.889 2013 Extension Exploration Permit 01/11/2025 ** 810.23 São José 

21 806.856 1972 Mining concession (*) Life of mine 1,920.42 São José 

22 808.869 1971 Mining concession (*) Life of mine 29 São José 

23 804.088 1975 Mining concession Life of mine 29.22 São José 

24 801.875 1978 Mining concession Life of mine 281.51 São José 

25 830.580 1979 Exploration Permit N/A***  466.93 São José 

26 832.244 2021 Exploration Permit 04/02/2025 1.53 Grota do Cirilo 

27 832.245 2021 Exploration Requirement N/A***  0.25 Grota do Cirilo 

28 832.246 2021 Exploration Permit 04/02/2025 2.16 Grota do Cirilo 

29 830.081 2022 Exploration Permit 18/04/2025 1.16 Grota do Cirilo 

 * Mining rights covered by the Mining Group 931.021/83. **Deadline for submission to the ANM of the final research report 

 

*** The Final Research Report was submitted in due time and is pending analysis. There is no provision for an administrative 

decision. 

Exploration permits 832.244, 832.245, 832.246 and 830.081 are too small to be shown in Figure 4-2.   

 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 39 
    

SGS Canada Inc. 

 

Figure 4-2: Project Mineral Rights, North and South Complexes  
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Table 4-2: Property Tenure Summary 

Property 
Area 
(ha) Concessions Historical Workings 

Grota do Cirilo 5,992 8 mining concessions, 2 

Application for mining 

concession, 4 

exploration permits, 1 

exploration 

requirement 

Xuxa, Lavra do Meio, 

Murial and Maxixe 

São José 3,537 4 mining concessions 

and 2 exploration 

permits 

Samambaia, Lavra 

Grande, Ananias, 

Ramom and Lavra 

Antiga 

Genipapo 2,776 2 mining concessions 

and 1 exploration 

permit 

Morundu and Lavra 

Velha 

Santa Clara 5,972 5 mining concessions Lavra do Honorato 

 

All concessions have been surveyed on the ground and have been monumented (physical boundary markers are 

in place).  Sigma retains third-party consultants to monitor its concession obligations.  The consultants report on 

both a monthly and a quarterly basis. 

The following payments and fees are required to keep concessions current: 

ANM Proceeding 802.401/1972, 802.400/1972, 4.134/1953, 824.692/1971, 810.345/1968, 9.135/1967, 

5.804/1953, 824.695/1971, 805.799/1970, 801.312/1972, 2.998/1953, 801.870/1978, 801.316/1972, 

801.315/1972, 813.413/1973, 806.856/1972, 808.869/1971, 804.088/1975, 801.875/1978 (mining 

concessions): Financial Compensation for the Exploration of Mineral Resources (CFEM) will only be due when 

there is mineral production in the areas.  For the sale of lithium, the value of CFEM is equivalent to 2% on 

mining operations, less taxes levied on its sale 

ANM Proceeding 830.039/1981, 804.541/1971 (Mining Application):  there is no periodic payment due 

ANM Proceeding 850.580/1979 (Exploration permit with Approved Final Report): there is no periodic payment 

due 

ANM Proceeding 832.244/2021 (Exploration permit with Final Report delivered): there is no periodic payment 

due 

ANM Proceeding 832.889/2013, 831.891/2017, 831.975/2017, 832.246/2021 (Extension Exploration Permit):  

The annual payments due at the annual fees per hectare (TAH) were made, totaling the amount of R$5,778.85 

(about $US1000.00) 

ANM Process 830.081/2022, (Original Exploration Permit): The annual payments due at the annual fees per 

hectare (TAH) were made, totaling the amount of R$ 80.79 (about $US14.74) 

The TAH is due in January, for permits granted from July to December of the previous year, and in July, for 

permits granted from January to June of the present year. Currently the TAH is R$4.53/hectare for original 

exploration permits and R$6.78/hectare for renewed exploration permits 
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Sigma has five mining concessions that have had the PAE approved, covering the Xuxa, Lavra do Meio, Murial, 

Maxixe and Nezinho do Chicâo deposits, as well as two mining applications, Barreiro and Xuxa Sul, within the Grota 

do Cirilo property. 

4.3 SURFACE RIGHTS  

Under Brazilian laws, foreign entities may not own a controlling interest in surface rights.  The surface rights in the 

Grota do Cirilo area, the current primary focus of activity, are held by Arqueana, Miazga and Tatooine and certain 

areas are held under private ownership.  Sigma has negotiated the right of access in these areas. 

4.4 AGREEMENTS  

SMSA has entered into surface lease agreements with three related party companies: Arqueana, Miazga and 

Tatooine. There are no conditions limiting the access to the land by SMSA. SMSA has entered into surface lease 

ŀƎǊŜŜƳŜƴǘǎ ǿƛǘƘ ǘƘŜǎŜ ŎƻƳǇŀƴƛŜǎ ǘƻ ǎǳǇǇƻǊǘ {ƛƎƳŀΩǎ ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘƛƴ ǘƘŜ DǊƻǘŀ Řƻ 

Cirilo property, as well as with third-party surface owners in the Project area.  

4.5 ROYALTIES AND ENCUMBRANCES 

4.5.1 CFEM Royalty 

The Brazilian Government is entitled to a Compensação Financeira pela Exploração de Recursos Minerais (CFEM) 

royalty. The holder of a mining concession for lithium mineral must pay the Brazilian government 2.0% on mining 

operations.  The only deductions allowed are taxes levied on commercial sales. 

4.5.2 Royalty Agreements 

The royalty provides for an NSR royalty calculated at the rate of 1%, over the gross revenues of SMSA, less all taxes 

and royalties payable to government authorities, any discounts or sales commissions paid, and any insurance or 

freight cost borne by SMSA. There is no buyout provision for this royalty. 

4.6 QP COMMENT 

To the extent known, there are no other significant factors and risks that may affect access, title, or the right or 

ability to perform work on the Project that have not been discussed in this Report. 
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5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND PHYSIOGRAPHY  

5.1 ACCESSIBILITY 

The Grota do Cirilo Project, developed by Sigma, is located along the BR-367 Federal highway, within the 

municipality of Itinga, and also extends into the municipality of Araçuaí. The BR-367 connects the state of Bahia to 

the state of Minas Gerais. 

From Araçuaí and Itinga to Belo Horizonte, there are two main route options. One involves taking the BR-367 to 

Gouveia, followed by the BR-259 until reaching the BR-040. The alternative route follows the BR-367 to Itaobim 

and then continues on the BR-116 to Governador Valadares, where it connects to the BR-381 towards Belo 

Horizonte. Additionally, in both Araçuaí and Itinga, there are several smaller local roads, some paved and others 

unpaved, that run through rural areas and provide access to districts and communities. 

In Araçuaí, the Araçuaí Airport is located near the BR-367, close to the city center. It features a paved runway 

measuring 1,200 meters in length and 30 meters in width, at an elevation of 360 meters. The airport operates 

during daytime under visual approach conditions. The two closest major domestic airports are located in the 

municipality of Montes Claros, 329 km west of the Project, and in the municipality of Vitória da Conquista, 273 km 

east of the Project. 

The BR251 highway accesses the Port of Vitória in the State of Espirito Santo, approximately 700 km from the 

Project site. 

5.2 CLIMATE 

The project area has a Central Brazil Tropical climate, ranging from semi-arid to semi-humid, with more significant 

rainfall during the summer months and average temperatures consistently above 20°C throughout the year. The 

region has an average annual rainfall of approximately 707 mm, with most of the precipitation concentrated in the 

November-December-January quarter, totaling 412 mm annually. As a result, the region experiences a prolonged 

dry season and water deficit lasting about seven consecutive months (from April to October). 

During the June-July-August quarter, due to low convective activity, rainfall values are around just 12 mm in total 

for the period, as the region comes under the influence of the South Atlantic Anticyclone, leading to a well-defined 

dry season. 

5.3 LOCAL RESOURCES AND INFRASTRUCTURE 

The nearest larger communities are Itinga and Araçuaí, with populations of approximately 13,745 and 34,297, 

respectively. The following provides a summary of the key infrastructure indicators for each municipality:  

¶ Araçuaí 

Education: The education system in Araçuaí comprises both urban and rural schools administered by municipal 

and state authorities. In areas lacking educational facilities, school transportation (vans) is provided to ensure 

student access. According to the National Institute for Educational Studies and Research Anísio Teixeira (INEP), 

as of 2022, the municipality had 41 educational institutions, including 5 offering daycare services, 13 with 

preschool programs, 31 providing elementary education, and 9 offering secondary education. 
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It is important to note that individual institutions may offer multiple levels of education; therefore, the figures 

reflect the number of educational modalities rather than distinct schools. 

Healthcare: As of February 2024, Araçuaí had 91 registered healthcare facilities, including seven primary health 

units, one polyclinic, and one general hospital. A total of 247 healthcare professionals operates within the 

municipality, including 78 licensed physicians across various medical specialties. 

Public Safety: Araçuaí hosts a Military Police battalion, a Civil Police station, and a Fire Department unit, 

providing comprehensive public safety coverage for the region. 

Electricity: The municipality is served by a public electricity grid, with energy supply provided by CEMIG ς 

Companhia Energética de Minas Gerais S.A., the state-owned utility company responsible for power 

distribution in the region. 

Water Supply and Sewage Collection: Water supply and wastewater services in Araçuaí are managed by 

COPANOR ς Copasa Serviços de Saneamento Integrado do Norte e Nordeste de Minas Gerais S/A, a subsidiary 

of COPASA ς Companhia de Saneamento de Minas Gerais, which oversees integrated sanitation services across 

the northern and northeastern regions of the state. 

¶ Itinga 

Education: The municipality of Itinga maintains a similar education structure, with schools located in both 

urban and rural zones, operated by municipal and state educational authorities. As reported by INEP in 2022, 

there were 20 educational institutions in the municipality, comprising 2 offering daycare services, 5 preschools, 

16 elementary schools, 4 secondary schools, 4 institutions providing technical and vocational secondary 

education, 2 offering youth and adult education, and 14 institutions delivering special education programs. 

As in Araçuaí, a single institution may cover multiple education levels, thus the total reflects the number of 

educational service types rather than the number of individual schools. 

Healthcare: As of February 2024, Itinga reported 20 operational healthcare facilities, including one primary 

health unit and one polyclinic. The municipality is staffed by 38 healthcare professionals, including 9 medical 

doctors of various specialties. 

Public Safety: Public safety in Itinga is maintained by a Military Police Company stationed within the 

municipality. 

Electricity: The municipality is served by a public electricity grid, with energy supply provided by CEMIG ς 

Companhia Energética de Minas Gerais S.A., the state-owned utility company responsible for power 

distribution in the region. 

Water Supply and Sewage Collection: Water supply and wastewater services in Itinga are managed by COPANOR 

ς Copasa Serviços de Saneamento Integrado do Norte e Nordeste de Minas Gerais S/A, a subsidiary of COPASA ς 

Companhia de Saneamento de Minas Gerais, which oversees integrated sanitation services across the northern 

and northeastern regions of the state. 

5.4 PHYSIOGRAPHY 

The project is located within the Jequitinhonha Depression, a geomorphological unit shaped predominantly by the 

erosive activity of the Jequitinhonha River and its tributaries. These watercourses have incised through the schists 
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of the Salinas Formation and other surrounding rock types, resulting in a landscape evolution characterized by a 

flattened relief with gently sloping, convex hillsides, broad, rounded hilltops, and fluvial plains composed of sandy 

and clayey sediments derived from the erosion of upstream source areas. 

Near the project, the terrain includes plateaus (chapadas) typically formed by granitoid rocks, with slopes of 

moderate elevation and gradient. These landforms are dissected by parallel drainage patterns, featuring 

escarpments and flat hilltops. 

The presence of ridge-type landforms (serras) is also notable in the region. These are primarily underlain by 

granitoid bedrock and are characterized by prominent peaks, with moderately steep slopes and intermediate 

altimetric levels. 

It is important to highlight that the landscape has also been significantly altered by anthropogenic activities. Alluvial 

mining (garimpos) along the Jequitinhonha River over extended periods has modified the riverbed, its sandy bars, 

and associated floodplains, resulting in notable changes to the local topography. 

The current geomorphology in the project area is primarily a result of differential erosion, where the erosive forces 

of the Jequitinhonha River system, combined with lithostructural controls and climatic influences, have shaped a 

regional relief characterized by low slopes and minimal elevation range across most of the area. 
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6 HISTORY  

6.1 PROJECT HISTORY 

The exploration history for the Project is summarized in Table 6-1.  

Table 6-1: Project History 

Operator Year Comment 

Companhia Estanìfera do 

Brazil (CEBRAS) 

1957 ς

1980s 

Tin production consisting of a, cassiterite/tantalite concentrate with by-products of 

feldspar and lithium minerals.  Mining focused on near surface, weathered zones, 

excavations ranged from 100ς700 m in length.  CEBRAS operated a gravity separation 

plant, consisting of a jaw crusher, a trommel and cone crusher, with sizing screens and 

jigs to recover tantalite/cassiterite concentrate.  Feldspar and the lithium minerals, 

spodumene, lepidolite, amblygonite and petalite, were handpicked before the jaw 

crusher. 

Arqueana Minérios e Metais 

(Arqueana) 

1980s ς

2000s 

Produced a 6ς6.5%% Li2O lithium oxide concentrate and a 3.5-4% Li2O petalite 

concentrate.  No systematic exploration was conducted.  Historic mining occurred 

primarily where the bedrock had been exposed by erosion, on hill flanks.  Following the 

death of the owner of Arqueana, artisan-level operations continued.  The focus was on 

feldspar, petalite, ornamental-grade tourmaline and quartz. This was further reduced, 

after some years, to the underground mining of minor amounts of tantalite and 

gemstone. 

Tanex Resources plc (Tanex; 

a subsidiary of Sons of 

Gwalia Ltd (Sons of Gwalia) 

2000 ς

2003 

Channel sampling, air-track drilling, 13 reverse circulation (RC) drill holes.  Based on a 

report that has no location maps, it appears that Tanex and Sons of Gwalia drilled two 

drill holes at Lavra do Meio in 2000.  No other mentions of drill hole locations have been 

found.  In addition, SMSA has not been able to locate or any of the collar locations for the 

Tanex and Sons of Gwalia drilling on the ground.  

Arqueana 2003 ς

2012 

Local workers continue production, but at a reduced rate. 

SMSA 2012 to 

2022 

Completes mapping, data compilation, ground magnetic survey, channel sampling.  Drill 

program in 2014 of 984m to initially investigate the Xuxa and Barreiro prospects.  Heavy 

mineral separation (HMS) pilot plant constructed in 2014ς2015, consisting of a jaw 

crusher, roll crusher, sizing screen and pulse jig.  Acquired a dense media pilot plant in 

2017 to produce lithium concentrate.  Completed drill program of 255 holes (approx. 

42,310 m) in the Grota do Cirilo property area, on the Xuxa, Barreiro, Lavra do Meio, 

Maxixe and Murial prospects.  An internal Mineral Resource estimate was completed at 

Xuxa, Barreiro, Murial and Lavra do Meio.  The first public disclosure of a Mineral 

Resource estimate for Grota de Cirilo was in 2017 which was only for the Xuxa deposit. 

Updated resources for Xuxa and first-time estimate of Mineral Resources for Barreiro, 

Lavra do Meio and Murial were released in January 2019. A feasibility study for Xuxa was 

issued on the 18th of October 2019 with the Phase 1 mineral reserve statement. A pre-

feasibility study for Phase 2 Barreiro was completed in February 2022 and a prefeasibility 

study for phase 3 at Nezinho do Chicão (NDC) was completed  in October 2022. A Front-

End Engineering Design  (FEED) was completed at Xuxa Phase 1, in October 2020 and 

construction was immediately commenced thereafter. The construction was complete by 

the end of October 2022 and Xuxa has commenced commercial production. 

SMSA 2023 to 

date 

·ǳȄŀ ŎƻƳƳŜƴŎŜŘ ŎƻƳƳŜǊŎƛŀƭ ǇǊƻŘǳŎǘƛƻƴ ƛƴ !ǇǊƛƭ нлноΦ !ǎ ƻŦ 5ŜŎŜƳōŜǊ нлнпΣ {a{!Ωǎ 

production volume totaled 337.9 dkt of lithium oxide concentrate 
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6.2 PRODUCTION 

There are no verifiable production records for the Project area: based on the known size of the CEBRAS processing 

plant, about 500 t/d could have been extracted during CEBRAS operations. 

The Arqueana operations are estimated to have produced about 29,700 t of tinςtantalum concentrate by 1995.  

Other production included potassium feldspar (113,402 t), albite (9,649 t), petalite (31,467 t), amblygonite (2,353 

t), spodumene (1,317 t), tourmaline (1,429 t), beryl (91,971 t), epidote (5,603 t), and quartz (29,125 t). 

Production from artisan and small-miner activity is unknown.  

Sigma commenced commercial production from the Project in 2023 and for the year 2023 and 2024 it has operated 

and produced 337.9 dkt of lithium oxide concentrate. During this period, the average monthly DMS feed rate 

increased from 167 t/h to 209 t/h.  
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7 GEOLOGICAL SETTING AND MINERALIZATION  

7.1 REGIONAL GEOLOGY 

The project area lies within the Eastern Brazilian Pegmatite Province (EBPP), spanning an extensive region of 

approximately 150,000 km2 across the states of Bahia, Minas Gerais, Espírito Santo and Rio de Janeiro. 

Approximately 90% of the EBPP is in the eastern part of Minas Gerais state, where mining activities targeting crystal 

gem-bearing pegmatites have been ongoing since the 17th century (Paes et al., 2016). 

The pegmatite units are part of the Araçuaí Orogen that developed during the late Neoproterozoic to Cambrian. 

Its tectonic evolution is characterized by a series of events typical of collisional orogens, beginning with the 

formation of the precursor basin rift that evolved to a passive margin, during the Tonian and Cryogenian (ca. 900 

to 650 Ma). Subsequent stages witness the emergence of a continental magmatic arc (ca. 630-585 Ma) and 

supracrustal sequences linked to the arc, followed by syn-collisional anatexis (ca. 575-540 Ma) and by extensive 

post-collisional magmatism (530-480 Ma). One notable aspect of the Araçuaí Orogen is the enduring succession of 

granite production events encompassing approximately 630 to 480 Ma, which stand out as the predominant 

records of its evolutionary history. These rocks, including associated pegmatites, have been categorized into five 

supersuites representing different plutonic assemblages related to distinct petrogenetic processes (Pedrosa-

Soares et al., 2009). These are identified as G1 (pre-collisional, ca. 630ς580Ma), G2 (syn-collisional, ca. 585ς540 

Ma), G3 (late collisional to post-collisional, ca. 545ς500 Ma), G4 (late collisional to post-collisional, ca. 530ς490 

Ma) and G5 (post-collisional, ca. 530ς480 Ma) (Pedrosa-Soares et al., 2007). 

The significant pegmatite populations within the EBPP crystallized from ca. 630 Ma to ca. 490 Ma and could be 

categorized into two types: anatectic or residual. Most anatectic pegmatites formed during the collisional stage of 

the Araçuaí orogen. They are commonly associated with migmatites and granulites, and may bear deposits of 

kaolinite, K-feldspar, mica, corundum, and quartz (e.g., Correia-Neves et al. 1986; Morteani et al. 2000; Netto et 

al. 2001; De Campos et al. 2004; Horn 2007). Residual pegmatites, on the other hand, form through magmatic 

differentiation and originate from parent granites formed during the syn-collisional (G2) and post-collisional (G4 

and G5) stages (Pedrosa-Soares et al., 2011). 

The interaction between these two types of pegmatites, along with their host rocks and parent granitoids, as well 

as considerations of geographical distribution and mineralogical enrichment, have delineated the pegmatitic 

populations into eleven distinct districts within the EBPP (Pedrosa-Soares et al., 2011): Araçuaí, Ataléia, 

Conselheiro Pena, Espera Feliz, Padre Paraíso, Pedra Azul, São José da Safira, Caratinga, Santa Maria de Itabira, 

Malacacheta, and Espírito Santo. 

The Araçuaí Pegmatite district encompasses the most important lithium ore deposits within the entire province, 

prominently situated in the Itinga, Coronel Murta, and Curralinho pegmatitic fields. (Sá 1977; Afgouni & Sá1978; 

Sá & Ellert 1981; Correia-Neves et al. 1986; Romeiro & Pedrosa-Soares 2005; Pedrosa-Soares & Siga Jr. 1987, 1990, 

2011; Paes et al. 2016). The Itinga field features Li-rich pegmatites which host the Sigma Lithium project areas. 

 Figure 7-1 is a regional-scale schematic geological plan. 

7.2 LOCAL GEOLOGY 

Most pegmatites in the Araçuaí district are formed through the crystallization of residual melts originating from 

post-collisional G4 granites (Pedrosa-Soares & Siga Jr. 1987; Pedrosa-Soares et al., 2011; Paes et al. 2016). The G4 
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granites are S-type, sub-alkaline to alkaline, and consists of balloon-like zoned plutons composed of biotite granite 

cores and roots, grading into two-mica and muscovite-garnet leucogranite towards the borders, capped by 

pegmatoid cupolas (Pedrosa-Soares et al., 2011). These granites, as well as the related lithium-rich pegmatites, are 

hosted by the Salinas Formation along the regional foliation and fracture systems, dipping to SE and NW (Correia-

Neves et al. 1986; Pedrosa-Soares et al. 1987; Costa 1989). The metasedimentary rocks within this Formation 

consist of a succession of wackes and pelites with conglomerate rock and layers of calc-silicate rock, 

metamorphosed in the greenschist to amphibolite facies. Its deposition occurred around 580 Ma, according to U-

Pb detrital zircon ages which correspond to the maximum depositional age of the unit (Peixoto et al. 2015; Peixoto 

et al., 2018; Costa 2018; Deluca et al. 2019). 

The Araçuaí district pegmatites exhibit a range of sizes, with the most significant comprising from medium to very 

large and are typically tabular or lenticular. They are external pegmatites that are embedded within the host rocks 

of the parent granites belonging to the S-type G4 Supersuite (Pedrosa-Soares et al., 2011a). The pegmatite 

populations in this district are concentrated in the Itinga fields, notable for their lithium abundance, and the 

Coronel Murta fields, distinguished by their boron-rich nature and no associated petalite (Pedrosa-Soares et al., 

2011). 

 Pegmatites of these fields belong to a category enriched in rare elements (B, Be, Cs, Li, Sn, Ta), characteristic of 

lithium-cesium-tantalum (LCT) type pegmatites. LCT-type pegmatites are the main hard rock ore deposits for 

lithium, yielding key lithium silicates like spodumene, petalite, and lepidolite, alongside several associated minerals 

such as lithium phosphates (e.g., amblygonite, montebrasite, lithophyllite/triphyllite), tantalum oxides, cassiterite, 

ŀƴŘ ǇƻƭƭǳŎƛǘŜ όŜΦƎΦΣ 2ŜǊƴȇ ϧ 9ǊŎƛǘΣ нллрύΦ 9ƴǊƛŎhment in lithium-cesium-tantalum is predominantly, though not 

exclusively, associated with S-type granites derived from muscovite-rich metasedimentary rocks. The 

peraluminous character is indicated by the occurrence of muscovite, tourmaline, garnet, and occasionally, topaz, 

andalusite, and gahnite (Cerný 1991b in London 2008). 

!ŎŎƻǊŘƛƴƎ ǘƻ 2ŜǊƴȇ όмфунύΣ ƭƛǘƘƛǳƳ-bearing pegmatites typically display zoning in both grain size and mineral 

composition, with lithium minerals concentrating in the inner zones or cores of essentially granitic pegmatites. 

However, non-zoned, complex pegmatites containing spodumene are also common. In this regard, the Itinga field 

pegmatites exhibit unusually high concentrations of lithium minerals such as spodumene, petalite, lepidolite, 

and/or amblygonite, distinguishing them into two main groups based on mineralogical characteristics and zoning 

patterns. The first group comprises pegmatitic bodies with simple zoning to non-zoned (homogeneous), typically 

tabular in shape, and exceptionally rich in spodumene while lacking significant occurrences of tourmaline and 

petalite. Conversely, the second group includes pegmatites with complex zoning, forming lenticular bodies rich in 

Li, B, Na, Cs, Ta, and/or Cs. These pegmatites are mineralized with an assemblage including spodumene, petalite, 

lepidolite, amblygonite-montebrasite, albite, cleavelandite, elbaite, cassiterite, tantalite, and/or pollucite 

(Pedrosa-Soares et al., 2011; Pedrosa-Soares et al., 2022). Furthermore, there are bodies with simple zoning to 

non-zoned that are mined for dimension stones due to their ornamental value (Correia Neves et al., 1986; Pedrosa-

Soares et al., 2009). 

The cordierite-biotite-quartz schists of the Salinas Formation, which envelop the main pegmatites within the Itinga 

Pegmatitic field, exhibit variable concentrations of andalusite, cordierite, and sillimanite, and calc-silicate rock 

layers are often intercalated. These rocks are characterized by a parallel or locally subparallel schistosity, oriented 

NE-SW and dipping moderately to steeply towards NW (Paes et al., 2010a). Pegmatites intrude along two distinct 

striking surfaces with medium to high-angle dips: the NW-dipping schistosity and the SE-dipping fracture cleavage. 

Pegmatites emplaced along the NW-dipping schistosity are referred to as concordant bodies, while those hosted 
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by the SE-dipping fracture cleavage are discordant (Pedrosa-Soares et al., 2022). The presence of low-pressure 

metamorphic silicates such as andalusite and cordierite, along with occurrences of petalite in certain pegmatites 

and quantitative geothermobarometric data, suggest a relatively shallow crustal depth (5 to 10 km) for 

metamorphism in the Itinga field (Pedrosa-Soares et al., 2011). 

More specifically, within the Sigma Lithium project areas, the pegmatites are commonly hosted by a medium-grey, 

biotite-quartz schist. Typically, these pegmatites are concordant with the schist foliation which also corresponds 

to the overall strike of the schist-rich units of the Salinas Formation. At the interfaces between the pegmatite and 

schist, recrystallization features are evident, including eye-like biotite within cordierite masses, as well as the 

formation of millimeter-sized black tourmaline needles, which are almost invariably perpendicular to the main 

schistosity. 

Concerning the mineralogical composition of the deposit, spodumene typically constitutes 28ς30% of the 

pegmatite mass, while microcline and albite contents range from 30ς35%, with microcline predominating over 

albite. Muscovite accounts for about 5ς7% of the rock mass, with the remaining portion consisting of quartz. The 

pale green spodumene crystals exhibit elongated or tabular forms, varying in size from millimeters to centimeters, 

and have been observed up to meter-scale in outcrops. Spodumene cuts the microcline matrix, and intergrowths 

of spodumene and quartz, occasionally accompanied by muscovite, are commonly observed. Accessory minerals 

such as columbite and tantalite are found in association with albite and quartz. Late-stage mineralization may 

include sphalerite and pyrite. 

Figure 7-2 is a regional-scale schematic geological plan. 
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Figure 7-1: Regional Geologic Map (after Pedrosa-Soares et al., 2008) 
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Figure 7-2: Local Geology Map, Itinga Pegmatite Field, Aracuai District 

7.3 PROPERTY GEOLOGY 

7.3.1 Grota do Cirilo Property 

Figure 7-3 is a pegmatite location map for the Grota do Cirilo property, showing the mapped dike swarms and the 

locations of the Xuxa pegmatite and the five major known historical workings.   
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Figure 7-3: Historical Workings and Pegmatite Dike Swarms within Grota Do Cirilo Property 

Note: HƛǎǘƻǊƛŎŀƭ ǿƻǊƪƛƴƎǎ ŀǎ ȅŜƭƭƻǿ ŘƻǘǎΣ ŀƴŘ ǘƘŜ ǎǘǊƛƪŜ ƻŦ ǘƘŜ ·ǳȄŀΦ  CƛƎǳǊŜ ŀƭǎƻ ǎƘƻǿǎ ƭƻŎŀǘƛƻƴ ƻŦ {ƛƎƳŀΩǎ ƻŦŦƛŎŜ ŀƴŘ ŎŀƳǇ ŎƻƳǇƭŜȄ. 

7.3.1.1 Xuxa 

The host rock for the Xuxa pegmatite body is a biotiteςquartz schist with a well-developed crenulation cleavage.  

Pegmatite xenoliths have been observed within the schist, with sizes ranging from a few centimetres to a metre.  

The pegmatite/schist contact is frequently hornfelsed.  

The pegmatite is concordant with the regional foliation, striking northwestςsoutheast and dipping at 45ς55º to 

the southeast.  Drill data indicate the pegmatite has a strike length of 1,700 m, averages 12ς13 m in thickness, and 

can reach as much as 20 m thick.  It has been drill tested to 259 m vertical depth.  It remains open to the west, 

east, and at depth. 

Pegmatite mineralogy consists of the following minerals, with their approximate vein content:  spodumene (20%), 

microcline and albite (40ς45%), quartz (30%) and muscovite (5%).  Spodumene occurs as pale green to colourless, 

elongated, tabular, crystals that can range in size from millimetre to as much as 80 cm in length and be as wide as 

10 cm.  The spodumene laths are set in a medium- to very coarse-grained groundmass of colourless albite, 

translucent quartz and pale grey perthitic microcline.  Pale yellowςgreen medium- to coarse-grained muscovite 

micas may be present.  Poikilitic textures of spodumene and quartz are common.  Tantaliteςcolumbite and 

cassiterite can occur in association with albite.   

The Xuxa pegmatite dike is found on both sides of the Piaui creek but does not crop out in the river valley.  Two 

drill holes were angled to pass below the Piaui creek, with one hole drilled from each bank.  The drill holes 
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intercepted pegmatite at depth.  Core logging showed the spodumene to be weathered and contain replacement 

textures.  The current interpretation is that the Piaui Creek occupy a fault trace, and that the interpreted fault has 

thinned the pegmatite body in that location.   

Figure 7-4 shows a typical cross section through the Xuxa deposit. 

 

Figure 7-4: Xuxa Cross Section (looking northeast)  

7.3.1.2 Barreiro 

The Barreiro pegmatite body is emplaced into biotiteςquartz schist.  Pale greenishςgrey coloured, multi-

centimetre-sized microcrystalline quartzςfeldspar intercalations have been noted in the schist, with disseminated 

green, sub- to one-millimetre-sized amphibole and pink garnet crystals.  Pegmatite xenoliths can be found within 

3 m of the dike edge within the schist and can range from a centimetre to as much as a metre in size. 

The pegmatite strikes northeastςsouthwest and dips to the southeast at 30ς35º.  Based on drill data, the dike is 

about 600 m long, 800 m wide, and has an average thickness of 30ς35 m.  It remains open to the northeast and at 

depth.  The deepest drill hole reached 374 m.  The pegmatite is apparently intruded discordant to the host 

crenulated biotite schist in surface exposures, but at depth, can be concordant, and emplacement may be related 

to local fracturing.  

The dike is slightly zoned into distinct spodumene-rich and albite-rich areas and is divided into an edge (or border), 

and a central zone.  Overall, spodumene is about 20ς24% of the dike mass, albiteςmicrocline is approximately 32ς

40%, and around 10ς18% is mica (muscovite).   

The border zone is about 45 cm in thickness, and consists of fine-grained albite, quartz and muscovite.  Heavy 

minerals such as cassiterite and tantalite may occur associated with albite units.  The central zone is spodumene-

rich and consists of albite and spodumene crystals that are typically 10ς25 cm in length but can more rarely can 

attain as much as a metre in length.  Spodumene crystals are also present as short, prismatic, elongated laths.  The 
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spodumene laths are colourless or pale green, sometimes displaying a poikilitic texture of fine- to medium-grained 

quartz and/or pale green sericite.  Petalite occurs sporadically, as both colourless, translucent to transparent, 

coarse to very coarse-grained crystalline aggregates.  It can also be present as cryptocrystalline, translucent 

masses.   

Figure 7-5 shows a typical cross section through the Barreiro deposit.   

 

Figure 7-5: Barreiro Cross Section (looking northeast) 

7.3.1.3 Lavra do Meio 

The host country rock to the pegmatite dike is a biotiteςquartz schist and has similar features to the schist that 

hosts the Barreiro pegmatite.  Garnet and tourmaline have developed near the pegmatiteςschist contact.   

The dike is concordant with the schist foliation, strikes northςsouth and dips at 75ς80º to the east.  Based on drill 

data, the dike is about 600 m long, 250 m wide, and has an average thickness of 12ς15 m.  It extends to a depth of 

approximately 300 m.   

The pegmatite mineralization is moderately to highly homogeneous mostly in the centre and deeper part.  The 

upper and lower contact zones are characterized by albite, quartz and mica.  In the albite-rich border zone, tantalite 

and cassiterite can occur interstitial to fan-shaped albite lamellae.  In the pegmatite core, medium, to very coarse-

grained laths of typically pale green spodumene and coarse to very coarse-grained, colourless, translucent to 

transparent, petalite crystal aggregates and cryptocrystalline masses occur and compose around 20% of the 

lithium-bearing minerals.  Both spodumene and petalite are set within a micro-fractured, medium to coarse-

grained matrix composed of quartz, mica, albite and microcline.  The micro-fractures are infilled with pyrolusite. 

Figure 7-6 is a cross-section through the Lavra do Meio pegmatite. 
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Figure 7-6: Lavra do Meio Cross Section (looking north) 

7.3.1.4 Nezinho do Chicão 

The Nezinho do Chicão (NDC) pegmatite was discovered in the 1980s by Arqueana.  An intensive drilling campaign 

commenced in 2020 and 131 drill holes totalling 25,671 m have been completed at Nezinho do Chicão to the 18th 

January 2024. 

The pegmatite is hosted in a biotiteςquartz schist, which is similar to the schist described as hosting the Barreiro 

pegmatite.  

The pegmatite body strikes nearly north-south (020º) and dips at 40-75º to the southeast.  The dike is about 1,600 

m long, 200 m wide and 20-30 m thick.  It remains open to the north, south and at depth, with the deepest drill 

hole reaching 350 m. 

The pegmatite shows a classic border, intermediate and central zones. The border zone tends to be more albite 

rich and the highest spodumene content is generally in the central zone. The NDC pegmatite is a high-grade mix of 

mainly spodumene but also containing some petalite with a variable ratio depending on the thickness of the zone, 

although petalite can be found throughout the deposit. 

Figure 7-7 is a cross-section through the Nezinho do Chicão pegmatite. 
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Figure 7-7: Nezinho Do Chicão Cross Section (looking northeast) 

7.3.1.5 Murial 

A similar biotiteςquartz schist to that hosting the Barreiro pegmatite is host to the Murial pegmatite.  

The pegmatite is a northςsouth striking body that has fluctuating westerly dips, ranging from 70ς85º in the south 

of the dike, to a much shallower 25ς35º in the north.  It is about 1,200 m long, 840 m wide, and has an average 

thickness of 15ς20 m.  It remains open to the west, east and at depth.    

The southern part of the dike generally has lower lithium contents, and the pegmatite has a sub-vertical to nearly 

vertical orientation.  To the north, the lithium concentrations increase, and the dike orientation changes to 

horizontal to sub-horizontal and becomes more planar in shape.  

The pegmatite shows a border, intermediary and central zone.  The border zone is enriched in albite, the 

intermediate zone is typically spodumene-rich, and the central zone contains both spodumene and petalite.  The 

fine-grained border matrix can include tantalite and cassiterite mineralization. 

A cross-section through the Murial pegmatite is provided in Figure 7-8.  
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Figure 7-8: Murial Cross Section (looking north) 

7.3.1.6 Maxixe and Tamboril 

The Maxixe and Tamboril pegmatites are in the hangingwall of the Nezinho do Chicão pegmatite and are southwest 

and along strike from Lavra do Meio. The pegmatites are very similar geologically to both NDC and LDM. 

The host country rock to the pegmatite dikes is a biotiteςquartz schist and has similar features to the schist that 

hosts the Barreiro pegmatite.  Garnet and tourmaline have developed near the pegmatiteςschist contacts.   

The dikes are concordant with the schist foliation, striking approximately northςsouth and dipping at 60º to the 

east.  Based on drill data, Maxixe is about 400 m long, 170 m wide, and has an average thickness of 10-12 m.  It 

extends to a depth of approximately 300 m and is open at depth and to the north. Tamboril is about 260 m long, 

160 m wide, and has an average thickness of about 8 m.  It extends to a depth of approximately 250 m. 

The pegmatite mineralization is moderately to highly homogeneous mostly in the centre and deeper part.  The 

upper and lower contact zones are characterized by albite, quartz and mica.  In the albite-rich border zone, tantalite 

and cassiterite can occur interstitial to fan-shaped albite lamellae.  In the pegmatite core, medium, to very coarse-

grained laths of typically pale green spodumene and coarse to very coarse-grained, colourless, translucent to 

transparent, petalite crystal aggregates and cryptocrystalline masses occur and compose around 20% of the 

lithium-bearing minerals.  Both spodumene and petalite are set within a micro-fractured, medium to coarse-

grained matrix composed of quartz, mica, albite and microcline.  The micro-fractures are infilled with pyrolusite. 

Figure 7-9 is a cross-section through the Maxixe and Tamboril pegmatites. 
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Figure 7-9: Maxixe and Tamboril Cross Section (looking north) 

7.3.2 São José Property 

The tenements in the São José area are designated as a Protected Environmental Area (APA). Sigma has no plans 

to explore or develop operations in this area. 

7.3.3 Genipapo 

Only initial reconnaissance work has been performed on the Genipapo property, which has identified the Ilha 

Allegre, Jenipapo, Mario Gusmao and Sebastiano Dutra dikes, and small deposits identified by Arqueana as hosting 

tantalumςniobiumςtin mineralization.  Additional information is provided in Section 9-6.  This area is not a current 

exploration focus. 

7.3.4 Santa Clara 

Initial reconnaissance activities have identified the Marculino, Maroto, Jose Gonsales and Bolasha pegmatites as 

well as areas that Arqueana reported as hosting tantalumςniobiumςtin mineralization.  Additional information is 

provided in Section 9-6. 

7.3.4.1 Elvira 

Three main pegmatites have been identified in the José Gonçalves area and have been initially named Elvira 1, 

Elvira 2 and Elvira 3. 

In these pegmatites, the host biotite-quartz schist has foliation discordant to the pegmatite bodies and the foliated 

host contains andalusite in the contacts close to the pegmatite "pinch" zone. Cordierite ranging from fine to 
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medium grained is present, related to meta-psammitic zones, together with a greater amount of quartz, which 

may contain groupings of garnet with fine grain and whitish colour. These characteristics can also be identified in 

the shale that hosts mineralized pegmatites such as Barreiro, Nezinho do Chicão and Murial, which are hosted in 

the same regional group of foliated rocks, the Salinas Formation. 

The main Elvira pegmatite body, Elvira 1, strikes nearly east-west and dips at 40-75º to the southeast. Elvira 1 is 

about 520 m long, 185 m wide and up to 18 m thick. It remains open to the northeast, and at depth, with the 

deepest drill hole reaching 229.5  m.  

The pegmatite contains spodumene mineralization, together with quartz, albite and muscovite ranging from 

medium to very coarse grained. There is a greater amount of coarse-grained to very coarse-grained feldspar and 

coarse-grained muscovite at the edges of the pegmatite body. Petalite crystallization occurs in the shallowest 

portion of the pegmatite and has also been identified in mineral groupings arranged in the rock. 
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8 DEPOSIT TYPES  

The deposits within the Project area are considered to be examples of LCT-type pegmatites.  

The following deposit type descriptor for such pegmatites is summarized and abstracted from Bradley and 

McCauley (2013). 

All known LCT pegmatites are associated with convergent-margin or collisional orogens.  LCT pegmatite maxima at 

ca. 2650, 1800, 525, 350, and 100 Ma correspond to times of collisional orogeny and, except for a comparatively 

minor peak at 100 Ma, to times of supercontinent assembly.  The largest known deposits are Archean in age (Viana 

and al, 2003).  

LCT pegmatites represent the most highly differentiated and last to crystallize components of certain granitic 

melts.  Parental granites are typically peraluminous, S-type granites, although some Archean examples are 

metaluminous, I-type granites.  LCT pegmatites are enriched in the incompatible elements lithium, cesium, tin, 

rubidium, and tantalum, and are distinguished from other rare-element pegmatites by this diagnostic suite of 

elements.  The dikes typically occur in groups, which consist of tens to hundreds of individual pegmatites and cover 

areas up to a few tens of square kilometres.  LCT pegmatites are known to form as far as 10 km from the parental 

granite and the more distal the pegmatite, frequently the more fractionated.  The most highly fractionated rare-

element-enriched pegmatites only constitute 1ς2% of regional pegmatite populations. 

The dikes are commonly late syntectonic to early post-tectonic with respect to enclosing rocks.  Most LCT 

pegmatites intruded metasedimentary rocks, which are often metamorphosed to low-pressure amphibolite to 

upper greenschist facies.   

Individual pegmatites have various forms including tabular dikes, tabular sills, lenticular bodies, and irregular 

masses.  They are significantly smaller than typical granitic plutons, and typically are of the order of tens to 

hundreds of metres long, and metres to tens of metres wide.   

Most LCT pegmatite bodies show some sort of structural control.  At shallower crustal depths, pegmatites tend to 

be intruded along anisotropies such as faults, fractures, foliation, and bedding planes.  For example, in more 

competent rocks such as granites, pegmatites commonly follow fractures whereas pegmatites intruded into schists 

tend to conform to foliation. In higher-grade metamorphic host rocks, pegmatites are typically concordant with 

the regional foliation, and form lenticular, ellipsoidal, or tapered cylindrical bodies.   

Lithium is mostly found in the silicates spodumene (LiAlSi2O6), petalite (LiAlSi4O10), and lepidolite (Li-mica, 

KLi2Al(Al,Si)3O10(F,OH)2).  Lithium phosphate minerals, mainly montebrasite, amblygonite, lithiophilite, and 

triphylite, can be present in some LCT pegmatites. Tantalum mineralization predominantly occurs as columbiteς

tantalite ([Mn,Fe][Nb,Ta]2O6).  Tin is found as cassiterite (SnO2).  Cesium is mined exclusively from pollucite 

(CsAlSi2O6).   

Most individual LCT pegmatite bodies are concentrically, though irregularly, zoned.  However, there are unzoned 

examples known. 

Within an idealized pegmatite, four main zones can be defined (Figure 8-1). 
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Figure 8-1: Generalized Schematic Representation LCT Pegmatite 

These comprise: 

¶ Border:  chilled margin just inside the sharp intrusive contact between pegmatite and country rock.  
Typically, a few centimetres thick, fine-grained, and composed of quartz, muscovite, and albite 

¶ Wall:  <3 m thick.  Largest crystals <30 cm.  Main minerals are albite, perthite, quartz, and muscovite.  
Graphic intergrowths of perthite and quartz are common.  Can form economic muscovite 
concentrations that can be mined.  Tourmaline and beryl may be present 

¶ Intermediate:  Term used to refer to everything between the wall and the core.  These may be 
discontinuous rather than complete shells, there may be more than one, or there may be none at all.  
Major minerals include plagioclase and potassium feldspars, micas, and quartz.  Can host beryl, 
spodumene, elbaite (tourmaline), columbiteςtantalite, pollucite (zeolite), and lithium phosphates.  
Typically, coarser-grained than the wall or border zones 

¶ Core:  Often mono-mineralic quartz in composition.  Perthite, albite, spodumene or other lithium 
aluminosilicates, and (or) montebrasite (lithium phosphate) may occur with the quartz.  

 

LCT pegmatites crystallize from the outside inward.  In an idealized zoned pegmatite, first the border zone 

crystallizes, then the wall zone, then the intermediate zone(s), and lastly, the core and core margin.   

The QP considers that exploration programs that use the deposit model set out above would be applicable to the 

Project area. 
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9 EXPLORATION  

9.1 INTRODUCTION 

Work commenced on the Project in the second quarter of 2012, focusing on a geological assessment of available 

field data to prioritize the 200 known pegmatites that occur on the various properties for future evaluation.  A 

ranking table that highlighted pegmatite volume, mineralogy and Li2O and Ta2O5 grade was established.   

Within the more prospective areas, Sigma concentrated its activities on detailed geological and mineralogical 

mapping of historically mined pegmatites, in particular, on the larger pegmatites, Xuxa and Barreiro.  These dikes 

were channel sampled and subsequently assessed for their lithium, tantalum and cassiterite potential.  This work 

was followed by bulk sampling and drilling.  A comprehensive description of the work program was provided in 

Laporte (2018), from which the following information has been summarized and abstracted. 

9.2 GRIDS AND SURVEYS 

Landinfo, a Denver, Colorado-based company that specialises in satellite imagery, was contracted by SMSA to 

acquire a high-definition satellite image, and prepare a digital elevation model (DEM) for the Grota do Cirilo 

property area.  In 2017, a DEM was constructed specifically for the Xuxa pegmatite area, and in 2018, the DEM was 

extended to include all targets on the Grota do Cirilo property (Figure 9-1). 

A 3D topographic survey and mapping of the various historically mined pegmatites was conducted using 

differential global positioning system (DGPS) instruments and total station equipment. 

9.3 GEOLOGICAL MAPPING 

Sigma concentrated its activities on detailed geological and mineralogical mapping of historically mined 

pegmatites. 

9.4 CHANNEL MAPPING 

Sigma conducted a significant amount of channel sampling at the known historical mines and pegmatite outcrops 

on the Project from 2012 to 2014. A total of 361 channel samples were collected from 14 pegmatite bodies within 

the Grota do Cirilo property. Table 9-1 summarizes the channel sampling conducted during this time. 
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Figure 9-1: Grota do Cirilo Satellite Image  

Table 9-1: Channel Sampling Summary 

Property Prospect Number of Samples 

Grota do Cirilo Xuxa 81 

Barreiro 157 

Lavra do Meio 72 

Murial 51 

Total 361 

 

The channel samples were collected along and/or across strike, to the stratigraphy, schistosity, mineralization or 

other visible continuous structure. Individual channel samples were 10 to 15 cm in width, and approximately 5 cm 

in depth and one metre in length.  Sample weights were between 15 to 30 kg.  Channels were taken at outcrops, 
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historic trenches, and historic mine workings. Samples were taken from both the pegmatite and the schist host 

rock.  The samples, were bagged, tagged and sent to the SGS Belo Horizonte laboratory for analysis.  Check samples 

were sent to SGS Johannesburg for control purposes. 

An example of the channel sampling methodology is provided in Figure 9-2 and is photographed at the Murial 
workings. 

 

Figure 9-2: Channel Samples at Murial Mine 

9.5 TRENCH SAMPLING 

Sigma generally followed up positive channel sampling results with trenching and collection of large bulk (500 to 

1,000 kg) samples for evaluation of heavy mineral potential.  Table 9-2 summarizes the trenching conducted during 

this time. 
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Table 9-2: Grota do Cirilo Trench Sampling Summary 

Area Number of Trenches 

Barreiro 6 

Lavra do Meio 3 

Nezinho do Chicão 2 

Mutamba 5 

Gringo 6 

Matinha 4 

Costelao 5 

Arueira 3 

Acari 5 

Total 39 

 

9.6 EXPLORATION POTENTIAL 

The Grota do Cirilo property hosts a large swarm of pegmatites, with differing orientations and varying 

mineralogical compositions.   

A pervasive regional schistosity affects the Grota do Cirilo region, orientated along strike 238°/dip 50°W 

obliterating the primary bedding structures within the meta-psammitic Salinas Formation host. A pronounced 

contrary fracture cleavage is developed, primarily along strike 048°/dip 57°E. Both these ductile and brittle 

structural pathways are exploited by the subsequent pegmatite emplacement. In general, small pegmatite bodies 

(< 3m width) are foliation concordant, whilst the large bodies (>10m width) are discordant and east dipping.  

The Xuxa pegmatite is emplaced within a foliation parallel shear zone. All the other large pegmatites, including 

Barreiro, NDC, LDM and Murial are emplaced in the dominant fracture direction. 

The pegmatites which may support additional exploration activities in the Grota do Cirilo property are outlined in 

Table 9-3. 
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Table 9-3: Grota do Cirilo Property Prospects 

Prospect Description 

Mutamba Concordant to wall rock foliation, mainly containing feldspar and heavy minerals, and 

the outcrop is 240 m in length with a width of 4-7 m, dipping azimuth 320ς340° dip -

45ς55°.  Arqueana mined the pegmatite to approximately 5 m depth. 

Gringo Discordant to the regional foliation, with high lithium content (spodumene/petalite).  

The Gringo outcrop is more than 130 m in length, 2ς7 m in width and the observed 

contact attitudes suggest that it may widen in depth.  Arqueana mined the pegmatite 

to approximately 5 m depth 

Matinha Concordant (or close to concordant) with foliation and is composed mainly of 

feldspar.  The outcrop is 265 m in length, with a maximum width of 23 m, azimuth of 

320° and dip -55° and steepens in the northeast to -90°).  Arqueana mined the 

pegmatite to approximately 10ς12 m depth. 

Costelão and Velho Costelão The Costelão and Velho Costelão pegmatites are closely located and are parallel in 

strike.  Both are concordant bodies but have different mineralogical composition.  

Costelão is a Li (ambligonite) type pegmatite, with an outcrop length of 220 m and 

width of 11 m, az 330° dip -60°.  Velho Costelão is smaller in size: the outcrop is 7 m 

wide, an interpreted length of 100ς150 m, az 340°, dip -75°.  The north-eastern part 

of the Costelão body was mined columbiteςtantalite, cassiterite, quartz and feldspar.  

The southwestern portion was exposed in several prospecting trenches and pits.  

Velho Costelão was mined from two small underground stopes. 

Joao Vaqueiro Concordant to the regional host rocks.  It is spodumene/petalite-type pegmatite 

body.   The outcrop has been shown to be more than 15 m thick, azimuth 320° and 

dip -50°. 

Arueira Concordant to the host rock.  This is a lepidolite-type pegmatite that is 250 m in 

length, 2ς5 m in width, striking 320°, and dipping at -50°.  The pegmatite was open-

pit mined by Arqueana and produced columbiteςtantalite, cassiterite, lepidolite, 

quartz and feldspar. 

Soldado Soldado (Grota Soldado) is famous in the area for its extremely high grades of heavy 

minerals (columbiteςtantalite and cassiterite).  It is a slope deposit containing debris 

and blocks of pegmatite.  Large blocks of pegmatite and a number of smaller boulders 

were found in the basal layer of a Quaternary deposit, but the in-situ pegmatite was 

not located. 

Acari Located along strike from Tamburil.  It is an outcrop 9 m in width and 150 m in length 

and dips 60° to the east.  A well-developed lithium-bearing zone is visible on the south 

part of the outcrop that consists of a 4 m wide pocket of petalite. 

Peneira The pegmatite is about 7ς9 m thick and may be as much as 15 m thick.  It is about 

200ς250 m long.  It has been mined for columbiteςtantalite, cassiterite, quartz and 

feldspar.  Spodumene and petalite form in the intermediate zone, and spodumene 

comprises about 20% of the pegmatite body.  The crystals are about 20ς30 cm in 

length.  Petalite is formed associated to the grains and fractures of spodumene in 

small interstitial portions throughout the body and is a small percentage of the body. 
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Prospect Description 

Procopio 2 800m from Xuxa, a discordant west-east trending pegmatite, dipping steeply to the 

south. Pitting and limited RC drilling shows a minimum 450m length, ranging from 8m 

to 19m wide. Spodumene and petalite mineralization confirmed in drill chips. 

Filau 14 A large pegmatite, with a lenticular, discordant, east-dipping main zone, and 

concordant west-dipping limbs. In close proximity to Barreiro deposit. Trenching 

confirmed (decomposed) spodumene and petalite mineralization. 

Produco (BAR ext) Trenching suggests lenticular pegmatite, 300m long, 10m-30m wide discordant 

pegmatite dipping east. Limited RC and DDH shows high-grade spodumene intercepts 

(e.g 14,5m at 1.8% Li2O) and no petalite, typical of spodumene-rich pegmatite. 

Zafarinho The main zone (250m long, open-ended to the north) is discordant, steeply east-

dipping, whilst the southern limb (100m long) is concordant westerly dipping. 

Spodumene and petalite mineralization confirmed by trenching. Rock chip samples 

returned grades up to 1.27%Li2O. 

Jao do Linto South Near to Zafarinho. Trenching proved a 160m length, 12m width. Petalite recovered in 

the trenches; deep weathering has likely destroyed spodumene. 

Jose Ferreira A lenticular discordant spodumene pegmatite, currently shown as 150m long and 

10m wide.  

 

Additional prospects and dikes that may warrant follow-up are provided in Table 9-4 for the Genipapo property 

and Table 9-5 for the Santa Clara property. 
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Table 9-4: Genipapo Property Prospects 

Prospect Description 

IIha Alegre Located near the main road from Araçuaí-Itaobim, in the proximity of 
the Taquaral village. The body strikes southwestςnortheast.  This 
pegmatite has a composition including feldspar, quartz, mica and black 
tourmaline, very similar to the Santa Clara pegmatites. 

Jenipapo A dike approximately 10 m thick, concordant to wall rock (strike 325º, 
dip <75º).  The composition is predominantly feldspar with quartz and 
mica.  The body has been investigated by means of a single open pit to 
a depth of 5 m. 

Lavra do Morundu A vertical pegmatite dyke approximately 30 m thick by 250 m long. It is 
discordant to the fabric of the country rock.  Heavy minerals including 
cassiterite and tantalite are recognizable in this pegmatite. 

Mario Gusmão A narrow (<5 m thick) dike, concordant to wall rock (strike 330º, dip 
<65º), composed of feldspar with quartz, mica and abundant black 
tourmaline. This pegmatite has been mined by means of an open pit to 
a depth of approximately 10 m.   

Sebastiano Dutra A 10ς20 m thick, >150 m long dike, concordant to wall rock (strike 330º, 
dip <65º).  The pegmatite exhibits well defined zoning: (i) feldspar with 
quartz and coarse mica wall zone; and (ii) feldspar (albite)ςmicaςquartz 
with columbite intermediate zone; and (iii) quartz core zone.  This 
pegmatite has been mined for gemstone via several open pits of up to 
10 m depth. 

Aprigio and Aprigio 2 These two pegmatites are located in proximity to each other and are 
concordant with the host rock fabric (320-45°).  The main minerals are 
feldsparςquartzςmica (muscovite and lepidolite), and secondary 
minerals include black tourmaline (afrisite). No heavy minerals were 
observed. 

Apriginho The Apriginho pegmatite body is approximately 15ς20 m wide and 60 
m long.  The main minerals are 60ς70% feldspar, 15% quartz, 10% mica 
and 5% petalite, with accessory tourmaline.  The body has small 
garimpeiro pits probably prospecting for tourmaline. The body is 
concordant with the host rock (340-75º). 

Tedi This pegmatitic body is 150 m long, striking north-south.  The width of 
the pegmatite is unknown as the contact zones have not been exposed.  
The main minerals are feldspar, quartz, mica (muscovite and lepidolite) 
and the secondary minerals include black tourmaline.  

Vicente Strikes eastςwest, with an 80º dip concordant to the host rock.  In the 
area there are some small open pits and underground workings.  The 
mineralogical composition of the bodies includes feldspar, quartz, mica 
and black tourmaline. 
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Prospect Description 

Bie Strikes 320º and dips 90º, concordant with the host rock.  The body was 
mined by means of an open pit 20 m wide and 70 m long.  The main 
minerals are feldspar, quartz, and mica (muscovite and lepidolite) and 
the secondary minerals include black tourmaline and cassiterite. 

Lavra do Bie 2 Garimpo underground workings expose weathered pegmatite 
containing petalite and amblygonite ore, with large columbite crystals 

Lavra do Bie 3 Exploited by garimpeiros for green tourmaline, beryl and amblygonite 

Table 9-5: Santa Clara Property Prospects 

In the western portion of Santa Clara, schist foliation is shown primarily to be east-west, dipping 30° north. The 

major pegmatites (Jose Gonzalves, Elvira 1 and 2) are discordant to schist foliation, dipping steeply south. The 

minor pegmatites are concordant to schist foliation. 

Broadly, a lithium mineral zonation is apparent, with amblygonite and lepidolite in the eastern zone, spodumene 

and petalite in the western zone. 

 

Santa Clara Prospect Description 

Jose Gonzalves Some 520m long, 7m to 20m wide. DDH drill core reveals quartz spodumene 
intergrowth and late-stage petalite fracture-fill; intercepts grading at e.g 1.42% 
Li2O over 20.03m 

Elvira 1 Subject to garimpo underground workings, crystalline petalite evident in the 
stope. 

Elvira 2 950m long, 8m to 25m wide, similar mineralogy to Jose Gonzalves 

Lagoa do Barro NE-SW striking pegmatite. Preliminary mapping of garimpo pits indicates 970m 
length, of variable width. Spodumene recovered from numerous locations. 

 

Sigma geologists have mapped a total of 236 pegmatites within the tenements held by Sigma, with a number of 

them being considered prospective for further exploration. 
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10 DRILLING 

10.1 INTRODUCTION 

SMSA has conducted several drilling campaigns on the project since acquiring the property in 2012.  To date, this 

drilling has concentrated primarily on the Grota do Cirilo pegmatites, although in 2023 14 holes were drilled on 

the Elvira prospect on the Santa Clara property.  Table 10-1 is a drill summary table showing the drilling completed 

by SMSA until the 18th January 2024.  A total of 647 core holes (131,982 m) were completed. 

Table 10-1: Total Sigma Drill Holes to 18th January 2024 

Pegmatite/Area 
Number of  
Drill Holes 

Metres  
Drilled 

Xuxa 100 15,531 

Barreiro 136 26,976 

Murial 177 42,547 

Lavra do Meio 44 9,192 

Nezinho do Chicão 131 25,671 

Maxixe 26 6,711 

Tamboril 19 3,582 

Elvira 14 1,772 

Total 647 131,982 

10.2 DRILL TYPE 

All drilling was core drilling at HQ core size (63.5 mm core diameter) to provide quality logging material, and to 

recover sufficient material for future metallurgical testing.   

10.3 SIGMA DRILLING CAMPAIGNS  

10.3.1 Xuxa 

As of October 31st 2022, SMSA had completed a total of 100 diamond drill holes on Xuxa for 15,531 m  

(Table 10-2).  All of the drilling to the end of 2018 was used in support of Mineral Resource estimation. The seven 

holes drilled in 2021 were confirmation drill holes and are not included in the current resource statement. 
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Table 10-2: Total Xuxa Drilling  

Year 
Number of  
Drill Holes 

Metres  
Drilled 

2014 9 649 

2017 57 7,149 

2018 27 6,178 

2021 7 1,555 

Total 100 15,531 

 

The 2014 drill program was undertaken by a Brazilian-based company named Geosol, core was stored in locally 

made ǿƻƻŘŜƴ ōƻȄŜǎ ŀƴŘ ǘǊŀƴǎǇƻǊǘŜŘ ǘƻ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ŎƻǊŜ ǎƘŜŘǎ ŦƻǊ ƭƻƎƎƛƴƎ ŀƴŘ ǎŀƳǇƭƛƴƎΦ  ¢ƘŜ ŀǾŜǊŀƎŜ 

pegmatite intersection was 13.55 m and an average true thickness of 9.6 m was calculated.  The true thickness, 

based on 2017-2018 drilling, increased to 13.6 metres. 

Ten percent of the holes at Xuxa have been drilled vertically and the remaining 90% are inclined at between 050º 

to 090º (average of 75º).  The core holes are generally oriented at azimuth 145°, perpendicular to the general 

orientation of the pegmatite intrusions, and deviate slightly toward the west.  Drill spacing is typically 50 m with 

wider spacing at the edges of the drill pattern.  The drill hole intercepts range in thickness from approximately 85% 

of true width to near true width of the mineralization. 

Illustrative intercepts through the deposit, showing examples of drill holes with low-grade intercepts, with high-

grade intercepts and with higher-grade intercepts within lower-grade widths, are provided in  

Table 10-3.  Figure 10-1 shows the locations of the drill collars.  Figure 10-2 is a longitudinal section showing the 

general drill orientations. 

Table 10-3: Xuxa Example Drill Intercept Table 
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Figure 10-1: Plan View of the Drilling at Xuxa (2017 blue collars and 2018 black collars) 

 

 

Figure 10-2: Longitudinal View of the Drilling at Xuxa 
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10.3.2 Barreiro  

Drilling from 2014ς2021 consisted of 136 HQ drill holes (26,976 m).  The drilling is summarized by year in Table 

10-4.  All of the drill holes are used in Mineral Resource estimation. 

Table 10-4: Total Barreiro Drilling  

Year 
Number of  
Drill Holes 

Metres  
Drilled 

2014 4 181 

2017 2 234 

2018 103 19,243 

2021 27 7,318 

Total 136 26,976 

 

The drill holes were generally spaced between 50ς100 m apart with 65% of the drilling being vertical and the 

remaining drill holes were drilled on a N310º azimuth.  The drill-hole inclination ranged from 50º to 90º, and the 

deepest hole reached 350 m below surface.  The average pegmatite intersection was about 42 m, resulting in a 

typical true thickness of 35-40 m.   

Illustrative intercepts through the deposit, showing examples of drill holes with low-grade intercepts, with high-

grade intercepts and with higher-grade intercepts within lower-grade widths, are provided in  

Table 10-5.  A drill hole location plan for the drilling is provided in Figure 10-3, and a longitudinal view of the drill 

traces in Figure 10-4.   

Table 10-5: Barreiro Example Drill Intercept Table 
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Figure 10-3: Plan View of the Drilling at Barreiro 

 

 

Figure 10-4: Longitudinal View of the Drilling at Barreiro 
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10.3.3 Lavra do Meio  

During 2017ς2018, SMSA completed 17 HQ core holes for 2,119 m, while another 27 holes for 7,073 m were 

completed as part of the 2023 drill program.  A drill hole summary table is provided in Table 10-6.  All drilling is 

used in Mineral Resource estimation.  

Table 10-6: Total Lavra do Meio Drilling  

Year 
Number of  
Drill Holes 

Metres  
Drilled 

2017 2 158 

2018 15 1,961 

2023 27 7,073 

Total 44 9,192 

 

The core holes drilled at Lavra do Meio are generally vertical, perpendicular to the general orientation of the 

pegmatite intrusions, and have a variable deviation toward the south.  Their spacing is typically 50 m with wider 

spacing at 75 m at the east and west edges of the drill pattern.  The drill holes dips range from -60° to -70° with an 

average of -60° and the drill hole intercepts range in thickness from approximately 95% of true width to near true 

width of the mineralization. 

Illustrative intercepts through the deposit, showing examples of drill holes with low-grade intercepts, with high-

grade intercepts and with higher-grade intercepts within lower-grade widths, are provided in  

Table 10-7.  Drill collar locations are included in Figure 10-5 in plan view, and a longitudinal section showing the 

drilling is included as Figure 10-6. 

Table 10-7: Lavra do Meio Example Drill Intercept Table 
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Figure 10-5 ς Plan View of the Drilling at Lavra do Meio 

 

 

Figure 10-6: Longitudinal View of the Drilling at Lavra do Meio 
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10.3.4 Murial  

Drilling from 2017 to the end of 2023 totals 17,528 m in 79 HQ core holes.  A drill hole summary table is provided 

in Table 10-8.  Only the drill holes from  1 to 34 were used in the 2018 Mineral Resource estimation, while the later 

2018 results and the 2022 results will be used for the next MRE update. 

Table 10-8: Total Murial Drilling 

Year 
Number of  
Drill Holes 

Metres  
Drilled 

2017 1 119 

2018 34 5,765 

2022 49 12,793 

2023 93 23,870 

Total 177 42,547 

 

The core holes drilled at Murial in 2017 and 2018 were drilled predominantly at an angle of -60 to the west, 

perpendicular to the orientation of the southernmost pegmatite intrusion. The 2022 and 2023 drilling extends the 

mineralization northward and is drilled generally vertical, which is perpendicular to the general orientation of the 

pegmatite intrusions there which are more flat-lying.  The spacing is typically 50 m with some spacing at 100 m at 

the northern portion of the drill pattern.  The drill holes dips range from 57° to 90° and the drill hole intercepts 

range in thickness from approximately 95% of true width to near true width of the mineralization. 

Illustrative intercepts through the deposit, showing examples of drill holes with low-grade intercepts, with high-

grade intercepts and with higher-grade intercepts within lower-grade widths, are provided in  

Table 10-9.  Drill hole collar locations are provided in Figure 10-7 and Figure 10-8. 

Table 10-9: Murial Example Drill Intercept Table 
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Figure 10-7: Plan View of the Drilling at Murial 

 

 

Figure 10-8: Longitudinal View of the Drilling at Murial 
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10.3.5 Nezinho do Chicão 

One hundred and thirty-one drill holes totalling 25,671 m have been completed at Nezinho do Chicão to the end 
of 2023 (Table 10-10).  Table 10-11 provides illustrative intercepts through the deposit, showing examples of drill 
holes with low-grade and high-grade intercepts. The average grade over the five holes is 1.49% Li2O. Due the cut-
off date, the assay results of holes 118, 120 and 123 were not available for the October 31 2022 MRE update.   
 

Two of the holes at NDC have been drilled vertically and the remaining are inclined between 060º to 090º (average 

of 65º).  The core holes are generally oriented at azimuth 295°, perpendicular to the general orientation of the 

pegmatite intrusions.  Drill spacing is typically 100 m with wider spacing at the edges of the drill pattern.  The drill 

hole intercepts range in thickness from approximately 90% of true width to near true width of the mineralization. 

 

Figure 10-9 shows the collar locations and Figure 10-10 is a longitudinal view of the drilling. 

Table 10-10: Nezinho do Chicão Drilling to December 1, 2021 
 

Year 
Number of  
Drill Holes 

Metres  
Drilled 

2018 5 394 

2021-2022 118 21,916 

2023 8 3,361 

Total 131 25,671 

 
Table 10-11: Nezinho do Chicão Example Drill Intercept Table 
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Figure 10-9: Plan View of the Drilling at Nezinho do Chicão 

 

 

Figure 10-10: Longitudinal View of the Drilling at Nezinho do Chicão 

 

 

 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































