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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 

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 Chicao, 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. 

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 

Chicao deposits. 

The Report supports the disclosure by Sigma in the news release dated the 31st of January 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 located in the 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 owned 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. 

Certain surface rights in the Xuxa area, the current primary focus of mining activity, are held by two companies, 

Arqueana Minérios e Metais (Arqueana), Miazga Participações S.A. (Miazga) and Tatooine Investimentos S.A. 

(Tatooine).  SMSA has entered into two right-of-way agreements ǿƛǘƘ ǘƘŜǎŜ ŎƻƳǇŀƴƛŜǎ ǘƻ ǎǳǇǇƻǊǘ {ƛƎƳŀΩǎ 

exploration and development activities within the Grota do Cirilo property, as well as with third-party surface 

owners in the Project area. 

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 

on mineral production.  Lithium production is subject to a 2.0% CFEM royalty, payable on the gross income from 

sales.  The Project is subject to one third-party net smelter return (NSR) royalties 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 paved road 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 Eastern Brazil region is characterized by a dry, semi-arid and hot climate.  It is expected that future mining 

operations could be conducted year-round.  Exploration activities are 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, accommodation for 40 

persons on site, 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 topography consists of gently rolling hills with less than 100 m difference in elevation.  The Project area 

typically hosts thorn scrub and savannah.  Much of the area has been cleared for agriculture.  The primary source 

of water for this project is the Jequitinhonha River. 

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. 

In 2017 Sigma purchased a dense media separation (DMS) unit to produce a 6% Li2O spodumene 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 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 3 
    

SGS Canada Inc. 

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. 

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), 30ς

35 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 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:   
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¶ 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 Chicao: 

¶ 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 across the Project area consists of 458 core holes totalling 82,455 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 

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 and 2022 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 
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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 

for the Xuxa Definitive Feasibility Study (DFS) and the Barreiro/NDC Pre-Feasibility Study (PFS) update. 

1.8 SAMPLE PREPARATION, ANALYSES AND SECURITY 

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 

mineralized pegmatite and the host rock.  In general, 1 m host rock samples were collected from each side that 

contacts the pegmatite. 

All samples collected by SMSA during the 2014ς2023 exploration programs were sent to the SGS Geosol laboratory 

(SGS Geosol) located in the city of Belo Horizonte, Brazil.  A portion of the 2017ς2018 and 2020-2023 sample pulps 

were prepared by ALS Brazil Ltda. in Vespasiano, Brazil (ALS Vespasiano) and shipped to ALS Canada Inc. Chemex 

Laboratory (ALS Chemex) in North Vancouver, BC, Canada for cross check validation.  A portion of the 2014 samples 

were resampled by the QP and sent for validation to the SGS Lakefield Laboratory (SGS Lakefield) in Lakefield 

Canada.  All laboratories, including ALS Chemex, ALS Vespasiano, SGS Lakefield and SGS Geosol are ISO/IEC 17025 

accredited.  The SGS Geosol laboratory is ISO 14001 and 17025 accredited by the Standards Council.  All 

laboratories used for the technical report are independent from SMSA and Sigma and provide services to SMSA 

ǇǳǊǎǳŀƴǘ ǘƻ ŀǊƳΩǎ ƭŜƴƎǘƘ ǎŜǊǾƛŎŜ ŎƻƴǘǊŀŎǘǎΦ 

Sample preparation conducted at SGS Geosol consisted of drying, crushing to 75% passing 3 mm using jaw crushers, 

and pulverizing to 95% passing 150 mesh (106 µm) using a ring and puck mill or a single component ring mill.  In 

2017, SGS Geosol performed 55-element analysis using sodium peroxide fusion followed by both inductively 

coupled plasma optical emission spectrometry (ICP-OES) and inductively coupled plasma mass spectrometry (ICP-

MS) finish (SGS code ICM90A).  This method uses 10 g of the pulp material and returns different detection limits 

for each element and includes a 10 ppm lower limit detection for Li and a 10,000 ppm upper limit detection for Li.  

In 2018, SGS Geosol used a 31-element analytical package using sodium peroxide fusion followed by both 

Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) and ICP-MS finish (SGS code ICP90A). The 

2020-2022 samples were assayed by SGS Geosol with a 31-element analytical package using sodium peroxide 

fusion followed by both Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) and ICP-MS finish 

(SGS code ICP90A) For Li, the lower limit of detection is 10 ppm, and the upper limit of detection is 15,000 ppm 

(1.5% Li). 

Sample preparation at ALS Vespasiano comprised drying, crushing to 70% passing 2 mm using jaw crushers, and 

pulverizing to 85% passing 200 mesh (75 µm) using a ring and puck mill or a single component ring mill.  Lithium 

and boron were determined by sodium peroxide fusion followed by ICP-AES analysis (ALS Chemex method ME-

ICP82b). 

The 2017 witness samples collected on the 2014 drill core were analyzed at SGS Lakefield using sodium peroxide 

fusion followed by both ICP-OES and ICP-MS finish (SGS code ICM90A). 

In addition to the laboratory quality assurance quality control (QA/QC) routinely implemented by SGS Geosol and 

ALS Chemex using pulp duplicate analysis, SMSA developed an internal QA/QC protocol for the Xuxa drilling, which 

consisted of the insertion of analytical standard reference materials (standards), blanks and core duplicates on a 

systematic basis with the samples shipped to the analytical laboratories.  In 2017 and 2021, Sigma also sent pulps 

from selected mineralized intersections to ALS Chemex for reanalysis.  No pulp reanalysis was performed by Sigma 
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in 2013 and 2014.  A total of 729 pulp samples from the 2017, 2018, 2020 and 2021 Xuxa, Barreiro, Murial and 

Lavra do Meio drilling programs were sent to ALS Vespasiano for third-party verification. 

SMSA inserted standards in sample batches during the 2014, 2017ς2018 and 2020-2022 sampling programs.    The 

2017ς2018 campaign used seven certified standards from African Mineral Standards (AMIS), an international 

supplier of certified reference materials while the 2020-2022 campaign used four certified AMIS standards.  A total 

of 88 standards were inserted during the 2017 campaign and 315 were inserted during the 2018 campaign, with a 

further 73 standards submitted in the 2021 campaign and 210 samples submitted in 2021-2022.  Results were 

considered acceptable, and no material accuracy issues were noted. 

During the 2017ς2018 and 2020-2022 campaigns SMSA included insertion of analytical blanks in the sample series 

as part of their internal QA/QC protocol.  The blank samples, which are made of fine silica powder provided by 

AMIS, are inserted an average of one for every 20 samples by the SMSA geologist and subsequently sent to SGS 

Geosol.  The same procedure was used by SMSA for the 2014 drilling campaign.  A total of 939 analytical blanks 

were analysed during the 2014, 2017ς2018 and 2020-2022 exploration programs.  Results were considered 

acceptable, and no material contamination issues were noted. 

SMSA inserted coarse duplicates every 20th sample in the sample series as part of their internal QA/QC protocol.  

The sample duplicates correspond to a quarter HQ core from the sample left behind for reference, or a 

representative channel sample from the secondary channel cut parallel to the main channel.  Assay results were 

considered acceptable between the two sample sets. 

Bulk densities of the lithologies were measured by SGS Geosol by pycnometer measurement.  Measurements were 

by lithology with special attention to the lithium bearing pegmatite.  Separate measurements were made for the 

Xuxa, Barreiro, Murial, Lavra do Meio and NDC deposits. 

A total of 219 measurements were made on Xuxa core from 2017ς2021.  Of the 219 measurements, 26 were made 

on albite-altered pegmatite, 69 on schist, and 121 on lithium-bearing pegmatite.  For Barreiro, a total of 471 

measurements were made on core from the 2018 and 2021 drill programs.  Of the 471 measurements, 94 were 

made on albite-altered pegmatite, 206 on schist, and 164 on lithium-bearing pegmatite.  For Murial, a total of 134 

measurements were made by the same method on core from the 2018 drill program.  Of the 134 measurements, 

32 were made on the albite-altered pegmatite, 58 on the schist and 44 on the lithium bearing pegmatite.  For Lavra 

do Meio, a total of 51 measurement were made by the same method on core from the 2018 drill program.  Of the 

51 measurements, nine were made on the albite altered pegmatite, 22 on the schist and 20 on the lithium bearing 

pegmatite. For NDC, a total of 292 lithium-bearing samples had density measurements calculated, comprising 196 

spodumene samples and 96 petalite samples. 

In 2017, SGS validated the exploration processes and core sampling procedures used by SMSA as part of an 

independent verification program.  The QP concluded that the drill core handling, logging and sampling protocols 

are at conventional industry standard and conform to generally accept best practices.  The chain of custody was 

followed by SMSA employees, and the sample security procedure showed no flaws.  The QP considers that the 

sample quality is good and that the samples are generally representative.   

As additional QAQC, SMSA sent 664 samples from the 2017-2018 Grota do Cirillo drilling campaign to ALS Chemex 

for analysis using the protocol ME-ICP82b with sodium peroxide fusion.  Preparation was done by ALS Vespasiano 

and the samples were subsequently shipped to Vancouver.  The average Li concentration for the original was 
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6,411.4 ppm Li while the duplicate average was 6,475.9 ppm Li.  This indicates a slight bias of the ALS Chemex 

duplicates which is well within the accepted margin of error. 

Sigma sent 65 samples from the 2021 Barreiro drilling campaign to ALS Chemex for check sample analysis using 

the ALS Chemex protocol ME-ICP82b with sodium peroxide fusion.   

The average lithium concentration for the original samples was 6,518.0 ppm Li and the duplicates averaged 6,559.7 

ppm Li, with an average difference of 41.7 ppm or 0.6%. The correlation coefficient R2 of 0.9854 suggests a strong 

correlation and a high similarity between the two sets of samples. 

Sigma sent 304 samples from the 2021-2022 NDC drilling campaign to ALS Chemex for check sample analysis using 

the ALS Chemex protocol ME-ICP82b with sodium peroxide fusion.   

The average lithium grade for the original samples was 1.38% Li2O and the duplicates averaged 1.39% Li2O. The 

correlation coefficient R2 of 0.98 suggests a strong correlation and a high similarity between the two sets of 

samples. 

A total of 216 coarse duplicates and 216 pulp duplicates from NDC were submitted for analysis from the 2021 and 

2022 drill programs. For the coarse duplicates, the average of the original samples was 1.44% Li2O, while the 

duplicates averaged 1.42% Li2O, while the original pulp samples averaged 1.43% Li2O, with the pulp duplicates also 

averaging 1.43% Li2O. 

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 

Visits to the Project site were conducted by Marc-Antoine Laporte, P.Geo., M.Sc. from September 11 to September 

15, 2017, from July 11 to July 17, 2018, from September 18 to 23, 2018, from October 18 to 21, 2021 and from 

May 30 to June 1, 2022.  These visits enabled the QP to become familiar with 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. 

The database for the Project was transmitted to SGS by Sigma as comma separated values (csv) files and regularly 

updated by Sigma geologists.  The database contains data for:  collar locations; downhole surveys; lithologies and 

lithium assays.  Upon importation of the data into the SGS proprietary modelling and mineral resources estimation 

software (Genesis©), SGS conducted a second phase of data validation where any discrepancies were identified 

and removed from the database, after consultation and verification with Sigma geologists.  Finally, SGS conducted 

random checks on approximately 5% of the assay certificates, to validate the assay values entered in the database. 

Witness sampling was undertaken in 2017 on previously sampled mineralized intervals, with the remaining half 

core cut to quarter core, and the samples submitted to the SGS Lakefield lab for analysis.  A total of nine mineralized 

intervals were sampled to compare the average grade for the two different laboratories.  The average for the 

original samples is 1.61 % Li2O while the average for the control samples is 1.59 % Li2O.  The average grade 

difference is 0.02% which makes a relative difference of 1.28% between the original and the control samples. 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 8 
    

SGS Canada Inc. 

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 

Chicao 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 Chicao 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 spodumene 

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 spodumene 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 spodumene concentrate. 

The DMS test results demonstrated the ability to produce spodumene 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 
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of the test work program was to produce chemical grade spodumene 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%. 

In all four variability samples, HLS tests produced >6% Li2O spodumene 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 spodumene concentrate grade of 6.11% Li2O and stage 

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

1.10.3 Nezinho do Chicao 

Three variability samples and one composite sample were tested for Nezinho do Chicao (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 spodumene 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 spodumene concentrate grade with petalite 5.50% Li2O 

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

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, Nezhino do Chicao, 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. 
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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 wer 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. 

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 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 mine planning, due mostly to the relatively low mining 

costs in Brazil. 

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 1-9 using a 0.3% Li2O cut-off.  The 

Mineral Resource estimates are constrained by the topography and are based on the conceptual economic 

parameters.  The Xuxa estimate has an effective date of the 10th january 2019, the Barreiro estimate has an 

effective date of the 10th February 2022, and the NDC, Murial, Lavra do Meio, Maxixe, Tamboril and Elvira estimates 

have an effective date of the 18th January 2024.  The QP for the estimates is Mr. Marc-Antoine Laporte, P.Geo., an 

SGS employee. 
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Table 1-1: Grota do Cirilo Complete Mineral Resource Estimate 18th January 2024 

Cut-off Grade  
Li2O (%) 

Category 
Tonnage 

(t) 
Average Grade  

Li2O (%) 
LCE (Kt) 

0.3 Measured 45.2 1.41 1,576 

0.3 Indicated 49.1 1.39 1,688 

0.3 Measured + Indicated 94.3 1.40 3,265 

0.3 Inferred 14.6 1.37 495 

 

Notes to accompany Mineral Resource table: 

1. Mineral Resources have an effective date of the 18th January, 2024 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$1,300/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 2.4 1.58 94 

0.3 Indicated 31.2 1.43 1,103 

0.3 Measured + Indicated 33.6 1.45 1,205 

Table 1-3: Murial Deposit Mineral Resource Estimate 

Cut-off Grade  
Li2O (%) Category 

Tonnage 
(Mt) 

Average  
Grade Li2O  

(%) 
LCE (Kt) 

0.3 Measured 10.1 1.31 327 

0.3 Indicated 3.4 1.07 90 

0.3 Measured + Indicated 13.5 1.25 417 

0.3 Inferred 2.6 1.29 83 

 

Table 1-4: Lavra do Meio Deposit Mineral Resource Estimate 

Cut-off  
Grade Li2O 

(%) 
Category Tonnage 

(Mt) 

Average  
Grade Li2O 

(%) 
LCE (Kt) 

0.3 Measured 3.0 1.16 86 

0.3 Indicated 1.2 1.20 36 

0.3 Measured + Indicated 4.2 1.17 122 

0.3 Inferred 0.02 1.34 0.7 

 

Table 1-5: Maxixe 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 1.6 1.35 53.4 
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Table 1-6: Tamboril 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 0.7 1.05 18.1 

 

Table 1-7: 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 

 

Notes to accompany Mineral Resource tables: 

1. Mineral Resources have an effective date of the 18th January, 2024 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$1,300/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. There are no mineral reserves on the Property. 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. 

 

 

 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 14 
    

SGS Canada Inc. 

Table 1-8: Xuxa Deposit Mineral Resource Estimate 

Cut-off Grade  
Li2O (%) 

Category 
Tonnage 

(Mt) 
Average Grade  

Li2O (%) 
LCE (Kt) 

0.3 Measured 10.2 1.59 401 

0.3 Indicated 7.2 1.49 266 

0.3 Measured + Indicated 17.4 1.55 667 

0.3 Inferred 3.8 1.58 149 

 

Notes to accompany Mineral Resource table: 

1. Mineral Resources have an effective date of January 10, 2019 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$1,000/t, mining costs of US$2/t for mineralization and waste, US$1.2/t for overburden, crushing and processing costs of US$12/t, general and 

administrative (G&A) costs of US$4/t, concentrate recovery of 85%, 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. 

Table 1-9: 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 1.38 132 

 

Notes to accompany Mineral Resource table:: 

1. Mineral Resources have an effective date of February 11, 2022 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$1,500/t, mining costs of US$2.2/t for mineralization and waste, crushing and processing costs of US$10/t, general and administrative (G&A) 

costs of US$4/t, concentrate recovery of 60.7%, 2% royalty payment, pit slope angles of 52-55º, 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.  
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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.  

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. 

¶ Metallurgical recovery assumption that are based on preliminary test results. 

¶ 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. 

1.12 MINERAL RESERVE ESTIMATES 

1.12.1 Xuxa Mineral Reserves 

Xuxa Mineral Reserve estimates have an effective date of 26th of June 2021 and have been converted from 

Measured and Indicated Mineral Resources.  The key parameters upon which the 26 June 2021 Mineral Reserve 

estimates were defined are summarized in Table 1-6. 
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Table 1-10: Parameters Used in Xuxa Pit Optimization  

Item Unit Value 

Revenue 

Sales Price US$/t conc.* $1500.00 

Ore 
Density g/cm³ fixed in model 

Grade % Li2O fixed in model 

Mining 
Mine Recovering 

% 
fixed in model 

Dilution fixed in model 

Block Model 

Dimensions 

Block Dimensions Unit value 

X x Y x Z m 5 x 3 x 5 

General Angle 

Soil 

º 

34 

Saprolite 37.5 

Fresh Rock 
Sector 1 ς 72º 

Sector 2 ς 50º 

Processing 

Metallurgical Recovery** % 60.7 

Mass Recovery*** % Calculated in block 

Concentrated Grade % Li2O 6.0 

Cut-off % Li2O 0.5 

Costs 

Mining US$/t mined $2.20 

Processing 
US$/t ore 

$10.70 

G&A (Adjusted for OPEX) $4.00 

Sale (2% cost of sale) 
US$/t product 

$14.66 

 Royalties (CFEM 2%) $14.66 

 Note: * conc. = concentrate, ** based on DMS Tests, *** Including 15% fines losses - FOB Mine 

Proven and Probable Mineral Reserves are as presented in Table 1-7. 
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Table 1-11: Xuxa Mineral Reserves 

Sigma FS Xuxa 

5 x 3 x 5 (m) Block Dimensions 

97% Mine Recovery, 3.75% Dilution 

(Effective date: 6/26/2021) 

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

Proven 8.34 1.55 319.7 

Probable 3.46 1.54 131.8 

Total 11.80 1.55 451.5 

 

Notes to accompany Mineral Reserves 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 6% Li2O = US$1,500/t concentrate FOB Mine 

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

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

5. Processing costs: US$10.7/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% Mining Recovery and 3.75% Mining Dilution 

9. Final slope angle: 34° to 72° based on Geotechnical Document presented in Section 16. 

10. Inferred Mineral Resources with the Final Operational Pit is 0.68 Mt grading at 1.52% Li2O. The Inferred Mineral Resources are not included in the Mineral 

Reserves. 

11. Strip Ratio = 16.6 t/t (waste+Inferred mineral resources)/mineral reserves. 

12. The Qualified Person for the estimate is Porfírio Cabaleiro Rodriguez, BSc. (MEng), FAIG, an employee of GE21.. 
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1.12.2 Barreiro Mineral Reserves 

The Barreiro Mineral Reserve estimates have an effective date of February 24, 2022 and have been converted from 

Measured and Indicated Mineral Resources.  The key parameters upon which the February 24, 2022 Mineral 

Reserve estimates were defined are summarized in Table 1-8. 

Table 1-12: Parameters Used in Barreiro Pit Optimization 

Item Unit Value 

Revenue 

Sales Price US$/t conc.* $1,500 

Ore 
Density g/cm³ Block model 

Grade % Li2O Block model 

Mining 
Mine Recovering 

% 
Block model 

Dilution Block model 

Block Model 

Dimensions 

Block Dimensions Unit value 

X x Y x Z m 5 x 5 x 5 

General Angle 

Overburden 

º 

Sector 1 ς 35º 

Sector 2 ς 37º 

Fresh Rock 
Sector 1 ς 55º 

Sector 2 ς 52º 

Processing 

Metallurgical Recovery** % 60.0 

Mass Recovery*** % Calculated in block 

Concentrated Grade % Li2O 6.0 

Cut-off % Li2O 0.5 

Costs 

Mining US$/t mined $2.19 (Ore)/$1.88 (Waste) 

Processing 
US$/t ore 

$10.70 

G&A (Adjusted for OPEX) $4.00 

Sale (2% cost of sale) 
US$/t product 

$14.66 

 Royalties (CFEM 2%) $14.66 

 
Note: * conc. = concentrate, ** based on DMS Tests, *** Including 15% fines losses - FOB Mine 
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Proven and Probable Mineral Reserves are as presented in Table 1-9. 

Table 1-13: Barreiro Mineral Reserves 

Sigma PFS Barreiro 

5 x 5 x 5 (m) Block Dimensions 

97% Mine Recovery, 3.00% Dilution 

(Effective date: 2/24/2022) 

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

Proven 16.93 1.38 576.8 

Probable 4.83 1.29 153.1 

Total 21.76 1.36 729.9 
 

Notes to accompany Mineral Reserves 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 6% Li2O = US$1,500/t concentrate FOB Mine. 

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

4. Mining costs: US$2.19/t mined. 

5. Processing costs: US$10.7/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 and 3% Mine Dilution 

9. Final slope angle: 35° to 55° based on Geotechnical Document presented in Section 16. 

10. Inferred Mineral Resources with the Final Operational Pit is 0.59 Mt grading at 1.32% Li2O. The Inferred Mineral Resources are not included in the Mineral 

Reserves. 

11. Strip Ratio = 12.5 t/t (waste+Inferred mineral resource)/mineral reserve. 

12. The Qualified Person for the estimate is Porfírio Cabaleiro Rodriguez, BSc. (MEng), FAIG, an employee of GE21. 
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1.12.3 Nezinho do Chicao Mineral Reserves 

Nezinho do Chicao (NDC) Mineral Reserve estimates have an effective date of 31st October 2022 and have been 

converted from Measured and Indicated Mineral Resources, as prepared by SGS Geological Services (SGS Canada). 

The key parameters upon which the Mineral Reserve estimates were defined are summarized in Table 1-10. 

 

Table 1-14: Parameters Used in NDC Pit Optimization 

Item Unit Value 

Revenue 

Financial Parameters 
Sales Price US$/t conc  3500 

Discount rate % 10 

ROM 
Density g/cm³ model 

Grades % Li2O model 

Mining 
Mining Recovery 

% 
model 

Dilution model 

Block Model 

Block dimensions Unit Value 

X 

m 

5 

Y 3 

Z 5 

Overall Slope Angle 
Overburden 

º 
35 

Fresh Rock 52 

Processing 

Metallurgical 
Recovery DMS** 

% 60.7 

Mass Recovery % Calculated for each block 

Concentrate Grade % Li2O 6 

Cut-off Grade 
(fixed by program) 

% Li2O 0.5 

Costs 

Mining US$/t mined 2.43 

Processing 
US$/t ROM 

10.7 

G&A 4 

Sales (2% sales 
cost) 

US$/t product 

14.66 

  
Royalties (CFEM 

2%) 
14.66 

Note: * conc. = concentrate, ** based on DMS Tests, *** Including 15% fines losses - FOB Mine 
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Proven and Probable Mineral Reserves are as presented in Table 1-11. 

Table 1-15: Nezinho do Chicao Mineral Reserves 

Sigma PFS Nezinho do Chicão 

5 x 3 x 5 (m) Block Dimensions 

94% Mine Recovery, 3% Dilution 

(Effective date: 10/30/2022) 

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

Proven 2.17 1.53 82.1 

Probable 19,02 1.44 677.3 

Total 21.19 1.45 759.4 

*Lithium Carbonate Equivalent 

Notes to accompany Mineral Reserves 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 6% Li2O = US$3,500/t concentrate FOB Mine. 
3. Mining costs: US$2.43/t mined. 
4. Processing costs: US$10.7/t ore milled. 
5. G&A: US$4.00/t ROM (run of mine). 
6. Exchange rate US$1.00 = R$5.30. 
7. Mineral Reserves are the economic portion of the Measured and Indicated Mineral Resources. 
8. 94% Mine Recovery and 3% Mine Dilution 
9. Final slope angle: 35° to 52° based on Geotechnical Study conducted by Itaaçu. 
10. Strip Ratio = 16.01 t/t (waste)/mineral reserve. 
11. The Competent Person for the estimate is Porfírio Cabaleiro Rodriguez, BSc. (MEng), FAIG, an employee of GE21. 

 

1.13 MINING METHODS 

Sigma has undertaken a program of resource drilling for the Xuxa, Barreiro and NDC deposits.  Most drill holes 

have been geotechnically logged for structural data.  The geotechnical data logged from these holes has been 

analyzed to provide estimates of slope stability, using industry standard empirical techniques. 

1.13.1 Xuxa 

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

¶ Two independent open pits areas: Pit 1 in the north (Xuxa Pit #1) and Pit 2 in the south (Xuxa Pit #2) 

¶ Single access from both pits to the mine infrastructure pad and the processing plant 

¶ Pit wall pre-splitting of the ore zone to reduce mine dilution 

¶ Elevated inter-ramp angles for the waste to reduce strip ratio. 
 
The basis for the scheduling includes: 

¶ Six months of pre-stripping to liberate the ore 

¶ Pit 1 and Pit 2 mined in conjunction from Year 1 to Year 8 to reduce the drop-down rate and to facilitate 
the 1.5 Mtpa production rate 

¶ The planned open pit mine life is eight years 

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

¶ 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 Chicao 

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

¶ Two independent open pits areas: Pit 1 in the north and Pit 2 in the south 

¶ 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 12 years 

 

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

1.14 RECOVERY METHODS 

The processing plant was designed to produce a target 6.0% Li2O spodumene concentrate from an ore grade of 

1.46% Li2O (diluted) DMS. 

A second DMS concentrator plant would be constructed to process Barreiro ore. This plant would produce a 

minimum 6.0% Li2O spodumene concentrate from an ore grade of 1.39% Li2O (diluted). 

With the integration and proposed new development of the NDC mine, the wholistic mining strategy and 

operational strategy will be designed around a combined Phase 2 & 3 process facility.  

Compared to Xuxa and Barreiro ores, the NDC ore does not respond as well due to different lithium deportment 

and mineralogy, so when processed the target concentrate grade drops to a nominal 5.5% contained lithium 

concentrate as spodumene and petalite from an ore grade of 1.44% Li2O (diluted). 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 23 
    

SGS Canada Inc. 

1.14.1 Processing Plant Description 

The throughput capacity for the Phase 1 processing plant is based on 1.7 Mtpa (dry) of ore fed to the crushing 

circuit, while the proposed expansion for the Phase 2 & 3 is based on a nominal capacity of 3.9Mtpa. 

The processing plants are designed based on a proven DMS circuit and include conventional three-stage crushing 

and screen circuit, up-flow classification for mica removal, two-stage coarse DMS circuit, two-stage fines DMS 

circuit, two-stage ultrafines circuit, as well as magnetic separation on the fines and ultrafines DMS concentrate 

final product streams. 

When NDC ore is treated through the extension of the processing plant, a third DMS circuit is proposed, to recover 

additional lithium units as petalite from the spodumene DMS float stream. The sinks from this circuit reports to 

the tailings, while the floats (petalite) report to the spodumene stockpile.  

Front-End Engineering Design (FEED) was completed for the processing plant. Xuxa design data is based on 

feasibility-level metallurgical test work conducted at SGS Canada Inc. in Lakefield, Ontario. The mass balance, 

process design criteria and process flow diagrams were developed based on these test work data.  

Design of the combined Barreiro and NDC concentrator is based on PFS-level test work conducted by SGS Canada 

Inc. in Lakefield, Ontario. 

1.14.2 Design Criteria and Utilities Requirements 

The utilities consumption requirements for each plant are approximately 6.7 MW for the process plant and 1.5 

MW for non-process infrastructure at the process plant. 

The Phase 1 raw water consumption for process water is nominal a 35 m3/hr (make-up raw water requirement).  

The process water will be recycled within the plant using a thickener, where all fines slurry streams will be directed 

and recovered.  This water will be pumped to the process water tank and recycled to the circuits.  

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

1.15 PROJECT INFRASTRUCTURE   

The Xuxa project infrastructure has been constructed on earthworks pads for the mineral processing plant, the 

mine operation support units, the open pits of the mines and the areas of waste rock and tailings disposal.  

If developed, the Phase 2 & 3 project will utilise the infrastructure developed for the Xuxa project. 

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

Access to the processing plant will be by municipal roads linking to the federal road BR367.  The current municipal 

road will be suitable for truck traffic. Sigma constructed a new section of the municipal road to bypass the plant, 

duly authorized by the municipality of Itinga. 

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

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

Fuel will be stored and dispensed from a fuel facility located at the mine services area. 
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Power will be supplied from the existing power grid line.  Two main sub-stations (CEMIG and plant) will be installed 

to supply power to the plant, the mine services area and associated infrastructure.  

Raw water will be supplied from the Jequitinhonha River, treated as necessary and reticulated within the plant for 

process, potable and firewater needs. 

1.15.2 Waste Rock and Tailings Disposal and Stockpiles 

At Xuxa, waste rock will be 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 will be 12 m wide, with a 

maximum gradient of 10%.  

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

Table 1-16 ς Xuxa Waste Pile Storage  

5ŜǎƛƎƴŜŘ tƛƭŜ ±ƻƭǳƳŜ 
όaƳшύ 

!ǊŜŀ 
όƘŀύ 

tƛƭŜ м мсΦн орΦф 

tƛƭŜ н мрΦм опΦм 

tƛƭŜ о мΦу уΦт 

tƛƭŜ п орΦф ррΦу 

tƛƭŜ р нΦп уΦо 

¢h¢![ тмΦп мпнΦу 

 

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 1-17: 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%. 

Table 1-14 show the capacity of the NDC waste pile. 
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Table 1-18: NDC Waste Pile Capacity and Surface Area 

Waste Pile Value 

Volume (Mm3) 162.5 

Area (ha) 158.8 

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 will 

be installed for monitoring and control purposes. 

The telecommunications network will consist of the telecommunications network, access control system and radio 

frequency identification (RFID). 

1.16 MARKET STUDIES AND CONTRACTS 

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

summarized from Benchmark Mineral Intelligence (2022).  

1.16.1 Demand and Consumption 

[ƛǘƘƛǳƳΩǎ demand growth profile increased dramatically in 2022, driven by structural changes in the automotive 

ƛƴŘǳǎǘǊȅ ǿƛǘƘ ƳŀƴǳŦŀŎǘǳǊŜǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ǘǊŀƴǎƛǘƛƻƴƛƴƎ ǘƻǿŀǊŘǎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ όά9±ǎέύΦ .ŜƴŎƘƳŀǊƪ aƛƴŜǊŀƭ 

Intelligence estimates that 2022 will end in a deficit position with total base-case battery demand expected to end 

ǘƘŜ ȅŜŀǊ ŀǘ рфм D²ƘΣ ǘǊŀƴǎƭŀǘƛƴƎ ǘƻ птр ƪǘ ƻŦ ƭƛǘƘƛǳƳ ŎŀǊōƻƴŀǘŜ ŜǉǳƛǾŀƭŜƴǘ όά[/9έύ ŘŜƳŀƴŘΣ ǳǇ ŦǊƻƳ опуƪǘ [/9 ƛƴ 

2022. Total lithium demand in 2022 expected to be 613 kt of LCE vs 482 kt in 2021. 

Benchmark Mineral Intelligence estimates that the supply-demand balance will tighten further going forward, with 

2023 forecasted to have a base case demand from battery end-use of 630 kt LCE, a 33% increase from 2022. This 

deficit position is expected to continue to increase, reaching a net deficit position of 159 kt LCE by 2030 and 2,580 

kt LCE by 2040. 

Benchmark Mineral Intelligence estimates global EV penetration will reach 12.4% in 2022, up from 8.0% in 2021, 

as global EV sales continue to accelerate, particularly from Europe and China. This figure is expected to climb to 

21% by 2025 and reach 74% by 2040. 

1.16.2 Supply 

Benchmark Mineral Intelligence expects lithium supply to increase over the 634 kt LCE of total supply estimated in 

2022, given the robust commodity price outlook for lithium. 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 26 
    

SGS Canada Inc. 

In the longer term, Benchmark Mineral Intelligence forecasts that the total lithium supply will reach 2.1 Mt LCE by 

нлол ŀƴŘ оΦлaǘ [/9 ōȅ нлплΦ .ŜƴŎƘƳŀǊƪ aƛƴŜǊŀƭ LƴǘŜƭƭƛƎŜƴŎŜΩǎ ǎǳǇǇƭȅ ŦƻǊŜŎŀǎǘ ƛƴŎƭǳŘŜǎ ŜȄǇŀƴǎƛƻƴǎ ŦǊƻƳ ŜȄƛǎǘƛƴƎ 

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

1.16.3 Price Forecast 

Tight market supply combined with rapidly improving demand for lithium chemicals is expected to put continued 

ǎǘǊƻƴƎ ǳǇǿŀǊŘ ǇǊŜǎǎǳǊŜ ƻƴ ǇǊƛŎŜǎΦ .ŜƴŎƘƳŀǊƪ aƛƴŜǊŀƭ LƴǘŜƭƭƛƎŜƴŎŜΩǎ ōŀǎŜ ŎŀǎŜ ŦƻǊŜŎŀǎǘ ŜȄǇŜŎǘǎ ǇǊƛŎŜǎ ǘƻ ŎƻƴǘƛƴǳŜ 

to rise through 2023 as demand outstrips supply with real lithium hydroxide and spodumene 6% prices hitting 

US$55,900/t and US$5,100/t in 2023, respectively. Benchmark then expects prices to stabilize at higher levels in 

2024 and begin to decline to more stable levels in a balanced supply-demand market in 2025.  

1.16.4 Contracts 

1.16.4.1 Operational Contracts 

Lƴ WǳƴŜΣ нлннΣ {a{! ŜƴǘŜǊŜŘ ƛƴǘƻ ŀ [ŜǘǘŜǊ ƻŦ LƴǘŜƴǘ ǿƛǘƘ CŀƎǳƴŘŜǎ /ƻƴǎǘǊǳœńƻ Ŝ aƛƴŜǊŀœńƻ {Φ!Φ όάCŀƎǳƴŘŜǎέύ ǘƻ 

provide mining services to SMSA for its pre-stripping phase, as well as its operational phase, including the supply 

of all equipment for such works. The definitive agreement was signed in June 2023. In August 2022, SMSA entered 

ƛƴǘƻ ŀ [ŜǘǘŜǊ ƻŦ LƴǘŜƴǘ ǿƛǘƘ L.v LƴŘǵǎǘǊƛŀǎ vǳƝƳƛŎŀǎ {Φ!Φ όά9ƴŀŜȄέύ ŦƻǊ ǘƘŜ ǎǳǇǇƭȅ ƻŦ ŜȄǇƭƻǎƛǾŜǎ ŀƴŘ ǘƘŜ ƘŀƴŘƭƛƴƎ ƻŦ 

ǎǳŎƘ ŜȄǇƭƻǎƛǾŜǎ ŦƻǊ {a{!Ωǎ ƳƛƴƛƴƎ ǿƻǊƪǎΦ ¢ƘŜ ŘŜŦƛƴƛǘƛǾŜ ŀgreement was signed in December 2023. Fagundes and 

Enaex are currently the ultimate service providers and suppliers for all mining activities of SMSA. 

Lƴ aŀȅ нлноΣ {a{! ŜƴǘŜǊŜŘ ƛƴǘƻ ŀƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ aǳƭǘƛƭƛŦǘ [ƻƎƝǎǘƛŎŀ [ǘŘŀΦ όάaǳƭǘƛƭƛŦǘέύΣ ǘƻ ǇǊƻǾƛŘŜ ǎŜǊǾƛŎŜǎ 

pertaining storage and port handling. In June and December 2023, SMSA also entered into agreements pertaining 

transport of goods to the ports with Dт [ƻƎ ¢ǊŀƴǎǇƻǊǘŜŘ [ǘŘŀΦ όάDтέύ ŀƴŘ 5ΩDǊŀƴŜƭ ¢ǊŀƴǎǇƻǊǘŜǎ Ŝ /ƻƳŞǊŎƛƻ [ǘŘŀΦ 

όά5ΩDǊŀƴŜƭέύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

Any future contracts are likely to be negotiated and renewed on an annual or bi-annual basis. Contract terms are 

expected to be typical of similar contracts in Minas Gerais State. 

1.16.4.2 Construction contracts 

SMSA has signed an agreement for the EPCM of the Production Plant and associated infrastructure with Promon. 

The detail engineering is progressing according to priority and both companies started issuing construction 

drawings according to the schedule baseline. Procurement services according to the Procurement Plan defined in 

the FEED. Construction Management includes general scheduling, managing all items, generating weekly dash 

boards, preparing presentations with critical points, preventive and corrective actions in order to reach the project 

deadlines. 

In April 2022, SMSA signed an agreement for the civil construction of the Phase 1 Greentech Plant with engineering 

firm Tucumann Engenharia e Empreendimentos Ltda. The scope of work includes all civil construction works and 

services for the implementation of the Project, including the supply of materials, commissioning, provision of 

documentation, topographic survey services, excavations, shallow foundations, concrete structures, buildings, 

paving, streets, urbanization and landscaping and rainwater drainage and spare parts. 

In March 2022, SMSA signed an agreement for the construction of a substation and the displacement of an existing 

transmission line with Tecnova Engenharia Ltda. The scope of work includes all civil construction, 

electromechanical and electrical assembly works and services for the implementation of the including, the civil 
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project, the electrical project, the electromechanical project, the supply and installation of materials, structures 

and equipment, as well as commissioning, supply of documentation as built of the civil, electromechanical and 

electrical works, considering all the technical information informed by CEMIG. 

In July 2022, SMSA signed an agreement for the construction of a laboratory with SGS Geosol. The scope of work 

ƛƴŎƭǳŘŜǎ ŀƭƭ ǿƻǊƪ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ ǘƘŜ {a{!Ωǎ ƛƴǘŜǊƴŀƭ ƭŀōƻǊŀǘƻǊȅ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΣ 

including the electrical project, the electromechanical project (including, but not limited to, the drawings, layouts, 

technical specifications, bills of materials, calculation memorials and documents), hydraulic design, supply and 

installation of materials, structures and equipment, as well as commissioning, start-ǳǇΣ ǎǳǇǇƭȅ ƻŦ άŀǎ ōǳƛƭǘέ 

documentation of the projects, electromechanical, hydraulic and electrical, and all other services necessary for the 

execution of the scope of work. 

In July 2022, SMSA signed an agreement for the electromechanical assembly of the Phase 1 Greentech Plant with 

PAREX Engenharia S.A. The scope of work includes all assembly of the Phase 1 Greentech Plant, and the supply of 

materials for such scope of works. 

SMSA is in negotiation with respect to the construction contracts for Phase 2. 

1.17 ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL OR COMMUNITY IMPACT 

Conselho Estadual de Politica Ambiental (COPAM) granted an Operation License (LO) to SMSA for commercial 

production and sale in March нлно ŦƻǊ ǘƘŜ ·ǳȄŀΩǎ tƛǘ Ім όbƻǊǘƘ tƛǘύ ŀƴŘ ƛƴ !ǇǊƛƭ нлно ŦƻǊ ǘƘŜ ·ǳȄŀΩǎ tƛǘ Ін ό{ƻǳǘƘ 

Pit)..  

On August 17, 2022, Sigma applied for the permitting of the environmental license for the Barreiro mine and waste 

piles. The environmental license for the subsequent phases will solely contemplate the license of the deposits and 

of its 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 Chicâo deposits within the Grota do Cirilo project.  The 

PAE for Xuxa was updated and approved in August 2018, while the PAE for Barreiro was updated and approved in 

July 2022.   

Reclamation plans (referred to as degraded area plans or PRADs) have been developed and implemented for 

certain past-producing areas within the Grota do Cirilo property.  The successful recovery of these areas is managed 

by SMSA personnel and external consultants in conjunction with the governing regulatory agencies. 

Sigma has held regular meetings and consultation sessions with local stakeholders regularly over the last five years.  

The further development of SMSA mining activities in the Jequitinhonha Valley is viewed by both communities as 

an important regional economic driver. 

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 
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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 Xuxa Project Environmental Permitting Status 

SMSA has a definitive water license for the uptake of 150 m³/hr of water from the Jequitinhonha River approved 

by the Agencia Nacional das Águas (ANA) in January 2019. The water usage license is valid for 10 years, which is 

expected to be sufficient for the life-of mine (LOM) requirements for mining and product processing from Xuxa. 

The LP + LI for the first phase of the project, consisting of ·ǳȄŀΩǎ Pit #1, waste piles #1 and #2 and the construction 

of the processing plant was submitted on December 20, 2018 followed by the EIS, the EIR and other mandatory 

documents. The EIS and Environmental Control Plan (Plano de Controle Ambiental ς PCA) dated December 2018 

were prepared by NEO Soluções Ambientais and ATTO GEO Geologia e Engenharia.  The LP+LI for Xuxa Pit #1, Piles 

#1 and #2 and the processing plant was obtained on June 3, 2019. 

! ǎŜŎƻƴŘ 9L{ ŎƻǾŜǊƛƴƎ ·ǳȄŀΩǎ tƛǘ Ін ŀƴŘ ǿŀǎǘŜ ǇƛƭŜǎ ІоΣ Іп ŀƴŘ Ір ǿŀǎ ŦƻǊƳŀƭƭȅ ŀǇǇǊƻǾŜŘ ƛƴ Wǳƭȅ нлннΦ hƴ bƻǾŜƳōŜǊ 

мсΣ нлннΣ {a{! ŦƛƭŜŘ ƛǘǎ ǊŜǉǳŜǎǘ ŦƻǊ ǘƘŜ ǇŜǊƳƛǘǘƛƴƎ ƻŦ ǘƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ƭƛŎŜƴǎŜ ό[hύ ŦƻǊ ·ǳȄŀΩǎ tƛǘІм ŀƴŘ ŀǊŜŀǎ ŀƴŘ 

processing plant, which was obtained in March 2023; and, on January 23, 2023, SMSA filed its request for the 

ǇŜǊƳƛǘǘƛƴƎ ƻŦ ·ǳȄŀΩǎ tƛǘ Ін ŀǊŜŀǎΦ ¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ƭƛŎŜƴǎŜ ό[hύ ŦƻǊ ·ǳȄŀΩǎ tƛǘ Ін ŀƴŘ ǿŀǎǘŜ ǇƛƭŜǎ ІоΣ Іп ŀƴŘ Ір ǿŀǎ 

obtained in April 2023. 

On August 17, 2022, SMSA applied for the environmental license for the Barreiro Mine and waste piles. 

1.17.3 Authorization 

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. 

The approval of the PAE and environmental study involves the technical and legal analysis and formal approval of 

the proposed project.  With the granted LP + LI, SMSA has commenced the installation of the project, complied 

and continues to comply with the environmental conditions established in the LP + LI certificate and finally, applied 

for and obtained the Operation License for Xuxa Pit #1 as well as for Xuxa Pit #2 (Phase 1) and for Increase of 

Production Plant. 

The formalization of the environmental licensing process also included the filing of an Environmental Impact Study 

(Estudo de Impacto Ambiental or EIA) and an Environmental Impact Report (Relatório de Impacto Ambiental or 

RIMA).  

1.17.4 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 
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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). 

1.17.5 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 will be by far the largest employer in 

the region with an estimated 500 direct jobs being created with 3 to 4 times this number being indirect. 

Farming in the area is small-scale subsistence type as the area is semi-arid.  Studies identified that there is minimal 

impact on the neighbouring farms of Grota do Cirilo properties.  Sigma and contractor workforce will live 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 excess water from the pond will be discharged in an overflow 

channel. The process uses dry stacking technology, and no slimes dam will be built.  Regular environmental 

monitoring will be conducted, and results will be 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 academic institutions. 

1.17.6 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 

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. 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 30 
    

SGS Canada Inc. 

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

period after mine closure. 

1.17.7 Increase of Production Plant (UTM) 

On June 16, 2023, Sigma filed at SUPPRI (the Priority Projects Superintendence of Minas Gerais) the environmental 

studies, including, among others, the Environmental Control Report (Relatório de Controle Ambiental - RCA) for 

the permitting of the LP+LI+LO for the increase of Volumes of Production Plant for the production of 3,700,000 

t/year. The construction, installation and operation license was obtained in January 26, 2024. 

1.17.8 Barreiro Environmental Work to Date 

On August 17, 2022, the Company filed at SUPPRI (the Priority Projects Superintendence of Minas Gerais) the 

environmental studies, including, among others, the EIS and EIR (Barreiro EIS/EIR) for the permitting of the 

LP+LI+LO for the Barreiro deposit and its waste piles. Once the EIS/EIR is approved by the environmental 

authorities, SMSA will be authorized to commence the construction, installation and operation of the Barreiro 

deposit. 

1.17.9 NDC Environmental Work to Date 

The EIS and EIR for NDC deposit, jointly with other mandatory documents, will be submitted to ςSUPPRI for the 

permitting of the LP+LI+LO. 

The environmental licensing process began in December 2022 and was formalized 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 Capital Cost Estimate 

The capital cost estimate (CAPEX) was developed to provide substantiated costs for the FEED study of Phase 1 and 

the PFS-level study of Phase 2 & 3 processing plant and to provide Sigma with an overall risk and opportunity 

profile to enable a Phase 1 production decision and to advance off-take agreements and project financing. 

The total CAPEX for Phase 1 including the Estimated Vat Tax Incentive is US$130.6 M.  

¢ƘŜ ǘƻǘŀƭ /ŀǇŜȄ ŦƻǊ tƘŀǎŜ н ϧ о ƛǎ ¦{ϷмрпΦф a όǘƘƛǎ ƛǎ ƛƴŎƭǳŘƛƴƎ ǘƘŜ hǿƴŜǊΩǎ ŎƻǎǘΣ ǿƻǊƪƛƴƎ ŎŀǇƛǘŀƭΣ ŎƻƴǘƛƴƎŜƴŎȅ ŀƴŘ 

excluding the Sustaining Capital). 

 The CAPEX estimate has an accuracy of ±25% and is summarized in Table 1-15 (Phase 1) and Table 1-16 (Phase 2 

& 3). 
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Table 1-19 ς Capital Cost Estimate Summary Phase 1 

AREA TOTALS 

  (USD) 

  DIRECTS + INDIRECTS CONTINGENCY TOTAL 

  (USD) (USD) (USD) 

001 MINE  7,856,938    605,014    8,461,952   

002 PLANT  64,841,255    4,992,777    69,834,032   

002.003 AUTOMATION/DIGITALIZATION  3,852,981    296,680    4,149,661   

003 ENVIRONMENTAL   14,418,492    1,121,428    15,539,921   

004 EPCM & ENGINEERING SERVICES  17,867,543    1,375,801    19,243,344   

005 SUBSTATION & UTILITY POWER SUPPLY  6,888,863    530,442    7,419,305   

Total Construction Capital Cost  111,873,091    8,625,462    120,498,553   

006 OWNERS PROJECT COSTS  8,901,677    890,168    9,791,844   

007.001 Working Capital and Spares  6,137,293    ς    6,137,293   

Total Construction Capital Cost (ex VAT Tax Incentive)  126,912,061    9,515,630    136,427,691   

009 Estimated VAT Tax Incentive (5,859,000)   ς   (5,859,000)  

Total Construction Capital Cost   121,053,061    9,515,630    130,568,691   

        

008 Sustaining and Deferred Capital 3,200,000 246,400  3,446,400   

 
 

Table 1-20: Capital Cost Estimate Summary Phase 2 & 3 

AREA 
TOTALS 

(USD)     

MEGA PLANT 

DIRECTS + 
INDIRECTS 

CONTINGENCY TOTAL 

(USD) (USD) 
(Excluding 

recoverables) 

    (USD) 

        

000 MEGA (Excluding Sustaining Capital) 144,429,471 10,473,002 154,902,473 

000 MEGA (Including Sustaining Capital) 157,499,471 11,479,392 168,978,863 

001 MINE 2,096,208 161,408 2,257,616 

002 PLANT 89,536,397 6,718,807 96,255,204 

003 ENVIRONMENTAL  15,252,504 1,174,443 16,426,946 

004 EPCM & ENGINEERING SERVICES 21,672,011 1,668,745 23,340,755 

005 SUBSTATION & UTILITY POWER SUPPLY 663,829 51,115 714,943 

006 OWNERS PROJECT COSTS 9,071,230 698,485 9,769,715 

007 WORKING CAPITAL & SPARES 6,137,293 0 6,137,293 

008  SUSTAINING & DEFERRED CAPITAL 13,070,000 1,006,390 14,076,390 
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Note: The Phase 2 & 3 substation costs are included in the Xuxa CAPEX estimate 

1.18.2 Operating Cost Estimate 

The processing plant operating cost estimate includes the operation of a three-stage crushing and screening circuit 

and DMS circuits (two stages for coarse, fine and ultra fines material classes). 

The processing OPEX includes operating and maintenance labour, power, fuel and indirect charges associated with 

the processing plant.  Based on these cost assumptions, inclusions and exclusions, it is estimated that the variable 

OPEX for the Phase 1 concentrator will be $5.3/t of ore feed and US$7.5M of fixed OPEX. The estimated variable 

OPEX for the Phase 2 & 3 concentrator is $4.8/t of ore feed and US$6.7M of fixed OPEX. 

Operating cost estimates are summarized in Table 1-17 (Phase 1) and Table 1-18 (Phase 2 & 3) 

Table 1-21: Phase 1 Operating Cost Estimate Summary 

DESCRIPTION OPEX (US$) 

Mining (US$/t material mined) $2.1 

Process (US$/t ore feed) $10.4 

G&A (US$/t ore feed) $5.3 

Shipping (US$/t SC) $120 

 
 
 

Table 1-22: Phase 2 & 3 Operating Cost Estimate Summary 

DESCRIPTION OPEX (US$) 

Barreiro Mining (US$/t material mined) $2.68 

NDC Mining (US$/t material mined) $1.98 

Phase 2 & 3 Process (US$/t ore feed) $7.1 

Phase 2 & 3 G&A (US$/t ore feed) $2.7 

Shipping (US$/t SC) $120 

 

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) 
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¶ the Barreiro and NDC deposits (Phase 2 & 3) and 

¶ both Phase 1 and Phase 2 & 3 (Phase 1, 2 & 3) 

The Phase 1, 2 & 3 analysis has been selected as the best growth and integrated plan for the Grota Do Cirilo Project.  

The economic analyses contemplate the production of spodumene concentrate (SC) at grades of 5.5% Li2O, in line 

with the current lithium market conditions. 

The base case scenario after-tax net present value (NPV) results are detailed in Table 1-19 below. The discount 

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

! ǎŜƴǎƛǘƛǾƛǘȅ ŀƴŀƭȅǎƛǎ ǊŜǾŜŀƭǎ ǘƘŀǘ ǘƘŜ tǊƻƧŜŎǘΩǎ Ǿƛŀōƛƭƛǘȅ ǿƛƭƭ ƴƻǘ ōŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǾǳƭƴŜǊŀōƭŜ ǘƻ ǾŀǊƛŀǘƛƻƴǎ ƛƴ ŎŀǇƛǘŀƭ 

expenditures, within the margins of error associated with the DFS and study estimates for Phase 1 and Phase 2 & 

3, respectively. In coƴǘǊŀǎǘΣ ǘƘŜ tǊƻƧŜŎǘΩǎ ŜŎƻƴƻƳƛŎ ǊŜǘǳǊƴǎ ǊŜƳŀƛƴ Ƴƻǎǘ ǎŜƴǎƛǘƛǾŜ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ǎǇƻŘǳƳŜƴŜ ǇǊƛŎŜǎΣ 

feedstock grades and recovery rates. 

Table 1-23 ς Base Case After-Tax NPVs 

MODELLED CASE UNIT @ 5.5% SC 

Phase 1 US$ M $5,699 

Phase 2 & 3 US$ M $9,587 

Phase 1, 2 & 3 US$ M $15,289 

 

Phase 1, Phase 2 & 3 and Phase 1, 2 & 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 to be 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 assumed to be 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 which 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 gross spodumene revenue, 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%). 
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¶ A 1.0% NSR royalty with permissible deductions from gross spodumene revenue including the CFEM 

royalty, any commercial discounts, transportation costs and taxes paid.   

1.19.2 Phase 1 DFS Economic Analysis 

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

Mineral Reserve of 11.8 Mt grading at 1.55% Li2O. Phase 1 is expected to generate run-rate production of 270 ktpa 

of lithium concentrate, delivering US$990 million of annual free cash flow, at a 5.5% SC grade. 

The base case scenario results are detailed in Table 1-20 below. 

Table 1-24: Phase 1 Base Case Scenario Results 

ITEM UNIT @ 5.5% SC 

After-Tax NPV @ 8% US$ M $5,699 

After-Tax IRR % 1,282% 

After-Tax Payback Period Years 0.1 

 

The key technical assumptions used in the base case are highlighted below in Table 1-21. 

Table 1-25: Key Phase 1 Technical Assumptions 

ITEM UNIT @ 5.5% SC 

Total Ore Processed (ROM) Mt 11.8 

Annual ROM Ore Processed Mt 1.5 

Run-Rate SC Production Ktpa 270 

Run-Rate LCE Production (Note 1) Ktpa 37 

Strip Ratio Ratio 16.4: 1 

Average Li2O Grade % 1.55% 

Spodumene Recovery Rate % 65.0% 

Spodumene Concentrate Grade % Li2O 5.5% 

Operating Life Years 8 

Total Cash Cost Ex. Royalties (@ Mine Gate)  US$/t SC $288 

Total Cash Cost Incl. Royalties (@ Mine Gate)  US$/t SC $419 

Transportation Costs (CIF China)  US$/t SC $120 

Total Cash Cost (CIF China) US$/t SC $539 

AISC (CIF China) US$/t SC $541 

Mining Costs  US$/t Material Mined $2.06 

Processing Costs US$/t ROM $10.38 

G&A Costs US$/t ROM $5.29 
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Note 1: tonnage based on direct conversion to LCE excluding conversion rate 

The total gross revenue derived from the sale of spodumene concentrate is estimated at US$10.6 billion, an 

average revenue of US$4,909/t 5.5% SC with total operating costs (including royalty payments and commercial 

discounts) of US$1.3 billion at an average cost of US$581/t 5.5% SC. The resulting after-tax earnings margin (gross 

revenue less realization, operating costs and taxes) was estimated at US$7.9 billion. 

A sensitivity analysis for Phase 1 was carried out with the base case as the midpoint.  An interval of ±20% versus 

base case values was considered with increments of 10%. 

Phase 1 after-tax NPV is not significantly vulnerable to changes in BRL to US$ exchange rate, CAPEX, OPEX, or 

discount rate considered. In contrast, Phase 1 after-tax NPV is more sensitive to variation in spodumene price, 

lithium grade, and spodumene recovery rates. 

Phase 1 after-tax IRR is not significantly vulnerable to changes in OPEX. In contrast, Phase 1 after-tax IRR is more 

sensitive to variation in spodumene price, lithium grade, spodumene recovery rates, BRL to US$ exchange rate and 

CAPEX. Note that the Phase 1 after-tax IRR is independent of the discount rate considered. 

1.19.3 Phase 2 & 3 PFS Economic Analysis 

The Phase 2 & 3 PFS economic analysis is based on a twelve-year operation sourcing feedstock ore from the 

.ŀǊǊŜƛǊƻ ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ нмΦу aǘ ƎǊŀŘƛƴƎ ŀǘ мΦот҈ [ƛ2h ŀƴŘ ǘƘŜ b5/ ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ нмΦн 

Mt grading at 1.45% Li2O. Phase 2 & 3 is expected to generate run-rate production of 496 ktpa of lithium 

concentrate, delivering US$1,179 M of annual free cash flow, at a 5.5% SC grade. 

The base case scenario results are detailed in Table 1-22 below. 

Table 1-26: Phase 2 & 3 Base Case Scenario Results 

ITEM UNIT @ 5.5% SC 

After-Tax NPV @ 8% US$ M $9,587 

After-Tax IRR % 1,207% 

After-Tax Payback Period Years 0.1 

 

The key technical assumptions used in the base case are highlighted below in Table 1-23. 
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Table 1-27: Key Phase 2 & 3 Technical Assumptions 

ITEM UNIT @ 5.5% SC 

Total Ore Processed (ROM) Mt 42.9 

Annual ROM Ore Processed Mt 3.3 

Run-Rate SC Production Ktpa 496 

Run-Rate LCE Production (Note 1) Ktpa 67 

Phase 2 Strip Ratio Ratio 12.5: 1 

Phase 3 Strip Ratio Ratio 16.0: 1 

Phase 2 Average Li2O Grade % 1.36% 

Phase 3 Average Li2O Grade % 1.45% 

Phase 2 Spodumene Recovery Rate % 57.9% 

Phase 3 Spodumene Recovery Rate % 50.6% 

Spodumene Concentrate Grade % Li2O 5.5% 

Operating Life Years 12 

Total Cash Cost ex. Royalties (@ Mine Gate)  US$/t SC $292 

Total Cash Cost incl. Royalties (@ Mine Gate)  US$/t SC $394 

Transportation Costs (CIF China)  US$/t SC $120 

Total Cash Cost (CIF China) US$/t SC $514 

AISC (CIF China) US$/t SC $516 

Mining Costs  US$/t Material Mined $2.25 

Processing Costs US$/t ROM $7.06 

G&A Costs US$/t ROM $2.68 

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

The total gross revenue derived from the sale of spodumene concentrate is estimated at US$21.5 billion, an 

average revenue of US$3,610/t 5.5% SC with total operating costs (including royalty payments and commercial 

discounts) of US$3.4 billion at an average cost of US$569/t 5.5% SC. The resulting after-tax earnings margin (gross 

revenue less realization, operating costs and taxes) was estimated at US$15.3 billion. 

A sensitivity analysis for Phase 2 & 3 was carried out with the base case as described above as the midpoint.  An 

interval of ±20% versus base case values was considered with increments of 10%. 

Phase 2 & 3 after-tax NPV is not significantly vulnerable to changes in BRL to US$ exchange rate, CAPEX, OPEX, or 

discount rate considered. In contrast, Phase 2 & 3 after-tax NPV is more sensitive to variation in spodumene price, 

lithium grade, and spodumene recovery rates. 

Phase 2 & 3 after-tax IRR is not significantly vulnerable to changes in OPEX. In contrast, Phase 2 & 3 after-tax IRR 

is more sensitive to variation in spodumene price, lithium grade, spodumene recovery rates, BRL to US$ exchange 

rate and Capex. Note that the Phase 2 & 3 after-tax IRR is independent of the discount rate considered. 
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1.19.4 Phase 1, 2 & 3 Economic Analysis 

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

ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ ммΦу aǘ ƎǊŀŘƛƴƎ ŀǘ мΦрр҈ [ƛ2hΣ .ŀǊǊŜƛǊƻ ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ нмΦу aǘ ƎǊŀŘƛƴƎ 

at 1.37% Li2h ŀƴŘ ǘƘŜ b5/ ŘŜǇƻǎƛǘΩǎ aƛƴŜǊŀƭ wŜǎŜǊǾŜ ƻŦ нмΦн aǘ ƎǊŀŘƛƴƎ ŀǘ мΦпр҈ [ƛ2O. Phase 1, 2 & 3 is expected 

to generate run-rate production of up to 766 ktpa of lithium concentrate, delivering US$1,788 million of annual 

free cash flow, at a 5.5% SC grade. 

The base case scenario results are detailed in Table 1-24 below. 

Table 1-28: Phase 1, 2 & 3 Base Case Scenario Results 

ITEM UNIT @ 5.5% SC 

After-Tax NPV @ 8% US$ M $15,289 

After-Tax IRR % 1,273% 

After-Tax Payback Period Years 0.1 

 

The key technical assumptions used in the base case are highlighted below in Table 1-25. 
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Table 1-29: Key Phase 1, 2 & 3 Technical Assumptions 

ITEM UNIT @ 5.5% SC 

Total Ore Processed (ROM) Mt 54.7 

Annual ROM Ore Processed Mt 4.2 

Run-Rate SC Production ktpa 766 

Run-Rate LCE Production (Note 1) ktpa 104 

Phase 1 Strip Ratio ratio 16.4: 1 

Phase 2 Strip Ratio ratio 12.5: 1 

Phase 3 Strip Ratio ratio 16.0: 1 

Phase 1 Average Li2O Grade % 1.55% 

Phase 2 Average Li2O Grade % 1.36% 

Phase 3 Average Li2O Grade % 1.45% 

Phase 1 Spodumene Recovery Rate % 65.0% 

Phase 2 Spodumene Recovery Rate % 57.9% 

Phase 3 Spodumene Recovery Rate % 50.6% 

Spodumene Concentrate Grade % Li2O 5.5% 

Operating Life years 13 

Total Cash Cost ex. Royalties (@ Mine Gate)  US$/t SC $289 

Total Cash Cost incl. Royalties (@ Mine Gate)  US$/t SC $401 

Transportation Costs (CIF China)  US$/t SC $120 

Total Cash Cost (CIF China) US$/t SC $521 

AISC (CIF China) US$/t SC $523 

Mining Costs  US$/t Material Mined $2.20 

Processing Costs US$/t ROM $7.78 

G&A Costs US$/t ROM $3.24 

 

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

the total gross revenue derived from the sale of spodumene concentrate is estimated at US$32.1 billion, an average 

revenue of US$3,956/t 5.5% SC with total operating costs (including royalty payments and commercial discounts) 

of US$4.6 billion at an average cost of US$572/t 5.5% SC. The resulting after-tax earnings margin (gross revenue 

less realization, operating costs and taxes) was estimated at US$23.3 billion. 

A sensitivity analysis for Phase 1, 2 & 3 was carried out with the base case as described above as the midpoint.  An 

interval of ±20% versus base case values was considered with increments of 10%. 

Phase 1, 2 & 3 after-tax NPV is not significantly vulnerable to changes in BRL to US$ exchange rate, CAPEX, OPEX, 

or discount rate considered. In contrast, Phase 1, 2 & 3 after-tax NPV is more sensitive to variation in spodumene 

price, lithium grade, and spodumene recovery rates. 
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Phase 1, 2 & 3 after-tax IRR is not significantly vulnerable to changes in OPEX. In contrast, Phase 1, 2 & 3 after-tax 

IRR is more sensitive to variation in spodumene price, lithium grade, spodumene recovery rates, BRL to US$ 

exchange rate and Capex. Note that the Phase 1, 2 & 3 after-tax IRR is independent of the discount rate considered. 

1.20 INTERPRETATION AND CONCLUSIONS 

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

Chicao, Maxixe, Tamboril and Elvira.  Mineral Reserves are reported for the Xuxa, Barreiro and NDC 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) 

¶ Delay in obtaining the license for Barreiro Pit 

¶ Fluctuations in the exchange rate and inflation 

¶ 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  

¶ More fines generated from mining and crushing: potential negative impact on recovery 

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

¶ Waste generation: the continuous geotechnical monitoring system to be implemented during mining 
operation can indicate local changes to geotechnical parameters, and potential increase of waste 

1.20.2 Opportunities 

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

¶ Recovery of Li2O from hypofines with a flotation circuit 

¶ 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.   
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1.21.1 Geology and Resources  

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

east of Maxixe/Tamboril to potentially increase resources. The overall cost for the drill program is estimated to be 

US$3M. 
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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 Chicao, 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, Barrerio, Murial, Lavra do Meio and Nezinho do Chicao deposits. 

The Report supports the disclosure by Sigma in the news release dated the 31st of January 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). 

 

Figure 2-1: Project Location  

2.1 TERMS OF REFERENCE  

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

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

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 Xuxa Mineral Resource estimate is the 10th January 2019. 

The effective date of the Xuxa Mineral Reserve estimate is the 21st June 2021 

The effective date of the Barreiro Mineral Resource estimate is the 24th February 2022. 

The effective date of the Barreiro Mineral Reserve estimate is the 24th February 2022. 

The effective date of the financial analysis supporting the Barreiro Mineral Reserve is the 24th February 2022. 

The effective date of the NDC Mineral Resource estimate is the 18th January 2024. 

The effective date of the NDC Mineral Reserve estimate is the 31st October 2022. 

The overall effective date of the financial analysis supporting the NDC Mineral Reserves is the 31st October 2022. 

The effective date of the Murial Mineral Resource estimate is the 18th January 2024. 

The effective date of the Lavra do Meio Mineral Resource estimate is the 18th January 2024. 

The effective date of the Maxixe Mineral Resource estimate is the 18th January 2024. 

The effective date of the Tamboril Mineral Resource estimate is the 18th January 2024. 

The effective date of the Elvira Mineral Resource estimate is the 18th January 2024. 

2.3 QUALIFIED PERSONS  

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

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

¶ Mr. Jarrett Quinn, P.Eng., Consulting Process Engineer, Primero Group Americas  

¶ Mr. Porfirio Cabaleiro Rodriguez, FAIG, Senior Director GE21 

¶ Mr. Homero Delboni, MAusIMM (CP), Senior Consultant, Mineral Processing Solutions Ltda 

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

2.4 SITE VISITS 

The following Qualified Persons visited the Project site. 
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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 and from November 22-24, 2023.  

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. 

Mr. Porfirio Cabaleiro Rodriguez visited the site from April 17-18, 2019, and from 25-29 July 2022.  During these 

visit, he familiarized himself with general aspects of the proposed mine areas, and locations for future waste pile 

areas and the planned plant site area.  Mr. Rodriguez observed the possible influence of the Piauí River on the 

planned pits, and the general aspects of rock behavior based on the observation of excavations. 

2.5 INFORMATION SOURCE 

Sigma provided the financial model for the economic study.  Primero 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, Q3 - 2022:  Lithium Forecast, Q3 - 2022. 
 

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 through the following document: 

¶ Environmental Regularization Summary ς Xuxa Project - DNPM 824 692 71: report prepared by Harpia 

Consultoria Ambiental for Sigma, 2019. 

¶ Vetor Ambiental updated the report for the Phase 1 Project in 2020 and for Phase 2 in 2021. 

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. 

This Environmental Regularization Summary for Phase 1 Xuxa by Harpia Consultoria Ambiental is a translation from 

and is based on an Environmental Impact Assessment (EIA) prepared by NEO Soluções Ambientais, ATTO GEO 

Geologia e Engenheria and Vetor Ambiental and submitted by Sigma to applicable regulatory authorities.  

Similarly, the Environmental Regularization Summary for Phase 2 Barreiro is based on an Environmental Impact 

Assessment (EIA) prepared by Vetor Ambiental and submitted by Sigma to applicable regulatory authorities. 

The EIS was comprised of: 

¶ Estudo e Relatorio de Impacto Ambiental Phase 1 North Pit ς EIA-RIMA dated 30 October 2018 
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¶ Plano de Controle Ambiental Phase 1 North Pitς PCA dated December 2018 

¶ Estudo e Relatorio de Impacto Ambiental Phase 1 south pit ς EIA-RIMA dated 28 August 2020, and 

¶ Plano de Controle Ambiental Phase 1 south pit ς PCA dated 28 August 2020 

¶ Estudo e Relatorio de Impacto Ambiental Phase 2 Barreiro t ς EIA-RIMA dated 20 February 2022, and 

¶ Plano de Controle Ambiental Phase 2 Barreiro ς PCA dated 15 March, 2022 

The Phase 2 Barreiro Environmental Regularization Summary is based on an EIA-RIMA and PCA which was prepared 

by Vetor Ambiental. 

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. 

The EIA and the Environmental Regularization Summary for Phase 1 cover the licensing process for Xuxa North & 

South pits and waste piles 1 ,2 ,3 ,4 and 5. The EIS and the Environmental Regularization Summary for Phase 2 

cover the licensing process for Barreiro pit and waste pile 1. 

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 Chicao  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 Chicao, Lavra do Meio, Murial , Maxixe, Tamboril and Elvira 

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

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., Soarres, 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 19,683 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 4.134 1953 Mining concession (*) Life of mine 494.69 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 

13 801.312 1972 Mining concession (*) Life of mine 2,505.22 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***  686.89 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 

 830,124 2024 Exploration Requirement N/A***  1405.51 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.   
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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 6,904 7 mining concessions, 2 

Application for mining 

concession, 4 

exploration permits, 2 

exploration 

requirement 

Xuxa, Barreiro, 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 3,271 3 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% of gross sales revenue, 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 Final report delivered):  there is no periodic 

payment due 

¶ ANM Proceeding 832.889/2013, (Extension Exploration Permit):  The annual payments due at the annual 

fees per hectare (TAH) were made, totaling the amount of R$4,318.54 (about $US827) 

¶ ANM Process 831.891 / 2017, 831.975 / 2017, (Original Exploration Permit): The annual payments due at 

the annual fees per hectare (TAH) were made, totaling the amount of R$ 51.83 (about $US9.80) 

¶ 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$3.55/hectare for original 

exploration permits and R$5.33/hectare for renewed exploration permits 

Sigma has seven mining concessions that have had the PAE approved, covering the Xuxa, Barreiro, Lavra do Meio, 

Murial, Maxixe and Nezinho do Chicâo deposits within the Grota do Cirilo property. 

tel:(850)%20580-1979
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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 two rights-of-way agreements with Arqueana and Miazga. There are no conditions attached 

to the agreements.  

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% of the gross 

income from the sale thereof.  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. 

The Project was also subject to an NSR Royalty of 1% to another third-party ς Mr. Amilcar de Melo Afgouni 

όά!ƳƛƭŎŀǊ wƻȅŀƭǘȅέύΦ ¦ƴŘŜǊ ǘƘŜ ŀƎǊŜŜƳŜƴǘΣ {a{! ƘŀŘ ǘƘŜ ƻǇǘƛƻƴ ǘƻ ǊŜǇǳǊŎƘŀǎŜ ǘƘŜ !ƳƛƭŎŀǊ wƻȅŀƭǘȅΣ ŜȄŜǊŎƛǎŀōƭŜ ŀǘ 

any time, for US$3,800. Mr. Afgouni had the option to require the repurchase of the Amilcar Royalty for the same 

price, exercisable: (i) if SMSA commences commercial production and reaches production of 40,000 tons of lithium 

concentrate per year; or (ii) if the original controlling group of Sigma Holdings ceases to have an indirect interest 

of at least 30% in SMSA on a fully diluted basis. SMSA exercised its repurchase option in April 13, 2023 and the fair 

value of the royalty agreement call option of US$3,800 as at June 30, 2022. 

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 Project is located in northeastern Minas Gerais State, in the Municipalities of Itinga and Araçuaí, approximately 

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

The Project is well served by a public and private road network, as a result of its proximity to the federal road 

BR367.  The Project is accessible year-round by a network of arterial and back country service roads.  

National route BR251 accesses the Port of Vitória in the State of Espirito Santo, approximately 700 km from the 

Project site.  This port could represent a potential port of export for any spodumene production from the Project.  

The national road BR116 and BR415 accesses to Ilhéus Port which is approximately 540km from the Project and is 

also an option for Sigma. 

5.2 CLIMATE 

The region is characterized by a dry, semi-arid and hot climate.  It has a temperature mean of 24.5ºC and a low 

annual average rainfall of 750 mm.  There is a pronounced dry season with the driest month being June. The 

wettest month is November.  There is no cold season.  

Exploration activities are currently conducted year-round.  It is expected that any future mining activities will also 

be year-round. 

5.3 LOCAL RESOURCES AND INFRASTRUCTURE 

The Grota do Cirilo property has substantial infrastructure constructed by Arqueana (former owner of certain 

mining rights)  to support mining activities.  This includes provision of power supply and a site power substation, 

an extensive office block equipped with internet and telephones, accommodation for 40 persons on site, dining 

hall and kitchen, workshop, on-site laboratory and sample storage building, warehouse, core storage, a fuel storage 

facility with pumping equipment, and a water pumping facility from the Jequitinhonha River with its own reservoir.  

The main 138kV transmission line from the Irape hydro power station runs through the northern part of the Project 

area.  Figure 5-1 is an aerial photograph showing the infrastructure in the pilot plant/office site area.  The Project 

main office is shown in Figure 5-2.  Figure 5-3 is a photograph showing the layout of the original 2014 Sigma pilot 

plant. Figure 5-4 shows the current pilot plant layout. 

Additional information on the infrastructure envisaged is provided in Section 18. 

The nearest larger communities are Itinga and Araçuaí with populations of 14,000 and 40,000 respectively. Araçuaí 

is serviced by the local municipal airport and by mobile phone network from the principal Brazilian service 

providers.  The two closest major domestic airport are located in the municipality of Montes Claros, 329 km west 

of the Project and at the municipality of Vitória da Conquista, 273 km east of the Project. 
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Figure 5-1: Aerial View, Current Project Infrastructure 

Note: Drone view, flight dated September 2018, image looks northeast, photographic still image by Sigma.  The core storage facility (labelled 2 on the 

image) provides a scale indicator and is about 30 m wide and 45 m long.  Due to the elevated perspective view, no other reliable scale indicator can be 

ǇǊƻǾƛŘŜŘΦ  ¢ƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǘŜƴǳǊŜ ƴǳƳōŜǊŜŘ άоέ ƛƴ Figure 4-2 and Table 4-2.  

  

 

Figure 5-2: Field Office (location 6 in Figure 5-2) 

Note:  Drone view, flight dated September 2018, image looks east, photographic still image by Sigma.  Vehicles provide scale indicator.  Due to the elevated 

perspective view, no other reliable scale indicator can be provided. 
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Figure 5-3: SMSA Pilot Plant 

Note:  Photograph taken by Sigma, 2014.  Images shows the heavy mineral pilot plant in operation.  At the time, the plant was processing material to recover 

tantalite and cassiterite.  It consisted of a 10 tonne per hour water pulse jig (the green structure), two crushers, a jaw crusher and roll crusher. 

 

Figure 5-4: Lithium Metallurgical Test Phase Production Plant 

Note:  Drone view, flight dated September 2018, image looking eastςsoutheast, photographic still image by Sigma.  The core storage facility (silver roof at top 

right of image) provides a scale indicator and is about 30 m wide and 45 m long.  Due to the elevated perspective view, no other reliable scale indicator can 

be provided. 
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5.4 PHYSIOGRAPHY 

The Project topography consists of gently rolling hills with less than 100 m difference in elevation.  The hilltops are 

covered with a veneer of alluvium, up to 5 m thick, which is not present on the hill slopes where bedrock is 

frequently exposed.   

The Jequitinhonha River and the Araçuaí River join west of the Project and the Jequitinhonha River passes in 

proximity to the Sigma offices, as shown in Figure 5-1.  

The Project area is characterized by thick thorn scrub and trees of medium height - except where it has been 

cleared for agriculture.  The natural vegetation on the hilltops is typical of savannah grassland (Figure 5-5). 

 

Figure 5-5: Photo Showing Typical Vegetation Within Project Area 

bƻǘŜΥ  ¢ƘŜ ǇƘƻǘƻƎǊŀǇƘ ƭƻƻƪǎ ƴƻǊǘƘΦ  ¢ƘŜ ƛƳŀƎŜ ƛǎ ǘŀƪŜƴ ƛƴ ǘƘŜ ƭƛŎŜƴŎŜ ƭŀōŜƭƭŜŘ ŀǎ άсέ ƛƴ Table 4-2 and  

Figure 4-2.  Due to the photographic perspective view, no reliable scale indicator can be provided. 
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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 spodumene 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 

date 

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. 
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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.  
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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 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 60 
    

SGS Canada Inc. 

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: Historic 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 River but does not crop out in the river valley.  Two 

drill holes were angled to pass below the Piaui River, 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 River 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 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 65 
    

SGS Canada Inc. 

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 Chicao 

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 Chicao 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 Chicao 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 Chicao 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 Sao Jose Property 

The São José property hosts five historical workings:  Ramon, Lavra Antiga, Lavra Grande, Samambaia and Ananias 

(Figure 7-10).  The São José area is locally known for gem-quality spodumene crystals that are used in jewellery.  
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Figure 7-10: Historical Workings within São José Property 

7.3.2.1 Lavra Grande 

The Lavra Grande pegmatite was mined from underground in two stopes targeting the alteration zone, with 

petalite as the primary mineralization target.  The dike strikes east-west, is about 300 m long, and 20ς25 m in 

width.  It is near vertical, dipping at 75ς80º to the north.  Pegmatite mineralogy consists of spodumene, petalite, 

feldspar and quartz.  Petalite crystals exhibit perfect crystalline habit and are rose in colour. 

The country rock is a medium grey biotite-quartz-schist, occasionally exhibiting crenulation cleavage that may 

encompass, mm to cm sized coliform cordierite porphyroblasts and finely disseminated stretched iron sulphide 

crystals with a preferred orientation that is sub-parallel to the foliation.  The weathered zone of the schist often 

includes enriched sericite zones and micro-crystalline quartz-calcite intercalations that include disseminated dark 

green sub to millimetre sized amphibole and pink garnet crystals, all within a gneissose fabric. 

7.3.2.2 Lavra Ramon  

This area was historically mined using artisanal methods for spodumene and feldspar.  The dike consists of a 

contact (border) zone and a central zone.  The contact zone consists of a thin, leukocytic and competent edge, 

whereas the central zone is predominantly coarse-grained with very large crystals.  The Ramon dike has crystals 

that can be as much as 1ς2 m in length, and spodumene can be as much as 50% of the pegmatite mass  

(Figure 7-11).   
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Figure 7-11: Macro Crystals at Lavra Ramon 

Preliminary field work suggests the pegmatite is approximately 200 m long, 200 m wide, and 20 m thick and strikes 

N40ºW and dips 75º to the southeast.  Country rock includes shale and gneiss.  The strike of the country rock is 

N45ºW and the dip varies depending on distance to the granitic intrusions. 

7.3.2.3 Lavra Antiga 

This area was historically mined using artisanal methods for spodumene and feldspar.  The dike consists of a 

contact (border) zone and a central zone. The main minerals are spodumene, feldspar, and quartz. The structure 

is essentially divided into a contact zone and central zone.  The contact zone is characterized by a thin, leukocytic 

and competent edge and the central zone is predominantly coarse grained with very large crystals. 

Preliminary field work suggests the pegmatite is approximately 200 m long, 200 m wide, and 15 m thick and strikes 

N40ºW and dips 75º to the southeast.  The strike of the country rock is N45ºW and the dip varies depending on 

distance to the granitic intrusions. 

7.3.2.4 Samambaia 

The Samambaia pegmatite consists of a number of parallel intrusions (stacked pegmatites) with outcrop widths 

varying from 3ς5 m in thickness.  Three, parallel, stacked pegmatites can be identified over a 50 m interval in 

historical workings, with spodumene crystals clearly visible in the side-walls of the excavations.  The pegmatite 

zone is estimated at 250 m long, striking northeastςsouthwest, and dipping at 45º to the southeast (Figure 7-12). 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 72 
    

SGS Canada Inc. 

 

Figure 7-12: Samambaia Plan Map 

The dike consists of a contact zone and a central zone.  The contact zone consists of fine-grained, whitish, quartzς

albite, whereas the central zone comprises spodumene, feldspar and quartz minerals.  The central zone rock mass 

consists of about 25ς28% spodumene, 40ς45% feldspar, and 8ς10% quartz. Country rock includes shale and gneiss.  

The strike of the country rock is N45ºW, and the dip varies depending on distance to the granitic intrusions. 

7.3.2.5 Ananias 

The historical workings consist of a small pit and a single underground stope.  Lithium minerals are visible in the 

excavation walls.  The pegmatite is about 200 m long, 20 m thick, strikes east-west, and dips at 60º to the south 

(Figure 7-13).   
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Figure 7-13: Ananias Plan Map 

It consists of a central zone and a contact zone.  The central zone primarily consists of 25ς28% spodumene, 40ς

45% feldspar, 8ς10% quartz and 10% mica.  The contact zone comprises whitish, fine-grained quartz and albite.  

The dimensions of the pegmatite have not been estimated.  The strike of the country rock is N45ºW, and the dip 

varies depending on distance to the granitic intrusions. 

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. 
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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 

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 544 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 5 

Barreiro 151 

Lavra do Meio 72 

Murial 50 

Sao Jose Lavra Grande 40 

Total 318 

 

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 
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in depth and one metre in length.  Sample weights were between 15 to 30 kg.  Channels were taken at outcrops, 

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. 

 

 



Technical Report ï Grota do Cirilo Lithium Project ï Araçuai and Itinga Regions, Minas Gerais, Brazil          Page 80 
    

SGS Canada Inc. 

Table 9-2: Grota do Cirilo Trench Sampling Summary 

Area Number of Trenches 

Barreiro 6 

Lavra do Meio 3 

Nezinho do Chicao 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.  The pegmatites can be separated into two classes:  

¶ Structurally concordant (having dips and strikes comparable to that of the regional foliation of the host 

schist host (azimuth 300ς340° and dip 40ς60°). Nearly all the pegmatites (Costelão, Matinha, Mutamba, 

Joao Vaqueiro, Arueira, etc.) belong to the concordant class.  They form intrusive bodies (dikes), typically 

being several hundred metres in length and from 3ς20 m thick 

¶ Structurally discordant; having dips and strikes that cross-cut schist foliation.  The Gringo (azimuth 140ς

170° dip -15ς55°), Barbieri (azimuth 340° dip 90°) and Urubu are examples of discordant pegmatites. 

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. 

Maxixe One of the larger of the Arqueana excavations, commencing as an open pit, then 

being mined from underground.  The former open pit is about 150 m long, and 20 m 

wide.  The pegmatite dike strikes at 125ς80º, and dips at 30ς35º.  It is hosted in a 

medium-grey-coloured, fine-grained, cordierite prorphyroblast-bearing biotiteς

quartz schist 

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. 

Tamburil The Tamburil pegmatite outcrop is around 7 m in width and 90 m length dipping at -

60° to the east.  It is spodumene/petalite-type pegmatite body.  It has been open pit 

mined to a depth of 10 m.  
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Prospect Description 

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. 

 

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. 

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. 
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Table 9-5: Santa Clara Property Prospects 

Santa Clara Prospect Description 

Honorato and Marculino The Honorato pegmatite is a 7ς10 m wide dike, dipping discordantly to 
the host rock (strike 125º, dip <50º).  An old open pit on the dike is about 
150 m long, and 5 m deep.  The Marculino pegmatite is located close to 
the Honorato body, probably dipping in different directions and with a 
combined length of around 600 m.  The Marculino pegmatite has been 
prospected by means of a number of small pits, most of them now 
collapsed.  The contact of the pegmatite with the host rocks is not visible, 
but according to pegmatite cleavage direction (az. 325º<40º), it seems 
to be concordant with the host rocks.  The mineral composition of the 
Marculino and Honorato pegmatites is typical for the Santa Clara area, 
with 60ς70% feldspar, with quartz, mica and black tourmaline.  One 
sample from Honorato pit included small cassiterite crystals. 

Maroto and Jose Gonsales The Maroto pegmatite body strikes northςsouth and is 300 m in length.  
The Jose Gonsales pegmatite strikes eastςwest and is 200 m in length 
(according to historical map data).  The two pegmatites are adjacent to 
the Marculino dike, on the upper part of the same hill.  A large number 
of old pits and trenches with pegmatite debris were noted. 

Bolacha and Antonio Preto The Bolacha and Antonio Preto pegmatite bodies both strike northς
south and are approximately 200 m in length.  Prospecting was done by 
means of a series of pits. The pegmatite contains feldspar, quartz, mica 
and black tourmaline 

 

In the southern complex area, SMSA 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, petalite, feldspar and heavy minerals, and in some cases 

gem-quality crystals were targeted.  These pegmatites are considered to warrant additional work. 
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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 Chicao 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 

 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































