
Amended and Restated NI 43- 101 
Technical Report  

Preliminary Economic Assessment  for 
Penco Module Project  

Penco, Biobio Region, Chile  

Effective Date: September 15 , 2021 

 

Prepared for : Aclara Resources Inc . 

666 Burrard Street, Suite 1700, Park Place 

Vancouver BC V6C 2X8, Canada  

 

Prepared by : Ausenco Engineering  Chile 
Limitada   

Av. Las Condes 11.283 Piso 6, Las Condes  

 

List of Qualified Persons: Francisco Castillo, Ausenco; Alejandro Solar, 
Ausenco; Manuel Hernandez, CRU; Luis Oviedo, P. Geo., Ausenco; Scott 
Weston, P. Geo., Hemmera; Scott Elfen, P.E., Ausenco; 
Gavin Beer, P.E., Met-Chem. 

 

Table  

 



  

 

 

 

 

 

Important Notice 

This report was prepared as National Instrument 43-101 Technical Report for Aclara Resources Inc. (Aclara) by Ausenco Chile Limitada (Ausenco).  The 

quality of information, conclusions, and estimates contained herein is consistent with the level of effort involved in Ausenc pǃt!tfswjdft-!cbtfe!po!j*!

information available at the time of preparation, ii) data supplied by outside sources, and iii) the assumptions, conditions, and qualifications set forth 

in this report.  This report is intended for use by Aclara subject to terms and conditions of its contract with Ausenco.  Except for the purpose s legislated 

under Canadian provincial and territorial tfdvsjujft!mbx-!boz!puifs!vtft!pg!uijt!sfqpsu!cz!boz!uijse!qbsuz!jt!bu!uibu!qbsuzǃt!tpmf!sjtl/ 

 

 

 



  

 

 

Penco Module  Page  i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Table of Contents  

1 SUMMARY .................................................................................................................................................................................... 1 
1.1 Introduction  ................................................................................................................................................... 1 

1.2 Property description...................................................................................................................................... 1 

1.2.1 Project Location ........................................................................................................................................................ 1 

1.2.2 Project Ownership ..................................................................................................................................................... 2 

1.2.3 Mineral Tenure, Surface Rights, Water Rights, Royalties and Agreements ................................................... 2 

1.3 Geology and Mineralization .......................................................................................................................... 2 

1.4 History ............................................................................................................................................................ 3 

1.4.1 Ownership History..................................................................................................................................................... 3 

1.4.2 Exploration History ................................................................................................................................................... 3 

1.5 Exploration ..................................................................................................................................................... 4 

1.6 Drilling and Sampling .................................................................................................................................... 4 

1.7 Data Verification............................................................................................................................................ 4 

1.8 Metallurgical Testwork  ................................................................................................................................. 5 

1.9 Mineral Resource Estimation ....................................................................................................................... 8 

1.10 Mineral Resource Statement ...................................................................................................................... 11 

1.11 Mining Methods  .......................................................................................................................................... 16 

1.12 Recovery Methods ...................................................................................................................................... 18 

1.13 Project Infrastructure  .................................................................................................................................. 20 

1.13.1 Roads and Logistics ............................................................................................................................................... 20 

1.13.2 Waste Disposal Facilities (WDF) .......................................................................................................................... 20 

1.13.3 Water Management ................................................................................................................................................ 21 

1.13.4 Built Infrastructure .................................................................................................................................................. 22 

1.13.5 Accommodation  ...................................................................................................................................................... 22 

1.13.6 Power and Electrical ............................................................................................................................................... 22 

1.14 Environmental, Permitting and Social Considerations ............................................................................ 23 

1.14.1 Environmental Considerations ............................................................................................................................. 23 

1.14.2 Closure and Reclamation Considerations .......................................................................................................... 23 

1.14.3 Permitting Considerations..................................................................................................................................... 24 

1.14.4 Social Considerations ............................................................................................................................................ 24 

1.15 Capital Cost Estimates ............................................................................................................................... 24 

1.16 Operating Cost Estimates .......................................................................................................................... 25 

1.17 Market Studies and Contracts ................................................................................................................... 26 

1.17.1 Market Overview ...................................................................................................................................................... 26 

1.17.2 REE Demand ............................................................................................................................................................ 27 

1.17.3 EE Supply .................................................................................................................................................................. 27 

1.17.4 REE Prices ................................................................................................................................................................ 29 



  

 

 

Penco Module  Page  i i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

1.17.5 Contracts .................................................................................................................................................................. 29 

1.18 Economic Analysis ...................................................................................................................................... 29 

1.18.1 Financial Model Parameters ................................................................................................................................. 30 

1.18.2 Rare Earth Oxides Price Forecast ........................................................................................................................ 30 

1.18.3 Concentrate Production ......................................................................................................................................... 31 

1.18.4 Economic Analysis Results ................................................................................................................................... 32 

1.18.5 Sensitivity Analysis ................................................................................................................................................. 34 

1.19 Interpretation and Conclusions.................................................................................................................. 35 

1.19.1 Introduction .............................................................................................................................................................. 35 

1.19.2 Mineral Tenure, Surface Rights, Water Rights, Royalties and Agreements ................................................. 35 

1.19.3 Geology and Mineralization ................................................................................................................................... 35 

1.19.4 Exploration, Drilling and Analytical Data Collection in Support of Mineral Resource ................................. 35 

1.19.5 Mineral Resource Estimates ................................................................................................................................. 36 

1.19.6 Mine Plan .................................................................................................................................................................. 36 

1.19.7 Metallurgical Testwork and Processing ............................................................................................................. 38 

1.19.8 Infrastructure ........................................................................................................................................................... 39 

1.19.9 Environmental, Permitting and Social Considerations..................................................................................... 39 

1.19.10 Capital and Operating Costs ........................................................................................................................... 39 

1.19.11 Economic Analysis ............................................................................................................................................ 40 

1.20 Recommendations ...................................................................................................................................... 40 

1.20.1 Introduction .............................................................................................................................................................. 40 

1.20.2 Phase 1 ..................................................................................................................................................................... 41 

1.20.3 Phase 2 ..................................................................................................................................................................... 42 



  

 

 

Penco Module  Page  i i i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

2 INTRODUCTION ...................................................................................................................................................................... 44  

2.1 Introduction  ................................................................................................................................................. 44 

2.2 Terms of Reference .................................................................................................................................... 44 

2.3 Qualified Persons ........................................................................................................................................ 45 

2.4 Site Visits and Scope of Personal Inspection ........................................................................................... 46 

2.5 Effective Dates ............................................................................................................................................ 47 

2.6 Information Sources and References ........................................................................................................ 47 

2.7 Unit and Name Abbreviations .................................................................................................................... 47 

3 RELIANCE ON OTHER EXPERTS .......................................................................................................................................... 52  

3.1 Introduction  ................................................................................................................................................. 52 

3.2 Property Agreements, Mineral Tenure and Surface Rights ..................................................................... 52 

3.3 Environmental, Permitting, Closure, and Social and Community Impacts ............................................. 52 

3.4 Taxation ....................................................................................................................................................... 52 

3.5 Markets ........................................................................................................................................................ 52 

4 PROPERTY DESCRIPTION AND LOCATION .................................................................................................................... 54  

4.1 Introduction  ................................................................................................................................................. 54 

4.2 Property and Title in Chile .......................................................................................................................... 55 

4.2.1 Regulation................................................................................................................................................................. 55 

4.2.2 Mineral Tenure ......................................................................................................................................................... 55 

4.2.3 Surface Rights ......................................................................................................................................................... 57 

4.2.4 Rights of Way ........................................................................................................................................................... 57 

4.2.5 Water Rights............................................................................................................................................................. 57 

4.2.6 Environmental Regulations ................................................................................................................................... 57 

4.2.7 Land Use ................................................................................................................................................................... 58 

4.3 Project Ownership ....................................................................................................................................... 58 

4.4 Mineral Tenure ............................................................................................................................................ 58 

4.5 Surface Rights ............................................................................................................................................. 68 

4.6 Water Rights ................................................................................................................................................ 71 

4.6.1 Water Use Rights .................................................................................................................................................... 71 

4.7 Permitting Considerations  ......................................................................................................................... 73 

4.8 Environmental Considerations ................................................................................................................... 73 

4.9 Social License Considerations ................................................................................................................... 73 

4.10 Comments on Property Description and Location ................................................................................... 74 

5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE, AND PHYSIOGRAPHY ............................75 

5.1 Accessibility ................................................................................................................................................. 75 

5.2 Climate ......................................................................................................................................................... 76 



  

 

 

Penco Module  Page  i v 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

5.3 Local Resources and Infrastructure .......................................................................................................... 76 

5.4 Physiography ............................................................................................................................................... 79 

5.5 Seismicity .................................................................................................................................................... 80 

6 HISTORY .................................................................................................................................................................................... 81 
6.1 Ownership History ....................................................................................................................................... 81 

6.2 Exploration History ...................................................................................................................................... 81 

7 GEOLOGICAL SETTING AND MINERALIZATION ............................................................................................................ 83  

7.1 Regional Geology ........................................................................................................................................ 83 

7.2 Project Area Geology .................................................................................................................................. 84 

7.2.1 Lithology ................................................................................................................................................................... 84 

7.2.2 Mineralization .......................................................................................................................................................... 86 

7.2.3 Regolith and Soils Description .............................................................................................................................. 89 

7.2.4 Alteration .................................................................................................................................................................. 91 

7.2.5 Structure ................................................................................................................................................................... 91 

7.3 Deposit Geology .......................................................................................................................................... 92 

7.3.1 Victoria ...................................................................................................................................................................... 92 

7.3.2 Maite and Luna ........................................................................................................................................................ 96 

7.3.3 Alexandra .................................................................................................................................................................. 97 

7.4 Prospects and Exploration Targets ........................................................................................................... 98 

7.5 Comments ................................................................................................................................................... 98 

8 DEPOSIT TYPES ....................................................................................................................................................................... 99  

9 EXPLORATION ........................................................................................................................................................................ 100 

10 DRILLING ................................................................................................................................................................................... 101 
10.1 Drills and Topography ............................................................................................................................... 101 

10.2 Drilling ........................................................................................................................................................ 102 

11 SAMPLE PREPARATION, ANALYSES, AND SECURITY ................................................................................................. 105 

11.1 Sampling and Preparation ........................................................................................................................ 105 

11.2 Quality Assurance / Quality Control ........................................................................................................ 108 

11.2.1 Duplicates: .............................................................................................................................................................. 109 



  

 

 

Penco Module  Page  v 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

11.2.2 Standards ............................................................................................................................................................... 111 

11.2.3 Check Samples (Interlaboratory): ...................................................................................................................... 114 

11.2.4 Blanks ...................................................................................................................................................................... 114 

12 DATA VERIFICATION ............................................................................................................................................................. 117 
12.1 Verifications by Penco Module ................................................................................................................ 117 

12.2 Verifications by Ausenco .......................................................................................................................... 117 

13 MINERAL PROCESSING AND METALLURGICAL TESTING ........................................................................................... 119 
13.1 Introduction  ............................................................................................................................................... 119 

13.2 Historical Metallurgical Testwork Programs  .......................................................................................... 120 

13.2.1 Testwork Universidad de Concepcion .............................................................................................................. 120 

13.2.2 Pilot Plant................................................................................................................................................................ 125 

13.3 Most Recent Metallurgical Testwork Programs  ..................................................................................... 131 

13.3.1 Testwork University of Toronto .......................................................................................................................... 131 



  

 

 

Penco Module  Page  v i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

13.3.2 Uftu!Cfodi!Tdbmf!ǆDibqjǇ..................................................................................................................................... 158 

13.3.3 Ansto Radioactivity Test ...................................................................................................................................... 173 

13.3.4 Vendor Test ............................................................................................................................................................ 174 

13.4 Recovery Modelling ................................................................................................................................... 174 

13.4.1 Drill Hole Samples ................................................................................................................................................. 174 

13.4.2 Experimental Procedure Baseline Method for leachable REE ...................................................................... 177 

14 MINERAL RESOURCE ESTIMATES ..................................................................................................................................... 193 

14.1 Introduction  ............................................................................................................................................... 193 

14.2 Geological Modeling ................................................................................................................................. 193 

14.3 Database Supporting Mineral Resource Estimate ................................................................................. 193 

14.4 Sample Coding .......................................................................................................................................... 194 

14.5 Definition of Estimation Domain  .............................................................................................................. 195 

14.6 Exploratory Data Analysis ........................................................................................................................ 199 

14.6.1 Victoria Assay ........................................................................................................................................................ 199 

14.6.2 Luna Assay ............................................................................................................................................................. 200 

14.6.3 Alexandra Assay .................................................................................................................................................... 201 

14.6.4 Maite Assay ............................................................................................................................................................ 202 

14.7 Correlation Analysis .................................................................................................................................. 203 

14.8 Composites ............................................................................................................................................... 209 

14.9 Contact Analyses ...................................................................................................................................... 210 

14.10 Capping/Outlier Restriction ...................................................................................................................... 211 

14.11 Variography ............................................................................................................................................... 213 



  

 

 

Penco Module  Page  v i i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

14.12 Density ....................................................................................................................................................... 219 

14.13 Block Model ............................................................................................................................................... 221 

14.14 Estimation Plan ......................................................................................................................................... 222 

14.15 Block Model Validation  ............................................................................................................................. 227 

14.16 Classification of Mineral Resources ........................................................................................................ 231 

14.17 Reasonable Prospects of Eventual Economic Extraction ..................................................................... 238 

14.18 Mineral Resources Statement .................................................................................................................. 241 

15 MINERAL RESERVE ESTIMATES ........................................................................................................................................ 247  

16 MINING METHODS ............................................................................................................................................................... 248  

16.1 Overview Process Design ......................................................................................................................... 248 

16.2 Geotechnical Considerations ................................................................................................................... 248 

16.3 Hydrogeological Considerations ............................................................................................................. 251 

16.4 Open Pit...................................................................................................................................................... 252 

16.4.1 Pit Optimization ..................................................................................................................................................... 252 

16.4.2 Pit and Phase Selection ....................................................................................................................................... 259 

16.4.3 Pit Design ................................................................................................................................................................ 261 

16.4.4 Consideration of Marginal Cut-off Grades ....................................................................................................... 261 

16.4.5 Operational Cut-off Grades ................................................................................................................................. 261 

16.4.6 Grade Control and Production Monitoring ....................................................................................................... 261 

16.5 Production Schedule ................................................................................................................................. 262 

16.5.1 Production Schedule ............................................................................................................................................ 263 

16.5.2 Mining Sequence ................................................................................................................................................... 265 

16.6 Blasting and Explosives ............................................................................................................................ 266 

16.7 Grade Control ............................................................................................................................................ 266 

16.8 Mining Equipment ..................................................................................................................................... 266 

16.8.1 Drilling and Blasting .............................................................................................................................................. 266 

16.8.2 Loading ................................................................................................................................................................... 266 

16.8.3 Haulage ................................................................................................................................................................... 267 

16.8.4 Support and Auxiliary Equipment ....................................................................................................................... 268 

16.9 Comments on Mining Methods  ............................................................................................................... 270 

17 RECOVERY METHODS ......................................................................................................................................................... 271 



  

 

 

Penco Module  Page  v i i i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

17.1 Overview .................................................................................................................................................... 271 

17.2 Process Flowsheet .................................................................................................................................... 271 

17.3 Plant Design............................................................................................................................................... 274 

17.3.1 Wet Clay Stacking and Feeding (Area 0100) ................................................................................................... 274 

17.3.2 Mineral Leaching (Area 0200)............................................................................................................................. 275 

17.3.3 Impurities Precipitation (Area 0300) ................................................................................................................. 277 

17.3.4 Carbonation and Drying (Area 0400) ................................................................................................................. 278 

17.3.5 Water Treatment System (Area 0500) .............................................................................................................. 279 

17.3.6 Parameters and Result of Mass Balance ......................................................................................................... 279 

17.4 Reagents .................................................................................................................................................... 281 

17.4.1 Sulfuric Acid Diluted Solution Preparation ....................................................................................................... 281 

17.4.2 Ammonium Sulphate Solution Preparation ..................................................................................................... 281 

17.4.3 Ammonium Bicarbonate Solution Preparation ............................................................................................... 281 

17.4.4 Lime Slurry Preparation ....................................................................................................................................... 281 

17.4.5 Flocculant Solution Preparation ......................................................................................................................... 282 

17.5 Supplies ..................................................................................................................................................... 282 

17.5.1 Air 282 

17.5.2 Water Distribution ................................................................................................................................................. 282 

18 PROJECT INFRASTRUCTURE ............................................................................................................................................ 283  

18.1 Introduction  ............................................................................................................................................... 283 

18.2 Roads and Logistics ................................................................................................................................. 283 

18.3 Waste Disposal Facilities (WDF) .............................................................................................................. 285 

18.3.1 Introduction ............................................................................................................................................................ 285 

18.3.2 Production Schedule and material properties ................................................................................................. 287 

18.3.3 Design Criteria ....................................................................................................................................................... 290 

18.3.4 Geotechnical Parameters .................................................................................................................................... 291 

18.3.5 Failure Consequences Classification ................................................................................................................ 291 

18.3.6 Design Earthquake ................................................................................................................................................ 293 

18.3.7 Stability Analysis ................................................................................................................................................... 295 

18.4 Water Supply.............................................................................................................................................. 297 

18.5 Water Management .................................................................................................................................. 298 

18.6 Built Infrastructure  .................................................................................................................................... 299 

18.6.1 Industrial Buildings ............................................................................................................................................... 299 

18.7 Accommodations  ...................................................................................................................................... 300 

18.8 Power and Electrical ................................................................................................................................. 300 

19 MARKET STUDIES AND CONTRACTS ............................................................................................................................ 302  

19.1 Market Overview........................................................................................................................................ 302 



  

 

 

Penco Module  Page  i x 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

19.2 REE Demand .............................................................................................................................................. 305 

19.3 REE Supply ................................................................................................................................................. 309 

19.4 REE Prices .................................................................................................................................................. 312 

19.5 Contracts ................................................................................................................................................... 317 

20  ENVIRONMENTAL STUDIES, PERMITTING, AND SOCIAL OR COMMUNITY IMPACT ......................................... 318 

20.1 Environmental Considerations ................................................................................................................. 318 

20.1.1 Baseline and Supporting Studies ....................................................................................................................... 319 

20.1.2 Environmental Monitoring ................................................................................................................................... 322 

20.1.3 Water Management .............................................................................................................................................. 324 

20.1.4 Emissions and Wastes ......................................................................................................................................... 326 

20.2 Closure and Reclamation Planning ......................................................................................................... 328 

20.2.1 Closure and Reclamation Plans ......................................................................................................................... 329 

20.2.2 Closure Cost Estimate ......................................................................................................................................... 331 

20.3 Permitting Considerations  ....................................................................................................................... 333 

20.3.1 Environmental Permits......................................................................................................................................... 333 

20.3.2 Mining Permits ...................................................................................................................................................... 335 

20.3.3 Additional Permits and Authorizations ............................................................................................................. 335 

20.4 Social Considerations ............................................................................................................................... 336 

20.4.1 Human Environment ............................................................................................................................................ 336 

20.4.2 Indigenous Communities and Indigenous Consultation ............................................................................... 337 

20.4.3 Community Relations Plan (CRP) and Stakeholder Communications Strategy ....................................... 338 

20.5 Comments on Environmental Studies, Permits and Social or Community Impact ............................. 339 

21 CAPITAL AND OPERATING COSTS ................................................................................................................................. 340  

21.1 Capital Costs ............................................................................................................................................. 340 

21.1.1 Overview ................................................................................................................................................................. 340 

21.1.2 Capital Cost Summary ......................................................................................................................................... 340 

21.1.3 Basis of Estimate .................................................................................................................................................. 340 

21.1.4 Mine Capital Costs ................................................................................................................................................ 341 

21.1.5 Process Capital Costs .......................................................................................................................................... 342 

21.1.6 Project Indirect Costs ........................................................................................................................................... 343 



  

 

 

Penco Module  Page  x 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

21.1.7 Contingency ........................................................................................................................................................... 346 

21.1.8 Sustaining Capital ................................................................................................................................................. 347 

21.2 Operating Costs ........................................................................................................................................ 347 

21.2.1 Overview ................................................................................................................................................................. 347 

21.2.2 Basis of Estimate .................................................................................................................................................. 348 

21.2.3 Mine Operating Costs ........................................................................................................................................... 349 

21.2.4 Process Operating Costs ..................................................................................................................................... 351 

21.2.5 General and Administrative Operating Costs .................................................................................................. 356 

21.2.6 Operating Cost Estimate Summary ................................................................................................................... 357 

21.3 Comments on Capital and Operating Costs ........................................................................................... 358 

21.3.1 Comments on Capital Cost Estimate Summary ............................................................................................. 358 

21.3.2 Comments on Operating Cost Estimate Summary ........................................................................................ 359 

22 ECONOMIC ANALYSIS ....................................................................................................................................................... 360  

22.1 Cautionary Statement ............................................................................................................................... 360 

22.2 Methodology Used .................................................................................................................................... 361 

22.3 Financial Model Parameters .................................................................................................................... 361 

22.3.1 Rare Earth Oxides Price Forecast ...................................................................................................................... 362 

22.3.2 Discount Rate ........................................................................................................................................................ 362 

22.3.3 Exchange Rate Forecast ...................................................................................................................................... 363 

22.3.4 Taxes ....................................................................................................................................................................... 363 

22.3.5 Working Capital ..................................................................................................................................................... 364 

22.3.6 Closure Costs, Remediation Cost and Salvage Value .................................................................................... 364 



  

 

 

Penco Module  Page  x i 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

22.3.7 Concentrate Production ....................................................................................................................................... 364 

22.4 Economic Analysis .................................................................................................................................... 365 

22.4.1 Sensitivity Analysis ............................................................................................................................................... 368 

23 ADJACENT PROPERTIES .................................................................................................................................................... 373 

24  OTHER RELEVANT DATA AND INFORMATION ............................................................................................................. 374  

25  INTERPRETATION AND CONCLUSIONS ........................................................................................................................ 375  

25.1 Introduction  ............................................................................................................................................... 375 

25.2 Mineral Tenure, Surface Rights, Water Rights, Royalties and Agreements .......................................... 375 

25.2.1 Mineral Tenure ....................................................................................................................................................... 375 

25.2.2 Surface Rights ....................................................................................................................................................... 375 

25.2.3 Water rights ............................................................................................................................................................ 375 

25.3 Geology and Mineralization ...................................................................................................................... 375 

25.4 Exploration, Drilling and Analytical Data Collection in Support of Mineral Resource ......................... 375 

25.5 Mineral Resource Estimates .................................................................................................................... 376 

25.6 Mine Plan ................................................................................................................................................... 376 

25.6.1 Geotechnical Considerations .............................................................................................................................. 376 

25.6.2 Mining Operations Considerations .................................................................................................................... 377 

25.6.3 Mine Phases........................................................................................................................................................... 377 

25.6.4 Mine Extraction Sequence Definition ................................................................................................................ 377 

25.6.5 Annual Production Plan ....................................................................................................................................... 377 

25.6.6 Waste Disposal Facility and Stockpile Design ................................................................................................. 377 

25.6.7 Waste Disposal Facilities Fill Sequence ........................................................................................................... 378 

25.7 Metallurgical Testwork and Processing .................................................................................................. 378 

25.8 Infrastructure  ............................................................................................................................................. 379 

25.9 Environmental, Permitting and Social Considerations .......................................................................... 379 

25.10 Capital and Operating Costs .................................................................................................................... 380 

25.10.1 Capital Cost ...................................................................................................................................................... 380 

25.10.2 Operating Cost ................................................................................................................................................. 380 

25.11 Economic Analysis .................................................................................................................................... 380 

26  RECOMMENDATIONS .......................................................................................................................................................... 381 

26.1 Introduction  ............................................................................................................................................... 381 

26.2 Phase 1 ...................................................................................................................................................... 381 

26.2.1 Drilling and Mineral Resource Estimations ...................................................................................................... 381 

26.2.2 Metallurgical Testwork......................................................................................................................................... 382 

26.3 Phase 2 ...................................................................................................................................................... 382 

26.3.1 Metallurgical Testwork......................................................................................................................................... 382 

26.3.2 Mining methods studies ...................................................................................................................................... 382 



  

 

 

Penco Module  Page  x i i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

26.3.3 Geotechnical Considerations .............................................................................................................................. 383 

26.3.4 Site Infrastructure ................................................................................................................................................. 383 

26.4 Process Plant Prefeasibility Study ........................................................................................................... 384 

27 REFERENCES .......................................................................................................................................................................... 385  

28  SIGNATURE AND DATE PAGE ........................................................................................................................................... 390  

 

List of Tables  

Table 1-1: Leaching and Plant Recovery .............................................................................................................................. 7 

Table 1-2: Rare Earth Product Quality ................................................................................................................................... 7 

Table 1-3: Metal Prices ........................................................................................................................................................ 10 

Table 1-4: Conversion Factors ............................................................................................................................................. 10 

Table 1-5: Operating and financial parameters.................................................................................................................. 11 

Table 1-6: Mining Cost ......................................................................................................................................................... 11 

Table 1-7: Overall Slope Angle ............................................................................................................................................. 11 

Table 1-8: Mineral Resource Statement ............................................................................................................................. 12 

Table 1-9: Mineral Resource Statement by Sector ............................................................................................................ 12 

Table 1-10: Mineral Resource Statement by Rare Earth Elements ..................................................................................... 13 

Table 1-11: Mineral Resource Statement by Rare Earth Elements and Sectors ............................................................... 13 

Table 1-12: Mineral Resource Statement grade of REO by elements ................................................................................ 14 

Table 1-13: Mineral Resource Statement by REO elements and sector ............................................................................ 14 

Table 1-14: Capital Cost Estimate Summary (USD) ............................................................................................................. 25 

Table 1-15: Operating Cost Estimate Summary (USD) ........................................................................................................ 25 

Table 1-16: Reagents Cost Estimate Summary (USD) ........................................................................................................ 26 

Table 1-17: 2020 REO Supply................................................................................................................................................. 28 

Table 1-18: Production REO ................................................................................................................................................... 32 

Table 1-19: Summary Results ................................................................................................................................................ 32 

Table 1-20: Recommendations Cost ..................................................................................................................................... 41 

Table 2-1: Responsibility for Each Section ......................................................................................................................... 45 

Table 2-2: Unit Abbreviations .............................................................................................................................................. 47 

Table 2-3: Name Abbreviations ........................................................................................................................................... 49 

Table 4-1: Mineral Tenure - Exploration Concessions ....................................................................................................... 58 

Table 4-2: Mineral Tenure ƿ Exploitation Concessions .................................................................................................... 59 

Table 4-3: Exploitation Concessions ................................................................................................................................... 59 

Table 4-4: Exploration Concessions ................................................................................................................................... 60 

Table 4-5: Right of Consumptive Use - Penco Watershed ................................................................................................ 71 



  

 

 

Penco Module  Page  x i i i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Table 4-6: Right of Consumptive Use - Cabrito Watershed ............................................................................................... 71 

Table 4-7: Right of Consumptive Use - Bellavista Watershed ........................................................................................... 73 

Table 4-8: Right of Consumptive Use - Popen Watershed ................................................................................................ 73 

Table 7-1: Mineral Geochemistry Data Integration from Microprobe with Mineralogical Quantification via 
QEMSCAN............................................................................................................................................................ 88 

Table 7-2: Average Density, pH, and Bulk Major and Trace Element Compositions of the Regolith and Fresh-
Rock Samples from the Victoria Penco Deposit .............................................................................................. 93 

Table 10-1: Summarizes the Drilling Program Attributes.  ................................................................................................ 102 

Table 11-1: Summary of QA/QC Programs ........................................................................................................................ 108 

Table 11-2: Validation Chart for the Relative Error Method by Analysis Type, Element, Duplicate Type and 
Campaign. Total REY ........................................................................................................................................ 109 

Table 11-3: Validation Chart for the Relative Error Method by Analysis Type, Element, Duplicate Type and 
Campaign. Extraction Value REY ..................................................................................................................... 109 

Table 11-4: Validation Chart for the Hyperbolic Method by Analysis Type, Element, Duplicate Type and 
Campaign. ......................................................................................................................................................... 110 

Table 11-5: Failure and Bias Percentages for Total REY by Standard Type, Element and Campaign. .......................... 111 

Table 11-6: Failure and Bias Percentages for Extraction Value REY by Standard Type, Element and Campaign. ....... 113 

Table 11-7: Correlation Coefficient and Bias for Total REY Check Samples, Before and After Removing Outliers. .... 114 

Table 11-8: Sample Batch for Thick Blank Baseline Analysis ........................................................................................... 115 

Table 13-1: Summary of Section 13 Content ..................................................................................................................... 120 

Table 13-2: UdeC Reports for Penco Module ..................................................................................................................... 121 

Table 13-3: Parameters and Analysis Methodology Reports UdeC ................................................................................. 123 

Table 13-4: Pilot Plant Yield ................................................................................................................................................. 128 

Table 13-5: Rare Earth Leaching Tests ............................................................................................................................... 131 

Table 13-6: Secondary Mineral Precipitation (Impurities)  ................................................................................................. 132 

Table 13-7: Rare Earth Precipitation ................................................................................................................................... 132 

Table 13-8: Baseline Leaching Condition for Determination of Leachable REE .............................................................. 133 

Table 13-9: Sample Characterization .................................................................................................................................. 135 

Table 13-10: Solution Concentrations (mg/L) for Desorption Trials with Flocculant Added. The Results for Trials 
A, B, and C (as listed above) are Shown, Alongside Trial PRE1 for Comparison ........................................ 145 

Table 13-11: Use Ammonium Hydroxide for Impurity Precipitation  ................................................................................... 150 

Table 13-12: Optimum Ammonium Bicarbonate Dosage ................................................................................................... 154 

Table 13-13: Direct Impurity Precipitation in the D1 Tank before Filtration ....................................................................... 155 

Table 13-14: Process Parameters ......................................................................................................................................... 156 

Table 13-15: Humidity and Specific Gravity by Extraction Area ......................................................................................... 161 

Table 13-16: Parameters of Extraction Pilot Test  ................................................................................................................ 163 

Table 13-17: Result Summary (Alexandra) ........................................................................................................................... 164 

Table 13-18: Result Summary (Victoria Norte) .................................................................................................................... 165 

Table 13-19: Result Summary (Victoria Sur) ........................................................................................................................ 166 

Table 13-20: Result Summary (Maite) .................................................................................................................................. 168 

Table 13-21: Result Summary (Luna) .................................................................................................................................... 169 

Table 13-22: Samples Selected for Piloting at pH 3.0 and 2.0 Leaching ........................................................................... 171 

Table 13-23: Summary of Radioactivity Test Results .......................................................................................................... 173 



  

 

 

Penco Module  Page  x iv 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Table 13-24: Metallurgical Parameters Baseline Method ................................................................................................... 177 

Table 13-25: Maite Extraction ................................................................................................................................................ 179 

Table 13-26: Luna Zone Extraction........................................................................................................................................ 180 

Table 13-27: Alexandra Zone Extraction ............................................................................................................................... 181 

Table 13-28: Victoria Norte Zone Extraction ........................................................................................................................ 182 

Table 13-29: Victoria Sur Zone Extraction ............................................................................................................................ 183 

Table 13-30: Extraction Calculation Stage D1 ...................................................................................................................... 184 

Table 13-31: Extraction Calculation Stage D2 ...................................................................................................................... 184 

Table 13-32: Extraction Calculation Stage W ....................................................................................................................... 185 

Table 13-33: Maite Zone Extraction ...................................................................................................................................... 185 

Table 13-34: Luna Zone Extraction........................................................................................................................................ 186 

Table 13-35: Alexandra Zone Extraction ............................................................................................................................... 187 

Table 13-36: Victoria Norte Zone Extraction ........................................................................................................................ 188 

Table 13-37: Victoria Sur Zone Extraction ............................................................................................................................ 188 

Table 13-38: Slope (m) Summary .......................................................................................................................................... 190 

Table 13-39: Nomenclature.................................................................................................................................................... 192 

Table 14-1: Summary of Drilling Performed by Area ......................................................................................................... 193 

Table 14-2: Percentage of comparison of the lithological model with the registered lithology  .................................... 194 

Table 14-3: Definition of Estimation Unit  ............................................................................................................................ 197 

Table 14-4: Sample Statistics for REYT by ED, Victoria..................................................................................................... 200 

Table 14-5: Sample Statistics for REYT by ED, Luna ......................................................................................................... 201 

Table 14-6: Sample Statistics for REYT by ED, Alexandra................................................................................................. 202 

Table 14-7: Sample Statistics for REYT by ED, Maite ........................................................................................................ 203 

Table 14-8: Composite Statistics for REYT by ED, Victoria ............................................................................................... 209 

Table 14-9: Composite Statistics for REYT by ED, Luna.................................................................................................... 209 

Table 14-10: Composite Statistics for REYT by ED, Alexandra ........................................................................................... 209 

Table 14-11: Composite Statistics for REYT by ED, Maite .................................................................................................. 210 

Table 14-12: Outlier Restriction REET, Victoria .................................................................................................................... 211 

Table 14-13: Outlier Restriction REET, Luna ......................................................................................................................... 211 

Table 14-14: Outlier Restriction REET, Alexandra ................................................................................................................ 212 

Table 14-15: Outlier Restriction REET, Maite ........................................................................................................................ 212 

Table 14-16: Effect of caping on REYT grade....................................................................................................................... 213 

Table 14-17: Correlograms by Estimation Domain, Victoria ............................................................................................... 215 

Table 14-18: Correlograms by Estimation Domain. Luna .................................................................................................... 216 

Table 14-19: Correlograms by Estimation domain. Alexandra ........................................................................................... 217 

Table 14-20: Correlograms by Estimation domain. Maite  ................................................................................................... 218 

Table 14-21: Density by horizons B and C. Victoria ............................................................................................................. 219 

Table 14-22: Density by Horizon A. Victoria ......................................................................................................................... 220 

Table 14-23: Density by Horizon Luna .................................................................................................................................. 220 

Table 14-24: Density by Horizon Alexandra .......................................................................................................................... 220 

Table 14-25: Density by Horizon Maite ................................................................................................................................. 221 

Table 14-26: Block model Origin............................................................................................................................................ 221 



  

 

 

Penco Module  Page  xv 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Table 14-27: Estimation Parameters for HREE, LREE and Europium, estimation domain 1110 ...................................... 222 

Table 14-28: Estimation Parameters for HREE, LREE and Europium, estimation domain 1120 ...................................... 222 

Table 14-29: Estimation Parameters for HREE, LREE and Europium, estimation domain 1210&1310 ........................... 223 

Table 14-30: Estimation Parameters for HREE, LREE and Europium, estimation domain 1220&1320 ........................... 223 

Table 14-31: Estimation Parameters for HREE, LREE and Europium, estimation domain 2110 and 2120 ..................... 223 

Table 14-32: Estimation Parameters for HREE, LREE and Europium, estimation domain 2210 and 2220 ..................... 223 

Table 14-33: Estimation Parameters for HREE, LREE and Europium, estimation domain 3110 and 3120  ..................... 224 

Table 14-34: Estimation Parameters for HREE, LREE and Europium, estimation domain 3210 and 3310 ..................... 224 

Table 14-35: Estimation Parameters for HREE, LREE and Europium, estimation domain 3220 and 3320 ..................... 225 

Table 14-36: Estimation Parameters for HREE LREE and Europium, estimation domain 4110....................................... 225 

Table 14-37: Estimation Parameters for HREE, LREE and Europium, estimation domain 4120 ...................................... 226 

Table 14-38: Estimation Parameters for HREE, LREE and Europium, estimation domain 4210 and 4310 ..................... 226 

Table 14-39: Estimation Parameters for HREE, LREE and Europium, estimation domain 4220 and 4320 ..................... 227 

Table 14-40: Metal Prices ...................................................................................................................................................... 239 

Table 14-41: Conversion Factors ........................................................................................................................................... 240 

Table 14-42: Operating and Financial Parameters............................................................................................................... 241 

Table 14-43: Mining Cost ....................................................................................................................................................... 241 

Table 14-44: Inter Ramp and Overall Slope Angles .............................................................................................................. 241 

Table 14-45: Mineral Resource Statement ........................................................................................................................... 241 

Table 14-46: Mineral Resource Statement by Sector .......................................................................................................... 242 

Table 14-47: Mineral Resource Statement by Rare Earth Elements ................................................................................... 243 

Table 14-48: Mineral Resource Statement Grade of REO by Elements ................................................................................. 243 

Table 14-49: Mineral Resource Statement by rare earth elements and sector ................................................................. 244 

Table 14-50: Mineral Resource Statement by REO elements and sector ............................................................................. 245 

Table 16-1: Geotechnical Units and Residual Soil Properties (Lancuyén, 2021) ............................................................ 249 

Table 16-2: Proposed Design Parameters .......................................................................................................................... 251 

Table 16-3: Final Pit Shells Selected by Sector .................................................................................................................. 254 

Table 16-4: Pit Limit Optimization Summary by Sector..................................................................................................... 254 

Table 16-5: Summary of Mineral Resources with Measured Category ............................................................................ 254 

Table 16-6: Summary of Mineral Resources with Indicated Category ............................................................................. 255 

Table 16-7: Summary of Mineral Resources with Inferred Category ............................................................................... 255 

Table 16-8: REE Prices ......................................................................................................................................................... 258 

Table 16-9: Conversion Factors ........................................................................................................................................... 258 

Table 16-10: Operating Costs ................................................................................................................................................ 259 

Table 16-11: Other Parameters.............................................................................................................................................. 259 

Table 16-12: Mining Phases Statistics .................................................................................................................................. 260 

Table 16-13: Annual Production Plan .................................................................................................................................... 264 

Table 16-14: Mining Rates Per Sector ................................................................................................................................... 265 

Table 16-15: Mining Rates Per Sector ................................................................................................................................... 267 

Table 16-16: Mining Rates Per Sector ................................................................................................................................... 268 

Table 16-17: Compactor Roller Operating Parameters ....................................................................................................... 269 

Table 16-18: Bulldozer Operating Parameters ..................................................................................................................... 269 



  

 

 

Penco Module  Page  xv i 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Table 16-19: Water Truck Operating Parameters ................................................................................................................ 269 

Table 16-20: Motor Grader Operating Parameters .............................................................................................................. 270 

Table 17-1: Recovered Mineral ............................................................................................................................................ 279 

Table 17-2: Information and Evaluation Conditions  .......................................................................................................... 280 

Table 17-3: Reagents Used in the Process. ........................................................................................................................ 281 

Table 18-1: Mine residual soil production schedule .......................................................................................................... 287 

Table 18-2: Particle Size distribution curve of mine residual soil  ..................................................................................... 287 

Table 18-3: Filtered Tailings Production Schedule ............................................................................................................ 289 

Table 18-4: Source of information and data  ....................................................................................................................... 290 

Table18-5: Design Criteria ................................................................................................................................................... 290 

Table 18-6: Neptune Geotechnical Parameters ................................................................................................................. 291 

Table 18-7: Jupiter Geotechnical Parameters .................................................................................................................... 291 

Table 18-8: Dam Classification ƿ CDA 2013 ...................................................................................................................... 292 

Table 18-9: Ground Peak Accelerations for seismic zone ................................................................................................ 293 

Table 18-10: Ground Acceleration for Retorn Period ƿ Gensis (2021) .............................................................................. 295 

Table 18-11: Target Levels for Earthquakes Hazards ƿ CDA (2013) ................................................................................. 295 

Table 18-12: Required Minimum Factor of Safety  ............................................................................................................... 296 

Table 18-13: Neptuno Stability Assessment  ........................................................................................................................ 297 

Table 18-14: Jupiter Stability Assessment  ........................................................................................................................... 297 

Table 18-15: Location of Fresh Water Catchment ............................................................................................................... 297 

Table 18-16: Fresh Water Drive Pipe Features ..................................................................................................................... 298 

Table 19-1: Applications, Main Usages, Share of REE (In green: major use)................................................................... 305 

Table 19-2: Typical Composition of Sintered NdFeB for Applications at Room Temperature. ..................................... 307 

Table 19-3: 2020 REO Supply............................................................................................................................................... 310 

Table 19-4: Dijobǃt!Ijtupsjd!Qspevdujpo!Rvpubt/ ............................................................................................................... 310 

Table 19-5: Dijobǃt!Ijtupsjd!Qspevdujpo!Rvpubt!3131!qfs!TFP/ ....................................................................................... 311 

Table 20-1: Main Baseline and Impact Assessment Results for Environmental Components with Significant 
Impacts  .............................................................................................................................................................. 320 

Table 20-2: Main Mitigation, Reparation and Compensation Measures for Significant Impacts  .................................. 321 

Table 20-3: Monitoring Plan for Environmental Components  (significant and non -significant environmental 
impacts)  ............................................................................................................................................................. 323 

Table 20-4: Environmental Flow for Penco Creek .............................................................................................................. 324 

Table 20-5: Wastes and Emissions of Penco Module ....................................................................................................... 327 

Table 20-6: Direct Closure Costs Estimation ..................................................................................................................... 332 

Table 20-7: Penco Module Indirect Closure Costs Estimation ......................................................................................... 332 

Table 20-8: Penco Module Closure Costs Estimation ....................................................................................................... 333 

Table 20-9: Applicable Sectoral Permits ............................................................................................................................ 334 

Table 21-1: Capital Costs Summary .................................................................................................................................... 340 

Table 21-2: Exchange Rate .................................................................................................................................................. 341 

Table 21-3: Mine Capital Costs............................................................................................................................................ 342 

Table 21-4: Process Plant Capital Costs ............................................................................................................................ 342 

Table 21-5: Project Indirect Costs Summary...................................................................................................................... 343 



  

 

 

Penco Module  Page  xv i i 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Table 21-6: Mine Sustaining Costs ..................................................................................................................................... 347 

Table 21-7: Operating Costs ................................................................................................................................................ 347 

Table 21-8: Grade and Recovery Average LOM .................................................................................................................. 348 

Table 21-9: Principal Reagent and Supplies Cost .............................................................................................................. 349 

Table 21-10: Cost during Life of Mine ................................................................................................................................... 350 

Table 21-11: Average Annual Cost (for 1,766,016 annual ton) ........................................................................................... 350 

Table 21-12: Total Labour ...................................................................................................................................................... 351 

Table 21-13: Power Cost ........................................................................................................................................................ 353 

Table 21-14: Reagent and Supplies ....................................................................................................................................... 354 

Table 21-15: Spare and Maintenance ................................................................................................................................... 354 

Table 21-16: Laboratories and Chemicals Analysis............................................................................................................. 355 

Table 21-17: Packing Cost ..................................................................................................................................................... 355 

Table 21-18: Spent Mineral Transport Cost .......................................................................................................................... 356 

Table 21-19: Mobile Equipment Cost  .................................................................................................................................... 356 

Table 21-20: General Operating Cost .................................................................................................................................... 357 

Table 21-21: Operating Cost Summary ................................................................................................................................. 357 

Table 22-1: Production REO ................................................................................................................................................. 365 

Table 22-2: Summary Results .............................................................................................................................................. 366 

Table 22-3: Projected LOM Post Tax Unlevered Free Cash Flow ..................................................................................... 369 

Table 22-4: Pre-Tax Sensitivity Analysis ƿ Base Case Price Scenario ............................................................................. 370 

Table 22-5: Post-Tax Sensitivity Analysis ƿ Base Case Price Scenario ........................................................................... 371 

Table 26-1: Recommendations Cost ................................................................................................................................... 381 

 

List of Figures 

Figure 1-1: Project Location  .................................................................................................................................................... 1 

Figure 1-2: Mining Phases Location ..................................................................................................................................... 16 

Figure 1-3:  Annual Production Plan ...................................................................................................................................... 17 

Figure 1-4: Process Flowsheet ............................................................................................................................................. 19 

Figure 1-5: Waste Disposal Facilities Location ................................................................................................................... 21 

Figure 1-6: 2021-2030 REO Supply Forecast ....................................................................................................................... 28 

Figure 1-7: Basket Price Forecast 2021-2030 ..................................................................................................................... 29 

Figure 1-8: Rare Earth Oxides Basket Price for the LOM .................................................................................................... 31 

Figure 1-9: Production REO ................................................................................................................................................... 31 

Figure 1-10: Sensitivity Analysis ............................................................................................................................................. 34 

Figure 2-1: Project Location  .................................................................................................................................................. 44 

Figure 4-1: Project Location  .................................................................................................................................................. 54 

Figure 4-2: Exploration Concessions 1 ................................................................................................................................ 63 

Figure 4-3: Exploration Concessions 2 ................................................................................................................................ 64 



  

 

 

Penco Module  Page  xv i i i  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Figure 4-4: Exploration Concessions 2 ................................................................................................................................ 65 

Figure 4-5: Exploration/Exploitation Claims Overlap 1 ....................................................................................................... 66 

Figure 4-6: Exploration/Exploitation Claims Overlap 2 ....................................................................................................... 67 

Figure 4-7: Polygon acquired from Forestal Arauco S.A. ................................................................................................... 69 

Figure 4-8: Location of the Luna Extraction Area (brown) ................................................................................................. 70 

Figure 4-9: Intake Points ....................................................................................................................................................... 72 

Figure 5-1: Access to plant  ................................................................................................................................................... 75 

Figure 5-2: Port and Airport ................................................................................................................................................... 77 

Figure 5-3: Power And Water Supply .................................................................................................................................... 78 

Figure 7-1: District Geological and Geophysical Thorium Anomalies Maps .................................................................... 83 

Figure 7-2: District Geological Map of the Penco Module Located Between the Western Series, the Metamorphic 
Complex (WMC) and Concepcion Eastern Concepcion Plutonic Complex (CEPC) ...................................... 85 

Figure 7-3: Petrography and Mineralogy of the Parent Granite ......................................................................................... 87 

Figure 7-4: REE Composition of the Main Minerals Present in GG Normalized to Chondrite. ........................................ 89 

Figure 7-5: Regolith and Soils Description ........................................................................................................................... 89 

Figure 7-6: Geology of Victoria Norte and Victoria Sur characterized by a principal GG hosting REE 
exchangeable in its regolith part and the collars of the drilling campaigns.  ................................................. 95 

Figure 7-7: Geology of Maite and Luna characterized by a principal GG hosting REE exchangeable in its regolith 
part and surrounded by diorite. The collars of the drilling campaigns are also shown. ............................... 97 

Figure 7-8: Geology of Alexandra Characterized by a GG that is Mineralized by REE Exchangeable in its regolith ..... 98 

Figure 10-1: Collars Elevation Difference Histogram vs Topography. .............................................................................. 101 

Figure 10-2: Drill Hole Locations in the Different Ore Bodies. ............................................................................................ 104 

Figure 11-1: Sample Preparation Protocol for 2 m Intervals. ............................................................................................. 107 

Figure 13-1: Schematic Diagram of Extraction Process ..................................................................................................... 122 

Figure 13-2: Clay Location A, B, C, D, E and F ...................................................................................................................... 124 

Figure 13-3: Pilot Plant Process Block Diagram ................................................................................................................. 126 

Figure 13-4: Test Pit Location ............................................................................................................................................... 127 

Figure 13-5: D1 + D2 + W Process Flowchart ...................................................................................................................... 134 

Figure 13-6: Mineralogical and Morphologic al Characterization of the Starting Ionic Clay. a) XRD phase 
identification of the ionic clay. b) SEM -EDS elemental mapping of ionic clay ............................................ 136 

Figure 13-7: Presence of Monazite in Ore ........................................................................................................................... 136 

Figure 13-8: Average REE Extraction as a Function of Temperature ................................................................................ 137 

Figure 13-9: Average REE Extraction as a Function of L/S................................................................................................. 137 

Figure 13-10: Average REE Extraction as Function Ammonium Sulfate Concentration  .................................................... 138 

Figure 13-11: D2 Ÿ D1 Counter-Current Process Flowchart ................................................................................................ 139 

Figure 13-12: Comparisons Between Baseline and Counter-Current Configuration .......................................................... 140 

Figure 13-13: Comparison for REEs between D1+D2+W, D1+W1, and D1+W1+D2+W2 process configurations for 
S11, S09, S13, S18, and S21 (correspond to various samples used) ........................................................... 141 

Figure 13-14: Kinect Curve ƿ REE Totals ............................................................................................................................... 142 

Figure 13-15: Particle Size Effect on REE Distribution .......................................................................................................... 143 

Figure 13-16: Acid Consumption (gH2SO4/kg ore) During D1 and D2 to Maintain the Desorption pH at 4.0 ................. 144 

Figure 13-17: % Precipitation of Impurities and REEs as a Function of Time in the Impurity Precipitation Kinetic 
Trials at pH=6.0. ................................................................................................................................................ 148 



  

 

 

Penco Module  Page  x ix 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Figure 13-18: Carbonate Precipitation Kinetics  ..................................................................................................................... 149 

Figure 13-19: Concentration pH curves for REE and Impurities........................................................................................... 152 

Figure 13-20: pH Increase Associated with the Addition of NH 4HCO3 Solution ................................................................. 152 

Figure 13-21: Average D1 % extractions at condition A and condition B ............................................................................ 157 

Figure 13-22: Differences in D1 % extractions for each of the GMUs between condition A and condition B .................. 157 

Figure 13-23: Nfdibojdbm!Qsfqbsbujpo!2:!VHǃt ..................................................................................................................... 160 

Figure 13-24: Average Granulometry by Extraction Zone ..................................................................................................... 161 

Figure 13-25: Reaction Tanks ................................................................................................................................................. 162 

Figure 13-26: Recovery by UG for Alexandra Extraction Zone ............................................................................................. 165 

Figure 13-27: Recovery by UG for Victoria Note Extraction Zone ........................................................................................ 166 

Figure 13-28: Recovery by UG for Victoria Sur Extraction Zone ........................................................................................... 168 

Figure 13-29: Recovery by UG for Maite Extraction Zone ..................................................................................................... 169 

Figure 13-30: Recovery by UG for Luna Extraction Zone ...................................................................................................... 170 

Figure 13-31: Comparison for 10 UG at pH 4.0 and 3.0 in the Leaching Stage .................................................................. 171 

Figure 13-32: Cancha Software Simulation ........................................................................................................................... 175 

Figure 13-33: Maptek Vulcan Software Simulation ............................................................................................................... 176 

Figure 13-34: Sequential Leaching Process Scheme............................................................................................................ 178 

Figure 13-35: Sequential Leaching Process Scheme Using Mass Balance ........................................................................ 184 

Figure 13-36: Initial Extractions vs Corrected Extraction for Total Rare Earths and Dysprosium..................................... 189 

Figure 13-37: Slopes of Linear Equation vs Extraction Zones ............................................................................................. 192 

Figure 14-1: Plan view of the lithological models and drillings for Victoria, Luna, Alexandra and Maite (from left to 
right and from top to bottom).  ......................................................................................................................... 194 

Figure 14-2: Box plot for REYT assays, ED Victoria ............................................................................................................ 195 

Figure 14-3: Box plot for Heavy HREYT assays, ED Victoria  .............................................................................................. 196 

Figure 14-4: Box plot for Light Rare Earth REYT assays, ED Victoria ................................................................................ 196 

Figure 14-5: Vertical section NNW Victoria, ED and drillings with Regolith intercepts and REYT grade ........................ 197 

Figure 14-6: Vertical section NNW Luna, ED and drillings with Regolith intercepts and REYT grade ............................ 198 

Figure 14-7: Vertical section NNW Alexandra, ED and drillings with Regolith intercepts and REYT grade .................... 198 

Figure 14-8: Vertical section NNW Maite, ED and drillings with Regolith intercepts and REYT grade ........................... 199 

Figure 14-9: Box plot REYT (ppm) Victoria .......................................................................................................................... 200 

Figure 14-10: Box plot REYT (ppm) Luna ............................................................................................................................... 201 

Figure 14-11: Box plot REYT (ppm) Alexandra ...................................................................................................................... 202 

Figure 14-12: Box plot REYT (ppm) Maite .............................................................................................................................. 203 

Figure 14-13: Coefficient of Determina tion HREET, Victoria ................................................................................................ 205 

Figure 14-14: Coefficient of Determination LREET, Victoria ................................................................................................ 205 

Figure 14-15: Coefficient of Determination HREET, Luna..................................................................................................... 206 

Figure 14-16: Coefficient of Determination  LREET, Luna ..................................................................................................... 206 

Figure 14-17: Coefficient of Determination HREET, Alexandra ............................................................................................ 207 

Figure 14-18: Coefficient of Determination LREET, Alexandra ............................................................................................ 207 

Figure 14-19: Coefficient of Determination HREET, Maite ................................................................................................... 208 

Figure 14-20: Coefficient of Determination LREET, Maite .................................................................................................... 208 

Figure 14-21: Contact plot for REYT, 1110 -1210&1310, Victoria ........................................................................................ 210 



  

 

 

Penco Module  Page  xx 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Figure 14-22: Correlogram HREET 1110 ................................................................................................................................ 213 

Figure 14-23: Correlogram LREET 1110 ................................................................................................................................. 214 

Figure 14-24: Correlogram Europium 1110 ........................................................................................................................... 214 

Figure 14-25: Section View Victoria Norte 5931015 N, REYT Grade ................................................................................... 228 

Figure 14-26: Section View Luna 5928765 N, REYT Grade .................................................................................................. 228 

Figure 14-27: Drift Analysis Dysprosium. north-south direction Victoria. 1110.  ................................................................ 229 

Figure 14-28: Drift Analysis Dysprosium. north-south direction Victoria. 1120  ................................................................. 229 

Figure 14-29: Drift Analysis Dysprosium. north-south direction Victoria. 1210/1310  ....................................................... 230 

Figure 14-30: Drift Analysis Dysprosium. north-south direction Victoria. 1220/1320  ....................................................... 230 

Figure 14-31: Qmbou!wjfx!tipxt!Wjdupsjbǃt!sftpvsdf!dmbttjgjdbujpo/ .................................................................................... 232 

Figure 14-32: Qmbou!wjfx!tipxt!Mvobǃt!sftpvsdf!dmbttjgjdbujpo/ ......................................................................................... 233 

Figure 14-33: Plant view shows Aleyboesbǃt!sftpvsdf!dmbttjgjdbujpo/................................................................................. 234 

Figure 14-34: Qmbou!wjfx!tipxt!Nbjufǃt!sftpvsdf!dmbttjgjdbujpo/ ........................................................................................ 235 

Figure 14-35: Block model cross section shows Victoria Norte's resource classification ................................................ 236 

Figure 14-36: Block model cross section shows Victoria Sur's resource classification . .................................................. 236 

Figure 14-37: Cmpdl!npefm!dsptt!tfdujpo!tipxt!Mvobtǃt!sftpvsdf!dmbttjgjdbujpo/ ............................................................ 237 

Figure 14-38: Cmpdl!npefm!dsptt!tfdujpo!tipxt!Bmfyboesbǃt!sftpvsdf!dmbttjgjdbujpo/ ..................................................... 237 

Figure 14-39: Block model cross section shows Maite's resource classification. ............................................................. 238 

Figure 16-1: Profile of the Penco Regolith and its Corresponding Horizons and Others ................................................ 249 

Figure 16-2: Water Condition Considered (taken from Hoek & Brown 1981) ................................................................... 250 

Figure 16-3: Project Area ....................................................................................................................................................... 253 

Figure 16-4: Final Pit Limit Optimization of Each Sector .................................................................................................... 256 

Figure 16-5: Expected Revenue and Discount ..................................................................................................................... 257 

Figure 16-6: Equivalent Grade Parameters .......................................................................................................................... 257 

Figure 16-7: Mining Phases Location ................................................................................................................................... 260 

Figure 16-8: Project Overview ............................................................................................................................................... 263 

Figure 16-9:  Annual Production Plan .................................................................................................................................... 265 

Figure 17-1: Process Flowsheet ........................................................................................................................................... 272 

Figure 17-2: Detailed Process Flowsheet ............................................................................................................................ 273 

Figure 17-3: Scheme of area 0100 ....................................................................................................................................... 274 

Figure 17-4: Scheme of Area 0200. ...................................................................................................................................... 276 

Figure 17-5: Scheme of Area 0300. ...................................................................................................................................... 277 

Figure 17-6: Scheme of Area 0400. ...................................................................................................................................... 278 

Figure 18-1: Infrastructure Layout Plan ............................................................................................................................... 284 

Figure 18-2: Waste Storage Facilities Location  ................................................................................................................... 286 

Figure 18-3: Seismic Zones in Chilean Territory ................................................................................................................. 294 

Figure 18-4: Neptuno Cross Sections Analysis ................................................................................................................... 296 

Figure 18-5: Jupiter Cross Sections Analysis ...................................................................................................................... 296 

Figure 19-1: Wbmvf!Dibjo!boe!Dijobǃt!Npopqpmz ................................................................................................................. 302 

Figure 19-2: Economic Importance and Supply Risk Results of 2017 Criticality Assessment. ...................................... 303 

Figure 19-3: Rare Earths Oxides supply evolution. .............................................................................................................. 304 

Figure 19-4: Ifbwz!Sbsf!Fbsuit!Wbmvf!Dibjo!boe!Dijobǃt!Npopqpmz/ ............................................................................... 305 



  

 

 

Penco Module  Page  xx i 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Figure 19-5: REE Applications by volume and by value. ..................................................................................................... 306 

Figure 19-6: Offshore Wind Power GW Forecast 2020-2030. ............................................................................................ 308 

Figure 19-7: Permanent Magnets Forecast 2020-2030. ..................................................................................................... 308 

Figure 19-8: NdPr forecast 2020-2030. ................................................................................................................................ 309 

Figure 19-9: DyTb forecast 2020-2030. ............................................................................................................................... 309 

Figure 19-10: 2021-2030 REO Supply Forecast. .................................................................................................................... 312 

Figure 19-11: 2010-2021 YTD Dy & Tb Price Evolution. ........................................................................................................ 313 

Figure 19-12: Dy & Tb Supply vs. Demand (tonnes) .............................................................................................................. 313 

Figure 19-13: Nominal Base Case Dy Price Forecast. .......................................................................................................... 314 

Figure 19-14: Nominal high case Dy price forecast .............................................................................................................. 314 

Figure 19-15: Nominal High Case Dy Price Forecast. ........................................................................................................... 315 

Figure 19-16: Nominal Low Case Dy Price Forecast. ............................................................................................................ 315 

Figure 19-17: Nominal Low Case Dy Price Forecast. ............................................................................................................ 316 

Figure 19-18: Basket Price Forecast 2021-2030. .................................................................................................................. 316 

Figure 20-1: Penco Module Development Areas ................................................................................................................. 318 

Figure 20-2: Evacuation and Contour Channels in Neptuno Disposal Zone ..................................................................... 326 

Figure 20-3: Human Environment in the Area of Influence ................................................................................................ 337 

Figure 21-1: Total Operating Costs Breakdown .................................................................................................................. 348 

Figure 22-1: Rare Earth Oxides Basket Price for the LOM .................................................................................................. 362 

Figure 22-2: Exchange Rate .................................................................................................................................................. 363 

Figure 22-3: Production REO ................................................................................................................................................. 364 

Figure 22-4: Projected LOM Post-Tax Unlevered Free Cash Flow Base Case Price Scenario ........................................ 367 

Figure 22-5: Projected LOM Post-Tax Unlevered Free Cash Flow Low Price Scenario ................................................... 367 

Figure 22-6: Projected LOM Post-Tax Unlevered Free Cash Flow High Price Scenario .................................................. 368 

Figure 22-7: Sensitivity Analysis ........................................................................................................................................... 372 

 



  

 

 

Penco Module Page  1  

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

 s ̄̆˾˾˲̃̊ 

1.1 Introduction  

Ausenco was commissioned to complete a preliminary economic assessment (PEA) for the Penco Module located in the 
Biobio Region, in Chile, which is owned by REE UNO SpA, focused on the exploration and production of Rare Earth 
Carbonates at the Penco Module )uif!ǂQspkfduǃ*/!Bvtfodp!ibt!qsfqbsfe!uijt!ufdiojdbm!sfqpsu!jo!bddpsebodf!xjui!uif!
guidelines provided in National Instrument 43-101 ƿ Standards of Disclosure for Mineral Projects (NI 43- 101). Readers are 
cautioned that the PEA is preliminary in nature. It includes inferred Mineral Resources that are considered too speculative 
geologically to have the economic considerations applied to them that would enable them to be categorized as mineral 
reserves, and there is no certainty that the PEA will be realized. 

1.2 Property description  

1.2.1 Project Location  

The Penco Module is located in the boundaries of the Penco and Concepcion districts, in the Biobio Region of Chile as 
shown in Figure 1-1. The majority of the deposits within the project are located in the Penco district. 

Figure 1-1: Project Locati on 

 
Note: prepared by Aclara,2021  
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1.2.2 Project Ownership 

REE Uno SpA is a capital company incorporated as a corporation by shares (sociedad por acciones) in accordance with 
articles 424 to 446 of the Code of Commerce of the Republic of Chile. REE Uno SpA is the unique holder and owner of the 
Penco Module. Currently, REE Uno SpA has a single shareholder: Hochschild Mining Holding Limited. 

1.2.3 Mineral Tenure, Surface Rights, Water Rights, Royalties and Agreements 

REE UNO SpA owns 451,585 hectares of mining rights, distributed in the Maule, Ñuble, Biobio and Araucania Regions. These 
mining rights consist of  exploitation concessions and exploration concessions. 

The Penco Module, owned by REE Uno SpA, covers a surface area of approximately 600 hectares. The mineral holding 
properties of REE Uno SpA currently, between constituted and in process, correspond to 1,554 exploration concessions and 
48 exploitation concessions; covering a total area of 451,585 hectares. 

The project currently has sufficient surface rights acquired to support construction and development of the planned mining 
related infrastructure. At the Report effective date, the terms and the compensation of a mining land use easement were 
agreed with the owner of the Luna extraction area's surface rights. This land use easement covers and ensures all the 
hectares of the Luna extraction area; and the land use easement is valid over all the lifetime of the Project. This mining 
easement is in the drafting process. 

REE Uno SpA holds water rights that meet the projected water requirements of the Project. 

There are no third-party royalties, back-in rights, payments, or other encumbrances associated with the Project. 

1.3 Geology and Mineralization 

The Project covers an area of 6 km x 3 km, located in the Coastal Range in the Biobio Region in central-southern Chile and 
is hosted in a carboniferous granitoid batholith complex intruding the eastern metamorphic basement series. Four main 
rock complexes are recognized: Metapelites (Paleozoic basement), Eastern Concepcion Plutonic Complex (oldest intrusion, 
east of the project), Penco Granitoid Complex (host of REE-rich ore bodies) and the Quartz-Diorite (youngest intrusion). 
Locally, REE anomalies were detected through soil analysis, using a portable XRF in roadcut exposures. These findings 
were better defined by a radiometric flight, NanoTEM and LIDAR topography, confirming that the garnet-bearing granitoid 
(GG) is strongly correlated with the radiometric anomaly of thorium (Th). 

These rocks have the development of an extensive and deeply weathered regolith (+/- 40 m). This regolith contains 
abundant clay minerals that were locally enriched with REE in the favorable horizons. Aclara carried out a geochemical 
program in the zone that found significant yttrium (Y), cerium (Ce) and thorium (Th) anomalies. 

The regolith profile developed clay minerals with capacity for cation adsorption. Of them, the GG is the source of the REE 
mineralization and is the richest in exchangeable REE. Other lithologies such as the biotite-bearing diorite (DRT) and 
metapelites (MP) contain decreasing levels of exchangeable REE, based on proximity to the GG, due to secondary 
enrichment of REE-rich fluids sourced from the GG following lateral migration under specific geochemical conditions (pH, 
alteration). Thus, mineralization depends on GG weathering intensity and topography (flatter relief allows for thicker regolith 
profiles and preserves ore bodies). 

The Penco regolith profile is up to 35 m thick and comprises, from the bottom up (Figure 7-5): Unaltered bedrock (Horizon 
D), transitional zone (Horizon C2), semi-weathered zone (Horizon C1), completely weathered zone (Horizon B), pedolith and 
topsoil (Horizon A). 
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The regolith profile is identified as the biotite-bearing diorite (DRT), metapelite (MP) and garnet-bearing granitoid (GG), the 
latter was used ahead as the model. Apart from core logging, geochemistry (major elements and total REE), mineralogy, 
pH, and exchangeable REE with ammonium sulfate were used to define the geologic units. 

In this type of regolith deposit, typical hydrothermal alterations and structures do not seem to be useful for the definition of 
mineralization units as they do not seem to control the occurrence. 

1.4 History 

1.4.1 Ownership History 

From 2012 to 2018 Minera BioLantánidos (MBL) was owned (94%) by a Chilean private fund controlled by a private equity 
firm named Minería Activa (MA).  

Hochschild Mining (HM) invested, during 2018 and 2019, for a 6.2% equity stake with an increase ownership option. 
Finalizing 2019, HM took full ownership acquiring the remaining 93.8% stake. 

During the month of August, 2021, REE Uno SpA -the Chilean company holding 100% of the Project started to implement a 
change in the trading name of the Project, from BioLantánidos to Penco Module.  REE Uno SpA continues being the legal 
owner of all the Project's assets and rights and this is only a change in the commercial brand of the Project vis-a-vis its 
stakeholders, which has no legal impact in any of the Project's activities and pending processes. REE Uno SpA has started 
the registration of the relevant trademarks, logos and internet domain names to be associated with the use of the new 
commercial brand, both in Chile and Canada. 

1.4.2 Exploration History  

In 2012, MBL started an exploration program in the Penco area following an Ion Adsorption Clay model for Lanthanides, 
with focus in the migmatites and the pegmatites of the coastal batholith, leading to the discovery of the peraluminous 
granite of Penco. 

High rare earth anomalies were detected in 2014 in outcrops, slopes by new roads involving radiometric flights, NanoTEM, 
Lidar topography, and surface sample ICP analysis. This sampling confirmed that the Garnet Granite (peraluminous granite, 
GG) is strongly correlated to the Th anomaly. In early 2015, concentrate samples using a pilot plant located in the Project 
were produced.  

Also in 2014, MBL started sonic drills for the saprolite, without water injection or additives. In September 2014, a second 
sonic machine was introduced concluding the program in June 2015. The program completed 4,888 m in 166 sonic drill-
holes and 1,171 m in 11 diamond drill-holes. During this period, Marisol, Alexandra, Victoria (Norte and Sur), Luna, and Maite 
were the defined orebodies. In August 2015 MBL started a new phase completing 3,239 meters with 125 sonic drill holes. 
The last phase, in 2017-2018, completed 5,522 meters in 176 sonic drill holes. 

In 2020, MBL undertook a drill program to characterize the mineralogy, analyse the REE-total and REE exchangeable for a 
new updated resource model and estimation drilling 6,486 m in 220 sonic drill holes. In December 2020-March 2021, a new 
brownfield and infill campaign was executed with a total of 6,418 m in 259 sonic drill holes to extend the known mineralized 
orebodies, totalling 6,700 samples. 
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1.5 Exploration 

HREE anomalies were detected analyzing soil geochemistry with Y, Ce, and Th readings using a portable XRF in roadcut 
exposures. These findings were subsequently tested by radiometric flight and NanoTEM, confirming a strong correlation 
between the garnet-bearing granitoid (GG) and a radiometric Th anomaly. In 2014, a drilling program was carried out, 
including 4,888 m in 166 sonic drill holes and 1,171 m in 11 diamond drill holes; and additional campaigns were carried out 
completing 3,239 m in 125 sonic drill holes during 2015; and 5,522 m in 176 sonic drill holes during 2017-2018. 

In 2020-2021, BioLantánidos completed a drilling infill-exploration campaign to characterize the mineralogy and establish 
a new geological domain with a resource estimation of the Maite, Victoria (Norte and Sur), Luna and Alexandra orebodies, 
totaling 12,909 m in 479 sonic drill holes. Based on this database, geological domains for the four orebodies were 
determined. 

The geological characteristics of the area show good possibilities of finding more prospects of this type. Geochemical 
maps show other anomalies to the NE and the geological environment to the north and south of the Project is very similar. 
Thus, exploration must prioritize looking for more GG occurrences in this belt.  

1.6 Drilling and Sampling 

The sonic drilling generates high frequency vibrations at approximately 150 Hz. These waves reduce the friction in the 
drilling bit, that prevent clay from sticking to the bit. This improves drilling speed, making it faster than traditional methods.  

It is necessary to completely remove the drilling column until reaching the drilling barrel, where the sample is retained, in 
order to retrieve it. Then, with the help of sonic vibration plus pneumatic pressure, the sample is expelled from the interior 
of the drilling barrel and deposited inside a polyethylene sleeve previously installed on the outside of the barrel. Occasionally, 
it jt!ofdfttbsz!up!jokfdu!qsfttvsj{fe!xbufs/!Uif!esjmmjoh!ejbnfufs!pg!5¼Ǉ!jodift!xfsf!vtfe-!xiich generated between 15 and 
20 kg of samples per 2-meter interval. 

All drills were vertical and the diameter of the cores are 3.25 inches (8.25 cm). Cores were recovered in 1-2 m intervals and 
encased in plastic bags. The average sample length was 2 m except for limits between geological horizons or structures 
taking a 1 m sample. The drills where be about 30-40 m in depth (ranging between 10 and 50 m). The cores were logged, 
photographed and mapped, and split lengthwise manually. The minimum sample mass required to adequately produce 
tbnqmft!uibu!sfqsftfou!uif!dpsfǃt!psjhjobm!hsbovmpnfusjd!ejtusjcvujpo!xfsf!ublfo!joup!bddpvou!gps!uif!tbnqmjoh!boe!
preparation protocol and QA/QC structure. 

In general, the drills are in good condition and validate the correct transcription of grades from the certificates to the 
database. Ausenco reviewed portions of the certificates, finding no errors. Likewise, during the field visit, the logs were 
partially inspected, verifying that they are representative of what was observed in the cores of each of the sectors. 

Additionally, the protocols for handling, logging, sampling and QA/QC of the sonic drilling samples have a sufficient level of 
detail, concluding that the processes are appropriate. Regarding the handling of the data obtained during the 
aforementioned processes, the manual use of the software for the administration of the database and the QA/QC (GEMM) 
has a good level of detail, concluding that it allows a safe and secure handling of data. 

1.7 Data Verification  

The exploration and production work completed by Aclara is conducted using documented procedures and involved 
verification and validation of exploration and production data, prior to consideration for geological modelling and Mineral 
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Resource estimation. During drilling, experienced geologists implemented industry standard measures designed to ensure 
the consistency and reliability of the exploration data.  

Quality control failures are investigated and appropriate actions are taken when necessary, including requesting re-assaying 
of certain batches of samples. 

The first visit was conducted on December 03 to December 04, 2020 by Luis Oviedo P. Geo. and Francisco Castillo P. Eng., 
both qualified persons as defined by National Instrument 43-101. The second site visit on July 28, 2021 was to verify the 
work produced by the new drilling program. The main change with this campaign was the quality of the resource with a 
substantial increment in Measured and Indicated, and a minor increment in the total volume of the resource.  

During the visits, all aspects that could materially impact the integrity of the drill holes and sampling databases (core 
logging, sampling, and database management) were reviewed with Penco Modulé s staff. Also, Ausenco was able to 
interview staff to ascertain exploration procedures and protocols. 

Ausenco toured the area and observed drill sites, collars and field status of the demarcations, and examined cores from a 
number of drill holes, finding that the logging information accurately reflects the actual core. The lithology and grade 
contacts checked by Ausenco matched the information reported in the core logs. 

Ausenco reviewed the drill hole databases for the preparation of this technical report and Ausenco concluded that it is 
adequate to produce the block models, tonnage and grade evaluations to a satisfactory degree. 

A complete review of the QA/QC was made without identifying any significant problems. 

Finally, Ausenco believes that the aforementioned desktop and in-the-field reviews have the standard limitations of this type 
of work but indicate that the level of data verification conducted is adequate. 

1.8 Metallurgical Testwork  

The metallurgical tests developed by the University of Concepcion (Chile) and University of Toronto (Canada) together with 
the tests developed on a pilot scale in Chapi (Peru) provide enough information to propose a design. 

Numerous tests have been developed in a period of 7 years that have allowed for the definition of  a process and the 
parameters necessary the production of rare earth carbonates to be defined. 

The main variables studied are the following: 

¶ Definition of the Leaching Reagent and its optimal concentration 

¶ Definition of Rare Earth and Impurity Precipitation Reagent 

¶ Determination of leaching pH that optimizes extraction 

¶ Determination of pH for the precipitation of impurities 

¶ Determination of pH for precipitation of rare earths  

¶ Determination of solid / liquid ratio in mineral leaching 
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¶ Effect of Agitation on rare earth extraction 

¶ Kinetics of: Leaching, Impurity Precipitation, Rare Earth Precipitation 

¶ Effect of temperature on leaching 

¶ Configuration of the countercurrent extraction process and Number of stages 

¶ Effect of particle size on leaching 

¶ Sulfuric acid consumption 

¶ Use of flocculant and its effect on leaching 

¶ Study of the effect of seeds on crystal growth 

¶ Evaluation of the use of NaOH as a precipitating reagent. 

The main results with which the process design was carried out are: 

¶ Leaching reagent to be used for the extraction process is ammonium sulfate 

¶ Optimal concentration of ammonium sulfate is 0.15 M 

¶ Optimum pH of extraction is 3.0 to 4.0 

¶ Optimal ratio of solid / liquid extraction 1/3  

¶ Extraction time greater than 7 minutes 

¶ Use ammonium bicarbonate to precipitate impurities at a pH between 5.5 to 6.0 

¶ Reaction time in impurity precipitation is 30 minutes 

¶ Use ammonium bicarbonate to precipitate Rare Earth at a pH between 7.0 to 7.5 

¶ Rare Earth Precipitation Time is 120 minutes  

¶ It is possible to carry out a sequential extraction circuit because the concentration of REE in the solution increases 
as the circuit progresses, being able to be reused and not lose extraction capacity 

¶ The results show that it is possible to recover Rare Earth through a clay washing process in the sequential 
extraction tests. In addition, the washing stage allows to eliminate the ammonium retained in the clays 

¶ Drained washing solutions do not contain Rare Earth or ammonium ions, which demonstrates the high 
effectiveness of the washing process. 

The net process recovery of rare earth elements determined in metallurgical testing is shown in Table 1-1 and the product 
quality in Table 1-2. 
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The recovery of the plant is based on the high efficiency in the rare earth precipitation reactions together with the efficiency 
of the technology, of the solid / liquid separation system, and washing allow to achieve a recovery of 98.1% and a product 
quality of 91.9% total rare earths. 

Table 1-1: Leaching and Plant Recovery 

Element 
Leaching Plant Recovery Total Recovery 

% % % 

Y 46.39 98.4 45.63 

La 13.35 99.1 13.24 

Ce 2.31 98.1 2.26 

Pr 14.68 98.9 14.53 

Nd 15.33 99.1 15.19 

Sm 19.10 98.0 18.72 

Eu 36.55 97.3 35.56 

Gd 23.68 99.1 23.46 

Tb 32.72 95.8 31.34 

Dy  36.36 92.7 33.71 

Ho 39.35 97.1 38.22 

Er 40.35 96.5 38.94 

Tm 38.49 95.1 36.59 

Yb 36.28 94.4 34.24 

Lu 37.91 90.5 34.29 

REE Total 18.49 98.1 18.13 

Table 1-2: Rare Earth Product Quality 

Description ƿ Dry Filtered Product Unit Value 

Dry carbonate t/a  1,275 

REE Law % 51.4 

REE2 (CO3) law % 91.9 

Eq REEO Law % 91.9 

Section 13 presents the details of the tests developed, the results and conclusions. 
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1.9 Mineral Resource Estimation 

The modelling and estimation were conducted using Leapfrog 6.0, Sage2001 and Datamine Studio Softwares. The support 
for the Resources estimate is the data collected from the 2020 and 2021 drill and mapping programs. 

381 sonic drill holes, comprising 10,493 m of drilling, and 5,009 samples, 185 of these are in the Victoria area, 87 in the 
Maite area, 38 in the Luna area and 71 in the Alexandra area.  

The lithologies are garnet granitoid (GG), diorite (DRT), metapelite (MP) transformed in 4 layers of regolith (A to D). These 
lithologies and regolith layers were modeled and later combined according to the previously described geology, to get the 
UG model (geological units). Aclara and Ausenco agree to estimate only B1, B2 and C1 levels because they contain the 
mineralization. Levels A, C2 and D were excluded because they did not present grades of economic interest. 

Using Pearson's correlation coefficient, 2 groups represent the total rare earth grades in direct relation with heavy and light 
rare earth elements (HREET, LREET). Europium was not correlated with any group and was analyzed separately. 

Group 1: Heavy Rare Earth Elements (HREE) 

¶ Dysprosium 

¶ Terbium 

¶ Lutetium 

¶ Yttrium 

¶ Gadolinium 

¶ Erbium 

¶ Holmium  

¶ Ytterbium 

¶ Thulium 

Group 2: Light Rare Earth Elements (LREE) 

¶ Neodymium 

¶ Praseodymium 

¶ Lanthanum 

¶ Samarium 

¶ Cerium 

The length of 2 metres was applied to generate the composite intervals, respecting the contacts between the different 
Estimation Domains. 

Contact plots for each domain to determine rare earth elements (REE) were prepared in order to estimate if the contact 
between the domains is soft or hard. Cumulative probability distribution by domain to define grade outliers, restriction was 
applied to high grade values, replacing by the outlier limit. 

Down-the-hole and directional correlograms were constructed for HREET and LREET for all sectors to provide search 
distance and anisotropy direction to be used in the estimation. Blocks of 10 m x 10 m x 2 m, non-rotated, were considered. 
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The grades of the 15 total rare earth elements were estimated by domains using ordinary kriging (OK). The grade estimation 
was completed in three passes, using samples with at least three drill-hole in the first pass, with two in the second and at 
least one in the third pass. 

The resource classification should integrate criteria addressing at least the following four parameters: 

¶ Geological continuity of the mineralization (confidence in location, geometry and thickness between drill holes) 

¶ Grade continuity 

¶ Data quality and support (multiple points of support) 

¶ Reasonable prospects for economic extraction 

Measured: To date, the deposit does not have production data, so the short-range continuity has not been studied in detail. 
Thus, the level of confidence defined in this category of resources is suitable for generating volumes that are associated 
with quarterly or broader production plans, where the error of the fine produced should not exceed 15% in 90% of the cases. 

For the materialization of the criteria adopted, the blocks estimated with at least three drill holes and the closest sample 
less than 40 m or, those blocks that were estimated with two drillings, but the nearest sample is at 24 m maximum. 

Indicated: The level of confidence defined is suitable for volumes that are associated with one-year production plans, where 
the error of the fine produced, should be maintained and should not exceed 15% for 90% of the cases. 

This category includes blocks estimated with at least three drill holes and the closest sample is less than 75 m or, those 
blocks that were estimated with less than three drill holes, but the closest sample is at a maximum of 40 m. 

Inferred: Included in this category are all those estimated blocks that have not been classified as Measured or Indicated 
Resources. 

For the Luna and Alexandra sectors, peripheral perimeters were generated with a 50-m distance from the edge of the last 
drilling run, in order to control that the classification of Measured or Indicated Resources is not affected by blocks that 
could potentially be considered extrapolated. 

During the development of the resource estimation and mining studies, Aclara detected that its previous methodology to 
determine the Extraction Value had a bias of around 5% average downward, considering all the elements. Therefore, Aclara 
determined the correction factors for heavy rare earths, light rare earths and Europium. This correction was applied only to 
the extraction values within the estimation domains corresponding to GG lithology. 

Reasonable prospects of eventual economic extraction were addressed by applying a resource pit shell defined using 
Whittle software and the parameters outlined from Table 1-3 through Table 1-6. Pit slope angles were derived from a study 
carried out by Lancuyén Ingeniería (2021) as shown in Table 1-7. The valuation of each block will be calculated using the 
Net Smelter Return methodology 
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Table 1-3: Metal Prices 

Element USD/kg 

Dy2O3 566.37 

Nd2O3 97.34 

Tb4O7 1,415.92 

Lu2O3 707.96 

Y2O3 7.39 

Er2O3 34.64 

Gd2O3 37.16 

Pr6O11 106.19 

Ho2O3 111.50 

Yb2O3 17.66 

La2O3 2.86 

Eu2O3 49.35 

Sm2O3 2.45 

Ce2O3 2.01 

Tm2O3 0.00 

Table 1-4: Conversion Factors 

Element Conversion Factor 

Dy2O3 1.1477 

Nd2O3 1.1664 

Tb4O7 1.1761 

Lu2O3 1.1371 

Y2O3 1.2699 

Er2O3 1.1435 

Gd2O3 1.1526 

Pr6O11 1.2081 

Ho2O3 1.1455 

Yb2O3 1.1386 
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Element Conversion Factor 

La2O3 1.1727 

Eu2O3 1.1580 

Sm2O3 1.1596 

Ce2O3 1.1712 

Tm2O3 1.1421 

Table 1-5: Operating and financial parameters  

Item Unit Value 

Processing Cost USD/t processed 7.13 

G&A USD/t processed 2.66 

Discount 
USD/kg 

Concentrate 
7 

Selling Cost 
USD/kg 

Concentrate 
0.032 

Concentrate Purity % 92.61% 

Concentrate Moisture % <1% 

Table 1-6: Mining Cost 

Item Unit Alex. Luna Maite V. Norte V. Sur 

Mining Cost USD/t m oved 2.14 1.96 2.25 2.00 1.86 

Table 1-7: Overall Slope Angle 

Parameter 
Silty Clay  Maicillo  

Dry Talus Dry Talus 

Overall Slope 25° 30° 

1.10 Mineral Resource Statement 

Mineral Resource considers geology, mining, processing and economic constraints, and have been confined within 
appropriate LG pit shells, and therefore are classified in accordance with the 2014 CIM Definition Standards for Mineral 
Resources and Mineral Reserves. Mineral Resources are not Mineral Reserves and do not have demonstrated economic 
viability. 

The Penco Module mineral estimate was prepared by Luis Oviedo. Senior Geologist and Francisco Castillo, Ausenco 
Principal Resource Engineer. Mr. Luis Oviedo and Mr. Francisco Castillo are Qualified Persons for the estimate and are both 
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Registered Members of the Chilean Mining Commission. The effective date of the Mineral Resource estimate is August 19, 
2021. 

The Mineral Resources are not mineral reserves as they do not have demonstrated economic viability. 

Mineral Resources are presented in Table 1-8 through Table 1-13 applying cut-off NSR of 9.79 USD/t  

Table 1-8: Mineral Resource Statement 

Category Tonnage (t) NSR (USD/t)  REYT (ppm) TREO (ppm) 
REO total 

content (t)  
Recovery 

Measured 15,357,416 28 2,080 2,467 37,887 18% 

Indicated 5,323,628 25 1,945 2,309 12,292 17% 

Measured + Indicated 20,681,044 27 2,045 2,426 50,178 18% 

Inferred 2,083,200 24 1,936 2,299 4,788 16% 

Table 1-9: Mineral Resource Statement by Sector 

Sector Category Tonnage (t) NSR (USD/t)  REYT (ppm) TREO (ppm) 
REO total 

content (t)  
Recovery 

Victoria Norte 

Measured 5,210,244 29 2,394 2,837 14,782 18% 

Indicated 791,558 22 2,285 2,706 2,142 14% 

Inferred 177,568 20 2,368 2,803 498 13% 

Sector 
Category Tonnage (t) NSR (USD/t)  REYT (ppm) TREO (ppm) 

REO total 

content (t)  
Recovery 

Victoria Sur 

Measured 1,496,982 24 1,639 1,943 2,909 19% 

Indicated 563,052 26 1,864 2,211 1,245 18% 

Inferred 369,265 23 2,021 2,397 885 15% 

 Sector 
Category Tonnage (t) NSR (USD/t)  REYT (ppm) TREO (ppm) 

REO total 

content (t)  
Recovery 

Luna 

Measured 1,104,992 30 1,353 1,617 1,787 26% 

Indicated 708,122 25 1,185 1,418 1,004 25% 

Inferred 311,517 26 1,105 1,321 411 31% 

Sector  
Category Tonnage (t) NSR (USD/t)  REYT (ppm) TREO (ppm) 

REO total 

content (t)  
Recovery 

Alexandra 

Measured 2,160,105 26 2,082 2,473 5,341 15% 

Indicated 1,450,332 23 2,053 2,439 3,537 14% 

Inferred 749,167 23 2,038 2,420 1,813 14% 

 Sector 
Category Tonnage (t) NSR (USD/t)  REYT (ppm) TREO (ppm) 

REO total 

content (t)  
Recovery 

Maite 

Measured 5,385,093 28 2,046 2,427 13,067 18% 

Indicated 1,810,565 26 2,033 2,410 4,364 17% 

Inferred 475,684 26 2,094 2,482 1,181 17% 
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Table 1-10: Mineral Resource Statement by Rare Earth Elements 

Table 1-11: Mineral Resource Statement by Rare Earth Elements and Sectors 

Sector Category Tonnage (t) Y (ppm) La (ppm) Ce (ppm) Pr (ppm) Nd (ppm) Sm (ppm) Eu (ppm) Gd (ppm) Tb (ppm) Dy (ppm) Ho (ppm) Er (ppm) Tm (ppm)  Yb (ppm) Lu (ppm) 

Victoria Norte 

Measured 5,210,244 384 420 831 76 384 61 3 57 9 65 14 41 6 38 5 

Indicated 791,558 336 405 822 76 372 59 3 53 9 58 12 37 5 33 5 

Inferred 177,568 343 410 865 82 385 60 2 54 9 60 13 38 6 35 5 

Sector Category Tonnage (t) Y (ppm) La (ppm) Ce (ppm) Pr (ppm) Nd (ppm) Sm (ppm) Eu (ppm) Gd (ppm) Tb (ppm) Dy (ppm) Ho (ppm) Er (ppm) Tm (ppm)  Yb (ppm) Lu (ppm) 

Victoria Sur 

Measured 1,496,982 279 267 547 59 260 46 3 46 8 53 10 28 4 25 4 

Indicated 563,052 316 308 626 67 293 50 3 50 9 58 12 34 5 31 4 

Inferred 369,265 348 332 681 75 312 51 3 52 9 62 13 38 6 35 5 

Sector Category Tonnage (t) Y (ppm) La (ppm) Ce (ppm) Pr (ppm) Nd (ppm) Sm (ppm) Eu (ppm) Gd (ppm) Tb (ppm) Dy (ppm) Ho (ppm) Er (ppm) Tm (ppm)  Yb (ppm) Lu (ppm) 

Luna 

Measured 1,104,992 380 172 333 43 171 31 3 42 8 65 14 42 6 38 5 

Indicated 708,122 347 149 278 37 150 27 3 37 7 57 13 38 5 33 5 

Inferred 311,517 307 146 274 36 141 25 3 34 7 51 11 33 5 29 4 

Sector Category Tonnage (t) Y (ppm) La (ppm) Ce (ppm) Pr (ppm) Nd (ppm) Sm (ppm) Eu (ppm) Gd (ppm) Tb (ppm) Dy (ppm) Ho (ppm) Er (ppm) Tm (ppm) Yb (ppm) Lu (ppm) 

Alexandra 
  

Measured 2,160,105 394 330 662 81 317 54 3 54 10 68 15 44 6 40 6 

Indicated 1,450,332 394 323 650 79 310 53 3 54 10 68 15 43 6 39 6 

Inferred 749,167 381 327 645 81 312 54 3 54 9 66 15 42 6 38 6 

Total 4,359,603  392 327 655 81 313 54 3 54 10 68 15 43 6 39 6 

Sector Category Tonnage (t) Y (ppm) La (ppm) Ce (ppm) Pr (ppm) Nd (ppm) Sm (ppm) Eu (ppm) Gd (ppm) Tb (ppm) Dy (ppm) Ho (ppm) Er (ppm) Tm (ppm) Yb (ppm) Lu (ppm) 

Maite 

Measured 5,385,093 338 338 696 83 323 53 3 51 9 60 12 37 5 33 5 

Indicated 1,810,565 330 339 697 83 322 53 3 50 8 59 12 36 5 32 5 

Inferred 475,684 343 348 718 85 330 54 2 51 9 60 12 37 5 33 5 

 
 

Category 
Tonnage 

(t) 
Y (ppm) 

La 
(ppm) 

Ce (ppm) 
Pr 

(ppm) 
Nd 

(ppm) 
Sm 

(ppm) 
Eu 

(ppm) 
Gd 

(ppm) 
Tb 

(ppm) 
Dy (ppm) Ho (ppm) 

Er 
(ppm) 

Tm 
(ppm) 

Yb 
(ppm) 

Lu 
(ppm) 

Measured 15,357,416 359 346 696 75 326 54 3 52 9 63 13 39 6 35 5 

Indicated 5,323,628 349 316 640 73 300 50 3 50 9 61 13 38 5 34 5 

Measured + Indicated 20,681,044 356 338 682 74 319 53 3 52 9 62 13 39 6 35 5 

Inferred 2,083,200 352 313 631 74 297 50 3 50 9 61 13 38 6 35 5 
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Table 1-12: Mineral Resource Statement grade of REO by elements 

Category Tonnage (t) 
Grade (REO) Y2O3 La2O3 Ce2O3 Pr6O11 Nd2O3 Sm2O3 Eu2O3 Gd2O3 Tb4O7 Dy2O3 Ho2O3 Er2O3 Tm2O3 Yb2O3 Lu2O3 

REO 
total 

content 
(t) ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Measured 15,357,416 2,467 456 406 816 91 380 62 3 60 11 72 15 44 6 40 6 37,887 

Indicated 5,323,628 2,309 443 371 749 88 350 58 3 57 10 70 15 43 6 39 6 12,292 

Measured + Indicated 20,681,044 2,426 452 397 798 90 372 61 3 59 10 71 15 44 6 40 6 50,178 

Inferred 2,083,200 2,299 447 367 740 89 346 58 3 57 10 70 15 44 6 40 6 4,788 

Table 1-13: Mineral Resource Statement by REO elements and sector 

Sector Category Tonnage (t) 
Grade (REO) Y2O3 La2O3 Ce2O3 Pr6O11 Nd2O3 Sm2O3 Eu2O3 Gd2O3 Tb4O7 Dy2O3 Ho2O3 Er2O3 Tm2O3 Yb2O3 Lu2O3 

REO 
total 

content 
(t) ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Victoria 
Norte 

Measured 5,210,244 2,837 487 493 973 91 448 71 3 66 11 74 16 47 7 43 6 14,782 

Indicated 791,558 2,706 427 475 963 91 434 69 3 62 10 67 14 42 6 38 5 2,142 

Measured 
+ 

Indicated 
6,001,802 2,820 479 491 971 91 446 71 3 65 11 73 16 47 7 43 6 16,924 

Inferred 177,568 2,803 436 481 1,014 99 449 70 3 62 10 69 15 43 6 40 6 498 

Victoria 
Sur 

Measured 1,496,982 1,943 354 313 641 72 303 54 3 53 9 61 12 32 5 28 4 2,909 

Indicated 563,052 2,211 401 361 733 82 342 58 3 57 10 66 13 39 6 35 5 1,245 

Measured 
+ 

Indicated 
2,060,034 2,016 367 326 666 74 313 55 3 54 10 62 12 34 5 30 4 4,154 

Inferred 369,265 2,397 442 389 798 90 364 60 3 60 11 71 15 43 6 39 6 885 

Luna 

Measured 1,104,992 1,617 482 202 390 51 200 35 3 48 10 75 16 48 7 43 6 1,787 

Indicated 708,122 1,418 440 175 325 45 175 31 3 43 9 65 15 43 6 38 5 1,004 

1,813,113 1,539 466 192 364 49 190 34 3 46 9 71 16 46 6 41 6 2,791 
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Sector Category Tonnage (t) 
Grade (REO) Y2O3 La2O3 Ce2O3 Pr6O11 Nd2O3 Sm2O3 Eu2O3 Gd2O3 Tb4O7 Dy2O3 Ho2O3 Er2O3 Tm2O3 Yb2O3 Lu2O3 

REO 
total 

content 
(t) ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Measured 
+ 

Indicated 

Inferred 311,517 1,321 389 171 320 43 164 29 4 39 8 59 13 38 5 34 5 411 

Alexandra 

Measured 2,160,105 2,473 500 387 775 98 369 62 3 62 11 78 17 50 7 45 7 5,341 

Indicated 1,450,332 2,439 500 379 761 96 361 62 3 62 11 78 17 49 7 45 6 3,537 

Measured 
+ 

Indicated 
3,610,437 2,459 500 384 769 97 366 62 3 62 11 78 17 50 7 45 6 8,878 

Inferred 749,167 2,420 484 384 755 98 364 62 3 62 11 76 17 48 7 43 6 1,813 

Maite 

Measured 5,385,093 2,427 430 396 816 100 377 62 3 58 10 69 14 42 6 38 5 13,067 

Indicated 1,810,565 2,410 420 398 817 100 375 61 3 57 10 67 14 41 6 37 5 4,364 

Measured 
+ 

Indicated 
7,195,658 2,422 427 396 816 100 376 62 3 58 10 69 14 42 6 38 5 17,431 

Inferred 475,684 2,482 436 408 841 103 385 63 3 59 10 69 14 42 6 38 5 1,181 
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1.11 Mining Methods  

As the aforementioned technical studies for the Preliminary Economic Assessment of the Project were developed, the 
following outcomes were obtained based on the available information: 

¶ The final sequence obtained, following the plans indicated in the previous point, corresponds to Victoria Sur - 
Victoria Norte - Luna - Maite - Alexandra. (Figure 1-2) 

¶ A sequential exploitation of the sectors is carried out. Once mining has been completed in one sector, then begins 
in another. 

¶ Regarding the final pit shells selected by sector, Figure 1-2 shows a representation of the mining phases. 

Figure 1-2: Mining Phases Location  

 
Note: prepared by Ausenco, 2021. 

¶ Overall pit angles per rock type were used in the pit optimization analysis. No final pit and mining phase designs 
were generated during this stage of the Project. 

¶ The mining Project consists of 5 pits: Victoria Norte, Victoria Sur, Alexandra, Maite, and Luna. In addition, there 
are Waste Disposal Facilities called Jupiter and Neptuno plus three temporary topsoil deposits or stockpiles. 
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¶ Three types of materials are obtained from mining the deposits: mineralized material, waste, and topsoil, which 
are destined for processing plants, disposal areas and temporary stockpiles respectively. Mineralized material 
will be sent to the processing plant, the waste and filtered tailings (mineralized material that have already been 
processed) will be sent to the Waste Disposal Facilities and the topsoil will be sent to temporary stockpiles. 

¶ The production plan reflects a production rate of 1,765,680 t dry per annum of mineralized material, resulting in a 
Project life of 12 years considering a ramp-up (75% of the expected process plant feed) and final period of 6 
month. (Figure 1-3). 

Figure 1-3:  Annual Production Plan 

 
Note: prepared by Ausenco, 2021 

¶ Together, the Jupiter and Neptuno deposits have a total capacity of approximately 21.2 million cubic meters, 
therefore, they have 12% of available volume. 

¶ Regarding the temporary topsoil stockpiles, the three projected sectors together have a capacity of 1.5 million 
cubic meters, while the estimated volume of topsoil to be managed corresponds to approximately 900 cubic 
meters (without considering the volumes of topsoil for additional infrastructure) corresponding to the mined 
material from the pits, preparation of disposal zones, and the processing plant foundation area. This volume 
considers a 50-cm-thick layer and a 12% swelling factor . 
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1.12 Recovery Methods 

The facilities have been designed to treat 240 t / h of wet mineral and, through a leaching and precipitation process, obtain 
rare earth carbonate at a rate of 1,227 t/y. 

The wet mineral from the mine remains in stockpile for 6 days with the purpose of squeezing the mineral from the excess 
water, then the mineral goes to a size selection process by means of a washing drum and a wet screen. The wet mineral 
continues the counter-current leaching process in thickeners using ammonium sulfate as a leaching reagent in an aqueous 
solution at a pH between 3.0 and 4.0. The pulp (spent ore + Liquid) is separated by means of a plate filter where the tailings 
are washed with water to reduce the contribution of stock solution in the impregnation of the mineral. These tailings go to 
a stacking sector and is then removed by trucks to its final disposal. 

The solution rich in rare earths and pollutants generated in the extraction process is sent to the impurity precipitation stage, 
which is achieved by the Ammonium Bicarbonate reagent in aqueous solution at a pH between 5.0 and 5.5. Aluminum and 
iron precipitate are separated using a polishing filtering system and sent to the spent ore pile for final disposal. The liquid 
product rich in rare earths is sent to the carbonation sector which also uses Ammonium Bicarbonate in aqueous solution, 
but at a more basic pH between 7.0 to 7.5. The product, Rare Earth Carbonate, is separated with a polishing filtering system, 
where a part of the solution is recycled to the leaching process and the other weaker solution, product of the washings, is 
sent to the water recovery system, which is still under development. The wet product is discharged into a tank which 
contains abundant water in order to wash the product and then this pulp is discharged into a plate filter that again proceeds 
to wash the product. The liquid is sent to the same water recovery system and the product to the drying and packaging 
process. 

A simplified diagram of the process is presented in Figure 1-4 and a detailed description of the process is presented in 
Section 17. 
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Figure 1-4: Process Flowsheet 

 
Note: prepared by Ausenco, 2021
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1.13 Project Infrastructure  

Infrastructure to support the Penco Module will consist mainly of site civil work, site facilities/building, a water system, and 
site electrical. 

Site civil work will include designs for the following infrastructure: 

¶ Access and internal roads; 

¶ Process facility platforms; and 

¶ Disposal zones. 

Site facilities will include both mine facilities and process facilities: 

¶ The mine facilities will include the administration offices, canteen, mine workshop and change house. Explosives 
storage is not considered due to the operational definition of not considering drilling and blasting unit operations. 

¶ The process facilities will include the process plant, administration offices, laboratory, warehouse, fuel storage, 
and miscellaneous facilities. 

¶ Process facilities will be serviced with fresh water taken from the Penco Water Intake, fire water, compressed air, 
power and communication. In addition, a potable water tank that will be supplied by a tank truck will be considered 
in the Project. 

1.13.1 Roads and Logistics 

Access to the site from the Town of Penco is 5 km via Route 150 that connect with a 7 km paved road that leads to the site. 

To access the different Project areas, about 10 km of existing roads will be used without modifications, 5 km of existing 
roads will be improved, and 15 km of new roads will be developed. 

1.13.2 Waste Disposal Facilities  (WDF) 

The Project´s operation considers two WDFs; Jupiter, located near the process plant, and Neptuno, located 1 km southwest 
of Jupiter. The WDFs are designed to consist of co-placement of waste residual soil and filtered tailings from the process 
plant. It is important to notice that no comminution process is considered and that filtered tailings are obtained with 
pressure filters incorporated in the Process Plant to produce cake material that can be transported by trucks or conveyors. 

No civil infrastructure-like buildings or roof structures are required, nor is a bottom geomembrane.  

The location of the WDFs are shown in Figure 1-5.  
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Figure 1-5: Waste Disposal Facilities Location  

 
Note: prepared by Ausenco, 2021. 

The primary design objectives for the waste disposal facilities (WDF) are the secure confinement of waste residual soil and 
filtered tailings from the process plant and the protection of regional groundwater and surface water during mine operations 
and in the long term (post-closure). 

WDFs were designed under geotechnical campaign outcomes, which provided information from laboratory programs 
defined to characterize both, founding geotechnical properties and waste materials. Preliminary Stability analyses were 
completed to assess the performance (i.e. factor of safety) of the WDF under static and pseudo static (seismic) loading 
conditions. The WDFs show a static factor  of safety above 1.5 and a pseudo-static factor of safety above 1.1 that meet 
international standards. 

1.13.3 Water Management 

A projected water balance results in a consumption of 11.7 m3/h of fresh water for the Process Plant. Considering other 
water consumptions related to services and road wetting, the estimated total consumption of fresh water  is 35 m3/h . The 
water supply consists of catchment and drive system from the Penco creek, where the water will be fed to the Processing 
Plant through a pipeline that will supply the required water for the Project. The catchment will be set by a water intake. 

This process has the restriction of not generating liquid industrial waste, except for those contained in the impregnation of 
the solids discarded in mineral rubble or impurities. To achieve this condition, the design considers recovering the water 
from the weak solutions generated in the process (weak solutions from filtrations and repulping mainly) and treating them 
with reagents and technologies available in the industry in such a way that the recovered water returns to the process, 
significantly reducing the consumption of fresh water and the precipitate generated is deposited next to the rubble in its 
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final disposal. This stage of water recovery is under development. Laboratory tests will soon begin to conform to the 
assumptions of the proposed design. 

The overall water management concept for rainwater is to convey, evacuate and drain it in the extraction zones and in the 
WDF of the Project. Water management components in each area consist of evacuation channels, contour channels and 
discharge to ravines. 

1.13.4 Built Infrastructure  

The processing plant and associated infrastructure covers an area of 13.6 hectares, where there will be facilities and areas 
associated with ore processing, waste management and personnel services. The process plant area includes the following 
facilities: 

Area 100 ƿ Ore Stacking and Feeding. It will include a roofed shed without walls for a limited sector where ore blending will 
take place. 

Area 200 ƿ Mineral Leaching. It will have Thickeners (CCD), Plate Filters, Belt Filter, Belt Conveyor, Receptions Tank, Wet 
Screen, Dosage Pumps. 

Area 300 - Impurities Precipitation. It will have Precipitation Reactors, Polishing Filter, Tanks, Dosage Pumps. 

Area 400 ƿ Precipitation and Drying of Carbonates. It will have Reactors Carbonation, Polishing Filters, Tanks Repulping, 
Plate Filter, Drying, and Packaging, Hopper, Belt Conveyor, Dosage Pump. 

Area 500 ƿ Water Recovery System. It will have Precipitation Reactors, Dosage Pumps, Nanofiltration, Reverse Osmosis 
and Ion Exchanges, Hopper. 

Area 600 - Reagent Warehouse. There is a storage warehouse for chemical products for the various chemical products 
required in the process. 

Area 700 - Administration, Offices and Laboratory. It is considered an administrative building, laboratory, dining hall, 
dressing rooms and control room. 

Area 800 - Geological Core Sample Warehouse 

Area 900 ƿ Spend Ore Stacking 

1.13.5 Accommodation  

All employees will be housed offsite because of the location of the Project close to Penco and Concepcion districts. No 
accommodation camp is considered. 

1.13.6 Power and Electrical 

Average power demand will be 4.0 MW. For the process plant operation, the electrical power is considered to come from 
an existing line of 15 kV at 152 Route, located 300 m from the plant. For the operation of the water intake, a new line of 15 
kV will tie-in to an existing line close to the water intake at 0-390 Route. To supply some critical process loads, a diesel 
generator of 1 MW, in low voltage (380 Volts) will be considered. 
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1.14 Environmental, Permitting and Social Considerations  

The Project is located in Biobio Region, within the Penco and Concepcion districts, southeast of the city of Penco, covering 
an approximate intervention area of 240 ha for the entire Project. Being a mining project that considers exploitation, 
processing plants and waste and sterile disposal, the Project entered the Environmental Impact Assessment System (SEIA), 
as established in paragraph i) of Law 19.300 on General Environmental Bases modified by Law 20.417/2010, by means of 
an Environmental Impact Assessment (EIA). 

1.14.1 Environmental Considerations  

In accordance with the provisions of article 18 literal e) of D.S. N°40/12, Regulation for the Environmental Impact 
Assessmeou!Tztufn!)STFJB*-!uif!Qspkfduǃt!FJA presented several baseline studies for different environmental components 
such as: climate and meteorology, air quality, noise and vibrations, geology and geomorphology, hydrology, hydrogeology, 
water quality, soil science, flora and vegetation, terrestrial fauna, limnology, archaeology, landscape, human environment, 
protected areas, among others. From these studies, the EIA determined the existence of environmental impacts deemed 
as significant for soil, terrestrial fauna and flora and vegetation. These impacts will be addressed by the Project through 
mitigation, reparation and/or compensation measures, such as conservation plans and afforestation for native forest and 
protected species, relocation plans for low mobility fauna, the removal, storage and replacement of the topsoil cover during 
closure, among others. Monitoring measures are also in place to verify the correct application of these measures and 
compliance with the expected results. 

In terms of wastes and emissions, these will be managed through mitigation measures (to minimize generation) and 
appropriate disposal by authorized contractors and offsite final disposal sites. Mining waste will be generated at the 
Extraction Zones (EZ) and by the Process Plant and will de disposed of at the Disposal Zones (DZ) Jupiter and Neptuno. In 
Addendum N°1 a complete characterization of the material was carried out, consisting of Total Rock, SPLP, mineralogy and 
pH analysis. Although specific values of Manganese (Mn), Ammonium (NH4) and Sulfate (SO4) slightly exceeded the 
maximum permissible concentrations in reference water standards (D.S N°90/2000 and NCh 1.333) it is highly unlikely that 
laboratory conditions (acid rainwater in agitation for 18 hours) will be replicated on the field. Additionally, water 
management measures and infrastructure, such as contour and discharge channels, will be put in place in order to minimize 
surface runoff entering the disposal zones and reduce infiltration, helped also by the level of compaction that the waste will 
have in the disposal areas. Considering these facts, the concentrations of any contaminants are expected to be much lower 
and under full compliance with relevant water reference standards. Contingency and emergency measures will also be in 
place in case any exceedances occur. 

1.14.2 Closure and Reclamation Considerations 

Regarding the Closure Plan, the EIA includes a preliminary version of the Mine Closure Plan (presented as PAS 137). 
Subsequently, once the Environmental License (RCA) has been obtained, a specific sectoral application must be presented 
to the National Geology and Mining Service (SERNAGEOMIN) to obtain the final Mine Closure Plan Permit. The technical 
requirements for this permit are to include all measures to provide physical and chemical stability of the Project area and a 
financial assessment of the costs of closing all mine facilities. 

The main closure measures identified at this stage are the replacement of the previously removed topsoil layer on Disposal 
Zones and the subsequent revegetation with native species, that will allow for a much better recovery of the local 
ecosystems and possible alternative land use. 
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1.14.3 Permitting Considerations  

The Project, submitted for Environmental Assessment in 2018, is moving forward with the development and presentation 
of Addendum N°2. This document corresponds to the responses to inquiries from relevant government services and raised 
by the community as a result of the Community Participation Processes. 

As part of the review of the EIA, one environmental authority, the Environmental Assessment Service (SEA) has expressed 
concern about the possible effects of the Project over traditional activities in which two local indigenous communities 
participate and requested a complementary anthropological characterization of the area and communities to rule out an 
eventual Indigenous Consultation Process, which could extend the environmental licensing process, and to determine the 
appropriate mitigation and/or compe nsation measures, if applicable. On the other hand, the National Corporation for 
Indigenous Development (CONADI) has officially informed of their conformity with the information provided in the EIA and 
considers there will be no negative fggfdut!po!uiftf!dvmuvsbm!qsbdujdft/!Gpmmpxjoh!TFBǃt!sfrvftu-!SFF!dpoevdufe!uif!
anthropological characterization, to be presented in Addendum N°2-!boe!fyqfdut!uijt!xjmm!dpogjsn!DPOBEJǃt!bttfttnfou 
on the nonexistence of significant impacts. 

Although it is expected that after Addendum N°2 the environmental authority will proceed with considering the Project and 
issuing the corresponding Environmental License (RCA), it is possible that a new round of review will be opened, which 
would require a new Addendum to be presented (Addendum N°3). To minimize this possibility, Addendum N°2, which is to 
be submitted in November 2021, should be presented with the highest sufficiency of information possible, in order to obtain 
a vote for its approval by the Environmental Assessment Commission during Q1 2022. 

In addition to the above, a strategic approach with the different government technical services that will review the 
Addendum and technically pronounce in favor or against the Project has been undertaken. It is recommended to maintain 
contact with the authorities in order to have a better understanding of their concerns about the Project and find the best 
way to resolve them. 

1.14.4 Social Considerations 

Finally, the Project has developed a Community Relationship Plan (CRP) since August 2020, which aims to communicate 
the most relevant milestones and aspects of the Project, as well as to guide the proper development of the community 
relationship with the main stakeholders and propose the actions to be carried out during the stages of evaluation, 
construction, operation, and closure. Currently, a strategy of relationship with stakeholders is carried out through 
ǆQbsujdjqbujpo!NffujohtǇ!bjnfe!bu!ftubcmjtijoh!b!tqbdf!gps!pqfo-!wpmvoubsz-!pggjdjbm-!boe!qfsnbofou!ejbmphvf!cfuxffo!uif 
Project and the stakeholders. 

In addition, the matrix of stakeholders is updated monthly according to progress generated by meetings with new 
stakeholders who express interest in the development of the Project, as well as weekly meetings that are held with different 
local, regional, and national authorities in order to publicize and clarify concerns regarding the Project. 

1.15 Capital Cost Estimates 

Capital cost is defined as the capital expenditure required to engineer, design, procure, construct and commission the works 
required for the Project Scope within its defined battery limits. The capital includes Mine direct costs and Plant directs 
costs, inclusive of Project Indirect costs and contingency. 

The estimate conforms to AACE Class 5 guidelines for a Concept Estimate with an expected accuracy range of -15% to -
30% on the low side of the range and +20% to +50% on the high side of the range. 
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All costs are expressed in US dollars. The estimate base date is Q3 2021. 

A summary of the total capital cost is shown in Table 1-8: 

Table 1-14: Capital Cost Estimate Summary (USD) 

Description M USD 

Initial Cost $ 118.6 

Sustaining Capital  $   29.4 

Total Initial + Sustaining Costs $ 148.0 

1.16 Operating Cost Estimates 

The operating cost estimate is presented in Table 1-15 at a ±30% accuracy, using a base date of Q2, 2021, and considering 
an annual treatment of 1,766,016 dry tonnes of ore, with an average REE grade of 2,045 ppm and 18.49 % average recovery.  

Table 1-15: Operating Cost Estimate Summary (USD) 

Item USD/y USD/t 

G&A 3,677,019 2.08 

Labour  1,053,803 0.60 

Mobile equipment 1,750,117 0.99 

Other 873,100 0.49 

Mine 7,110,798 4.03 

Labour  919,282 0.52 

Loading 724,331 0.41 

Hauling 1,556,497 0.88 

Ancillary 677,553 0.38 

Contractor 3,233,135 1.83 

Process 12,865,027 7.28 

Labour  1,436,104 0.81 

Power 2,997,300 1.70 

Reagent and supplies 4,357,710 2.47 

Spent ore transportation 1,437,063 0.81 

Spare and maintenance 1,681,478 0.95 

Laboratory and packing 955,372 0.54 

TOTAL 23,652,844 13.39 
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One of the most important expenses is the consumption of reagents, which is detailed in Table 1-16: 

Table 1-16: Reagents Cost Estimate Summary (USD) 

Item USD/y USD/t 

Fresh Water 51,386 0.029 

Potable Water 4,380 0.002 

R.O. Water 1,066,806 0.604 

Sulphuric Acid 319,266 0.181 

Flocculant 564,729 0.320 

Ammonium Sulfate Solid 664,180 0.376 

Ammonium Bicarbonate Solid 1,548,993 0.877 

Calcium Hydroxide Solid 137,970 0.078 

TOTAL 4,357,710 2.468 

1.17 Market Studies and Contracts 

CRU Consulting, an independent commodities research firm, has reviewed this Market Studies and Contracts chapter and 
the underlying data and models which derive the figures set out within it. It is the opinion of CRU Consulting that this report 
does reflect sound analysis, based on detailed and comprehensive data gathering, and the application of reasonable 
forecasting methods; and that this report can therefore be considered an independent market assessment for the purposes 
of the 43-101 exercise. 

1.17.1 Market Overview 

The rare earth element (REE) industry is a niche market that has been in a state of growth for many years, specifically over 
the last three (2019-2021). The main driver of this growth are the developing industries related to the green energy transition 
(electric vehicles (EV) and wind turbines), electronics, and other technological applications that require these metals to 
function.  

From a global perspective, China has a dominant position in the REE industry. The country has managed to vertically 
integsbuf!jut!SFF!qspevdujpo-!qspwjejoh!b!dpnqfujujwf!bewboubhf!uispvhipvu!uif!tubhft!pg!uif!SFF!wbmvf!dibjo/!Dijobǃt!
dominance in the REE market is driven by two fundamental reasons: 

1) Benefit of its geography since geological conditions have provided the necessary environment to generate 
deposits with economic concentrations of REEs. 

2) Specialized and skilled in the development of technologies at different points throughout the value chain, which 
have not been disclosed to the rest of the world. 
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As a result of Chiobǃt!SFF!epnjobodf!boe!SFFǃt!sfrvjsfnfou!jo!tusbufhjd!bqqmjdbujpot-!uif!Vojufe!Tubuft!boe!Fvspqfbo!
Vojpo!ibwf!dmbttjgjfe!uiftf!njofsbmt!bt!ǂdsjujdbmǃ1.   

1.17.2 REE Demand  

REE demand growth over the last 3 years has been primarily driven by permanent magnets used in applications such as 
EV and wind turbines. Permanent magnets, which are required for applications with a high level of performance, are most 
dpnnpomz!dpnqptfe!pg!OeGfC!)dpoubjojoh!OeQs*/!Ez!boe!Uc!bsf!beefe!up!uif!nbhofuǃt!dpnqptjujpo!up!jodsfbtf!jut 
operating temperature from 60 °C up to a maximum of 200 °C (Pavel, C., Marmier, A., Tzimas, E., Schleicher, T., Schüler, D., 
Buchert, M. and Blagoeva, D., 2016). This characteristic inherent to Dy and Tb is a necessary feature for permanent magnets 
used in e-mobility, military applications, and electronics, where an operating temperature greater than 180 °C is required 
(Widmer, Martin, and Kimiabeigi, 2015). According to Adamas (2019), permanent magnets accounted for 35% of REE 
demand by volume and 91% by value in 2018 (Figure 19-5).  

The main driver for the demand increase is the forecast exponential increase in EV2  demand from 2021-2030, as outlined 
by the International Energy Agency (IEA). According to IEA, EV  demand is estimated to have a CAGR of 31% in the 
Sustainable Development Scenario SDS)3 and a CAGR of 24% in Stated Policies Scenario (STEPS)  from 2020 to 2030. 
According to Demeter EU project and University of Birmingham Magnet Materials Research Group, each new electric car is 
estimated to contain between 2 and 5 kg of Rare Earth magnets (Fears, 2020). The dysprosium loading in an NdFeB magnet 
for EVs can vary between 3.7% and 8.7%, and as a result the magnet increases its coercivity between 100 and 200°C. 
However, to avoid demagnetization along the life of the car, the NdFeB in the electric vehicle motor is kept in 7.5% (Pavel, 
et al., 2016). 

Another driver of demand growth for NdFeB permanent magnets is from renewable energies, primarily off-shore wind 
turbines (Argus Media, 2020). According to the International Renewable Energy Agency (IRENA), the amount of GW 
generated by off-shore wind turbines will have a CAGR of 12% from 2020-2030 (IRENA, 2019). AMEC Environment & 
Infrastructure UK Limited (2014) outlines that offshore wind power (Geared wind turbine systems) had 186.6kg per MW of 
Nd content and 6.6 kg per MW of Dy content, with proportional Nd use to capacity increases assumed (AMEC Environment 
& Infrastructure UK Limited, 2014). 

Other sources of demand for NdFeB permanent magnets include consumer electronics, industrial applications, air 
conditioners, and elevators.   

1.17.3 EE Supply 

In 2020, the world REO supply was estimated at 240,000 tonnes (USGS, 2021). In February 2021, China updated its H1 2021 
production quota to 84,000 tonnes, which represented an increase of 27% (as compared to H1 2020), and a record level of 
production (Table 1-17). The global 2021 REE supply is estimated to be 263,000 tonnes, including the additional production 
expected to be supplied by China. 

 
1 The European Union has produced a critical assessment based on supply issues and economic importance for key materials, which is updated on a 
regular basis. The European Union identified Rare Earth elements as highly critical. Rare Earth elements are key to the manufacture of electronic goods, 
wind turbines, computer hard-drives, and electric and hybrid vehicles (which use a far greater quantity of rare earth magnets than traditional combustion 
engines). (Fears, 2020) 
2 Include Passenger Battery Electric Vehicles (BEV), Passenger Plug in Hybrid Electric Vehices (PHEV), and Commercial EV (Light, medium, and heavy duty 
vehices). 
3 ǆUif!JFBǃt!Tvtubjobcmf!Efwfmpqnfou!Tdfobsjp!)TET*!pvumjoft!b!nbkps!usbotgpsnbujpo!pg!uif!hmpcbm!fofshz!tztufn-!tipxjoh!ipx!uif world can change course 
to deliver on the three main energy-related SDGs simultaneously. To achieve the temperature goal, the Paris Agreement calls for emissions to peak as soon 
as possible and reduce rapidly thereafter, leading to a balance between anthropogenic emissions by sources and removals by sinks (i.e. net-zero emissions) 
in the second half of this century. These conditions are all met in the SDS.Ǉ (Source: International Energy Agency) 
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Table 1-17: 2020 REO Supply 

USGS 2020 
Unit China USA Myanmar Australia 

By-product 
Supply 

Total  
Supply 

Praseodymium mt 7,287 1,634 1,183 1,034 1,060 12,197 

Neodymium mt 22,411 4,560 4,387 3,622 3,685 38,664 

Terbium mt 244 22 158 16 47 461 

Dysprosium mt 1,109 19 956 39 94 2,198 

Other REE mt 108,949 31,765 23,316 12,289 10,114 186,480 

Total mt 140,000 38,000 30,000 17,000 15,000 240,000 

*By product producers: India (Tamil Nadu/Kerala), Russia (Lovozero), Brazil (Buona Norte), Vietnam (Dong Pao), Burundi (Rainbow Rare Earths), US 
(Energy Fuels), Australia (Iluka Resources), Madagascar (Rio Tinto), Thailand (unidentified). 
Source:  USGS. Basket distribution have been estimated using company public reports and research papers. 

REO supply forecasts are derived using a number of underlying assumptions from third party data sources. Chinese 
production quotas have been projected with CAGR of 7% through the decade (2021-2030) up to 290,000 tonnes of REO, 
using 2021 REO supply as a basis. For Lynas, an increase in production has been assumed following the disclosure of its 
2025 plan, which outlines a plan to reach 10,500 tonnes of NdPr production. For MP Materials, an increase in production 
has been assumed to 50,000 tonnes of REO by 2025 based on their disclosed future capacity. In the case of Myanmar, the 
production has been forecasted with CAGR of 6% through the decade. Finally, other by-product producers have been 
forecasted using their respective 2020 production estimates (Table 1-17). Additional supply has been estimated based on 
a group of new projects that are deemed to have a chance of entering into production. The detail of these projects has been 
taken from published technical reports and press releases. In addition, Figure 1-6 outlines the REO forecast from 2021-
2030. 

Figure 1-6: 2021-2030 REO Supply Forecast 
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 *By product producers: India (Tamil Nadu/Kerala), Russia (Lovozero), Brazil (Buona Norte), Vietnam (Dong Pao), Burundi (Rainbow Rare Earths), US 
(Energy Fuels), Australia (Iluka Resources), Madagascar (Rio Tinto), Thailand (unidentified). 
** New Projects: Energy Fuels, Serra Verde, Biolantánidos, Vital Metals, Hasting Tech Metals, Arafura Resources, Peak Resources, Pensana, Northern 
Minerals, Australian Strategic Materials, Ionic Rare Earths 
Source: Estimated using companies´ public reports and press releases. 

1.17.4 REE Prices 

Based on the three Dy price scenarios provided by CRU and the set of prices sourced by Argus Media, Figure 1-7 presents 
the forecast of Penco Basket Price throughout the decade. From 2030 prices have been considered flat. 

Figure 1-7: Basket Price Forecast 2021-2030 

 

Note: Basket price has been calculated using the distribution of each element as a percentage of the total rare earth element oxides multiplied by the price 
projection of each element. 
Source: prepared by Argus Media (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Ho, Er, Tm, Yb, Lu, Y) & by CRU (Dy). 

1.17.5 Contracts 

Biolantánidos has not yet entered into any commercial agreements for its REE product, including hedges or offtake 
agreements, as at the issuance of this report. The company has been in conversation with several OEM and forecasts a 
separation fee of $5/kg. 

1.18 Economic Analysis 

An engineering economic model was developed to estimate annual pre-tax and post-tax cash flows and sensitivities of the 
Project based on a 5% discount rate.  It must be noted, however, that tax estimates involve many complex variables that 
can only be accurately calculated during operations and, as such, the after-tax results are only approximations. Sensitivity 
analysis was performed to assess impact of variations in rare earth oxides prices, head grades, operating costs and capital 
costs.  The capital and operating cost estimates were developed specifically for this Project and are summarized in Section 
21 of this Report (presented in Q3 2021 dollars). The economic analysis has been run with no inflation (constant dollar 
basis). 
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1.18.1 Financial Model Parameters 

The economic analysis was performed using the following assumptions: 

¶ Construction starts on January 1st, 2023.  

¶ Ramp up production start-up in Q1 2024 and full process plant production will be achieved in Q4 2024. 

¶ Mine life of 12 years. 

¶ Cost estimates in constant Q3 2021 USD. 

¶ No price inflation or escalation factors were taken into account. 

¶ Results are based on 100% ownership. 

¶ Capital costs funded with 100% equity (i.e., no financing costs assumed). 

¶ All cash flows discounted to beginning of construction Jan 1, 2023. 

¶ All rare earths products are assumed sold in the same year they are produced. 

¶ Project revenue is derived from the sale of Rare Earth Concentrates. 

¶ No binding contractual arrangements for treatment currently exist. 

¶ Project Site purchase cost of USD 10 M that will be sold at the end of the LOM. 

¶ Separation Fee of 5 USD/Kg REO as detailed in Section 19 of this Report. 

1.18.2 Rare Earth Oxides Price Forecast 

Base case for rare earth oxides prices were based on a study done by a third party consultant and detailed in Section 19 of 
this Report. The forecasts used are meant to reflect the rare earth oxides prices expectation over the life of the Project. 
Additionally, Low and High Price scenario forecasts have been defined. The basket price, based on REO Eq production is 
detailed in Figure 1-8. 



  

 

 

Penco Module Page  31 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Figure 1-8: Rare Earth Oxides Basket Price for the LOM 

 
Note: Basket price has been calculated using the distribution of each element as a percentage of the total rare earth element oxides multiplied by the price 
projection of each element. 
Source: prepared by Argus Media (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Ho, Er, Tm, Yb, Lu, Y) & by CRU (Dy). 

1.18.3 Concentrate Production  

The Project is expected to produce a rare earths carbonate concentrate for which the REO content is shown in Figure 1-9 
and Table 1-18. The concentrate produced will have a 92.6% REO content. 

Figure 1-9: Production REO  

 
Note: prepared by Ausenco, 2021 
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Table 1-18: Production REO 

Year 
% of 
Total 
REO 

Total 
LOM 

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 

Y2O3 47.4% 4,222 254 333 498 401 402 428 406 374 284 332 381 128 

La2O3 11.6% 1,031 66 108 194 131 52 93 98 95 64 54 60 18 

Ce2O3 4.0% 353 27 33 29 29 24 51 37 37 32 23 22 9 

Pr6O11 2.9% 260 17 27 42 29 15 26 26 24 16 16 16 5 

Nd2O3 12.5% 1,113 70 112 176 121 66 115 115 103 72 70 72 21 

Sm2O3 2.6% 227 15 22 31 22 16 25 24 21 15 16 16 5 

Eu2O3 0.2% 22 2 2 2 2 2 2 2 2 1 2 2 1 

Gd2O3 3.1% 280 18 25 34 26 24 29 28 26 19 22 23 7 

Tb4O7 0.7% 66 4 6 7 6 6 7 6 6 4 5 6 2 

Dy2O3 5.5% 489 30 41 52 41 50 52 47 43 32 41 47 14 

Ho2O3 1.3% 118 7 9 13 10 12 12 11 10 8 10 11 3 

Er2O3 4.0% 352 20 27 39 31 35 37 34 31 23 30 34 10 

Tm2O3 0.5% 47 3 4 5 4 5 5 5 4 3 4 5 1 

Yb2O3 3.1% 279 17 22 29 22 27 30 28 24 18 26 28 8 

Lu2O3 0.5% 40 2 3 4 3 4 4 4 4 3 4 4 1 

TOTAL REO  100% 8,901 553 773 1,156 878 742 917 872 803 594 654 727 233 

1.18.4 Economic Analysis Results 

The economic analysis was performed assuming a 5% discount rate (see section 0). Cash flows have been discounted to 
the beginning of construction January 01, 2023 assuming that the Project execution decision will be made and major 
project financing would be carried out at this time.  

For the Base Case Price Scenario, the pre-tax net present value discounted at 5% (NPV5%) is 228 MUSD, the internal rate 
of return IRR is 25.0%, and payback is 4.8 years. On an after-tax basis, the NPV5% is 178 MUSD, the IRR is 23.0%, and the 
payback period is 4.7 years. A summary of the Project economics is included in Table 1-19. 

Table 1-19: Summary Results 

Price Scenario Base Case Low Price High Price 

General LOM Total / Avg. LOM Total / Avg. LOM Total / Avg. 

Basket Price* (USD/Kg REO) $96  $75  $138  

Mine Life (years) 12 12 12 

Total Waste Tonnes Mined (kt dry) 7,309 7,309 7,309 

Total Process Plant Feed Tonnes (kt dry) 19,856 19,856 19,856 

Strip Ratio 0.368 0.368 0.368 
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Price Scenario Base Case Low Price High Price 

Production  LOM Total / Avg.   LOM Total / Avg.   LOM Total / Avg.  

Process Plant Head Grade Extraction Value REE (ppm) 378 378 378 

Metallurgic Efficiency (%) 98% 98% 98% 

Production REO (t) 8,901 8,901 8,901 

Total Average Annual Production REO (t) 774 774 774 

Operating  Costs   LOM Total / Avg.   LOM Total / Avg.   LOM Total / Avg.  

Mining Cost (USD/t Mined dry) $3.11  $3.11  $3.11  

Processing Cost (USD/t Processed dry) $7.13  $7.13  $7.13  

G&A Cost (USD/t Processed dry) $2.20  $2.20  $2.20  

Treatment & Transport Costs (USD/kg REO) $5.03  $5.03  $5.03  

Total Operating Costs** (USD/t Processed dry) $13.59  $13.59  $13.59  

Cash Costs*** (USD/kg REO) $36  $36  $36  

AISC**** (USD/kg REO) $39  $39  $39  

Capital Costs  LOM Total / Avg.   LOM Total / Avg.   LOM Total / Avg.  

Initial Capital (USD M) $119  $119  $119  

Purchase Land Cost (USD M) $10 $10 $10 

Sustaining Capital (USD M) $29  $29  $29  

Closure Costs (USD M) $18  $18  $18  

Salvage Costs (USD M) $15  $15  $15  

Financials  LOM Total / Avg.   LOM Total / Avg.   LOM Total / Avg.  

EBITDA LOM (USD M) $539  $350  $906 

Avg. EBITDA LOM (USD M) $47 $30  $79 

Pre-Tax NPV (5%) (USD M) $228  $104  $467  

Pre-Tax IRR (%) 25.0% 17.1% 34.9% 

Pre-Tax Payback (years) 4.8 5.3 4.1 

Post-Tax NPV (5%) (USD M) $178  $87 $354  

Post-Tax IRR (%) 23.0% 16.2% 31.9% 

Post-Tax Payback (years) 4.7 5.3 4.0 

Notes: 
* Basket price has been calculated using the distribution of each element as a percentage of the total rare earth element oxides multiplied by the price 
projection of each element, which have been sourced by Argus Media (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Ho, Er, Tm, Yb, Lu, Y) and CRU (Dy). 
* *Operating Cost differs from what is presented in Section 21 of the Report due to Economic Analysis shows Operating Cost for the LOM Avg, but Section 
21 presents cost for a single year for design purposes 
***Cash costs consist of mining costs, processing costs, mine-level general & administrative expenses, treatment and transportation costs . 
**** AISC includes cash costs plus sustaining capital, closure cost and salvage value. 
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1.18.5 Sensitivity Analysis  

A sensitivity analysis was conducted on the base case pre-tax and after-tax NPV, IRR and Payback of the Project, using the 
following variables: rare earth oxides price, discount rate, desorption efficiency and initial capital costs, and operating costs. 
Analysis revealed, as show in Figure 1-10 that the Project is most sensitive to changes in Rare Earths oxides prices, 
extraction efficiency, initial capital cost then, to a lesser extent, to operating costs and exchange rates. 

Figure 1-10: Sensitivity Analysis  
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1.19 Interpretation and Conclusions  

1.19.1 Introduction  

The QPs note the following interpretations and conclusions in their respective areas of expertise, based on the review of 
data available for this Report. 

1.19.2 Mineral Tenure, Surface Rights, Water Rights, Royalties and Agreements 

1.19.2.1 Mineral Tenure 

The results of the PEA indicate that all the mineral tenure over the project are 100% owned by REE UNO SpA and have been 
granted or are in process of being granted by the respective court. 

1.19.2.2  Surface Rights 

REE UNO SpA owns most of the surface land where the project is located. REE UNO SpA owns 541 hectares of surface 
mboe/!Uifsf!jt!pomz!pof!fyusbdujpo!bsfb-!dbmmfe!ǆMvobǇ-!xijch land is not owned by REE. However, the surface land which 
dpwfst!ǆMvobǇ!juǃt!fotvsfe-!cfdbvtf!SFF UNO SpA obtained the written permission from the owner of the surface land.  

REE and the owner of the surface land where Luna is located, agreed to the terms, conditions and compensations for 
establishing an occupancy easement. 

1.19.2.3 Water rights 

The estimation of the PEA indicates that project needs 9.7 l/s of water  to operate, and the water resource for the entire 
project development is ensured by a water use right owned by REE UNO SpA. 

1.19.3 Geology and Mineralization 

The geology of the area is relatively well-known, and the work exhibits detailed geology with proper administration of 
samples and analyses. The project and control of mineralization are well understood, and the anisotropies, used in orebody 
and UG models, are acceptable. Improvements to the work performed by Aclara are not necessary at this time. 

1.19.4 Exploration, Drilling and Analytical Data Collection in Support o f Mineral Resource  

Considering the novelty of the Project, all exploration works including drilling, sampling, security, storage, analyses and 
overall data collection have been well developed and appropriately carried out. Despite some caveats present in extraction 
value samples ǀ mostly related to the particularity of the methodology, the numerous elements involved or the nature of 
the reference material ǀ the QA/QC is deemed sufficient and provides acceptable control of the sampling campaigns. Thus, 
Ausenco believes the database is appropriate for resource estimation. 

The geological characteristics of the area show good possibilities of finding more prospects of this type. Geochemical 
maps show other anomalies to the northeast, and the geological environment to the north and south of the Project is very 
similar. Thus, exploration must prioritize looking for more GG following what has been learned in the past drill and geologic 
campaigns.  
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1.19.5 Mineral Resource Estimates 

Ausenco considers that the database information, QA/QC and models, as far as the review could be carried out, are 
complete, ordered and can be used in a resource estimate, considering the observations made regarding the topography 
and the generation of the models. 

The geology of the Project is well understood and with the contribution of the 2021 drilling campaign, the geology and grade 
for REYT can be better understood.  The grades of economic interest are concentrated within the garnet granite and also 
the diorite presents some grades with economic interest. 

The statistical analysis detected two groups of total rare earths, with strong correlations between their grades. Group 1 
was defined by Dy, Tb, Lu, Y, Gd, Er, Ho, Yb, Tm, and Group 2 includes Nd, Pr, La, Sm and Ce. This information is relevant 
due to their strong correlation with the elements of their groups and can be validating elements, of the behaviors of the 
grades of the other elements. 

It was detected that the grades are associated with the horizons by lithologies, highlighting that the horizons within the 
Garnet Granite lithology presenting the best grades, particularly Horizon B. Except the Luna sector where the best grades 
are the B2 and C1 horizons. 

The resource estimate for the Penco Module is within the tolerances of acceptable bias for this type of study. 

Mineral Resources consider geology, mining, processing and economic constraints, and have been confined within 
appropriate LG pit shells, and therefore are classified in accordance with the 2014 CIM Definition Standards for Mineral 
Resources and Mineral Reserves. An open pit extraction scenario is appropriate to the style of mineralization. Assumptions 
used in the LG shell are appropriate to the envisaged process route and mine plan. Mineral Resources are presented in 
Table 14-45 through Table 14-50. 

The declaration of mineral resources measured and indicate for the Penco Module deposit is 20.68 million tons with an 
average grade of REYT 2,045 (ppm), with an NSR of 27 USD/t.  

Victoria Norte is the sector with the best REYT grade with 2,379 (ppm) and an NSR of 28 USD/t.  

1.19.6 Mine Plan 

The conclusions of the different aspects and technical studies addressed by the mining discipline are shown below. 

1.19.6.1 Geotechnical Considerations 

In the case of silty clays, in dry conditions, the maximum interramp height achievable is 24 m (6 benches). By incorporating 
a 10 m catch bench, the height can be increased up to 32 m, i.e., a maximum configuration of 6 benches, a catch bench, 
and 2 additional benches. By including the effect of groundwater, conservatively, the design is restricted to a maximum 
height of 12 m; if a greater height is required, a catch bench should be included, and the maximum possible height should 
be evaluated. 

In the case of maicillo slopes, in dry conditions, the maximum interramp height achievable is 60 m (15 benches). By 
incorporating a 10 m catch bench, it is possible to reach a maximum height of 76 m, i.e. a maximum configuration of 15 
benches, a catch bench, and 4 additional benches. By including the effect of groundwater, conservatively, the design is also 
constrained to a maximum height of 32 m; if a greater height is required, a catch bench should be included, and the 
maximum possible height should be evaluated. 



  

 

 

Penco Module Page  37 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

1.19.6.2 Mining Operations Considerations 

The operating widths (25 m) included at the mining phases selection are those used by the industry in the movement of 
materials, considering the safety berms. 

1.19.6.3 Mine Phases. 

The identified interferences generated between the boundaries of final pits (5 sectors) and existing or projected facilities of 
the Project are the Itata route, the preservation forest and the property boundary. 

1.19.6.4 Mine Extraction Sequence Definition 

Since the Jupiter landfill considers an area of Victoria Sur, it was decided to mine the Victoria Sur sector first, thus speeding 
up the commissioning of the Jupiter disposal area. 

The final sequence obtained, following the plans indicated in the previous point, corresponds to Victoria Sur - Victoria Norte 
- Luna - Maite - Alexandra. 

1.19.6.5 Annual Production Plan 

Mine production plan with 12 periods LOM is generated (considering pre-stripping), process plant feed of 12 periods with 
10 in regime and decreasing extraction value vector. 

Regarding the mined material, in period 10 there is an increase in the mining rate, due to the high waste / Mineral Resources 
ratio of the phases of the Alexandra sector, which is the only sector in operation in the indicated period. 

1.19.6.6 Waste Disposal Facilities 

Together, the Jupiter and Neptuno deposits have a total capacity of approximately 21.2 million cubic meters. At the end of 
Mine Life, the total occupied volume will be 18.7 million cubic meters.  

Regarding the temporary topsoil stockpiles, the three projected sectors together have a capacity of 1.5 million cubic meters, 
while the estimated volume of topsoil to be managed corresponds to approximately 1.0 million cubic meters (without 
considering the volumes of topsoil for additional infrastructure) corresponding to the mined material from the pits, 
preparation of disposal zones, and the processing plant foundation area. This volume considers a 50-cm-thick layer and a 
12% swelling factor . 

The definition of the movement of Mineral Resources, waste and filtered tailings to the different destinations contained in 
the mine plan; the determination of their corresponding haulage distances (considering slope and horizontal routes), and 
the organizational chart necessary for a safe operation that achieves the objectives of the plan, will allow establishing a 
better understanding regarding the development of the mine's capital and operating cost estimation. 

1.19.6.7 Waste Disposal Facilities Fill Sequence 

According to the analysis made, it is not necessary to use Sector 3 of the topsoil stockpile for the process of depositing 
and subsequently returning the topsoil to its sector of origin. 

Filling the Jupiter waste disposal facility is prioritized over depositing at Neptuno to reduce the transport distance. 
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Seventy-nine % of the projected available capacity of the Neptuno waste disposal facility and 100% of the Jupiter is used. 

The permanent topsoil stockpile zone contains the material mined from the following zones: Process Plant, Jupiter and 
Neptuno. 

As its name indicates, the temporary topsoil stockpile zone is used dynamically throughout the life of the project, receiving 
material from the deposits where mining begins and reclaiming it to return the topsoil to those where mining is exhausted. 

To calculate volume of the process plant filtered tailings, a swelling factor of 12% and a moisture content of 20% were 
considered. 

1.19.7 Metallurgical Testwork and Processing  

The design of the process to produce rare earth concentrates is initially based on the results of laboratory tests developed 
at the University of Concepcion. These tests defined the parameters, and operating conditions with which a first process 
design is postulated, which is tested in a pilot plant and, the results of which allowed to verify the parameters, test the 
equipment technologies and verify the design. However, the results were not as expected, so Aclara decided to modify the 
process to reduce the losses of rare earths in all its unit operations. The tests continued at the University of Toronto where 
each chemical and thermodynamic variable, susceptible to being modified or optimized, was studied. The new modified 
process considers that the extraction of rare earths is in two-step; countercurrent using a solution of ammonium sulfate 
((NH4)2 SO4) as leaching agent, subsequently the enriched solution goes to a process of selective precipitation of pollutants 
using a solution of Ammonium bicarbonate (NH4HCO3) controlled by pH and then, this solution without contaminants, 
continues the process of precipitation of rare earth carbonates using again the ammonium bicarbonate solution (NH4HCO3) 
as precipitant, but in this case at a more basic pH . The product (rare earth carbonates) is dried and packed with the option 
to be calcinated, but this has not been studied in this report. This last design was corroborated with tests on a larger scale 
in Peru (Chapi) using various sectors of exploitation of the mine, the results of which are consistent with those obtained at 
the University of Toronto. 

The results obtained in the different tests carried out define operating parameters for the process and also confirm the 
proposed new design: Leaching is carried out with ammonium sulfate in an equivalent concentration of 0.15 Molar mol/L 
at a pH between 3.0 and 4.0 and the required time to produce rare earth extraction is 7 minutes. The precipitation of 
impurities (aluminum, iron) is achieved with ammonium bicarbonate at a controlled pH between 5.5 and 6. 0 and a required 
time of 30 minutes. Rare earth carbonate precipitation is also carried out with ammonium bicarbonate, but at a higher pH 
between 7.0 and 7.5 and a reaction time of 120 minutes. 

The proposed process design does not generate liquid industrial waste, as it considers recirculating all of the discarded 
liquids once they have been treated. The design considers a plant that treats this liquid waste and obtains water of sufficient 
quality that allows it to be reused again in the process. This recovered water will contain elements such as potassium, 
magnesium, sodium, and others in a maximum allowable concentration, in order to obtain lanthanide carbonates with the 
defined quality of 92% (dry basis). The mass balance generated for this evaluation did not include the impact of these ions 
(K, Na, Mg and others) which, according to the mass balance, would be part of the recirculation and leaching solution. 
Aclara asked the University of Toronto to carry out a preliminary exploration test of the extraction of rare earths, where 
these elements preliminarily identified are included in the mass balance (K, Na, Mg and others). The results indicate that 
there is an effect on extraction, being greater when these elements exist in the leaching solution. Therefore, there is a degree 
of uncertainty regarding the effective extraction that would occur when incorporating these elements in the recirculation 
solution, and it is unknown what would be the impact on the quality of the product.  
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1.19.8 Infrastructur e 

The infrastructure for this project consists of open pit mines or extraction zones, disposal zones and processing plant. 
Infrastructure to support the Penco Module will consist mainly of site civil work, site facilities/building, a water system, and 
site electrical. 

1.19.9 Environmental, Permitting and Social Considerations  

The Project, submitted for Environmental Assessment in 2018, is moving forward with the development and presentation 
of Addendum N°2. This document corresponds to the responses to inquiries from relevant government services and raised 
by the community as a result of the Community Participation Processes. Within this document, the most relevant issues 
are associated with flora and vegetation and the indigenous human environment. 

Flora and vegetation are very sensitive due to the presence of Queule and Pitao, defined under Chilean law as natural 
monuments. In this regard, a specific study (known as Expert Report) has been presented where specific protection 
measures are committed to guarantee these and other protected species and forest formations are not affected, ensuring 
that the Project does not represent a threat to the continuity of the species at a local and national level, as established in 
Law 20.283, Recovery of Native Forest and Forest Development. 

Regarding the indigenous human environment, the Project is not located on indigenous land nor indigenous development 
areas, but two indigenous organizations participate in traditional activities in the Project surroundings. As a result, one 
environmental authority (SEA) has expressed concern about the possible effects of the Project over these indigenous 
activities and is requiring more information to rule out an eventual Indigenous Consultation, as defined by article 6 of the 
International Labour Organization (ILO) Convention 169, which could impact the environmental licensing process 
timeframes. 

Although it is expected that after Addendum N°2 the environmental authority will proceed with considering the project and 
issuing the corresponding Environmental License (RCA), it is possible that a new round of review will be opened, which 
would require a new Addendum to be presented (Addendum N°3). To minimize this possibility, Addendum N°2, which is to 
be submitted in November 2021, should be presented with the highest sufficiency of information possible, in order to obtain 
a vote for its approval by the Environmental Assessment Commission during Q1 2022. 

In addition to the above, a strategic approach with the different government technical services that will review the 
Addendum and technically pronounce in favor or against the project has been undertaken, it is recommended to maintain 
this contact with the authorities in order to have a better understanding of their concerns about the Project and finding the 
best way to resolve them. 

Regarding the communities, although there are positions against the project by community leaders and some non-
governmental organizations, the territorial work started in August 2020 through periodic meetings with different 
stakeholders at the local level should be continued. As the pandemic has allowed fewer restrictions, face-to-face meetings 
and field visits have been held, which should intensify in the coming months. 

1.19.10 Capital and Operating Costs 

1.19.10.1 Capital Cost 

Capital costs were estimated under a AACE Class 5 methodology for a Concept Estimate.  The expected accuracy range 
of the estimate is -15% to -30% on the low side of the range and +20% to +50% on the high side of the range, based on the 
information available to produce a capital cost estimate and the maturity level of project definition. Direct costs were 
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estimated based on a preliminary mechanical equipment list and the other commodities were estimated by factorization 
of mechanical equipment costs. Supply prices for mechanical equipment are based on referential quotes and database 
information. Indirect costs were estimated by each major account based on benchmark information. Contingency is based 
on the percentage expected for a Class 5 estimate. 

A detailed project execution plan and an execution schedule were not available at this stage. 

Among the main exclusions it is important to mention that escalation costs, land acquisition, project financing and interest 
charges, and closing costs are not included as part of the capital estimate.  Impact on capital costs due to loss of 
productivity or work absenteeism caused by a sanitary emergency in a pandemic situation is not included.  

The total Initial capital cost is $118.6 MUSD and the total Sustaining capital cost is $29.37 MUSD. 

1.19.10.2 Operating Cost 

The operating cost estimate is presented at a ±30% accuracy, using a base date of Q2, 2021, and considering an annual 
treatment of 1,766,016 dry tons of ore, with an average REE grade of 2,045 ppm and 18.49 % average recovery. 

Operating costs are estimated at 23.65 MUSD/a, or 13.39 USD/t. 

1.19.11 Economic Analysis 

The economic analysis was performed assuming a 5% discount rate (see section 0.). Cash flows have been discounted to 
beginning of the construction January 01, 2023, assuming that the Project execution decision will be made and major 
project financing would be carried out at this time.  

For the Base Case Price Scenario, the pre-tax net present value discounted at 5% (NPV5%) is  228 M USD, the internal rate 
of return IRR is 25.0%, and payback is 4.8 years. On an after-tax basis, the NPV5% is 178 MUSD, the IRR is 23.0%, and the 
payback period is 4.7 years. 

Analysis revealed that the Project is most sensitive to changes in Rare Earths oxides prices, extraction efficiency, initial 
capital cost, and to a lesser extent, operating cost and exchange rates. 

1.20 Recommendations 

1.20.1 Introduction  

The economic analysis of this PEA study demonstrates, on a preliminary basis, that further development of the Penco 
Module Project through additional engineering and de-risking is warranted. Table 1-20 summarises the proposed budget 
to advance the project through the prefeasibility study (PFS) stage. The recommended work program is divided into two 
phases with a total cost of 6.1 M USD. 
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Table 1-20: Recommendations Cost 

Recommendations Cost (USD) 

Phase 1 1,489,600 

Drilling and Mineral Resource Estimations 489,600 

Metallurgical Testwork 1,000,000 

Phase 2 4,605,000 

Metallurgical Testwork 3,000,000 

Mining methods studies 140,000 

Geotechnical Considerations (including drill and 
excavator) 

460,000 

Site Infrastructure studies 265,000 

Process Plant Prefeasibility Study 740,000 

Total 6,094,600 

1.20.2 Phase 1 

1.20.2.1 Drilling and Mineral Resource Estimations 

¶ With respect to QA/QC, it is important to advance towards the certification of the reference materials used for 
desorption (prepared and assayed by AGS), as well as the use of certified blanks instead of quartz, and resuming the 
insertion of check samples for interlaboratory analysis. 

¶ Conduct drilling in sectors categorized as inferred resources within areas with good grades. 

¶ Increase the number of samples for density analysis. 

¶ Penco Module plans to drill a further 60 drill holes (approximately 1,800 m). This program is estimated with all-in 
drilling costs of 272 USD/m, to be approximately 489,600 USD. 

1.20.2.2 Metallurgical Testwork  

As it is a novel process, it is necessary to simulate the proposed flowsheet on a laboratory scale for the next phase of 
engineering, to verify: 

¶ Parameters defined in the process. 

¶ Verify the chemical equilibrium of the different solutions generated in the process obtained in the mass balance. 

¶ Verify the effect on the extraction of lanthanides due to the different elements present in the recirculation solution. 

¶ Verify the solubilities of the polluting elements in the stage of precipitation of impurities and rare earth. 
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¶ Verify the solubilities of the Lanthanides in the impurity precipitation and carbonation stages. 

¶ Verify the water recovery design 

¶ Check product quality 

The estimated cost to perform the testing and laboratory analysis activities is 1,000,000 USD. 

1.20.3 Phase 2 

1.20.3.1 Metallurgical Testwork  

The following stage recommends pilot-scale tests in order to verify the obtaining of the product in commercial quality, 
process parameters, plant yield, reagent consumption, equipment efficiency, washing efficiency, materiality, waste 
management, among others. The estimated cost to carry out the pilot tests for a period of approximately 3 months is 
3,000,000 USD. 

1.20.3.2 Mining methods  studies 

¶ The recommendations associated with the mining methods studies have been estimated a cost of 140,000 USD. 

¶ The following recommendations can be addressed from the study: 

1.20.3.2.1 Pit Optimization 

¶ The economic, financial and technical parameters that were considered in the pit limit analysis must be updated 
according to conclusions and recommendations of this study, and of recent market information to face the future 
engineering stage of the Project.  

1.20.3.2.2 Mine Design 

¶ Operational mine designs for the final pit and mining phases must be considered in the next stage of the study. 

1.20.3.2.3 Mine Extraction Sequence Definition 

¶ Based on the results obtained and on the restrictions mentioned in the section of Mining Extraction Sequence, it 
is recommended to analyze into the potential benefit of performing free mining sequence, coexistence in the 
exploitation of different mining sectors in order to maximize the asset value. 

1.20.3.2.4 Annual Production Plan 

¶ Study of the optimal process plant throughput in order to maximize the financial results of the Project. 
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1.20.3.2.5 Waste Disposal Facilities and Stockpile Fill Sequence 

¶ Considering minimizing the hauling costs of the material moved, it is recommended to analyse other locations 
for the disposal of the waste, filtered  tailings and topsoil stockpiles. 

1.20.3.3 Geotechnical Considerations 

¶ For design purposes, the use of the dry condition slope geometries presented in section 16.2 is recommended; 
however, in the event that groundwater is found in the slopes, the geometry proposed should be considered 
preliminarily, but the water levels and conditions observed on site should be verified, since the assumption 
indicated in this report may be too conservative. 

¶ In the following stages of the study, the water tables considered should be verified to determine their potential 
impact on the designs and stability.  

¶ The database and soil tests should be reviewed to define strength and deformation properties to supplement the 
stability analyses with displacement and deformation analyses. 

¶ Conduct retrospective analyses of nearby civil works or mining sites with the same type of residual soils. 

¶ In the following stages, the proposed designs for the pits defined in the mining zones must be analyzed, cross-
checking these designs with the available geological models. This will allow us to better specify the results 
obtained in this technical note. 

¶ The cost of geotechnical studies including geotechnical drills and excavator, in five extraction zones, two 
disposition zones and the processing plant area, is estimated at 460,000 USD. 

1.20.3.4 Site Infrastructure 

The following activities are recommended to be considered for the next stage of engineering: 

¶ Geotechnical site investigations to characterize constructability of the material that will be used in waste disposal 
facilities. The estimated cost is 65,000 USD. 

¶ Further development of the waste disposal facilities design incorporating the seismic hazard assessment recently 
carried out for the Project into the stability analysis. In addition, it is recommended to complete a runout analysis 
for an appropriate estimation of the impacted areas and losses qualification. The estimated cost is 100,000 USD. 

¶ The access and mining roads, water intake and electrical supply should be further analysed, reviewed, and 
engineered. The estimated cost is 100,000 USD. 

¶ To advance the energy supply agreement with the power distribution company in the Project zone to confirm the 
connection points and conditions of energy supply. 

1.20.3.5 Process Plant Prefeasibility  Study 

The estimated cost of the Pre-feasibility (PFS) study for the Process Plant is also included in the budget to get a complete 
estimation of the costs related to the PFS study completion.  The estimated cost is 740,000 USD.
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 x ˺˿̅̃̀˵̆˴̅˺̀˿ 

2.1 Introduction  

This report was prepared by Ausenco Chile, at the request of Aclara. This Technical Report presents the results of the 
Preliminary Economic Assessment (PEA) for a rare earth concentrate producing plant that is located between the districts 
of Penco and Concepcion, Biobio Region, Chile (see Figure 2-1).  

Figure 2-1: Project Location  

 
Note:  prepared by Aclara, 2021. 

2.2 Terms of Reference 

The purpose of this report is to present the results of the PEA and to support Bdmbsbǃt disclosure in connection with a 
potential going-public transaction in Canada. 

All measure units used in this Report are metric unless otherwise noted Currency is expressed in United States dollars 
(USD). The Report uses English.  
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Mineral Resources and Mineral Reserves are estimated in accordance with using the 2019 edition of the Canadian Institute 
of Mining, Metallurgy and Exploration (CIM) Estimation of Mineral Resources & Mineral Reserves Best Practice Guidelines 
(2019 CIM Best Practice Guidelines) and are reported using the 2014 CIM Definition Standards for Mineral Resources and 
Mineral Reserves (2014 CIM Definition Standards). 

Aclara has undertaken a wide range of mineral processing and metallurgical test work on samples from several Extraction 
Zone. The test work has been performed by the Concepcion University, University of Toronto and AGS-ALS Laboratory, in 
addition bench-scale testing performed in Peru and ANSTO Minerals in Australia. 

2.3 Qualified Persons 

This Report was prepared by the following Qualified Persons (QPs): 

¶ Mr. Luis Oviedo, P.Geo, Senior Resource Consultant, Ausenco; 

¶ Mr. Francisco Castillo, Senior Mining Engineer, Ausenco; 

¶ Mr. Gavin Beer, P.Eng., Principal Metallurgist, Met-Chem; 

¶ Mr. Scott Weston, P.Geo, Vice President, Business Development, Hemmera; 

¶ Mr. Scott Elfen, P.E, Global Lead Geotechnical, Ausenco; 

¶ Mr. Alejandro Solar, Senior Mining Engineer, Ausenco; and 

¶ Mr. Manuel Hernandez, Civil Mining Engineer, CRU. 

The Sections of this Report were prepared according to the Responsibility Matrix shown in Table 2-1. 

Table 2-1: Responsibility for Each Section 

Section Description Qualified Person Company 

1 Summary All in part All in part  

2 Introduction Francisco Castillo Ausenco 

3 Reliance on Other Experts  Francisco Castillo Ausenco  

4 Property Description and Location Luis Oviedo Ausenco 

5 
Accessibility, Climate, Local Resources, 
Infrastructure and Physiography  

Luis Oviedo Ausenco 

6 History Luis Oviedo Ausenco 

7 Geological Setting and Mineralization  
Luis Oviedo 
7.2.2 - Gavin Beer 

Ausenco/ 
Met-Chem 

8 Deposit Types Luis Oviedo Ausenco 
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Section Description Qualified Person Company 

9 Exploration  Luis Oviedo Ausenco 

10 Drilling Luis Oviedo Ausenco 

11 Sample Preparation, Analyses and Security  Luis Oviedo Ausenco 

12 Data Verification Luis Oviedo Ausenco 

13 Mineral Processing and Metallurgical Testing  Gavin Beer Met-Chem 

14 Mineral Resource Estimates 

Francisco Castillo 

14.1, 14.2, 14.4, 14.5, 14.12 and parts of 
14.16,14.17,14.18  - Luis Oviedo 

Ausenco 

15 Mineral Reserve Estimates  N/A N/A 

16 Mining Methods Francisco Castillo Ausenco 

17 Recovery Methods  Gavin Beer 
Ausenco/ 
Met-Chem 

18 Project Infrastructure 
18.1, 18.2, 18.6, 18.7 and 18.8 -Francisco Castillo 
18.3 - Scott Elfen 
18.4 and 18.5 - Scott Weston 

Ausenco/ 
Hemmera 

19 Market Studies and Contracts  Manuel Hernandez CRU 

20 
Environmental Studies, Permitting and Social or 
Community Impact 

Scott Weston Hemmera 

21 Capital and Operating Costs  
Gavin Beer 
21.1.4, 21.1.8 and 21.2.3 - Alejandro Solar 

Ausenco/ 
Met-Chem 

22 Economic Analysis Gavin Beer Met-Chem 

23 Adjacent Properties  N/A N/A 

24 Other Relevant Data and Information N/A N/A 

25 Interpretation and Conclusions  All in part All in part 

26 Recommendations All in part All in part 

27 References All in part All in part 

28 Certificates All in part All in part 

2.4 Site Visits and Scope of Personal Inspection  

Mr. Luis Oviedo visited the site on two occasions, on 03 and 04 December 2020 and on 28 July 2021. On both visits he 
reviewed the database and it was in good overall condition except for minor observations in the Survey table, such as 
positive dips instead of negative, or some surveys without initial zero depth. To validate the transcription from certificates 
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to database, Ausenco reviewed portions of the certificates, finding no errors. Furthermore, during the field visit, several 
relevant intervals selected from drill hole logs were checked against the corresponding cores, finding no inconsistencies. 

Mr. Francisco Castillo visited the Penco Module site on 03 and 04 December 2020. He completed a personal inspection of 
the Penco Module, during which he visited the Victoria, Luna, Maite and Alexandra sectors. He also visited the future location 
of the processing plant and the Drill-hole storage area. 

2.5 Effective Dates 

The overall effective date of this Report is the effective date of the economic analysis which is 15 September 2021. 

2.6 Information Sources and References 

All references were listed in Section 27 of the present Report. 

2.7 Unit and Name Abbreviations 

Table 2-2: Unit Abbreviations  

Abbreviation  Description  

USD United States dollar 

CAD Canadian dollar 

CLP Chilean peso 

°C degree Celsius 

°F degree Fahrenheit 

% percent 

ϵ micro 

ϵn micrometre  

cm centimetre 

ft  feet 

ft 2 square feet 

g gram 

g/t  grams per tonne 

ha hectare 

hr hour 
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Abbreviation  Description  

HP horsepower 

km Kilometre (Canada) Kilometer (US) 

koz thousand ounces 

kV kilovolt  

kW kilowatt  

kWh kilowatt -hour 

kWh/t  Kilowatt per tonne 

kN/m 3 kilonewton per cubic metre  

MW megawatt  

kPa kilopascal 

kcmil  thousand circular mills  

kN kilonewton 

masl metres above sea level 

mamsl  metres above mean sea level 

L/s  litre per second 

M million  

m metre 

m/a  metres per annum 

m2 square metre 

m3 cubic metre 

mm millimetres  

m3/hr  cubic meter per hour 

mol/L  Moles per liter 

t metric tonne 

st short ton 

Mt million tonnes  

Mt mega tonne 

ppb parts per billion 
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Abbreviation  Description  

ppm parts per million  

ton short ton 

t/hr  tonnes per hour 

t/d  tonnes per day 

t/a  tonnes per annum 

w/w/ w/s  gravimetric moisture content (weight of water/weight of soil)  

wt weight 

Table 2-3: Name Abbreviations 

Abbreviation Description 

Aclara Aclara Resources Inc. 

Al Aluminum 

Ca Calcium 

CAGR Compound Annual Growth Rate 

CCD Counter Current Decantation 

CCLP Close Continuous Leaching Process 

Ce Cerium 

CEPC Eastern Concepcion Plutonic Complex 

DIA Spanish acronym for Environmental Impact Declaration 

DRT Biotite-bearing diorite 

Dy Dysprosium 

Dy Eq Dysprosium Equivalent Grade 

ED Estimation Domain 

EV Extraction Value 

EES Environmental Evaluation Statement 

EIA Environmental Impact Assessment 

Er Erbyum 

ESMC Eastern Series Metamorphic Complex 
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Abbreviation Description 

F Fault 

Fe Iron 

Gd Gadolinium 

GG Garnet-bearing granitoid 

GPS Global Positioning System 

HREE Heavy Rare Earth Elements 

HM Hochschild Mining 

IOCG Iron Oxide Copper Gold 

Lancuyén Lancuyén Ingeniería 

LREE Light Rare Earth Elements 

Lu Lutetium 

MA Minería Activa 

MBL Minera BioLantánidos 

MP Metapelites 

Nb Niobium 

Nd Neodymium 

OB Overburden 

OK Ordinary Kriging 

PEA Preliminary Economic Assessment 

PGC Penco Granitoid Complex 

Pr Praseodymium 

QEMSCAN 
Quantitative Evaluation of Materials by Scanning Electron 
Microscopy 

QDP Quartz-Diorite Pluton 

QP Qualified Person 

REYT Total Rare Earth Elements and Yttrium 

REO Rare Earth Oxides 

RoW Right of Way 
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Abbreviation Description 

RSEIA Regulations for the System of Environmental Impact Assessment 

Ta Tantalum 

Tb Terbium 

Th Thorium 

Ti Titanium 

UdeC Spanish acronym for University of Concepcion 

UG Geological Units 

UT University of Toronto 

Y Yttrium 
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 ʕ ̃˶˽˺˲˿˴˶ ̀˿ ̀̅˹˶̃ ˶̉́˶̃̅̄ 

3.1 Introduction  

The QPs have relied upon the following other expert reports or statements, which provided information regarding mineral 
rights, surface rights, property agreements, environmental, permitting, social licence and taxation for sections of this Report. 

3.2 Property Agreements, Mineral Tenure and Surface Rights 

The QPs have not independently reviewed ownership of the Project area and any underlying property agreements, mineral 
tenure, surface rights, or royalties.  The QPs have fully relied upon, and disclaim responsibility for, information derived from 
Aclara and legal experts retained on behalf of Aclara for this information through the following documents:  

Daniela Rojas Escobar: Comments for QP Chapter 4: prepared for Aclara, August 27, 2021 

This information is used in Section 4.11 of the Report.  The information is also used in support of the sections 1, 14, 20 and 
22 of the Report. 

3.3 Environmental, Permitting , Closure, and Social and Community Impacts 

The QPs have fully relied upon, and disclaim responsibility for, information supplied by Aclara for information related to 
environmental (including tailings and water management) permitting, permitting, closure planning and related cost 
estimation, and social and community impacts. 

This information is used in Section 20 of the Report.  The information is also used in support of the sections 1, 4, 14 and 
22. 

3.4 Taxation 

The QPs have fully relied upon, and disclaim responsibility for, information supplied by experts retained by Aclara for 
information related to taxation as applied to the financial model as follows: 

ATE Consultores Asociados,: Tax Modeling Review, Aclara Financial Model:  prepared for Aclara, August 30, 2021 

This information is used in Section 22, 1 and 25 of the Report. The Project has been evaluated on an after-tax basis to 
provide an approximate value of the potential economics. The calculations are based on the tax regime as of the date of 
the PEA and include estimates for Aclara expenditures, and related impacts to various tax pool balances, between the PEA 
and the assumed construction start date. 

3.5 Markets 

The QPs have not independently reviewed certain marketing or rare earth element pricing information.  The QPs have fully 
relied upon, and disclaim responsibility for, information derived from Aclara and experts retained by Aclara for this 
information through the following document:  
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Adamas Intelligence, 2021. Rare Earth Magnet Outlook to 2030: prepared for Aclara, April 02,2021. 

This information is used in Sections 14.17 and 16.4 of the Report to support mineral resources and mining methods. 

Rare earth element price forecasting is a specialized business requiring knowledge of supply and demand, economic 
activity and other factors that are highly specialized and requires an extensive global database that is outside of the purview 
of a QP.  

The QPs consider it reasonable to rely upon Adamas Intelligence as the company provides up-to-date, in-depth insight and 
analysis into all facets of the strategic metals and minerals industry, including production supply and costs as well as 
consumption demand, and price forecasts. 
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 ˥ ́̃̀́˶̃̅̊ ˵˶̄˴̃˺́̅˺̀˿ ˲˿˵ ˽̀˴˲̅˺̀˿ 

4.1 Introduction  

The Penco Module is located in the boundaries of the Penco and Concepcion districts, in the Biobio Region of Chile, 
approximately 500 km south of Santiago, the cououszǃt!dbqjubm/!Uif!bttfut!pg!uif!Qspkfdu!bsf!nptumz!mpdbufe!jo!uif!ejtusjdu!
of Penco (Figure 4-1). The central point of the Penco Project is North: 5,932,000, East: 683,400. These coordinates are in 
Datum Psad56 Huso 18. 

The Penco Module covers a surface area of approximately 600 ha. However, the property directly involved has a surface 
area of approximately 250 ha. 

Figure 4-1: Project Location  

 
Note:  prepared by Aclara, 2021. 
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4.2 Property and Title in Chile 

Information in this subsection is based on data in the public domain and Chilean law. 

4.2.1 Regulation 

The mining industry is regulated by the following laws: 

¶ Constitution of the Republic of Chile 

¶ Constitutional Organic Law of Mining 

¶ Code and Regulations governing Mining 

¶ Code and Regulations governing Water Rights 

¶ Laws and Regulations governing Environmental Protection as related to mining. 

Dijmfǃt!njojoh!qpmjdz!jt!cbtfe!po!mfhbm!qspwjtjpot!uibu!xfsf!fobdufe!bt!qbsu!pg!uif!2:91!dpotujuvujpo/!Uiftf!xfsf!ftubcmjtife 
to stimulate the development of mining and to guarantee the property rights of both local and foreign investors. According 
to the law, the state owns all mineral resources, but exploration and exploitation of these resources by private parties is 
permitted through mining concessions, which are granted by the courts.  

The concessions grant both rights and obligations, as defined by the Constitutional Organic Law on Mining Concessions 
(1982) and the Mining Code (1983). Many of the steps involved in the constitution of the mining concession are published 
xfflmz!jo!Dijmfǃt!pggjdjbm!njojoh!cvmmfujo!bt!bsf!dpvsu!qspdfttft!evf!up!dpogmjdujoh claims.  

4.2.2 Mineral Tenure 

The concessions grant both rights and obligations as defined by a Constitutional Organic Law enacted in 1982. 
Concessions can be mortgaged or transferred, and the holder has full ownership rights and is entitled to obtain the rights 
of way for exploration (pedimentos) and exploitation (mensuras). In addition, the concession holder has the right to defend 
ownership of the concession against state and third parties. A concession is obtained by a claims filing and includes all 
minerals that may exist within its area. 

Mining rights in Chile are acquired in the following stages: 

4.2.2.1 Pedimento 

A pedimento is an initial exploration claim whose position is well defined by Universal Transverse Mercator (UTM) 
coordinates which define north-south and east-west boundaries. The minimum size of a pedimento is 100 ha and the 
maximum is 5,000 ha with a maximum length-to-width ratio of 5:1. 

The duration of validity is for a maximum period of two years; however, at the end of this period, and provided that no 
overlying claim has been staked, the claim may be reduced in size by at least 50% and renewed for an additional two years. 
If the annual claim taxes are not paid on a pedimento, the claim can be restored to good standing by paying double the 
annual claim tax the following year. 
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4.2.2.2 Manifestación  

Before a pedimento expires, or at any stage during its two-year life, it may be converted to a manifestación or exploitation 
concession. 

Xjuijo!331!ebzt!pg!gjmjoh!b!nbojgftubdj˫o-!uif!bqqmjdbou!nvtu!gjmf!b!ǆSfrvftu!gps!TvswfzǇ!)Tpmjdjuve!ef!Nfotvsb*!xjui!uif!
court of jurisdiction, including official publication to advise the surrounding claim holders, who may raise objections if they 
believe their pre-established rights are being encroached upon. 

A manifestation may also be filed on any open ground without going through the pedimento filing process. 

The owner is entitled to explore and to remove materials for study only (i.e. sale of the extracted material is forbidden). If 
an owner sells material from a manifestation or exploration concession, the concession will be terminated. 

4.2.2.3 Mensura 

Xjuijo!ojof!npouit!pg!uif!bqqspwbm!pg!uif!ǆSfrvftu!gps!TvswfzǇ!cz!uif!dpvsu-!uif!dmbjn!nvtu!cf!tvswfzfe!cz!b!hpwfsonfou!
licensed surveyor. Surrounding claim owners may be present during the survey. 

Once surveyed, presented to the court, and reviewed by the National Mining Service (Sernageomin), the application is 
bekvejdbufe!cz!uif!dpvsu!bt!b!qfsnbofou!qspqfsuz!sjhiu!)b!nfotvsb*-!xijdi!jt!frvjwbmfou!up!b!ǆqbufoufe!dmbjnǇ!ps!fyqmpjubujpo 
right. 

Exploitation concessions are valid indefinitely and are subject to the payment of annual fees. Once an exploitation 
concession has been granted, the owner can remove materials for sale. 

There is a mining tax that provides protection of rights; it is calculated as a percentage of the Unidad Tributaria Mensual 
(UTM or monthly tax unit) and applies to each hectare of land included in the mining exploration and/or mining exploitation 
concessions. This tax is paid annually in a single payment before 31 March of each year. 

For mining exploitation concessions, the tax rate is currently 10% of a UTM per hectare; for mining exploration concessions 
the tax rate is currently 2% of a UTM per hectare. The value of the UTM is adjusted monthly according to the consumer 
price index (IPC) in Chile. 

4.2.2.4 Claim Processes 

At each of the stages of the claim acquisition process, several steps are required (application, publication, inscription 
qbznfout-!opubsj{bujpo-!uby!qbznfout-!qbufou!qbznfou-!mbxzfstǃ!gfft-!qvcmjdbujpo!of the extract, etc.) before the application 
is finally converted to a declaratory sentence by the court constituting the new mineral property. A full description of the 
qspdftt!jt!epdvnfoufe!jo!Dijmfǃt!njojoh!dpef/ 

Many of the steps involved in establishioh!uif!dmbjn!bsf!qvcmjtife!jo!Dijmfǃt!pggjdjbm!njojoh!cvmmfujo!gps!uif!bqqspqsjbuf!sfhjpo!
(published weekly). At the manifestación and mensura stages, a process for resolution of conflicting claims is allowed. 

Most companies in Chile retain a mining claim specialist to review the weekly mining bulletins and ensure that their land 
position is kept secure. 

Legislation is being considered that seeks to further streamline the process for better management of natural resources. 
Under the new proposed law, mining and exploration companies will have to declare their reserves and resources and report 
drilling results. The legislation also aims to facilitate funds for mining projects across the country. In addition to the mining 
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law, the Organic Constitutional Law on Mining Concessions (1982) and the Mining Code of 1983 are the two key 
mechanisms governing mining activities in Chile. 

4.2.3 Surface Rights 

Ownership rights to the subsoil are governed separately from surface ownership. Articles 120 to 125 of the Chilean Mining 
Code regulate mining easements. The Mining Code grants to the owner of any mining exploitation or exploration 
concessions full rights to use the surface land, provided that reasonable compensation is paid to the owner of the surface 
land. 

4.2.4 Rights of Way 

The Mining Code also grants the holder of the mining concession general rights to establish a right of way (RoW), subject 
to payment of reasonable compensation to the owner of the surface land. Rights of way are granted through a private 
agreement or legal decision which indemnifies the owner of the surface land. A RoW must be established for a particular 
purpose and will expire after cessation of activities for which the right of way was obtained. The owners of mining 
easements are also obliged to allow owners of other mining properties the benefit of the RoW, as long as this does not 
affect their own exploitation activities. 

4.2.5 Water Rights 

Water is considered part of the public domain and is considered to be independent of the land ownership. Individuals can 
obtain the rights to use public water in accordance with the Water Code. In accordance with the Code updated in 1981, 
water rights are expressed in litres per second (L/s) and usage rights are granted on the basis of total water reserves. 

4.2.6 Environmental Regulations  

Environmental impact assessments are required for projects such as dams, thermo- electric and hydroelectric plants, 
nuclear power plants, mining, oil and gas, roads and highways, ports, development of real estate in congested areas, water 
pipelines, manufacturing plants, forestry projects, sanitary projects, production, storage and recycling of toxic, and 
flammable and hazardous substances. Developments not covered by these categories must submit a sworn statement of 
environmental impact indicating that the Project or activity does not affect the environment and does not violate 
environmental laws. After the evaluation process, the Evaluation Commission of the respective region, or the executive 
director of the Environmental Evaluation Service (EES), as appropriate to a regional or interregional project, issues a 
resolution that qualifies the Project environmentally. 

Decree No. 40/2012, 30 October 2012 Regulations for the System of Environmental Impact Assessment (Reglamento del 
Sistema de Evaluación de Impacto Ambiental, RSEIA) was approved and published in the Official Gazette on 12 August 
2013. In general terms, the new regulation updates the assessment procedure in accordance with the legal and regulatory 
changes enacted in Chile from 2001 to date. It redefines the information that must be submitted when entering an 
Environmental Impact Assessment (EIA) or an Environmental Impact Declaration (DIA), seeking to give greater certainty to 
those regulated and to the citizens. The RSEIA seeks to make assessments early, to raise the standard of information and 
evaluation, and to reduce time to complete the process. The changes are consolidated in Law 19.300, especially with regard 
to public participation in EIAs. Indigenous consultation is included for projects entering the system, complying with ILO 
Agreement 169 in force in Chile since 2009. 
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4.2.7 Land Use 

Dijmfǃt!{pojoh!boe!vscbo!qmboojoh!bsf!hpwfsofe!cz!uif!Hfofsbm!Mbx!pg!Vscbo!Qmboojoh!boe!Dpotusvdujpo!)Mfz!Hfofsbm!ef!
Urbanismo y Construcción). This law contains several administrative provisions that are applicable to different 
geographical and hierarchical levels and sets specific standards for both urban and inter-urban areas. 

In addition to complying with the Environmental Law (Ley Ambiental) and other legal environmental requirements, projects 
must also comply with urban legislation governing the different types of land use. Land use regulations are considered part 
of the Chilean environmental legal framework. 

Land use regulatory requirements are diverse and operate at different levels, the main instruments are the inter-community 
regulatory plans (Planes Reguladores Intercomunales, PRI) and the community regulatory plans (Planes Reguladores 
Comunales, PRC). The PRIs regulate territories of more than one municipality, including urban and rural territory. 

4.3 Project Ownership 

REE Uno SpA (REE) is a capital company incorporated as a corporation by shares (sociedad por acciones) in accordance 
to the articles 424 to 446 of the Code of Commerce of the Republic of Chile. 

REE Uno SpA is the unique holder and owner of the Penco Module, located in the borough of Penco, Region VIII of Biobio. 
This ownership covers the total material and immaterial assets included in the Penco Module , considering mining 
concessions, water rights, facilities, special agreements of land use, intellectual property, among others. 

Currently, REE Uno SpA has a unique shareholder: Hochschild Mining Holding Limited (Hochschild Mining).Thus, 
Hochschild Mining is the sole and total controller of REE Uno SpA. 

4.4 Mineral Tenure 

REE UNO SpA owns 451,585 ha of mining rights, distributed between the Maule, Ñuble, Biobio and Araucania Regions. 
These rights are expressed in exploration and exploitation concessions. Table 4-1 and Table 4-2 show the number of 
exploration and exploitation concessions and their processing status. 

Table 4-1: Mineral Tenure - Exploration Concessions 

Exploration Concessions Hectares Concessions (N°) 

Registered 97,000 343 

In Process 346,800 1,211 

Total 443,800 1,554 
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Table 4-2: Mineral Tenure ƿ Exploitation Concessions 

Exploitation Concessions Hectares   Concessions (N°)  

Registered 3,285 27 

In Process 4,500 21 

Total 7,785 48 

The mining concessions related to Penco Module are summarized in Table 4-3 and Table 4-4, below. 

Table 4-3: Exploitation Concessions 

Exploitation Concessions Hectares Exploitation Concessions Hectares 

Catalina 1, 1 al 44 208 Bernardita 39, 1 al 8 38 

Catalina 2, 1 al 17 84 Bernardita 42, 1 al 23 110 

Catalina 6, 1 al 24 24 Bernardita 134, 1 al 30 30 

Catalina 11, 1 al 70 70 Bernardita 58B  1 AL 30 300 

Catalina 23, 1 al 40 200 Bernardita 59B  1 AL 30 300 

Catalina 39, 1 al 6 30 Bernardita 60B  1 AL 30 300 

Catalina 21, 1 al 40 200 Bernardita 10B  1 AL 20 200 

Catalina 22, 1 al 40 200 Bernardita 57B  1 AL 10 100 

Catalina 40, 1 al 6 30 Bernardita 19B  1 AL 10 100 

Bernardita 3, 1 al 60 300 Bernardita 29B  1 AL 30 300 

Bernardita  4, 1 al 32 156 Bernardita 34B  1 AL 10 100 

Bernardita 5, 1 al 8 38 Bernardita 52B  1 AL 30 300 

Bernardita 6A, 1 al 28 140 Bernardita 53B  1 AL 30 300 

Bernardita 6B, 1 al 2 10 Bernardita 66B  1 AL 10 100 

Bernardita 7, 1 al 42 210 Bernardita 67B  1 AL 30 300 

Bernardita 8, 1 al 60 300 Bernardita 68B  1 AL 30 300 

Bernardita  9, 1 al 32 160 Bernardita 69B  1 AL 30 300 

Bernardita 10, 1 al 46 230 Bernardita 70B  1 AL 10 100 

Bernardita  11, 1 al 28 140   

Bernardita  12, 1 al 10 50   
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Exploitation Concessions Hectares Exploitation Concessions Hectares 

Bernardita  31, 1 al 5 23 Bernardita 8B 1 AL 30 300 

Bernardita 32, 1 al 34 156 Bernardita 6B  1 AL 10 100 

Bernardita 33, 1 al 32 160 Bernardita 7B  1 AL 10 100 

Bernardita 34, 1 al 28 140 Bernardita 9B  1 AL 30 300 

Bernardita 35, 1 al 12 48 Bernardita 18B  1 AL 10 100 

Total:  7,785 ha 

Table 4-4: Exploration Concessions 

Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 

Millaray 3B 300 Bernardita 33C 300 Bernardita 100C 300 Catalina A41 300 

Millaray 7B 300 Bernardita 34C 300 Bernardita 101C 300 Catalina A42 300 

Millaray 8B 300 Bernardita 52C 300 Bernardita 102C 300 Catalina A43 300 

Millaray 9B 300 Bernardita 53C 300 Bernardita 103C 300 Catalina A44 300 

Millaray 12B 300 Bernardita 54C 300 Bernardita107C 300 Catalina A45 300 

Millaray 13B 300 Bernardita 55C 300 Bernardita 108C 300 Catalina A46 300 

Millaray 15B 300 Bernardita 56C 300 Bernardita 117C 300 Catalina A47 300 

Millaray 16B 300 Bernardita 57C 300 Bernardita 125C 300 Catalina A48 300 

Catalina 3B 200 Bernardita 58C 300 Bernardita 126C 300 Catalina A49 300 

Catalina 5B 100 Bernardita 59C 300 Bernardita 127C 300 Catalina A50 300 

Catalina 6B 300 Bernardita 60C 300 Catalina A1 300 Catalina A51 300 

Catalina 8B 200 Bernardita 66C 300 Catalina A2 300 Catalina A52 300 

Catalina 9B 300 Bernardita 67C 300 Catalina A3 100 Catalina A53 300 

Catalina 10B 300 Bernardita 68C 300 Catalina A4 300 Catalina A54 300 

Catalina 19B 200 Bernardita 69C 300 Catalina A5 300 Catalina A55 300 

Catalina 20B 300 Bernardita 70C 300 Catalina A6 300 Catalina A56 300 

Catalina 22B 300 Bernardita 71C 300 Catalina A7 300 Catalina A57 300 

Catalina 23B 300 Bernardita 72C 300 Catalina A8 300 Catalina A58 300 

Catalina 24B 200 Bernardita 76C 300 Catalina A9 300 Catalina A59 300 



  

 

 

Penco Module Page  61 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 

Catalina 25B 300 Bernardita 77C 300 Catalina A10 300 Catalina A60 300 

Catalina 26B 300 Bernardita 78C 300 Catalina A11 300 Catalina A61 300 

Catalina 27B 300 Bernardita 79C 300 Catalina A12 300 Catalina A62 300 

Catalina 28B 300 Bernardita 80C 300 Catalina A13 300 Catalina A63 300 

Catalina 29B 300 Bernardita 81C 300 Catalina A14 300 Catalina A64 300 

Catalina 30B 300 Bernardita 82C 300 Catalina A15 300 Catalina A65 300 

Catalina 31B 300 Bernardita 83C 200 Catalina A16 300 Catalina A66 300 

Catalina 33B 200 Bernardita 84C 200 Catalina A17 300 Catalina A67 300 

Catalina 34B 300 Bernardita 85C 300 Catalina A18 300 Catalina A68 300 

Catalina 37B 300 Bernardita 86C 300 Catalina A19 300 Catalina A69 300 

Catalina 38B 300 Bernardita 87C 300 Catalina A20 300 Catalina A70 200 

Catalina 39B 300 Bernardita 88C 300 Catalina A21 300 Catalina A71 300 

Catalina 40B 300 Bernardita 89C 300 Catalina A22 300 Catalina A72 300 

Catalina 41B 300 Bernardita 90C 300 Catalina A23 300 Catalina A73 300 

Catalina 42B 300 Bernardita 91C 200 Catalina A24 300 Catalina A74 300 

Catalina 43B 300 Bernardita 93C 300 Catalina A25 300 Catalina A75 300 

Catalina 44B 200 Bernardita 94C 300 Catalina A26 300 Catalina A76 300 

Catalina 45B 300 Bernardita 17B 300 Catalina A27 300 Catalina A77 300 

Catalina 46B 300 Bernardita 14B 300 Catalina A28 300 Catalina A78 300 

Catalina 49B 300 Bernardita 9B 300 Catalina A29 300 Catalina A79 300 

Bernardita 1C 200 Bernardita 7B 300 Catalina A30 300 Catalina A80 300 

Bernardita 2C 300 Bernardita 6B 300 Catalina A31 300 Catalina A81 300 

Bernardita 5C 300 Bernardita 4B 300 Catalina A32 300 Catalina A82 300 

Bernardita 8C 300 Bernardita 92B 200 Catalina A33 300 Catalina A83 300 

Bernardita 10C 300 Bernardita 18B 300 Catalina A34 300 Catalina A84 300 

Bernardita 15C 300 Bernardita 16B 300 Catalina A35 300 Catalina A85 300 

Bernardita 19C 300 Bernardita 3B 300 Catalina A36 300 Catalina A86 300 
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Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 
Exploration 
concessions 

Hectares 

Bernardita 20C 300 Bernardita 95C 300 Catalina A37 300   

Bernardita 28C 300 Bernardita 97C 100 Catalina A38 300   

Bernardita 29C 300 Bernardita 98C 200 Catalina A39 300   

Bernardita 32C 300 Bernardita 99C 300 Catalina A40 300   

Total:  56.900 ha 

The mining concessions related to the Penco Module in Penco are shown in Figure 4-2and Figure 4-3, below. 
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Figure 4-2: Exploration Concessions 1 
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Figure 4-3: Exploration Concessions 2 
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Figure 4-4: Exploration Concessions 2 

 



  

 

 

Penco Module  Page  66 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

A small part of the exploration/exploitation claims overlap with other mining claims. However, REE UNO SpA has the first 

and preferential right to own all these exploration/exploitation claims. 

Figure 4-5 and Figure 4-6 show the overlaps. 

Figure 4-5: Exploration/Exploitation Claims Overlap 1  
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Figure 4-6: Exploration/Exploitation Claims Overlap 2  
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4.5 Surface Rights 

REE UNO SpA  owns the land and the surface rights where most of its mining concessions are located.  

REE UNO SpA acquired the ownership of the surface land (which has an approximate area of 549.5 ha), pursuant to a real 
estate sale and purchase agreement executed between Forestal Arauco S.A. and REE UNO SpA, by means of a public deed 
dated November 23, 2020, Digest No. 22.519-2020, of the Notary's Office of Santiago of Mr. Iván Torrealba Acevedo. 

Pursuant to real estate sale and purchase agreement mentioned before, REE UNO SpA acquired the ownership of 6 (six) 
land titles. All the land titles are registered in the Property Registry of the Penco and Concepcio 

n Real Estate Registrar in 2021: 

i. ǆMpuf!H-!CfmmbwjtubǇ!xijdi!ibt!bo!bqqspyjnbuf!bsfb!pg!242.40 hectares registered in the Property Registry of the 
Penco Real Estate Registrar of 2021, page 17, number 16. 

ii. ǆMpuf!C-!DpjivfdpǇ!xijdi!ibt!bo!bqqspyjnbuf!bsfb!pg!3:2-87!ifdtares registered in the Property Registry of the 
Penco Real Estate Registrar of 2021, page 19, number 17. 

iii. ǆMpuf!F-!Sfubnp!VopǇ!xijdi!ibt!bo!bqqspyjnbuf!bsfb!pg!6.93 hectares registered in the Property Registry of the 
Penco Real Estate Registrar of 2021, page 22, number 18. 

iv. ǆMpuf!G-!Sfubnp!VopǇ!xijdi!ibt!bo!bqqspyjnbuf!bsfb!pg!6.12 hectares registered in the Property Registry of the 
Penco Real Estate Registrar of 2021, page 24, number 19. 

v. ǆDpsujkp!EptǇ!xijdi!bt!ibo!bqqspyjnbuf!bsfb!pg!:2-1!ifdubsft!sfhjtufsfd in the Property Registry of the Penco Real 
Estate Registrar of 2021, page 26, number 20. 

vi. ǆMpuf!K-!Sfubnp!EptǇ!xijdi!ibt!bo!bqqspyjnbuf!bsfb!pg!26.40 hectares registered in the Property Registry of the 
Concepcion Real Estate Registrar of 2021, page 439, number 417. 

All these land titles form the polygon indicated in Figure 4-7 below. 

To secure the payment of the real estate sale and purchase agreement, REE UNO SpA  constituted a mortgage in favor of 
Arauco on each one of the properties indicated in the previous paragraph. These mortgages are meant to be lifted on the 
date in which the purchase price is fully paid by REE UNO SpA, whose deadline is November 2026. 
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Figure 4-7: Polygon acquired from Forestal Arauco S.A. 
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Beejujpobmmz-!uifsf!jt!uif!ǆMvobǇ!fyusbdujpo!bsfb!pg!uif!Qspkfdu-!xijdi!jt!mpdbufe!jo!tvsgbdf!mboe!uibu!jt!pxofe!cz!bopuifs!
company (Sociedad Inmobiliaria Hermanos Recart Ltda). The Luna extraction area is shown in Figure 4-8. 

Nevertheless, this fact is not a limitation for REE UNO SpA to carry out exploration and exploitation activities in the area. 
This, since REE obtained the necessary authorization from the owners of the surface land in December of 2018, through 
the execution of a memorandum of understanding between REE UNO SpA and Sociedad Inmobiliaria Hermanos Recart 
Ltda. 

According to the MOU, in April of 2021 the terms and the compensation of the mining land use easement were agreed. The 
nptu!sfmfwbou!ufsnt!bsf;!2*!Uif!mboe!vtf!fbtfnfou!dpwfst!boe!fotvsft!bmm!uif!ifdubsft!pg!uif!ǆMvobǇ!fyusbdujpo!bsfb<!boe!
2) The land use easement is valid over all the lifetime of the Project. This mining easement is in the drafting process. 

Figure 4-8: Location of the Luna Extraction Area (brown)  
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4.6 Water Rights 

4.6.1 Water Use Rights 

The Penco Module has two water rights to supply the commercial plant. The following rights are owned by REE UNO SpA: 

¶ Right of consumptive use, on surface waters and streams of the Penco watershed, located in the district of Penco, 
Province of Concepcion, Biobío Region, according to the following exercise and distribution presented in Table 
4-5: 

Table 4-5: Right of Consumptive Use - Penco Watershed 

Flow Rate  Unit JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

Steady Continuous l/s  24 20 22 33 49 49 49 49 49 49 49 35 

Prospective Discontinuous l/s  25 29 27 16 0 0 0 0 0 0 0 14 

This right was granted by Resolution No. 208, dated 26 September 2016 of the General Directorate of Waters of the Biobío 
Region, reduced to a public deed in the Notary's Office of Concepcion of Esq. María Eugenia Rivera González dated 16 
January 2017, Digest No. 51/2017 and registered in page 10 No. 7 of the Water Ownership Registry of the Real Estate 
Registrar of Penco for the year 2018. 

The Project requires 9.7 l/s of water  which will come from the Penco watershed. In this connection, the hydric resource for 
the entire project development is ensured by just this right of consumptive use. 

¶ Right of consumptive use, on surface waters and streams of the Cabrito watershed, located in the district of 
Penco, Province of Concepcion, Biobio Region, according to the following exercise and distribution presented in 
Table 4-6: 

Table 4-6: Right of Consumptive Use - Cabrito Watershed 

Flow Rate  Unit JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

Steady Continuous l/s  0 0 0 0 9 49 49 49 49 0 0 0 

Prospective Discontinuous l/s  0 0 0 0 40 0 0 0 0 49 49 40 

This right was granted by Resolution No. 209 dated 26 September 2016 of the General Directorate of Waters of the Biobio 
Region, reduced to a public deed in the Notary's Office of Concepcion of Esq. María Eugenia Rivera González dated 16 
January 2017, Digest No. 52/2017 and registered in page 7, No. 6 of the Water Ownership Registry of the Real Estate 
Registrar of Penco for 2018. 

Figure 4-9 below shows more clearly the intake points from Penco and El Cabrito watersheds. 
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Figure 4-9: Intake Points 
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Additionally, REE owns two more water use rights near the Project; they are as follows: 

¶ Right of consumptive use, on surface waters and streams of the Bellavista watershed, located in the district of 
Tomé, Province of Concepcion, Biobío Region, Table 4-7 shows the following exercise and distribution of flow 
rates. 

Table 4-7: Right of Consumptive Use - Bellavista Watershed 

Flow Rate  Unit JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

Permanent discontinuous l/s  0 0 0 0 9 49 49 49 49 49 0 0 

Eventual discontinuous l/s  49 49 49 49 40 0 0 0 0 0 49 49 

This right was granted by Resolution No. 608 dated 10 December 2018 of the General Directorate of Waters of the Biobío 
Region, reduced to a public deed in the Notary's Office of Concepcion of Esq. Ramón García Carrasco dated 11 June 2019. 

¶ Right of consumptive use, on surface waters and streams of the Popen watershed, located in the district of 
Florida, Province of Concepcion, Biobío Region, Table 4-8 shows the following exercise and distribution of flow 
rates. 

Table 4-8: Right of Consumptive Use - Popen Watershed 

Flow Rate  Unit JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

Permanent  discontinuous l/s  0 0 0 49 49 49 49 49 49 49 49 0 

Eventual discontinuous l/s  49 49 49 0 0 0 0 0 0 0 0 49 

This right was granted by Resolution No. 208, dated 9 November 2015 of the General Directorate of Waters of the Biobío 
Region, reduced to a public deed in the Notary's Office of Concepcion of Esq. Ramón García Carrasco dated 11 June 2019. 

4.7 Permitting Consid erations 

Access to the Project is via Route 150 (this route is a public road) and then continues through a private road owned by Madi 
Ltda. 

By means of a certificate of feasibility of use of the road granted at the Notary of Concepcion of Mrs. Zunilda Suazo Castillo 
on July 6, 2021, Madi Ltda. has authorized the Penco Module the use of the road located in their property. 

4.8 Environmental Considerations  

Refer to section 20 for details related to environmental considerations. 

4.9 Social License Considerations 

Refer to section 20 for details related to social license considerations. 



  

 

 

Penco Module  Page  74 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

4.10 Comments on Property Description and Location  

In the opinion of the QP: 

¶ Aclara Resources Inc. 211&!pg!uif!njojoh!qspkfdu!dbmmfe!ǆPenco ModuleǇ/!Aclara Resources Inc. is also the Project 
operator.  

¶ Information from legal experts supports that the mining tenure held is valid and is sufficient to support the 
declaration of Mineral Resources and Mineral Reserves, as well as to support the development of the project. 

¶ Aclara holds sufficient surface rights to allow construction and development of the planned mining-related 
infrastructure. Additional surface rights, needed for the develop of the Luna area, are currently in the process of 
occupation easement negotiation. Together, the current ownership of surface land and the occupation easement 
in negotiation, cover 100% of the area needed for construction of facilities and infrastructure, as well as the 
extraction area. 

¶ Aclara holds water permits; these water rights guarantee the water requirement of the Project. 

¶ The current permits have allowed the development of the Project activities. There are duly legalized authorizations 
regarding the use of private access roads to the Project. Environmental permits are currently in the evaluation 
process. 
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 ˦ ˲˴˴˶̄̄˺˳˺˽˺̅̊˝ ˴˽˺˾˲̅˶˝ ˽̀˴˲˽ ̃˶̄̀̆̃˴˶̄˝ ˺˿˷̃˲̄̅̃̆˴̅̆̃˶˝ ˲˿˵ 
́˹̊̄˺̀˸̃˲́˹̊ 

5.1 Accessibility  

Access to the site from the town of Penco is 5 km via Route 150, which connects with a 7 km paved road that leads to the 
site as shown in Figure 5-1. Total travel time by road from Penco to site is approximately thirty minutes. Access is all year 
round. 

Figure 5-1: Access to plant  

 
Note:  prepared by Aclara, 2021. 
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5.2 Climate 

Mpdbm!dmjnbuf!jt!ufnqfsbuf!sbjoz!xbsn!xjui!xjoufs!sbjot!boe!ijhi!bunptqifsjd!ivnjejuz!)Dtcoǃt*-!xijdi!dpoufnqmbuf!bt!
basis the same characteristics related to temperature, precipitation, and thermic characteristics than Csb weather. 
However, this weather has rare fogs with high humidity in the air and lack of rain with a relative low temperature.  

The reference elevation of land in which Process Plant will be located is, approximately, 250 meter above sea level. 

The average temperature in the Project zone ranges from minimum values of 9° C to maximum values of 23.8 ° C in 
Summer, while in Winter the minimum averages 4.2 °C and maximum values of 11.6° C are reached.  

The annual average relative humidity is 85%, with an average of 75% during summer and 95% during winter.  

The mean annual total precipitation at site is 1,550 mm, with a monthly average rainfall of 35 mm and 150 mm during 
summer and winter respectively. 

5.3 Local Resources and Infrastructure  

The Penco Module is located in the border of the Penco and Concepcion districts. The population of Penco and Concepcion 
Districts are 47,367 and 223,574, respectively. 

The Project contemplates the development of instances, in the districts of Penco and Concepcion, to promote the hiring of 
local labor according to the requirements of each stage of the Project; construction, operation and closure. Under the same 
concept, local supplier plans will be developed to promote the development of the districts and satisfy the requirements of 
the Project. 

The province of Concepcion is considered a center for knowledge, culture, science and technology and for the development 
of research as a result of the knowledge developed by the great variety of professionals and specialists trained in the 
Universities of the province. 

The region has extensive knowledge of the mining industry generated by the development of the coal industry and the steel 
industry. The region's economy is sustained by a strong export base from forestry activity, fishing and industrial activities, 
highlighting cellulose, fishmeal and steel. 

The port, railways and service infrastructure (Figure 5-2) present in the districts of Concepcion and Penco elevate the BioBío 
region as a logistics platform for the country's exports and imports. 
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Figure 5-2: Port and Airport  

 
Note: prepared by Aclara, 2021. 

The Ports of Lirquen and Talcahuano are located 8 km and 20 km from the Project site, respectively. The processing plant 
is located 12 km from the Carriel Sur International Airport located in the Talcahuano District as shown in Figure 5-2. 

Concepcion is part of the great national railway logistics network for freight transport. The railway section that connects 
the cities of Penco and Concepcion is used only as a means of transport and supply to the ports of the BioBío Region. 

The BioBío Region has the second largest installed power generating capacity and registers the highest consumption of 
primary energy in the country, making it the energy capital of Chile. The installed capacity in the region is 4,792 MW in 68 
plants, of which 3,162 MW come from renewable energies.  The processing plant is located less than 3 km from the Penco 
electrical station and less than 8 km from the Concepcion substation as shown in Figure 5-3. 
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Figure 5-3: Power And Water Supply 

 
Note: prepared by Aclara, 2021. 
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The BioBío region has 21 water purification plants supplying more than 449,000 customers, through a permanently 
monitored underground network of pipes. A tank is considered in the project, which will be supplied by a tank truck. Potable 
water will be mainly used for human consumption and emergency eyewash showers. 

The Project's fresh water will be supplied through a water intake in the Penco stream, which will allow the operation of the 
production plant. 

5.4 Physiography 

The Project is located in the Region of Biobio, in a general area located in the Costal Range, near the district´s of Penco and 
Concepcion. The Project area is between 180 and 400 meters of altitude, approximately. 

Regarding geomorphology, the conditions present in the Region, according to the classification proposed by Börgel (Börgel, 
R., 1983) show a clear distribution within the type of formations that develop: 

¶ Marine and / or fluviomarine plain. 

¶ Coastal Range. 

¶ Marginal granite basin. 

¶ Plains of fluvial and / or alluvial sedimentation. 

¶ Central fluvio-glacio-volcanic plain. 

¶ Central plain with moraines and cones. 

¶ Foothills- Andean mountain range with cryonic retention. 

¶ Active volcanic mountain range. 

Of the geomorphological formations indicated, the Project is located in the Costal Range formation. This physiographic unit 
is characterized by being a flattened relief, with some bodies with heights no higher than 780 meters. 

From a hydrological point of view, the El Cabrito stream, the only channel with permanent flow, is located 1.5 km North of 
the Project. In the Central Zone of the Project there are streams that are part of the Penco stream drainage network, while 
in the South zone there are no bodies of water. 

Based on the Bioclimatic and Vegetational Synopsis of Chile (Luebert & Pliscoff, 2017), the Project is located between two 
(2) plant formations, the sclerophyllous forest and the deciduous forest. However, an important part of the vegetation is 
fragmented and most of it has been replaced by Pinus radiata and Eucalyptus globulus plantations. 

Iriarte (2008), established that the area where the Project will be located corresponds to the Valdivian forest, corresponding 
to an ecoregion of the south central zone of the country, between parallels 35 ° and 48 °, highlighting a large amount of 
native fauna. In addition to the above, Demangel (2017) identifies the Project area within the temperate forest biogeography. 
Despite what has been described above for this type of ecological or bioclimatic region, this area, and a large part of the 
Biobio region, has a large area of forest and agricultural plantations, the main ones being monoculture forest plantations, 
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the cultivation of grass species forage crops and cereal cultivation, significantly reducing the possibility of finding a large 
part of the species of ecological interest. 

The Project is not located in Protected Areas and Priority Sites for Conservation, so none of its activities, parts or works 
directly or indirectly affect this environmental component. The closest of these protected areas is the Nonguén National 
Reserve, at an approximate distance of 13 km to the South (S) of the Project's area of influence, while the Hualpén Peninsula 
Nature Sanctuary is located 20 km to the Southwest (SW) of the Project. 

Additionally, the Project area does not coincide with any of the historical monuments and areas of historic conservation 
buildings. 

5.5 Seismicity  

According to the Chilean standard NCh2369, the Project is located in Seismic Zone 3, presenting maximum effective 
acceleration values of the soil of 0.4 g/!Ju!tipvme!cf!opufe!uibu!uif!foujsf!dpvouszǃt!ufssjupsz-!xjui!jut!uisff!tfjtnjd!{poft-!
present a high seismic risk. 

In 2021, Chilean company Gensis, Ingeniería Geotécnica Sísmica developed a study to evaluate seismic danger in the area 
where the Penco Module will be located, with the purpose of quantifying the seismic demand for different performance 
levels in the different areas of the Project. Recommendations will be included in future design phases. 
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 ˧ ˹˺̄̅̀̃̊ 

6.1 Ownership History 

From 2012 to 2018 Penco Module was majority-owned (94%) by a Chilean private fund FIP Lantánidos and controlled by a 
private equity firm named Minería Activa (MA). MA was created in 2008 to manage private equity investments in the mining 
industry, from exploration to production.  

Hochschild Mining invested in the Project during 2018 and in early 2019 in exchange for a 6.2% equity stake with an option 
to increase ownership. At the end of 2019, Hochschild Mining took full ownership of the Penco Module deposit after 
acquiring the remaining 93.8% stake. 

During the month of August, 2021, REE Uno SpA -the Chilean company holding 100% of the Project started to implement a 
change in the trading name of the Project, from BioLantánidos to Aclara.  REE Uno SpA continues being the legal owner of 
all the Project's assets and rights and this is only a change in the commercial brand of the Project vis-a-vis its stakeholders, 
which has no legal impact in any of the Project's activities and pending processes. REE Uno SpA has started the registration 
of the relevant trademarks, logos and internet domain names to be associated with the use of the new commercial brand, 
both in Chile and Canada. 

6.2 Exploration History  

Minera BioLantánidos (MBL) began exploring Lanthanides in northern Chile, focusing on Iron Oxide Copper Gold (IOCG) ore 
deposits and Iron Apatite deposits. Nevertheless, the interest decreased after it was reflected that they are characterized 
by low-grade, low volumes and complex metallurgy. Considering the above, in 2012 MBL change the focus of the 
exploration program to an Ion Adsorption Clay model. This marks the beginning of the study and geological mapping of the 
Coastal Batholith, in the Region of Biobio, with the main focus in the migmatites of Santa Juana and the pegmatites of 
Florida, leading to the discovery of the peraluminous granite of Penco. 

The High Rare Earth anomalies detected in Penco granites in 2014, were found in outcrops of slopes by new roads and 
studies involving radiometric flights, NanoTEM, Lidar topography, and surface sample ICP analysis. This sampling 
confirmed that the Garnet Granite is strongly correlated to the radiometric Th anomaly. At the same time, in early 2015, the 
first sample of REO Concentrate was obtained from this material using a pilot plant located in the sector of Cabrito in Penco.  

In 2014, MBL acquired a sonic drill to drill the saprolite without water injection or additives. These activities were carried 
out in Penco and El Espino area located 13 km of Penco.  

In September 2014, a second sonic machine was included. This program ended in June 2015, completing 4,888 m in 166 
sonic drill-holes and 1,171 m in 11 diamond drill-holes. During this period, the source zones that were defined are now  
called Marisol, Alexandra, Victoria (Norte and Sur), Luna, and Maite.  Phase III of drilling in Penco started in August 2015, 
completing 3,239 m with 125 sonic drill holes. The last phase started in 2017 and ended in 2018, 5,522 m were drilled in 
176 sonic drill holes. 

In 2020, MBL, planned a drill campaign to characterize the mineralogy, analyse the REE-total and REE exchangeable. This 
led to the establishment of a new geological domain and resource model estimation updated for Maite, Victoria (Norte and 
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Sur), Luna y Alexandra ore bodies totalling 6,486 m in 220 sonic drill holes.  From December 2020 to March 2021, a 
brownfield and infill campaign was performed for the Penco Project with a total of 6,418 m in 259 sonic drill holes. The 
objective was to extend the known mineralized ore bodies in Maite, Luna, Alexandra, Victoria Norte, and Victoria Sur totalling 
6,700 samples. 
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 ˨ ˸˶̀˽̀˸˺˴˲˽ ̄˶̅̅˺˿˸ ˲˿˵ ˾˺˿˶̃˲˽˺̋˲̅˺̀˿ 

7.1 Regional Geology 

The Project covers an area of 6 km x 3 km, located in the Coastal Range in the Biobio Region in south-central Chile and it 
lies in a carboniferous granitoid batholith complex intruding the eastern metamorphic basement series. See Figure 7-1 for 
the location of these geological and geophysical anomalies. 

Figure 7-1: District Geological and Geophysical Thorium Anomalies Maps 

 
Note:  prepared by Aclara, 2021. 
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These rocks were affected by humid temperate climatic conditions that lead to the development of an extensive and deeply 
weathered regolith (+/- 40 m). This regolith contains abundant clay minerals that were locally enriched with REE in the 
favorable horizons. Mineria Activa (MA) carried out a geochemical program in the zone that found significant yttrium (Y), 
cerium (Ce) and thorium (Th) anomalies (Figure 7-1). 

Locally, REE anomalies were detected through soil analysis, using a portable XRF in roadcut exposures. The most 
significant were found in the Penco sector. These findings were better defined by a radiometric flight, NanoTEM and LiDAR 
topography, confirming that GG is strongly correlated with the radiometric anomaly of Th. 

7.2 Project Area Geology 

7.2.1 Lithology  

Four main rock complexes are recognized: Metapelites (Paleozoic basement), Eastern Concepcion Plutonic Complex 
(oldest intrusion, east of the Project), Penco Granitoid Complex (host of REE-rich ore bodies) and the Quartz-Diorite 
(youngest intrusion). Figure 7-2 presents the geology of the Project and the compositional variety of the igneous intrusions. 
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Figure 7-2: District Geological Map of the Penco Module Located Between the Western Series, the Metamorphic Complex 
(WMC) and Concepcion Eastern Concepcion Plutonic Complex (CEPC) 

 
Note:  prepared by Aclara, 2021. 
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7.2.1.1 Eastern Series Metamorphic Complex (ESMC) 

According to its macroscopic aspect and the presence of weak foliation, the ESMC has been classified as a low-grade 
metamorphic metapelite of medium to fine grain size, brown to reddish-brown color, very competent, with abundant quartz 
and visible micas. Its high quartz content and silicification makes it resistant to weathering conditions, leaving it exposed 
at the southern and western zones of the district, prevailing in the higher parts of hills, usually as a roof pendant over the 
granitoids. 

7.2.1.2 Eastern Concepcion Plutonic Complex (CEPC) 

The CEPC is the oldest intrusive unit, characterized by biotite- and amphibole-bearing granitoid (GB) of I-type magmatism, 
with hornblende and high Ca-Na (plagioclase) concentrations (Deckart et al., 2014; Dold, 2015). The GB has a coarse to very 
coarse grain phaneritic texture with a whitish-gray color on the fresh surface, comprising quartz (35%), plagioclase (25-
30%), biotite (15-18%), amphibole (5-10%) and occasional K-feldspar (<3%). In outcrops, the GB is yellowish-brown and rich 
in large quartz crystals (>5 mm) with a saprolitic matrix rich in clays and iron hydroxides, after feldspar, biotite and 
amphibole weathering. The CEPC is widely distributed as a NS-elongated belt in the eastern zone of the district. On its 
western margin, it has intruded the ESMC by fault contact (Creixell, 2001). 

7.2.1.3 Penco Granitoid Complex (PGC) 

After the CEPC intrusion, the PGC takes place through a biotite-bearing diorite (DRT) and garnet-bearing granitoid (GG). 
Radiometric dating of U-Pb in zircon yields an age of 318.9± 2.2 Ma for both subunits, which are distributed in the north and 
center zones of the district. The DRT locally contains low-grade REE-exchangeable mineralization and is the country rock 
of the garnet-rich GG. The DRT is characterized by medium to fine grain equigranular texture, with mainly plagioclase with 
subhedral biotite (15-20%), scarce interstitial quartz and rare interstitial amphibole. Its intrusion is followed by (or syngenetic 
to) the GG, likely generating regional metamorphism and/or partial melting of metasediments. 

The GG consists of garnet- and biotite-bearing tonalites with coarse to medium-grained texture, comprising plagioclase 
(28-35%), quartz (15-25%), garnet (15-24%), and biotite (12-18%), with small quantities of amphibole (2%) and K- feldspar 
(1%). The almandine garnet is one of the latest formed minerals, characterized by euhedral crystals, commonly with ring-
like inclusions of quartz, apatite, amphibole and ilmenite as well as accessory REE-rich minerals. Variable quantities of 
sericite, chlorite, and allanite-epidote are observed, and locally, calcite veins affect these rocks. Frequently, irregular and 
subangular centimetric- to metric-size diorite and metapelite xenoliths have been recognized in this subunit. 

7.2.1.4 Quartz-Diorite Pluton (QDP) 

The QDP is distributed in the northern part of the study area, on the roof of the GG, recognized as dikes in deep intercepts 
of the drill holes. These intrude the PGC and are barren of REE mineralization. Radiometric dating of U-Pb in zircon yields 
an age of 307.3±1.8 Ma for this unit, meaning that it is 10 Ma younger than the PGC. It is comprised of quartz-dioritic rocks 
with mostly medium -grained to porphyritic textures and primary minerals such as plagioclase, subhedral biotite, and scarce 
amphibole. Fine-grained anhedral biotite probably has a secondary origin. Anhedral quartz is commonly interstitial (>10%) 
with rare K-feldspar. Plagioclase is altered to sericite and locally to calcite, while mafic minerals are moderate to intensely 
altered to chlorite. Biotite alteration also affects mafic minerals. Accessory minerals are ilmenite, rutile, apatite, and zircon. 

7.2.2 Mineralization  

The regolith profile caused by the weathering of the different lithologies developed clay minerals with capacity for cation 
adsorption. Of these minerals, the garnet-bearing granitoid (GG) is the source of the REE mineralization and as such its 
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regolith profile is the richest in exchangeable REE (Figure 7-3). Other lithologies such as the biotite-bearing diorite (DRT) 
and metapelites (MP) contain decreasing levels of exchangeable REE, based on proximity to the GG, due to secondary 
enrichment of REE-rich fluids sourced from the GG following lateral migration under specific geochemical conditions (pH, 
alteration). Thus, mineralization depends on GG weathering intensity and topography (flatter relief allows for thicker regolith 
profiles and preserves ore bodies). 

Figure 7-3: Petrography and Mineralogy of the Parent Granite 

 
Note:  prepared by Aclara, 2021. 

Note: 
A) Garnet in GG with disseminated qz, hbl, mnz, ilm, zr inclusions; 
B) Garnet in GG with disseminated qz, hbl, mnz, ilm, zr. At the garnet edges, precipitation of all and chl can be seen as a later "propylitic" phase; 
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C) Mnz replaced by all; 
D) Moderately sericitized plg, crossed nicols, 200X (GG-A); 
E) Vermiculite cluster, crossed nicols, 200X (GG-B1); 
F) Ep patch next to ver, crossed nicols, 200X (GG-B2); 
G) Tabular plg crystal with ill, ser and clay replacements, crossed nicols, 200X (GG-C1). 

In the GG the source of LREE is mainly monazite and of HREE xenotime and zircon. Additionally, it has important contents 
of ilmenite and garnet (Table 7-1). A subsequent event of alteration via a solution rich in Ca, Al, and Fe result in a main 
alteration of monazite to allanite (Figure 7-3B). It was detected that the mineralogy that implies the source of the REE in the 
garnet granite, is mainly monazite with alteration to allanite and epidote of REE (Figure 7-3C). To better analyse its origin, 
the distribution (pattern) of REE in the different source minerals is presented and normalized to chondrite (Figure 7-4) 
according to Taylor and McClennan (1985). 

Table 7-1: Mineral Geochemistry Data Integration from Microprobe with Mineralogical Quantification via QEMSCAN.  

Mineral  n % % 

Apatite (ap) 152 1.27 1.72 

Titanite (tit) 69 0.42 0.00 

Biotite (bt) 35 0.13 2.14 

Hornblende (hbl) 22 0.20 0.00 

Zircon (zr) 98 0.63 0.28 

Ilmenite (ilmn) 48 0.16 0.43 

Xenotime-Y (xen) 7 49.22 7.92 

Monazite (mnz) 161 63.95 30.88 

Allanite (all) 200 22.39 39.65 

Chlorite (chl) 60 0.19 2.20 

Garnet (grt) 33 0.23 14.76 

Note: 
The second column shows number of analyses by mineral (EMP). The third column shows total REE % for each mineral and calculated in combination 
with the quantification of minerals in the samples of the GG unit. 
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Figure 7-4: REE Composition of the Main Minerals Present in GG Normalized to Chondrite.  

 

Note:  prepared by Taylor and McCleannan, 1985. 

7.2.3 Regolith and Soils Description 

The Penco regolith profile is up to 35 m thick and comprises, from the bottom up (Figure 7-5): Unaltered bedrock (Horizon 
D), transitional zone (Horizon C2), semi-weathered zone (Horizon C1), completely weathered zone (Horizon B), pedolith and 
topsoil (Horizon A). 

Figure 7-5: Regolith and Soils Description 

 
Note:  prepared by Aclara, 2021. 
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Note:  a) The Penco regolith profile and their corresponding horizons D, C2, C1, B and A; b) and c) The weathering profile in Penco follows the findings of 
other IADs located in Southern China (Li et al., 2019); d) Illustrations from bore material recognized in the Penco Module and their corresponding regolith 
horizon. 

The regolith profile is identified for every lithological unit such as the biotite-bearing diorite (DRT), metapelite (MP) and 
garnet-bearing granitoid (GG), the latter of which will be used ahead as the model. Apart from core logging, multidisciplinary 
techniques such as geochemistry (major elements and total REE), mineralogy, pH, and exchangeable REE with ammonium 
sulfate were used to define the geologic units as further described: 

7.2.3.1 GG-D (unaltered bedrock) 

Parental rock of altered garnet-bearing granitoid, under the regolith limit. In this horizon, it is possible to recover REE by 
cationic exchange by rock grinding. The total REE content is 2,509 ppm, pH range from 7 to 9, illite-dickite, vermiculite and 
kaolinite vary between 8-17%, 21-22%, and 2-40%, respectively. 

7.2.3.2 GG-C2 (transitional zone) 

Corresponds to the upper part of the bedrock from the saprolite/rock boundary up to 45 m depth, formed in the garnet-
bearing granitoid. It has slight REE concentrations towards the interchangeable fraction. The presence of Ca-Mg decreases 
the cation exchange capacity of the lanthanides, and the increase of pH (> 6). The constant concentrations in this unit 
indicate that REE are enriched by weathering of the primary resource and not by leaching from the saprolite (Y, Dy-Tb < 
10ppm). Clay minerals such as illite-dickite, vermiculite, and kaolinite vary between 4-14%, 10-30%, and 18-60%, respectively. 

7.2.3.3 GG-C1 (semi-weathered zone) 

It is located 15 to 5 m from the transitional horizon and corresponds to the lower part of the saprolite. Anomalous REE 
concentrations are associated with illite-dickite and vermiculite (minerals with cation exchange capacity) with decreasing 
values of 14-7% and 15-8%, respectively, whereas the kaolinite shows opposite values, from 52 to 78%. The total REE varies 
from 2,250 to 2,500 ppm and pH ranges from 7 to 5.5. Major elements exhibit negative excursions reaching values from 
4.2-2.1% for hard-cations (the sum of Ca, Na, K, and Mg), 19-16.5% for semi-hard cations (including Fe and Mn), and 18-
17% for immobile elements (including Al and Ti). It is most likely the product of the weathering of the primary resource, but 
without secondary enrichment from the top.  

The regolith in this horizon is better preserved with dark brown color, texture observable to the naked eye and clusters of 
cohesive saprolite within the altered matrix. Garnet has better preservation than overlying horizons, both in size and 
percentage. Biotite is abundant and blackish to golden in color. Plagioclase is also abundant and moderately preserved, 
with an incipient kaolin alteration. Quartz is ~5 mm, abundant (5-30%) and subhedral. The matrix is underdeveloped, 
composed of Fe oxides and limonite from protolith alteration. 

7.2.3.4 GG-B2 (completely weathered/enriched zone): 

Corresponds to the medium part of the saprolite, it ranges from 4 to 30 m depth and contains most of the exploitable 
resource. This horizon has strong enrichment of total REE (3,500 ppm) and the exchangeable REE fraction (1,350 ppm), 
marked by high Y and Dy-Tb grades and mainly associated with kaolinite, which exhibits very positive values (70-80%), 
whereas illite-dickite show low values (5-3%), and vermiculite is nearly absent. The pH shows a negative excursion from 
5.7-5.2, as well as 2.0-1.2% for hard-cations, 18.5-14% for semi-hard cations, and 17-15% for immobile elements. 

The regolith in this horizon is less preserved than in the previous one (GG-C1), with a dark brown color and relatively well 
preserved texture, where the mineral arrangement can be observed. Garnet shows 4 mm sub-rounded and subhedral forms. 
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Plagioclase is better preserved (2-10%) exhibiting ~3 mm subhedral form and strong kaolin alteration, though preserving 
its shape. Biotite shows ~3 mm subhedral to euhedral form, golden colored, and sometimes chloritized. Biotite is 
disseminated across the horizon. Quartz is ~3 mm (5-25%) with subhedral to crystalline anhedral form. Opaque minerals 
associated with garnet are maintained and are represented by Fe oxides that leach from the horizon profile. 

7.2.3.5 GG-B1 (completely weathered zone) 

Corresponds to the upper part of the saprolite, the first 4-10 m. Total and exchangeable REE contents decrease compared 
to the previous zone (GG-B2) due to the higher recovery of hard-cations (4%) and immobile elements (20%), as well as the 
increase of pH (> 5.7). Clay minerals such as illite-dickite and vermiculite show positive values, whereas kaolinite decreases. 

The regolith in this horizon is completely altered, the primary texture is wholly obliterated exhibiting a dark brown color. 
Garnet abundance decreases compared to the underlying horizon (2-15%), showing a sub-rounded anhedral form. 
Plagioclase is ~2 mm (2-5%) with subhedral form and highly altered to kaolin. Biotite is ~2 mm (2-8%) with subhedral to 
euhedral form, golden colored, sometimes chloritized, and disseminated across the horizon. Quartz is 3 mm (5-20%) with 
subhedral to crystalline anhedral form. There is an increase in vein content of various sizes (~1-10 mm), with an opaque 
mineral/garnet association. Kaolin veinlets are distributed chaotically. 

7.2.3.6 GG-A (top of regolith)  

Corresponds to the pedolith, which includes the ferruginous and topsoil zones. It is characterized by a completely 
obliterated texture with brown to red coloring. In the first few centimeters from the top, it is possible to find an area of 
blackish organic matter with plant remains of leaves and/or roots. The primary relict mineralogy is garnet (2-10%) with ~ 3 
mm, anhedral sub-rounded form, moderately to strongly altered. Under pressure garnet is broken giving a reddish coloration 
on the fresh face. Biotite is <1 mm (2-5%) with subhedral form, and some chloritization. Quartz is well preserved (2-15%) 
exhibiting 3 mm subhedral to anhedral crystalline form. Kaolin is disseminated (2-8%) as supergene mineralogy due to 
plagioclase replacement. Opaque minerals are especially associated with garnet (2-5%) with a blackish color. Iron oxides 
are represented by the limonite group (5-25%). 

7.2.4 Alteration  

As previously mentioned, the protolith is affected by a propylitic hydrothermal process characterized by chlorite, sericite, 
epidote-allanite and local biotite. The closest process related to a classical mineralization-related alteration could be said 
to correspond to the leaching of the primary REE minerals, subsequently deposited in the favorable clay layers of the 
regolith. 

In this type of regolith deposit, typical hydrothermal alterations do not seem to be useful for the definition of mineralization 
units as they do not seem to control the occurrence. 

7.2.5 Structure 

There are some important NNE faults that seem to be related to deep gullies, interrupting the continuity of the REE 
mineralized horizons, not precisely for their tectonic effect but because they facilitate erosion of the regolith. Thus, their 
importance in controlling the geometry of the deposits and their effect in the mineralization distribution is not clear so far. 
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7.3 Deposit Geology 

7.3.1 Victoria  

This deposit previously corresponded to 2 sectors named Victoria Norte and Victoria Sur that were unified into a single 
orebody named Victoria. It is the most important deposit in the Project. 

Victoria Norte is mainly dominated by the garnet-bearing granitoid (GG) that extends to Victoria Sur (Figure 7-6). The GG is 
1,800 m long and 350 m wide, limited by a belt of metapelites (MP) to the west and a basement of biotite-bearing diorite 
(DRT) to the east, acting as the GG country rock. The saprolite ranges from 39 to 14 m in thickness, better developed in 
Victoria Norte than Victoria Sur. The GG was the main target of the drillings campaign because its saprolite hosts most of 
the exchangeable REE mineralization. Thus, the geological units used for the metallurgical tests were the GG-B1, GG-B2 
and GG-C1. Other lithologies such as DRT and MP were mineralized in their B regolith profile (DRT-B1 and MP-B1) due to 
REE-rich fluid migration following certain chemical conditions (pH, alteration, clay adsorption). 

The main clay mineral recognized in Victoria Norte and Sur is kaolinite as indicated by DRX characterization. For instance, 
in Victoria Norte, kaolinite increases abruptly from an average of 37.8% in the C1 horizon to 52.1% in the lower B2 horizon 
and 57% in the upper B1 horizon. On the other hand, in Victoria Sur, kaolinite increases gradually from an average of 43.56% 
in the C1 horizon to 47.9% in the lower B2 horizon and 60.63% in the upper B1 horizon, ending abruptly in the top A horizon 
with 71.22%. Halloysite and montmorillonite were recognized only by Terraspec Halo, and are present in the majority of 
horizons in Victoria Norte, but relatively scarce in Victoria Sur. In addition to the clay minerals mentioned above, illite and 
smectite are present only sporadically. 

Averaged results of the bulk geochemistry analyses are reported in Table 7-2, and the entire dataset is available in the assay 
table of the Project. The parent granite (GG) is low in alkalis and highly peraluminous. P and Ca concentrations are high. 
REE concentrations are relatively high, particularly those of HREE. The (La/Yb)/N ratio ranges from 14.22 to 12.50. Samples 
from different soil horizons show large variations in their elemental compositions. Samples of the A, upper B1 and lower 
B2 horizons have the highest chemical indices of alteration, followed by samples of the C1 and D horizons respectively.  

Aclara studied the concentrations of a variety of major and trace elements as a function of the CIA to understand their 
behavior during weathering. The contents of Al2O3, Fe2O3 (total iron), and TiO2 increase gradually with increasing CIA from 
the bedrock to the A horizon. These changes are consistent with the immobility of these elements, and their apparent 
increase in concentration is due to the overall loss of mass during progressive weathering. In contrast, concentrations of 
CaO and Na2O drop sharply from the bedrock to the soil in the lower D horizon as a result of the strong leaching of these 
elements by the weathering solution. The decrease in K2O concentration is more gradual, i.e., from 1.31 in the bedrock to 
0.65 wt % on average in the A horizon (Table 7-2). This likely reflects the fixation of K2O by clay minerals like illite. The 
concentration of SiO2 gradually decreases from the bedrock to the upper horizon B1 with an average of 57.15 to 55.29 wt 
% and then decreases sharply to an average of 51.60 wt % in the A horizon (Table 7-2). The gradual decrease is probably 
due to a significant mass loss in this horizon and the relative immobility of SiO2 during weathering, whereas the sharp 
decrease in the A horizon probably reflects dilution due to the addition of organic matter. The concentration of P2O5 
increases slightly from the bedrock to the B1 horizon (0.49 wt % avg) and then decreases sharply to an average of 0.32 wt 
% in the A horizon (Table 7-2). 

Bedrock REE concentrations increase progressively from the D horizon (1,727 ppm avg) to a maximum in the C1 (2,217 
ppm avg) and lower B2 horizons (2,442 ppm avg), and then decrease in the upper B1 (2,123 ppm avg) and A horizons (1,231 
ppm avg) (Table 7-2). The first part of the trend matches the increase in the CIA, but is reversed above the lower B2 horizon, 
suggesting a sharp change in REE mobility above and below this horizon. The (La/Yb)N ratio decreases from a value of 
11.17 on average in the parent granite, which is highly enriched in LREE, to 9.3 in the C1 horizon and 8.17 in the lower B2 
horizon. Samples from the upper B1 horizon and A horizon have average (La/Yb)N ratios of 9.89 and 10.73, respectively. 
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Thus, the enrichment in REE of the C1 and lower B2 horizons correspond to enrichment in HREE relative to the parent 
granite and drop to values close to that of the parent granite in the upper B1 horizon and REE-poor A horizon. High field 
strength elements such as Th, Nb, Ta, and Ti behave conservatively during weathering, increasing progressively from the 
granite to the B horizon. Besides Th decreasing abruptly in the A horizon, their concentrations increase due to the overall 
mass loss from the leaching of other elements. 

Table 7-2: Average Density, pH, and Bulk Major and Trace Element Compositions of the Regolith and Fresh-Rock Samples 
from the Victoria Penco Deposit  

Horizon VIC GG-A VIC GG-B1 VIC GG-B2 VIC GG-C1 VIC GG-D 

Density (g/cm3) 1.4 1.7 1.71   

pH 5.84 5.48 5.37 6.07 7.87 

Major element compositions in wt%  

SiO2 51.60 55.29 56.85 56.06 57.15 

Al2O3 19.03 16.30 15.57 15.40 16.26 

Fe2O3 13.80 15.38 15.13 15.63 13.60 

CaO 0.20 0.24 0.28 1.17 2.14 

MgO 0.47 0.61 0.74 1.09 1.48 

Na2O3 0.11 0.08 0.12 0.46 1.08 

K2O 0.65 0.79 0.88 0.94 1.31 

Cr2O3 0.01 0.01 0.01 0.01 0.01 

TiO2 1.41 1.01 0.92 0.96 0.94 

MnO 0.17 0.25 0.27 0.28 0.22 

P2O5 0.32 0.49 0.48 0.47 0.39 

SrO 0.01 0.01 0.01 0.01 0.02 

BaO 0.02 0.02 0.03 0.03 0.03 

LOI 12.11 9.41 8.70 7.35 5.20 

Total 99.92 99.88 99.97 99.83 99.82 

CIA 95.66 94.15 93.13 88.20 82.56 
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Horizon VIC GG-A VIC GG-B1 VIC GG-B2 VIC GG-C1 VIC GG-D 

Trace element compositions in ppm  

Ba 214.24 209.88 254.89 271.64 310.31 

Cr 62.05 49.36 46.92 53.52 61.88 

Cs 5.37 4.87 5.11 4.38 5.33 

Ga 26.07 23.31 22.42 21.92 23.60 

Hf 19.16 24.00 23.70 25.18 21.52 

Nb 18.57 18.02 17.77 18.29 17.39 

Rb 44.28 49.68 56.71 52.86 70.99 

Sn 2.62 2.33 2.28 2.22 2.38 

Sr 36.78 27.35 27.01 85.79 148.86 

Ta 1.08 1.05 1.02 1.05 1.03 

Th 88.04 138.25 141.65 137.25 111.00 

U 2.52 2.30 2.27 2.19 2.24 

V 150.54 81.83 65.93 73.12 89.31 

W 2.46 2.55 2.88 3.82 4.94 

Y 130.50 271.40 427.07 338.02 246.12 

Zr 774.13 968.73 949.82 1010.69 860.94 

La 209.93 377.62 410.52 379.19 299.72 

Ce 505.14 779.89 809.63 783.32 621.50 

Pr 52.09 91.97 98.53 91.96 72.96 

Nd 199.25 351.89 380.00 353.43 279.37 

Sm 32.91 55.69 61.64 56.95 44.46 

Eu 1.84 2.42 2.78 2.39 2.16 

Gd 27.68 48.56 60.06 52.58 41.66 

Tb 4.31 7.83 10.19 8.80 6.76 

Dy 27.70 52.42 70.78 59.78 44.89 

Ho 5.40 10.78 14.97 12.29 9.22 

Er 15.43 32.09 44.15 35.79 26.88 
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Horizon VIC GG-A VIC GG-B1 VIC GG-B2 VIC GG-C1 VIC GG-D 

Tm 2.26 4.74 6.26 5.15 3.85 

Yb 14.76 31.23 39.47 32.83 23.97 

Lu 2.11 4.54 5.77 4.74 3.40 

REE 1231 2123 2442 2217 1727 

LREE 999 1657 1760 1665 1318 

HREE 232 466 681 552 409 

Figure 7-6: Geology of Victoria Norte and Victoria Sur characterized by a principal GG hosting REE exchangeable in its regolith 
part and the collars of the drilling campaigns.  
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Note:  prepared by Aclara, 2021. 

7.3.2 Maite and Luna 

Maite is characterized by an 800 m long and 350 m wide GG, presenting MP xenoliths, and hosted by the DRT (Figure 7-7). 
As expected, the saprolite from the GG is the most important from an economic point of view and therefore was drilled in 
very high detail. It ranges from 45 to 20 m in thickness, comprising the GG-B1, GG-B2, and GG-C1 units. Other relevant units 
are the DRT-B1 and MP-B1. All lithologies and horizons cited above were used for the metallurgical test due to their 
significant exchangeable REE contents.  

The units recognized in Maite extend towards Luna, characterized by a 300 m long and 125 m wide GG surrounded by DRT. 
The saprolite ranges from 38 to 26m in thickness, again comprising the GG-B1, GG-B2, and GG-C1 units, with GG-B2 and 
GG-C1 as the most economically important. Other units such as the DRT-B2, DRT-C1, MP-B2, and MP-C1 were also 
mineralized due to REE-rich fluid migration coming from the GG. All these units were also tested for metallurgy due to their 
significant exchangeable REE contents. 

The main clay mineral in Maite is kaolinite as recognized by DRX characterization, increasing abruptly from an average of 
28% in the C1 horizon to 50% in the lower B2 horizon and then decreasing in the upper B1 horizon to 46.2%. Smectite also 
gradually increases from an average value of 0.06% in the C1 horizon to 0.1% in the lower B2 horizon, though it was not 
detected in the upper B1 horizon. Some local clays were detected using the Terraspec halo such as halloysite, 
montmorillonite, and others. 

In Luna, as in Maite, the predominant clay mineral is kaolinite, increasing gradually from an average of 41.85% in the C1 
horizon to 47.52% in the lower B1 horizon and then decreasing in the upper B1 horizon to 44.51%. The percentage of 
kaolinite is more developed in the C1 horizon in Luna than in Maite, indicating deeper chemical alteration. Halloysite and 
montmorillonite were identified locally with the Terraspec Halo. 
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Figure 7-7: Geology of Maite and Luna characterized by a principal GG hosting REE exchangeable in its regolith part and 
surrounded by diorite. The collars of the drilling campaigns are also shown.  

 
Note:  prepared by Aclara, 2021. 

7.3.3 Alexandra 

Alexandra is characterized by a 1,000 m long and 300 m wide GG, and a saprolite ranging from 40 to 20m in thickness. The 
GG is limited to the north by a belt of MP and DRT in the south (Figure 7-8). Through the drilling campaigns, geological units 
such as GG-B1, GG-B2, GG-C1, DRT-B1, and MP-B1 were identified, which were also analyzed for metallurgical tests due to 
their significant exchangeable REE contents. 

The predominant clay mineral is kaolinite, increasing abruptly from an average of 13.81% in the C1 horizon to 49.13% in the 
lower B2 horizon, 53.78% in the upper B1 horizon, and then decreasing gradually in the top A horizon to 53.09%. Kaolinite is 
more developed in the upper horizons indicating more chemical alteration upwards. 
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Figure 7-8: Geology of Alexandra Characterized by a GG that is Mineralized by REE Exchangeable in its regolith  

 
Note:  prepared by Aclara, 2021. 

7.4 Prospects and Exploration Targets  

Juan Pablo Navarro, Aclara's chief geologist, assured that there are a couple of exploration targets and prospecting ideas 
in development, though did not provide any further information as it is not strategically appropriate. At the moment there is 
no program or budget assigned by Aclara for brownfield exploration. 

7.5 Comments 

The geological characteristics of the area show good possibilities of finding more prospects of this type. Geochemical 
maps show other anomalies to the NE and the geological environment to the north and south of the Project is very similar. 
Thus, exploration must prioritize looking for more GG occurrences in this belt. It is highly recommended that Aclara 
develops a program and budget for this task. 
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 ˩ ˵˶́̀̄˺̅ ̅̊́˶̄ 

The Penco Module deposits have been efgjofe!bt!ǆsfhpmjui-iptufe!SFF!efqptjutǇ!ps!ǆjpo-betpsqujpo!efqptjutǇ!)JBE*/!Uiftf!
are traditionally formed by tropical or subtropical weathering and decomposition of intrusive rocks with a primary 
enrichment in either mid/heavy REEs (peralkaline igneous rocks) or light REEs (peraluminous igneous rocks or 
carbonatites), where REEs are readily liberated by ionic solutions and are hence ion exchangeable (Wang et al., 2015; Dostal, 
2017; Borst et al., 2020). Exchangeable REEs are associated with kaolinite and halloysite, the dominant clay minerals in 
IADs due to their role in adsorbing and fractionating REEs (Wu et al., 1990; Bau, 1991; Jeong, 2000; Bao and Zhao 2008; 
Williams-Jones et al., 2012; Sanematsu and Watanabe, 2016; Li et al., 2019; Yang, 2019; Borst et al., 2020 and references 
within). 

The regolith profiles in the Project (Figure 7-5) were developed through subtropical weathering of a peraluminous garnet-
bearing granitoid, hence richer in LREEs. The regolith ranges between 25 to 48 m in thickness and is more developed in the 
garnet-rich granitoid than the other granitoids. The primary REE source is hosted in monazite-allanite and lesser xenotime, 
garnet and ilmenite. A secondary paragenesis formed by a late propylitic hydrothermal alteration (chlorite, sericite, epidote-
allanite, locally biotite) replaced monazite with allanite and torite, and was relevant for the subsequent REE fractioning (Dold, 
2015). 

The exchangeable REE fraction in the Penco Module orebodies was obtained after the destruction of allanite, xenotime, and 
garnet (not refractory minerals) by weathering. The exchangeable REE is inferred to be weakly adsorbed onto clay minerals, 
dominantly by kaolinite and less by illite and/or smectite. This primary adsorption is observed by the positive correlation 
between kaolinite abundance and REE recovery. Further confirming this observation, clay mineralogy from DRX 
characterization indicates kaolinite as the dominant clay mineral (after halloysite). 

IADs are the major source of HREEs (Gd-Lu, and Y) in the world (Chi and Tian, 2008; Bao and Zhao, 2008; Sanematsu and 
Watanabe, 2016). The majority of economically exploited IADs occur in southern China, hosted in the weathering profiles 
of granitic rocks (Borst et al., 2020), with the largest deposits in Jiangxi and Guangdong provinces, known since 1969, 
accounting for roughly 80% of global HREEs. Despite being low grade (0.05ƿ0.2 wt% total RE2O3, including Y2O3; Li et al., 
2017; Bao and Zhao, 2008; Borst et al., 2020), REEs from these deposits are easily leached by electrolyte salt solutions, 
such as sodium or ammonium base solutions without mineral processing (Wu et al. 1990; Chi and Tian 2008) and generate 
less radioactivity than conventional hard-rock carbonatites and alkaline igneous REE deposits (Sanematsu and Watanabe; 
2016). 

 



  

 

 

Penco Module  Page  100 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

 ˪ ˶̉́˽̀̃˲̅˺̀˿ 

MA began exploring lanthanides under the concept of IADs in 2012. This marked the beginning of the study and geological 
mapping of the Coastal Batholith of south-central Chile in the Penco District, Biobio Region. HREE anomalies were detected 
analyzing soil geochemistry with Y, Ce, and Th readings using a portable XRF in roadcut exposures. These findings were 
subsequently tested by radiometric flight and NanoTEM, confirming a strong correlation between the garnet-bearing 
granitoid (GG) and a radiometric Th anomaly. 

In 2014, a drilling program was carried out, including 4,888 m in 166 sonic drill holes and 1,171 m in 11 diamond drill holes. 
During this period IADs were defined, hosted by the GG, in places called Marisol, Alexandra, Victoria Norte, Victoria Sur, 
Mvob-!boe!Nbjuf/!Beejujpobm!dbnqbjhot!xfsf!dbssjfe!pvu!up!efgjof!uif!psfcpejftǃ!fyufotjpo-!dpnqmfujoh!4-34:!n!jo!236!tpojd!
drill holes during 2015 and 5,522 m in 176 sonic drill holes during 2017-2018. 

In 2020-2021, Penco Module planned a drilling exploration campaign to characterize the mineralogy, analyze the total and 
exchangeable REE content and establish a new geological domain along with a resource estimation of the Maite, Victoria 
(Norte and Sur), Luna and Alexandra orebodies, totaling 12,909.1 m in 479 sonic drill holes. The exploration work of the 
Penco Module to support resource modeling and estimation comprises: 

¶ Surface geological map (1:1,000 scale), longitudinal and transverse geological sections were prepared for Maite, 
Luna, Victoria and Alexandra. 

¶ Geological logging for 479 sonic drill holes. Several lithological and structural units including fault (F), overburden 
(OB), metapelite (MP), biotite-bearing diorite (DRT), garnet-bearing granitoid (GG), and biotite- and amphibole-
bearing granitoid (GB).  

¶ Regolith horizons (A-C) following the schematic weathering profile for the Zudong deposit as proposed by Li et 
al. (2019). 

¶ Sampling intervals were defined according to lithologies and regolith horizons. Additionally, XRF geochemistry 
served as complement to this criterion. Sample intervals are 2 m in length and range from 1 to 2 m. Rock 
fragments were not sampled. 

¶ Total REE, major and trace elements were analyzed under alkali fusion together with inductively coupled plasma 
mass spectroscopy (ICP-MS) as a measurement technique (assay results were carefully assessed with the help 
of a thorough QAQC procedure). 

¶ Exchangeable REE determinations by simple leaching electrolyte salt solutions, such as ammonium sulfate 
((NH4)SO4), followed by ICP-MS reading as an estimative method. 

¶ Regolith characterization and (semi) quantification of clays using DRX and a handheld TerraSpec Halo mineral 
identifier. 

Based on this database, geological domains for the four orebodies were determined. 
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ˢ l ˵̃˺˽˽˺˿˸ 

10.1 Drills and Topography 

The topography file "CARTOGRAFIA_PENCO_UTM18_WGS84_3D_V2.dwg" contains main contour lines every 5 m and 
secondary contours every 1 m, which were obtained and certified in 2013, using LiDAR photogrammetry. This was used as 
the basis for the topographic update carried out during the 2021 campaign by the Georeference company. The level of 
coincidence of these corrected topographies was compared with the drill collars of the 2020-2021 campaigns (Figure 10-1) 
whose coordinates were obtained using geodetic GPS, with their corresponding validation certificates. The red line indicates 
elevation 0 (topographic level), on the left the collars under the topography and vice versa. 

Figure 10-1: Collars Elevation Difference Histogram vs Topography.  

  
Note:  prepared by Ausenco 2021 

Topography 

Above Below 
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Of the 479 drill holes, 463 of them (97%) are within a maximum acceptable range of up to 2 m (above or below the 
topography); 12 of them (2%) are slightly more deviated, with distances between 2 and 4 m exclusively below the 
topography; while 4 collars are at a distance greater than 4 m from the topography. Mr. Oviedo considers that at least the 
latter deserve immediate correction, and in the second instance the 12 that are more than 2 m away, in order to avoid gaps 
between the estimation wireframes, whose reference is the topography corresponding to each sector, and the composites, 
which are 2 m long and whose reference is the height of the necklace. 

The solution proposed by Penco Module to overcome these gaps is to use the topography as a reference elevation, ignoring 
the original dimensions of the collars, but it must be said that this does not solve the problem. The  next stage is expected 
to have new measurements or at least studies that justify the diversion of said collars. 

10.2 Drilling 

In 2014, a drilling program was carried out, including 4,888 m in 166 sonic drill holes and 1,171 m in 11 diamond drill holes.  
Located in Alexandra, Victoria, Luna, and Maite. Additional campaigns were carried out completing 3,239 m in 125 sonic 
drill holes during 2015 and 5,522 m in 176 sonic drill holes during 2017-2018. 

In 2020-2021, Penco Module executed a drilling campaign to characterize and establish geological domains along with a 
resource estimation of the Maite, Victoria, Luna and Alexandra orebodies, totalling 12,909.1 m in 479 sonic drill holes.  

The Sonic drilling uses a hydraulic actuator device that generates vibrations at an extremely high frequency (approximately 
261!I{*-!ifodf!uif!obnf!ǆtpojd/Ǉ!Uiftf!xbwft!sfevdf!uif!gsjdujpo!jo!uif!esjmmjoh!cju-!qspducing liquefaction and inertia that 
prevent clay from sticking to the bit and thus reducing the load. This combination of effects directly improves drilling speed, 
making sonic drilling faster than traditional methods. Rotary sonic drilling has a series of advantages, such as: 

¶ It allows drilling without using fluids, is small in size, versatile and agile for exploring wooded areas. 

¶ Vibration waves allows drilling up to 3 times faster than conventional technologies. 

¶ Sonic drilling generally achieves good sample recovery, usually over 90% 

In this method is necessary to completely remove the drilling column until reaching the drilling barrel, where the sample is 
retained, in order to retrieve it. Then, with the help of sonic vibration plus pneumatic pressure, the sample is expelled from 
the interior of the drilling barrel and deposited inside a polyethylene sleeve previously installed on the outside of the barrel. 
Occasionally, when the sample is too adhered to the barrel, it is necessary to inject pressurized water to expel it from the 
cbssfm/!Jo!uif!Qspkfduǃt!Qibtf!J-!b!esjmmjoh!ejbnfufs!pg!5!¼Ǉ!jodift!xfsf!vtfe-!xijdi!hfofsbufe!cfuxffo!26!boe!31!lh!pg!
samples per 2-meter interval. See Table 10-1. 

Table 10-1: Summarizes the Drilling Program Attributes.  

Sector Drills Meters  Samples 

Victoria 198 5,145.40 2,693 

Maite 122 3,415.40 1,715 

Luna 88 2,433.50 1,284 

Alexandra 71 1,914.80 1,008 

Total 479 12,909.10 6,700 
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The Sonic drilling campaigns, in order to construct a database to support resource modelling and estimation, is based on 
an aqua regia (nitric acid and hydrochloric acid) digestion or lithium metaborate fusion and ICP-MS reading of rare earth 
and other major elements of interest. 

All drills were vertical and the diameter of the resulting cores is 3.25 inches (8.25 cm). Cores were recovered from the sonic 
drill in 1-2 m intervals and encased in plastic bags. Sample lengths was 2 m. except for situations where limits between 
geological horizons or structures are encountered taking a 1 m. sample. The drills where be about 30 - 40 m in depth 
(ranging between 10 and 50 m). 

The cores were logged, photographed and mapped. 

Uif!dpsft!xfsf!tqmju!mfohuixjtf!nbovbmmz!vtjoh!b!tuffm!ǆhvjmmpujofǇ/ 

These considerations, in addition to calculation of the minimum sample mass required to adequately produce samples that 
sfqsftfou!uif!dpsfǃt!psjhjobm!hsbovmpnfusjd!ejstribution were taken into account during the design of the sampling and 
preparation protocol and QA/QC structure, which are reviewed in the following sections. 

In general, the drills are in good condition, except for minor observations in the Survey table, such as positive dips instead 
of negative or some surveys without initial zero depth. To validate the correct transcription of grades from the certificates 
to the database, portions of the certificates were reviewed; no errors were found. Likewise, during the field visit, the logs 
were partially inspected, verifying that they are representative of what was observed in the cores of each of the sectors. 

Additionally, the protocols for handling, logging, sampling and QA/QC of the sonic drilling samples have a sufficient level of 
detail, concluding that the processes are appropriate. Regarding the handling of the data obtained during the 
aforementioned processes, the manual of use of the software for the administration of the DB and the QA/QC (GEMM) has 
a good level of detail, concluding that it allows a safe and secure handling of data. Penco Module drill hole locations are 
presented in Figure 10-2. 



  

 

 

Penco Module  Page  104 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Figure 10-2: Drill Hole Locations in the Different Ore Bodies.  

 

Note:  prepared by Ausenco,2021 
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ˢˢ ̄˲˾́˽˶ ́̃˶́˲̃˲̅˺̀˿˝ ˲˿˲˽̊̄˶̄˝ ˲˿˵ ̄˶˴̆̃˺̅̊ 

11.1 Sampling and Preparation 

The sampling and preparation for sonic cores split at 1-m (25%) and 2- m (75%) intervals; also, the preparation of the 
sample, which is the same in both methods, is as follows: 

Core splitting: 

¶ Cores were received from the drill rig and checked. 

¶ The plastic casings were carefully cut open lengthwise. 

¶ The cores were photographed and mapped. 

¶ Sampling intervals of approximately 2 m were defined, separated and labelled. 

¶ The 1 m core was split lengthwise using a steel guillotine to produce two ½ cores. 

¶ The ½ cores were carefully separated, taking care to move all the fragments (including the fine particles at the 
bottom) to their corresponding side. 

¶ One of the ½ cores was split lengthwise again to form two ¼ cores. 

Any solid rock cores (about 5 cm in length or more) were split lengthwise using a diamond saw or a hydraulic press. Half 
and quarter pieces of these rock fragments, along with the corresponding finer fragments that were produced during 
splitting were placed back in their corresponding sides of the ½ or ¼ cores. 

Normal samples for acid digestion/fusion and ICP-MS: 

¶ For normal samples, one of the ¼ cores is transferred to a plastic bag, clearly labelled, sealed and sent for 
preparation. 

¶ The remaining ¼ and ½ core are carefully joined and resealed in the same plastic casing that the sample came in 
from the drill rig. 

¶ Uif!tbnqmf!xbt!esjfe!bu!51áD!gps!4!up!5!ebzt!)bt!ofdfttbsz*!jo!bo!fmfdusjd!pwfo!xjui!gpsdfe!wfoujmbujpo/ 

¶ The sample was then crushed to reach 95% under #10 Ty (1.7 mm) in a secondary jaw crusher. 

¶ A rotary divider was used to obtain 1 kg of the crushed material. This division must take at least 3 minutes to 
perform. 

¶ The 1 kg sample was pulverized using a single puck to reach 90% under #200. 
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¶ Three envelopes (marked A, B and C) were filled with 20 g each by taking multiple (at least 10) increments taken 
directly from the pulverized bowl using a spatula once the puck had been removed. 

¶ The remaining pulverized material (940 g) was stored in a sealed and clearly marked plastic bag and returned to 
Penco Module. 

Normal samples for desorption and ICP-MS: 

¶ Once the normal samples (A, B and C) had been prepared, the reject (about 870 g) from the rotary divider (step 5 
in the process for normal samples for acid digestion/fusion and ICP-MS) were crushed to 100% under #10 Ty. 

¶ A rotary splitter is used to obtain two (2) samples of 60 to 75 g  of each crushed material. This division takes at 
least 3 minutes to perform. The samples were placed in envelopes marked D1 and D2 (D is used to denote 
samples processed by desorption). The analyst will then weigh exactly 50 g for the desorption process. 

¶ The rejects (approximately 750 g) were stored in a labelled and sealed plastic bag. 

Duplicate samples for acid digestion/fusion and ICP-MS: 

¶ When a sample interval was flagged to produce duplicates, the procedure for core splitting was unaltered up to 
step 8. One of the ¼ cores was then transferred to a plastic bag, clearly labelled, sealed and sent for preparation. 
This was the original sample. The second ¼ core was transferred to a second plastic bag, clearly labelled, sealed 
and sent for preparation. This will be the field duplicate. 

¶ Uif!tbnqmf!xbt!esjfe!bu!51áD!gps!4!up!5!ebzt!)bt!ofdfttbsz*!jo!bo!fmfdusjd!pwfo!xjui!gpsdfe!wfoujmbujpo/ 

¶ The sample was then crushed to reach 95% under #10 Ty (1.7 mm) in a Boyd or similar secondary jaw crusher. 

¶ A rotary divider was used to split the crushed material into two equal portions of approximately 0.80 kg each. 

¶ The first 0.80 kg portion was pulverized in an LM-2, Boyd or similar pulveriser that uses a single puck to reach 
90% under #200. 

¶ One envelope (labelled E) was filled with 20 g by taking multiple (at least 10) increments taken directly from the 
pulveriser bowl using a spatula once the puck has been removed. The remaining pulverized material (780 g) was 
stored in a sealed and clearly marked plastic bag and returned to Penco Module. 

¶ The second 0.80 kg portion was pulverized in an LM-2, Boyd or similar pulveriser that uses a single puck to reach 
90% under #200. 

¶ One envelope (labelled F) was filled with 20 g by taking multiple (at least 10) increments taken directly from the 
pulveriser bowl using a spatula once the puck has been removed. The remaining pulverized material (780 g) was 
stored in a sealed and clearly marked plastic bag and returned to Penco Module. 

Duplicate samples for desorption and ICP-MS: 

¶ Once the duplicates (E and F) are prepared, the reject (about 270 g) from the rotary divider (step 4 in the process 
for duplicate samples for acid digestion/fusio n and ICP-MS) must be crushed to 100% under #10 Ty. 
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¶ A rotary divider was used to obtain two (2) samples of 60 to 75 g of each crushed material. This division must 
take at least 3 minutes to perform. The samples were placed in envelopes marked D3 and D4 (D is used to denote 
samples processed by desorption). The analyst then weighs exactly 50 g for the desorption process. 

¶ The reject (approximately 120 g) was stored in a labelled and sealed plastic bag. 

Reject crushed material 

¶ All reject of crushed material from a sample must be stored in a sealed and labelled plastic bag and returned to 
Penco Module. 

¶ All excessive and rejected materials (at #10 or #200) were used to create composites for metallurgical tests or 
as material for certified standards. 

The preparation of the sample, which is the same for both methods, is shown in Figure 11-1. 

Figure 11-1: Sample Preparation Protocol for 2 m Intervals.  

 

Note:  prepared by GIS Analytics, 2020 
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Mr. Luis Oviedo, visited the operation and observed the drilling in operation, visited the drill and sample storage, the sample 
preparation yard, observed the handling of the samples. After careful observation, Mr. Oviedo  determined that the operation 
is well done and it meets industry standards. 

11.2 Quality Assurance / Quality Control  

Aclara designed thorough quality assurance and control processes for both total REE and Y (REY) analyses, carried out by 
ALS laboratory in Lima, Peru, and extraction value REY analyses, carried out by AGS laboratory in Coquimbo, Chile. Mr. 
Oviedo reviewed the four QA/QC reports prepared by Aclara ǀ one for each sample type, total and extraction value. and one 
for each campaign, 2020 and 2021 ǀ as well as their working protocols, developed with technical advice from consultant 
Armando Simón (PhD with over 40 years of experience in QA/QC techniques). In addition, an independent review of the 
database and the corresponding certificates was conducted reaching similar conclusions. The observations and 
recommendations are detailed further ahead. A Summary of QA/QC programs is presented in Table 11-1. 

Table 11-1: Summary of QA/QC Programs 

Zone Primary Lab 
Batches 

External Lab 
Batches 

Total REY 
Samples 

Total REY 
Controls 

Coverage 

Victoria 65 3 2,679 565 21.1% 

Maite 40 1,715 363 21.2% 

Luna 31 1,281 252 19.7% 

Alexandra 23 1,008 195 19.3% 

Total 159 3 6,683 1,375 20.6% 

Zone Primary Lab 
Batches 

External Lab 
Batches 

Total REY 
Samples 

Total REY 
Controls 

Coverage 

Victoria 65 None 2,679 419 15.6% 

Maite 40 1,715 281 16.4% 

Luna 31 1,281 204 15.9% 

Alexandra 23 1,008 153 15.2% 

Total 159 - 6,683 1,057 15.8% 

Note:  total samples (6,683) do not match Table 10-1 (6,700) as 3 samples from hole SDLUN21005 were not assayed and 14 samples from hole 
SDVIS21015 did not have results in time for resource estimation. 

Mr. Oviedo considers that there is a good amount of controls inserted for Total REY (20.6%, Table 11-1) and a somewhat 
lower but acceptable amount for extraction value REY (15.8%, Table 11-1), due to the impossibility of using fine blanks and 
lack of check or interlaboratory samples. These percentages are distributed similarly among control samples, equating to 
around 2% for each sample type. 

Given that REE and Y comprise 15 elements, which would require an unreasonable effort to control for, Aclara decided to 
focus only on the four most economically relevant elements: Dysprosium (Dy), neodymium (Nd), praseodymium (Pr) and 
terbium (Tb). Mr. Oviedo supports this decision, though recommends controlling other minerals of moderate economic 
relevance such as lutetium (Lu), gadolinium (Gd) and yttrium (Y). 
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It is important to mention that solutions from the d esorption process are only partially controlled, through duplicates taken 
by AGS. The use of standard solutions was evaluated by Aclara, but ultimately ruled out as they would increase the 
workload. 

11.2.1 Duplicates: 

Aclara inserted 3 duplicate types for quality control of total and extraction value REY: Twin (field duplicate), crushing (coarse 
duplicate) and pulverized (pulp duplicate) samples. To evaluate duplicate precision, Aclara uses the relative differences 
method, which identifies (for 90% of the population) the percentage of samples showing relative errors (RE) within 
established limits for each duplicate type (Table 11-2 and Table 11-3), and the hyperbolic method, which determines the 
percentage of failures (Table 11-4) with respect to a hyperbolic curve constructed from parameters such as RE and the 
practical limit of detection (PDL), which is empirically determined. 

Table 11-2: Validation Chart for the Relative Error Method by Analysis Type, Element, Duplicate Type and Campaign. Total REY 

Total REY 

ACCEPTABLE RE% (2020) ACCEPTABLE RE% (2021) 

Twin Sample 
Coarse 

Duplicate 
Pulp Duplicate Twin Sample 

Coarse 
Duplicate 

Pulp Duplicate 

Dy 100% 100% 96% 98% 100% 92% 

Nd 100% 98% 93% 100% 100% 90% 

Pr 100% 98% 93% 100% 100% 90% 

Tb 100% 100% 96% 100% 100% 97% 

Table 11-3: Validation Chart for the Relative Error Method by Analysis Type, Element, Duplicate Type and Campaign. Extraction 
Value REY 

Desorb. REY 

ACCEPTABLE RE% (2020) ACCEPTABLE RE% (2021) 

Twin Sample 
Coarse 

Duplicate 
Pulp Duplicate Twin Sample 

Coarse 
Duplicate 

Pulp Duplicate 

Dy 98% 95% 80% 98% 98% 93% 

Nd 98% 97% 77% 98% 98% 95% 

Pr 96% 94% 71% 98% 98% 98% 

Tb 94% 92% 72% 100% 100% 93% 

The relative differences method shows a very good total REY sample percentage (i.e. within the acceptable limits) for the 
3 duplicates types and both campaigns. The same is observed for extraction value REY in the 2021 campaign and most of 
the 2020 campaigo-!uipvhi!uif!mbuufsǃt!qvmq!evqmjdbuft!bsf!cfmpx!bddfqubcmf-!ftqfdjbmmz!jo!uif!fbsmjfs!dbnqbjho!tbnqmft-!
which is partly attributed to low grade bias but could have other causes that are reportedly being monitored. 
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Table 11-4: Validation Chart for the Hyperbolic Method by Analysis Type, Element, Duplicate Type and Campaign. 

Total REY 
(2020) 

Element Samples 
Failed 
Pairs 

Failed 
Pair % 

Total REY 
(2021) 

Element Samples 
Failed 
Pairs 

Failed 
Pair % 

Twin 
Samples 

Dy 104 0 0.0% 

Twin 
Samples 

Dy 60 1 1.7% 

Nd 104 0 0.0% Nd 60 0 0.0% 

Pr 104 0 0.0% Pr 60 0 0.0% 

Tb 104 0 0.0% Tb 60 0 0.0% 

Coarse 
Duplicates 

Dy 105 0 0.0% 

Coarse 
Duplicates 

Dy 57 0 0.0% 

Nd 105 2 1.9% Nd 57 0 0.0% 

Pr 105 2 1.9% Pr 57 0 0.0% 

Tb 105 0 0.0% Tb 57 0 0.0% 

Pulp 
Duplicates 

Dy 105 4 3.8% 

Pulp 
Duplicates 

Dy 59 5 8.5% 

Nd 105 7 6.7% Nd 59 6 10.2% 

Pr 105 7 6.7% Pr 59 5 8.5% 

Tb 105 4 3.8% Tb 59 2 3.4% 
          

Extraction Value 
REY 

(2020) 
Element Samples 

Failed 
Pairs 

Failed 
Pair % 

Extraction Value 
REY 

(2021) 
Element Samples 

Failed 
Pairs 

Failed 
Pair % 

Twin 
Samples 

Dy 101 1 1.0% 

Twin 
Samples 

Dy 60 0 0.0% 

Nd 101 2 2.0% Nd 60 0 0.0% 

Pr 101 0 0.0% Pr 60 0 0.0% 

Tb 101 4 4.0% Tb 60 0 0.0% 

Coarse 
Duplicates 

Dy 98 5 5.1% 

Coarse 
Duplicates 

Dy 57 0 0.0% 

Nd 98 2 2.0% Nd 57 0 0.0% 

Pr 98 2 2.0% Pr 57 0 0.0% 

Tb 98 4 4.1% Tb 57 0 0.0% 

Pulp 
Duplicates 

Dy 104 12 11.5% 

Pulp 
Duplicates 

Dy 59 0 0.0% 

Nd 104 10 9.6% Nd 59 0 0.0% 

Pr 104 7 6.7% Pr 59 0 0.0% 

Tb 104 8 7.7% Tb 59 0 0.0% 

The hyperbolic method shows acceptable total REY failure percentages for the 3 duplicates types and both campaigns, 
with only one case above the threshold (Nd) in the 2021 campaign pulp duplicates, which does not warrant further review. 
For extraction value REY, in the 2020 campaign pulp duplicates failure percentages tend to be higher with one case near 
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the threshold (Nd) and another above it (Dy). Again, the majority of failures happen early in the campaign, agreeing with the 
finding of the relative differences method. Conversely, the 2021 campaign shows no failures in any duplicate type, which is 
very rare and attributable to an overly flexible LPD determination. 

Evaluation methods used by Aclara are deemed appropriate by Ausenco, and have also been correctly applied, as similar 
results were achieved in an independent review, which leads to the conclusion that duplicates are acceptable. Regarding 
the anomalous extraction value REY validation percentages observed in the 2020 campaign pulp duplicates, further 
investigation of the causes and sample reanalysis are recommended, if necessary. In addition, the LPD determination 
should lean towards the conservative, to avoid omitting potential questionable duplicates. Finally, recommendations 
include delineating reanalysis protocols, as with standards and blanks, for those duplicates that fail in multiple elements, 
especially if it is not attributable to low grades. 

11.2.2 Standards 

Aclara inserted 3 in-house standards for quality control of total REY: STD1 (low), STD2 (medium) and STD3 (high), prepared 
by GISAnalytics and certified by GeoAssay. Ausenco has reviewed the preparation and certification protocols for these 
standards and finds that they meet industry standards. For extraction value REY, Aclara inserted 5 in-house reference 
materials: MR1 and MR2 (medium-high); MR3 and MR4 (medium) and MR5 (medium-low), prepared and tested by AGS, 
but not certified due to the particularities of the extraction methodology, meaning these are not actual standards. In order 
to mitigate this shortcoming to some extent, Aclara sent a few samples to the University of Toronto (UT) ǀwhere the same 
methodology was applied, with the exception of the final ICP testǀ for an alternative grade assessment: Three samples for 
MR1, which compared acceptably with AGS, except for Nd; ten samples for MR2, with somewhat lower grades for UT 
though still within reasonable, except again for Nd; and five samples for MR3, MR4 and MR5 respectively, all of which 
compared mostly well with AGS, with only slightly lower grades for Pr.  

According to Aclara, the source of most discrepancies between UT and AGS, specially in the case of MR2, is likely the use 
of ICP-EOS in the former and ICP-NT!jo!uif!mbuufs-!uipvhi!jo!uif!dbtf!pg!Oe!gps!NS2!boe!NS3!juǃt!qspcbcmz!tomething else, 
as will be discussed further in this section. Mr. Oviedo reviewed the preparation and analysis protocols for these reference 
materials and finds that, despite their low reliability due to lack of certification, the existence of an alternative grade 
assessment with mostly acceptable results makes them good enough to provide a referential bias percentage in most 
cases. 

To evaluate standard accuracy, Aclara calculates the bias (which should not exceed 5%), by comparing the mean of the 
analyzed standards against their best value (certified standard mean). In addition, Aclara marks as failures any standards 
that exceed ± 3DE (standard deviation) from the mean of the analyzed standards when there are more than 100 samples, 
and from the best value otherwise. Once identified, all samples within the influence of a failed standard are reanalyzed and 
depending on whether the result is similar or differs in coherence with the standard, the original or reanalysis is chosen, 
respectively. Aclara does not perform precision analyses from these standards, which should be possible at least in the 
case of certified total REY standards. 

Table 11-5: Failure and Bias Percentages for Total REY by Standard Type, Element and Campaign. 

STD Type 
(2020) 

Element 
Best Value 
(Total REY) 

Mean Value 
(Total REY) 

Samples Failures Failures % Bias % 

STD1 

Dy 31.81 32.26 118 0 0.0% 1.4% 

Nd 177.65 181.27 118 1 0.8% 2.0% 

Pr 45.8 46.31 118 0 0.0% 1.1% 
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STD Type 
(2020) 

Element 
Best Value 
(Total REY) 

Mean Value 
(Total REY) 

Samples Failures Failures % Bias % 

Tb 4.65 4.75 118 0 0.0% 2.2% 

STD2 

Dy 62.2 62.88 117 0 0.0% 1.1% 

Tb 9.45 9.57 117 0 0.0% 1.3% 

Nd 380.55 390.41 117 1 0.9% 2.6% 

Pr 98.6 100.13 117 1 0.9% 1.5% 

STD3 

Dy 96.48 97.37 46 0 0.0% 0.9% 

Tb 12.91 13.16 46 0 0.0% 2.0% 

Nd 495.22 509.52 46 0 0.0% 2.9% 

Pr 129.01 131.11 46 0 0.0% 1.6% 

STD Type 
(2021) 

Element 
Best Value 
(Total REY) 

Mean Value 
(Total REY) 

Samples Failures Failures % Bias % 

STD1 

Dy 31.81 32.29 52 0 0.0% 1.5% 

Nd 177.65 177.67 52 0 0.0% 0.0% 

Pr 45.8 46.3 52 1 1.9% 1.1% 

Tb 4.65 4.74 52 1 1.9% 1.9% 

STD2 

Dy 62.2 62.89 72 1 1.4% 1.1% 

Nd 380.55 386.56 72 1 1.4% 1.6% 

Pr 98.6 100.59 72 0 0.0% 2.0% 

Tb 9.45 9.71 72 0 0.0% 2.8% 

STD3 

Dy 96.48 96.52 27 0 0.0% 0.0% 

Nd 495.22 508.07 27 0 0.0% 2.6% 

Pr 129.01 133.22 27 0 0.0% 3.3% 

Tb 12.91 13.27 27 0 0.0% 2.8% 

Total REY samples (Table 11-5) show acceptable bias and few to no failures for the 3 standard types and both campaigns. 
extraction value REY samples (Table 11-6) show generally acceptable bias, with the exception of Nd in MR2 (-6.4% in 2020 
and -7.0% in 2021), for which a significant difference had already been detected with respect to the reference laboratory. 
Further inspection seems to point to a problem with the initially analyzed material and not with the samples sent during the 
campaigns. It should also be noted that MR4 shows downward biases very close to the threshold, and in the case of Nd 
exceeding it, though still within the acceptable. In terms of failures, few to none are generally observed in the 3 types of 
standard and in both campaigns, with MR2 showing the most failures per element, though being the most inserted standard 
(270) it is an acceptable result. 
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Table 11-6: Failure and Bias Percentages for Extraction Value REY by Standard Type, Element and Campaign. 

STD Type 
(2020) 

Element 
Best Value 
(EV. REY) 

Mean Value 
(EV. REY) 

Samples Failures Failures % Bias % 

MR1 

Dy 55.03 54.55 24 0 0.0% -0.9% 

Nd 81.388 81.38 24 0 0.0% 0.0% 

Pr 17.401 17.69 24 0 0.0% 1.7% 

Tb 6.249 6.29 24 2 8.3% 0.7% 

MR2 

Dy 24.691 25.2 241 7 2.9% 2.1% 

Nd 83.716 78.33 241 6 2.5% -6.4% 

Pr 18.043 17.85 241 4 1.7% -1.1% 

Tb 3.541 3.58 241 7 2.9% 1.0% 

STD Type 
(2021) 

Element 
Best Value 
(EV. REY) 

Mean Value 
(EV. REY) 

Samples Failures Failures % Bias % 

MR2 

Dy 24.691 24.55 29 0 0.0% -0.6% 

Nd 83.716 77.89 29 0 0.0% -7.0% 

Pr 18.043 17.86 29 0 0.0% -1.0% 

Tb 3.541 3.56 29 0 0.0% 0.5% 

MR3 

Dy 10.06 9.9 67 0 0.0% -1.6% 

Nd 37.17 36.91 67 0 0.0% -0.7% 

Pr 8.58 8.42 67 0 0.0% -1.9% 

Tb 1.43 1.4 67 0 0.0% -2.1% 

MR4 

Dy 7.92 7.55 41 1 2.4% -4.6% 

Nd 30.59 28.92 41 1 2.4% -5.5% 

Pr 7.09 6.79 41 1 2.4% -4.3% 

Tb 1.08 1.03 41 1 2.4% -4.2% 

MR5 

Dy 27.5 26.81 16 0 0.0% -2.5% 

Nd 65.61 64.05 16 0 0.0% -2.4% 

Pr 15.73 15.33 16 0 0.0% -2.5% 

Tb 3.44 3.33 16 0 0.0% -3.0% 

Ausenco considers that evaluation and mitigation methods used by Aclara are generally appropriate and have been 
correctly applied, having also reached similar results in an independent review, which leads to the conclusion that the 
standards, despite some caveats explained by the particularity of the desorption methodology, are acceptable. Mr. Oviedo 
recommends preparing a new medium-high standard to replace MR1 and MR2 and making an effort to involve a third 
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reference laboratory for the desorption process, so that the validation of in-house standards can approach a traditional 
round-robin. 

11.2.3 Check Samples (Interlaboratory): 

As a complement to the 2020 campaign QA/QC program, Aclara sent 134 duplicates (along with 5 standards and 2 blanks) 
to the ALS laboratory, Loughrea headquarters (Ireland), for total REY analysis. These were compared against the original 
samples from the main ALS laboratory, Lima headquarters (Peru). No check samples were sent for the 2021 campaign and, 
according to Aclara, it was not possible to use this control type for extraction value REY analysis, due to the particularities 
of the desorption methodology. 

To evaluate check sample accuracy, Aclara performs a linear regression to obtain the correlation coefficient R2, and also 
calculates the bias (which should not exceed 5%) by comparing the mean of the samples from both laboratories, before 
and after removing outliers (see Table 11-7). 

Table 11-7: Correlation Coefficient and Bias for Total REY Check Samples, Before and After Removing Outliers. 

 Element R2 Pairs m m Error b b Error Bias % 

RMA 
All Samples 

Dy 0.93 134 0.97 0.02 -1.29 1.77 2.9% 

Nd 0.84 134 0.98 0.03 -8.18 10.61 2.3% 

Pr 0.86 134 0.95 0.03 -0.63 2.55 5.5% 

Tb 0.92 134 0.98 0.02 -0.39 0.23 1.8% 

RMA 
No Outliers 

Dy 0.99 131 0.95 0.01 1.33 0.72 4.9% 

Nd 0.98 131 0.98 0.01 -1.26 3.66 1.7% 

Pr 0.98 131 0.95 0.01 1.31 0.98 5.4% 

Tb 0.98 131 0.96 0.01 -0.01 0.1 4.1% 

Check samples show acceptable correlation coefficients even with the presence of 3 outliers, which improve considerably 
when they are removed. Likewise, acceptable bias are observed, though somewhat above the threshold in Pr,and 
approaching it in Tb and Dy after outlier removal. 

Evaluation methods used by Aclara are generally appropriate and have been correctly applied, having also reached similar 
results in an independent review, which leads to the conclusion that the check samples are acceptable. This type of control 
for total REY is considered of vital importance and, once again, the effort to involve another reference laboratory for check 
sample control of the desorption process is highly recommended. 

11.2.4 Blanks 

Aclara inserted 2 blank types for quality control of total REY: Coarse and fine blanks. For extraction value REY, Aclara 
inserted only coarse blanks, as fine blanks are sifted through a smaller mesh size than necessary for the desorption 
process. In both cases, the coarse blank material is quartz, purchased from Dimaquin. The fine blank material is also quartz, 
initially purchased from Target Rocks Peru and later changed, due to its high levels of rare earths, to quartz from Dimaquin. 
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The quartz used as blank, in both cases, contains REE traces at levels exceeding the detection limit (DL), meaning that 
inserted samples are not working as proper blanks. Therefore, to evaluate potential contamination, Aclara marks as failures 
boz!cmbolt!uibu!fydffe!6EM!)dpbstf!cmbolt*!boe!4EM!)gjof!cmbolt*!gspn!b!ǆcbtfmjofǇ!nfbo!dbmdvmbufe!vtjoh!b!tfu!pg!:!boe!
20 reference samples for coarse and fine blanks, respectively. Once identified, all samples within the influence of a failed 
blank are re-analyzed and depending on whether the result is similar or differs in coherence with the blank, the original or 
reanalysis is chosen, respectively. 

Total REY samples show few failures for coarse blanks (<5%) in both campaigns, likewise few failures for fine blanks were 
observed for Dy and Tb, as well as slightly more than normal (7%) for Nd and Pr in both campaigns, though with no evidence 
of systematic error. Extraction value REY samples show few failures for coarse blanks in both campaigns, except in the 
case of Dy in 2020 (6%), though with no evidence of systematic error. After an independent review, Mr. Oviedo considers 
that these positive results may have been more optimistic than expected due to omissions in Bdmbsbǃt evaluation methods 
for each blank type, as will be explained below. 

In coarse blanks within the batch of 9 samples used to calculate baseline mean grades (Table 11-8), one of them 
corresponds to a very high value outlier, which skews the mean considerably to almost twice the sample mean without it. 
Had this outlier been removed, a greater number of missed blanks would have been observed, though with no evidence of 
contamination. 

Table 11-8: Sample Batch for Thick Blank Baseline Analysis 

Element Dy Nd Pr Tb 

Method ME-MS81 ME-MS82 ME-MS83 ME-MS84 

Units ppm ppm ppm ppm 

Detection Limit 0.05 0.1 0.02 0.01 

100951 0.05 0.2 0.06 0.01 

100952 0.19 0.7 0.19 0.02 

100953 0.06 0.2 0.05 0.02 

100954 0.17 0.8 0.16 0.04 

100955 0.19 0.8 0.18 0.05 

100956 0.06 0.2 0.05 0.02 

100957 0.67 5.8 1.43 0.12 

100958 0.11 0.3 0.06 0.02 

100959 0.05 0.2 0.06 0.01 

MEAN 0.17 1.02 0.25 0.04 

MAX 0.67 5.8 1.43 0.12 

MIN 0.05 0.2 0.05 0.01 

STD DEV 0.18 1.71 0.42 0.03 
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In fine blanks, after changing the material supplier, the total REY content of the inserted blanks, has a lower mean graded. 
However, these new samples were evaluated by Aclara against the considerably higher baseline mean of the previous 
material, making it impossible to identify failures properly, though it cannot be said that this is evidence of contamination. 

Mr. Oviedo believes that the use of quartz as blanks, while not ideal, can be accepted, but recommends the purchase of 
certified blanks. Regarding evaluation methods used by Aclara, Mr. Oviedo considers that they were inappropriate and not 
entirely well applied, despite having good failure mitigation protocols. This leads to the conclusion that blanks can be 
considered acceptable assuming a moderate risk due to a number of issues, though non-present evidence of 
contamination. Mr. Oviedo  recommends ceasing the use of b!ǆcbtfmjofǇ!nfbo!dbmdvmbufe!gspn!b!cbudi!pg!tbnqmft!bt!b!
reference to establish the reanalysis threshold and replace it with the mean of all the blanks analyzed. In addition, fine 
blanks populations (TRP vs Dimaquin) should be separated and evaluated with respect to their own means. 
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ˢ x ˵˲̅˲ ̇˶̃˺˷˺˴˲̅˺̀˿ 

12.1 Verifications by Penco Module 

The exploration and production work completed by Penco Module is conducted using documented procedures and involved 
verification and validation of exploration and production data, prior to consideration for geological modelling and Mineral 
Resource estimation. During drilling, experienced geologists implemented industry standard measures designed to ensure 
the consistency and reliability of the exploration data. 

Quality control failures are investigated and appropriate actions are taken when necessary, including requesting re-assaying 
of certain batches of samples. 

12.2 Verifications by Ausenco  

In accordance with National Instrument 43-101, Mr. Luis Oviedo, under the supervision of Ausenco, visited the Aclara 
properties on two occasions. These visits were accompanied by J.P. Navarro, Chief geologist of Aclara. The first visit 
included Francisco Castillo P. Eng., both are considered qualified persons according to National Instrument 43- . The second 
site visit was on July 18, 2021,  to verify the work produced by the new drill program. The big change was the quality of the 
resource because of the densification of the drilling with a substantial increment in Measured and Indicated resources and 
a minor increment in the total volume of the resource. 

During the visits, all aspects that could materially impact the integrity of the drill holes and sampling databases (core 
logging, sampling, and database management) were reviewed with Aclara staff. Also, Luis and Francisco were able to 
interview staff to ascertain exploration procedures and protocols. 

Mr. Oviedo and Mr. Castillo toured the Aclara area and observed drill sites, collars and the field status of the demarcations, 
and examined core from a number of drill holes, finding that the logging information accurately reflects actual core. The 
lithology and grade contacts checked, match the information reported in the core logs. 

Mr. Oviedo and Mr. Castillo, on behalf of Ausenco, reviewed the drill hole databases for the preparation of this technical 
report and concluded that it is adequate to produce the block models, tonnage and grade evaluations to a satisfactory 
degree. 

Mr. Oviedo and Mr. Castillo also completed subujtujdbm!dpnqbsjtpot!pg!uif!cmpdl!npefmtǃ!hmpcbm!hsbef!bhbjotu!uif!jogpsnjoh!
drilling data and visually compared on plans and sections the block models against the informing samples to confirm that 
the estimations are generally an adequate representation of the distribution of the REY mineralization. 

Mr. Oviedo and Mr. Castillo believe that the review made both in the field and in cabinet has standard limitations for this 
type of work but indicated that the level of checks done are correct. 

Finally, no vesjgjdbujpo!tbnqmft!xfsf!ublfo!evsjoh!Ns/!Pwjfepǃt!uxp!wjtjut!up!uif!Qspkfdu!bt!uif!dpnqmfuf!qspdftt!pg!
production of the samples and the database were reviewed in detail. Additionally, Mr. Oviedo reviewed and verified the 
logging description and storage of boreholes with the geologists and project technicians on site. The number of samples 
to make a valid verification must be a geostatistically-accepted quantity, which involves a high number of samples. Also, 
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the process of analysis and handling of these samples is complex and unusual, and there is, at least in Chile, no third-party 
laboratory other than the one used by Aclara to perform these analyses. Finally, the QA/QC of the samples was reviewed in 
detail and the results were satisfactory. All of this indicates that verification samples were not necessary. 
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ˢ ʕ ˾˺˿˶̃˲˽ ́̃̀˴˶̄̄˺˿˸ ˲˿˵ ˾˶̅˲˽˽̆̃˸˺˴˲˽ ̅˶̄̅˺˿˸ 

13.1 Introduction  

Aclara initiated preliminary studies to design a metallurgical process for the recovery of rare earth elements (REEs) from 
ionic clays by extractive desorption and selective precipitation. 

In brief, the proposed process is considering REE extraction using a two-step counter-current leaching process with 
ammonium sulfate solution ((NH4)2SO4) as the lixiviant and a pH between 3 and 4. There are two main potential 
mechanisms for the adsorption of REEs onto ionic clay minerals:  

¶ Ion-exchange mechanism, which is considered the main chemical mechanism present in the Penco Module process. 
The REE3+ ions are adsorbed on binding sites with permanent negative charges on the clay surface. These binding 
sites are produced by imbalanced charges due to substitutions of aluminum Al3+ and silicon Si4+ ions in the crystal 
structure of the aluminosilicates (Al2Si2O5(OH)4)like Caolinites, Halloysites and other similar minerals. In this case, 
the chemical equilibria are dependent on the ion concentration and the particle size. 

¶ Surface-complexation adsorption mechanism, in which the RE3+ ions complex with the clay surface via a hydrolysis 
reaction with amphoteric hydroxyl groups ([ionic clay]ƿOH) at the edges of clay particles. So, the acid environment 
generates the hydronium ion forming which liberates the REE ion into the solution, so this mechanism is pH-
dependent. 

After leaching, a selective precipitation process that involves an ammonium bicarbonate solution (NH4HCO3) is used to 
remove impurities such as Al and Fe. This process will operate as a closed loop to be environmentally friendly, reduce water 
and reagent consumption, and to avoid the production of environmentally damaging waste. Following the extraction steps, 
the clay solids will be washed to recover any remaining ammonium sulfate, and to allow them to return to its original state 
so that it can be backfilled in the mine to allow revegetation. 

The product is a dry REE carbonate mixed with an expected purity around 92%, with Al, Ca and Mg as the main impurity. 

Metallurgical testwork has been conducted by several laboratories on various stages of the Project to provide the necessary 
design criteria for this study. The initial bench-scale testwork was conducted by the Universidad de Concepcion (UdeC) in 
2016-2017,  the Toronto University and AGS-ALS Laboratory in 2020, and a bench-scale testing program was completed at 
the end of 2020 (November) in Peru. Also, the Project has been working closely with different well-known vendors for 
equipment selection, sizing and plant design. 

A summary of the experimental procedure and the main test results are presented below; there are at least seven years of 
research behind the summarized data. It is important to note that during 2019 Hochschild Mining Plc bought the Project, 
which implies that several modifications were done to the process and more entities were involved on the metallurgical 
testwork. Table 13-1 provides a summary of Section 13. 
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Table 13-1: Summary of Section 13 Content 

Item Stage Item Test Date 

13.2 
Historical Metallurgical Testwork 
Programs 

13.2.1 Universidad de Concepcion 2014 - 2018 

13.2.2 Pilot Test 2018 

13.3 
Most Recent Metallurgical Testwork 
Programs 

13.3.1 University of Toronto 2019 - still running 

13.3.2 Cfoditdbmf!Uftu!ǆDibqjǇ 2020 

13.3.3 Ansto Radioactivity Test 2020 - 2021 

13.3.4 Vendor Test ongoing 

13.4 Recovery Modelling 

13.4.1 Drill hole Samples 2020 - 2021 

13.4.2 
Experimental Procedure Baseline Method for 
leachable REE 

2019 - still running 

13.2 Historical Metallurgical Testwork Programs  

13.2.1 Testwork Universidad de Concepcion 

Between September 2014 and April 2015, the Universidad de Concepcion (UdeC) was in charge of developing preliminary 
tests to develop a process for rare earths extraction (Gutierrez L, 2015). The conclusions are summarized in the following 
points: 

¶ Using ammonium sulfate, the results of the basic desorption parameters were: 

o concentration of ammonium sulfate between 0.1 mol/L and 0.2 mol/L, solid/liquid (S/L) ratio 1:3 and desorption 
time greater than 7 minutes. 

¶ The use of flocculants in the S/L separation stage is fundamental after the extraction process. 

¶ Washing the clay after the extraction process showed good results to recover REE retained in the moisture of the 
cake. 

¶ Uif!sfdjsdvmbujpo!pg!uif!SFFǃt!xfbl!tpmvujpo!jt!dpotjefsfe!b!wjbcmf!pqujpo/ 

This report was based on the development of a prognostic test that aims to measure the quantity of rare earth elements in 
a simplified manner. This prognostic test was based on the measurement of turbidity of the suspension when REE oxalates 
are precipitated. 

In 2016, studies continued to define parameters and optimize the extraction process of rare earths. Table 13-2 shows the 
reports submitted by the UdeC corresponding to the tests carried out in 2016. 
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Table 13-2: UdeC Reports for Penco Module 

Test Year Report Year Laboratory Report Name 

2016 2017 UdeC Research studies of rare earth extraction from ionic clays Part I 

2016 2017 UdeC Research studies of rare earth extraction from ionic clays Part II 

2016 2017 UdeC Research studies of rare earth extraction from ionic clays Part III 

2016 2017 UdeC Research studies of rare earth extraction from ionic clays Part IV 

The reports issued by the UdeC describe the investigation and optimization of different variables that are fundamental for 
carrying out a rare earth extraction process. These variables were: 

¶ type of leaching reagent; 

¶ leaching reagent concentration; 

¶ pH leaching; 

¶ solid / liquid ratio; 

¶ leaching kinetics; 

¶ secondary mineral precipitation; 

¶ leaching circuits; 

¶ temperature; 

¶ washing steps; 

Aclara and the Universidad de Concepcion defined a procedure for the extraction of rare earths Figure 13-1shows a diagram 
of the extraction process. 
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Figure 13-1: Schematic Diagram of Extraction Process  

 
Note:  prepared by UdeC, 2017 

In general terms, the procedure consists of leaching the mineral in a stirred reactor for twenty minutes with an aqueous 
solution of ammonium sulfate, a S/L ratio of 1:3 and a pH controlled by sulfuric acid addition. This leaching is carried out 
in two stages: as shown in Figure 13-1,  the solid phase (filtered wet cake) from the first stage feeds into the second stage 
and is leached again under the same conditions, that is, in the same S/L ratio, leaching time, ammonium sulfate 
concentration and equal pH. The last stage of the extraction procedure consists of using water to wash the filtered cake 
from the second leaching stage. 

Finally, solutions D1, D2 and L are sent to chemical analysis which determines the quantity of rare earth extracted in the 
leaching process as well as the quantities of pollutants by using ICP OS/MS depending of level of concentration. 

13.2.1.1 Analytic Method to Determine REE 

The analytic method used to measure REE quantities is described in detail in a document issued by Aclara dbmmfe!ǆSequential 
Eftpsqujpo!Qspdfevsf!gps!mbcpsbupsz!xjui!Bnnpojvn!Tvmgbuf-Ǉ (BioLantánidos , 2020). 
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During these experimental campaigns, the REE total analyses were not considered, and the research was based on the 
leached REE from the ore. That is why, in this chapter there recovery is not traditional. 

Table 13-3 shows the parameters that were studied in each report issued and the analysis methodology used. Two analysis 
methodologies were used, which are: REO titration method and ICP-MS analysis. Note that the REO titration method is an 
estimative method to obtain the equivalent REO concentration of a liquid sample. 

Table 13-3: Parameters and Analysis Methodology Reports UdeC 

Report Study parameter Methodology  Clay 

Part I 

Concentration ammonium sulfate, pH of extraction, Solid / Liquid 
ratio, kinetic of extraction, precipitation of secondary minerals, 
temperature, washing, sequential extraction circuit, particle size 
evaluation with extraction. 

REO Titration A, B and C 

Part II 
Leaching reagent type, Leaching reagent concentration, pH of 
extraction, Solid / Liquid ratio, kinetic of extraction 

REO Titration D, E and F 

Part III Secondary minerals precipitation ICP-MS Analysis D, E and F 

Part IV Sequential extraction circuit ICP-MS Analysis D, E and F 

In the UdeC reports, 6 types of clays were used, called Clay A, B, C, D, E and F. These samples were taken from the same 
slope between 3 and 5 m deep in a sector called Cerro Penco Norte (CPN), which is 750 m approximately north of the clay 
known as the Pit Test (Victoria Norte), crossing the valley of the Penco estuary. Figure 13-3 shows the area where the clay 
was obtained (CPN) and the distance from the Pit Test. 
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Figure 13-2: Clay Location A, B, C, D, E and F 

 

Source:  NCL, 2019 

A geo-metallurgical unit (GMU) was assigned to each studied clay. There are three different zones which are: 

¶ GMU1: Leached zone 

¶ GMU2: Enriched zone 

¶ GMU3: Weathered protolith zone 

13.2.1.2 Conclusions 

The main conclusions that can be obtained from the studies carried out by the Universidad de Concepcion are: 

¶ Leaching reagent to be used for the extraction process is ammonium sulfate. 

¶ Optimal concentration of ammonium sulfate is 0.15 mol/L.  

¶ Optimum pH for extraction is 4.0. 

¶ Optimal ratio of S/L extraction 1:3. 

¶ Extraction time greater than 7 minutes. 
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¶ Use ammonium bicarbonate as a precipitating agent of secondary minerals at a pH close to 4.5. 

¶ Use ammonium bicarbonate as precipitator of REE carbonates at pH 7.0. 

¶ It is possible to carry out a sequential extraction circuit because the concentration of REE in the solution increases 
as the circuit progresses, being able to be reused and not lose extraction capacity. 

¶ The results show that it is possible to recover REE through a clay washing process in the sequential extraction 
tests. In addition, the washing stage allows to eliminate the ammonium retained in the clays, reaching 
concentrations close to zero with 6 stages of washing. 

¶ Drained washing solutions do not contain REE or ammonium ions, which demonstrates the high effectiveness of 
the washing process. 

¶ Biodegradable agents were studied, but the results were not as expected. Although these agents should not be 
discarded and should continue to be studied using other agents and higher concentrations. 

These results are very important to be applied as improvements in the land extraction process and thus demonstrate that 
they are applicable to a pilot scale process. In addition, these trials involved clays belonging to the GMU1 and GMU2 of 
Cerro Penco Norte (CPN), where this area is very similar to the Test Pit clay (Victoria Norte). 

There is no information on recovery during this period of time because the procedure titration or ICP were applied over the 
liquid samples therefore, there are no Total REE analyses. That is why, on the described experiment, there was not a 
relationship between the clay fed and the spent clay or the product obtained. 

13.2.2 Pilot Plant  

With the development done by Universidad de Concepcion, in 2017, the Penco Module Project erected a pilot-scale 
operation (throughput = 1 t/h), that resumed the operation of the El Cabrito Pilot Plant, which includes improvements to the 
Close Continuous Leaching Process (CCLP), in which the sequential extraction stage is located. The operation of the Pilot 
Plant allowed to validate a series of unit operations and equipment, to subsequently scale the designs to commercial level 
production plants and perform operation tests to achieve the final REE oxide product, until this moment the target was 
getting REE oxides. 

The general process of the REE extraction Pilot Plant can be divided into 5 stages: 

¶ Mixing and extraction: Process in which the ionic clay is contacted with the extractant solution in order to extract 
the elements of interest contained in the ionic clays. 

¶ Precipitation of Secondary Minerals: Stage where it proceeds to precipitate non-valuable elements present in the 
solution, with the aim of increasing the grade of the final concentrate. 

¶ REE Carbonate Precipitation: Stage of precipitation of elements of interest as a solid species, that is, REE 
carbonates. 

¶ Calcination: Stage corresponding to the calcination, where a high temperature chemical reaction occurs from REE 
carbonates to REE oxides. 
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¶ Treatment of washing water clays: Process where the washing water from the clays already processed is treated 
for the recovery of chemical agents and valuable elements. 

Figure 13-3shows the general block diagram of the Pilot Plant operation using the CCLP extraction method. 

Figure 13-3: Pilot Plant Process Block Diagram 

 

Note:  prepared by NCL, 2019 

13.2.2.1 Sampling 

For the selection of a suitable zone for the extraction of ionic clay, two choice criteria were considered: 

¶ Easy access for extraction of clay 

¶ High soluble REE grades, based on the previous test. 
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A sector located in Victoria Norte was chosen, since it has an easy access with a lateral road, in addition to a flat area that 
allows the safe development of clay extraction; this clay was called "TEST PIT". Figure 13-4 shows the extraction zone 
demarcated for the Test Pit. In this area, 25 drill holes were made at a depth between 4 and 6 m. 

Figure 13-4: Test Pit Location  

 

Note:  prepared by NCL, 2019 

13.2.2.2 Test Execution 

A procedure for manual sampling was designed to perform sampling of ionic clay used to feed the sequential extraction 
process. A screw feeder was installed to resolve the issues that arose due to the sticky nature of the ore during the pilot 
operation. 

In order to have the best representation of the material entering the extraction process, the following sampling process was 
carried out: 

¶ It was performed in a day shift and a night shift of 12 hours each, covering from 08:00 hrs to 20:00 hrs (day shift) 
and from 20:00 hrs to 08:00 hrs (night shift). One sample per hour during the shift. 12 samples per shift. 
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¶ The 12 liquid samples were sent per shift to the UdeC to make a composite per shift and perform its subsequent 
process of sequential extraction. The composites are sent to ICP-MS analysis to SGS Chile. 

To get a mass balance between the leachable REE provided by lab and the final product obtained at the plant, samples of 
the rare earth carbonate were taken and composited during the test operation, which is detailed below: 

¶ A representative sample of 500 g of wet rare earth carbonate (RECO3) is taken and enters the drying stage in the 
conventional electric oven (HEC) at a temperature of 250 °C for 4 hours. 

¶ Once the drying process is finished, the dry amount of RECO3  is weighed. The dry carbonate is then placed on a 
clean plastic sheet to roll and divide the sample into quarters. 

¶ The cake material is then available with approximately 2 to 3 cm of thickness. 

¶ Subsequently, a process of taking individual portions is carried out until a dry sample of 30 g of RECO3 is 
generated, it is stored in a sealed bag and sent to SGS Canada, Rare Earth Salts and Actlabs Canada for analysis. 

¶ From this same cake, portions are taken to generate 100 g of dry carbonate, then this  enters the industrial electric 
furnace (HEI) for calcination at 900 °C for 14 hours, to obtain Rare Earth Oxide (REO). 

¶ The REO is then laid out on a clean plastic to be rolled and cut into quarters. A cake is finally formed portions are 
collected until generating a mass of 30 g of REO. It is stored in a sealed bag and sent for analysis. In addition, 
another sample of 30 g of REO is kept as a control. The average REO content in the product was around 71.3%, 
the main impurity was Aluminium (Av = 21.8%). 

13.2.2.3 Results 

The TP's global operation started on May 31, 2018 and ended on June 27, 2018. This operation can be divided in two stages: 

¶ May 31- 2018 to June 29 -2018: Continuous Plant Operation 

¶ July 01-2018 to July 17-2018: Operation Plant Heap Leaching (HL) 

Taking into account the parameters described above, it is possible to quantify the amount of leachable clays that enter the 
sequential extraction process by means of ICP-MS analysis (sampling-ion clay), and a quantification of the final product is 
performed with ICP-MS analysis (REE sampling carbonate); therefore, a metallurgical plant recovery can be calculated. 
Table 13-4 summarizes the results. 

Table 13-4: Pilot Plant Yield 

Element Yield (%) 

Y 56.3 

La 54.7 

Ce 38.9 

Pr 48.9 



  

 

 

Penco Module  Page  129 

Amended and Restated NI 43-101 Technical Report Preliminary Economic Assessment December 2021 

 

Element Yield (%) 

Nd 54.9 

Sm 50.8 

Eu 35.1 

Gd 48.4 

Tb 38.6 

Dy 51.7 

Ho 43.7 

Er 51.1 

Tm 33.1 

Yb 49.2 

Lu 29.6 

According to the results, the process considered was not efficient enough because those results present several REE losses 
and a new test plan  was defined and executed. The main conclusion was that the Project must modify the recovery method 
and S/L separation to increase the Plant Yield. 

For this baseline methodology, it is important to remember that this procedure involved only analysis in the liquid phase, 
and until this stage, the total content of Total REE were not used. 

13.2.2.4 SGS Verification 

Between June 6, 2018 and June 9, 2018, SGS Minerals Lakefield visited the El Cabrito Pilot Plant with the objective of 
validating the rare earth extraction process (CCLP). During the visit several samples were taken at different points of the 
plant, then  the performance of the Pilot Plant was validated and evaluated using the CCLP extraction method. The main 
conclusions and recommendations by SGS Minerals Lakefield were: 

¶ The Pilot Plant is operable and it is possible to extract a concentrate of rare earths. 

¶ SGS recommends carrying out S/L separation tests to determine the required sedimentation areas. Use different 
types of clays to measure the effect of mineral variability. 

¶ The average extraction efficiency was 75% with respect to the total leachable amount. For example, for Pr and 
Nd achieved extraction efficiencies of 79% and 78% respectively. 

¶ The extraction of scandium, thorium and uranium was negligible, and the concentrations of these elements in 
solution were generally below the limit of detection. 

¶ SGS recommends putting a third stage of extraction to recover the missing fraction that has been extracted 
(leachable). 
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¶ The losses of REE in the precipitation of secondary minerals were negligible (0.12%), but SGS reports that the 
operational conditions when the samples were taken were not optimal. 

¶ The greater the elimination efficiencies, the greater the REE losses will be due to the low removal of aluminum 
(Al). 

¶ The REE carbonate precipitation efficiencies averaged around 95%, while the co-precipitation of Al and Mn was 
99% and 5% respectively, while other elements such as Si and Mg were negligible. 

¶ Significant losses of REE are estimated due to the fact that the REE carbonate does not reach precipitation in the 
settler and is not captured in the filter, the losses are estimated close to 22%. This can be improved by the addition 
of flocculant and coagulant or the installation of filters for finer particles. 

¶ The high content of Al in the final concentrate can be attributed to the lack of control of pH in the stage of 
precipitation of secondary minerals. It is important that Aclara operate the pilot circuits with a rapid analytical 
response to be able to operate each circuit under the design conditions and, therefore, avoid the production of 
rare earth precipitates out of specification. 

¶ Results and Conclusions 

¶ The main conclusions that can be obtained from the Pilot Plant are: 

¶ The process of extraction of rare earths, "Close Continuous Leaching Process (CCLP)" is a viable and valid method 
that can be developed at an industrial scale, but certain improvements in the process must be included. 

¶ It is known that the achievable recovery of REE is in  order for 80%. However, due to the difficulties presented 
during the operation of the pilot plant, which consisted of: 

o Soluble REE losses associated with unwashed clarifier underflow. 

o Losses of fines during the separation process. 

o Soluble losses associated with unwashed impurity removal solids. 

o Rare earth precipitate ends not captured in settler / thickener or cartridge filter. 

o Only an effective soluble REE plant recovery of 53% was achieved. 

¶ The main factors that affected a low recovery of REE were improving extraction efficiency, losses in rare earths 
in the fines, lack of control of pH in secondary mineral precipitation, loss of REE carbonates in the sedimentation 
stage. 

¶ The results of the circuit for obtaining rare earth carbonates for the different geo-metallurgical units showed 
different results of recoveries. This indicates that each GMU present in each extraction zone behaves differently 
and must be studied individually and thus, find an optimal and specific procedure to maximize resources from a 
metallurgical point of view. 
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¶ Based on these results, the Penco Module decided to modify the process to reduce REE losses in all its unit 
operations. 

13.3 Most Recent Metallurgical Testwork Programs  

13.3.1 Testwork University of Toronto  

When Hochschild Mining Plc purchased the Project, the University of Toronto (UT) was commissioned to develop and 
optimize the process for the recovery of rare earth elements (REEs) from ionic clays by leaching and selective precipitation. 
The recovery process was developed in 2019 and is still running. The proposed process considers that REE extraction is 
achieved using a two-step counter-current extraction process with ammonium sulfate ((NH4)2SO4) as the lixiviant and a 
selective precipitation process, using ammonium bicarbonate (NH4HCO3) as the precipitant. The clay solids wasted will be 
washed to recover any remaining ammonium sulfate. 

Every chemical and thermodynamics variable, able to be modified, was studied in the following tests, which are described 
in detail in a document issued by University of Toronto titled, (Toronto University, 2021). 

A summary of the most important tests is provided in Table 13-5, Table 13-6 and Table 13-7. 

Table 13-5: Rare Earth Leaching Tests 

Test Year Report Year Laboratory Test Type 

2019 2020 UT Determine optimum extraction temperature 

2019 2020 UT Determine optimum S/L ratio 

2019 2020 UT Determine the chemical composition of different clays 

2019 2020 UT Baseline extraction tests 

2019 2020 UT 
Validate the use of the counter-current extraction process 
configuration 

2019 2020 UT Validate the use of the two-step extraction procedure 

2019 2020 UT 
Determine the effect of particle size on REE distribution within the 
clay 

2019 2020 UT Ammonium mass balance for the extraction process 

2019 2020 UT Determine sulfuric acid consumption for extraction 

2019 2020 UT Determine optimum ammonium sulfate concentration  

2019 2020 UT Evaluate the effect of flocculant presence on the extraction step 

2019 2020 UT 
Determine the effect of pH (1ƿ3) on extraction of REEs, Th, U, and 
impurities 

2019 2020 UT 
Determine the effect of the extraction pH (1ƿ3) on the 
precipitation processes 
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2019 2020 UT 
Characterization and extraction of two sets of pilot plant clay 
samples (10 in total) 

2019 2020 UT Determine the effect of seeding 

Table 13-6: Secondary Mineral Precipitation (Impurities)  

Test Year Report Year Laboratory Test Type 

2019 2020 UT Determine impurity precipitation kinetics 

2019 2020 UT Determine the effect of ammonium hydroxide as the precipitant 

2019 2020 UT Determine the effect of pH on impurity and REE precipitation 

2019 2020 UT Determine optimum ammonium bicarbonate dosages 

2019 2020 UT Determine impurity precipitation kinetics 

Table 13-7: Rare Earth Precipitation 

Test Year Report Year Laboratory Test Type 

2019 2020 UT Determine REE precipitation kinetics 

13.3.1.1 Baseline Leaching Condition 

As previously mentioned, the Project was purchased by Hochschild Mining in 2019, which implies that several new tests 
and entities involved. During the most recent campaign the effort has been on recovery estimation,  and this section 
includes a chemical analysis Total for rare earths and leachable rare earths that takes into consideration the previous 
parameters determined by the UdeC. See Table 13-8. 
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Table 13-8: Baseline Leaching Condition for Determination of Leachable REE 

Description Unit Baseline Method 

Liquid/solid ratio   

 Internal - 3/1  

 External - 6/1  

Leaching Solution   

 Ammonium sulfate gpl 20 

 TDS % 1 

Operation   

 Scheme  Parallel 

 Agitation  stocking 

 Residence time min 20 

 pH  4 

The Figure 13-5 shows the basic rare earth extraction method used for the tests performed by University of Toronto (UT). 
A first extraction stage (D1), then a second extraction stage (D2) and finally a washing stage (W) were considered. 
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Figure 13-5: D1 + D2 + W Process Flowchart 

 
Note:  prepared by Aclara, 2020. 

13.3.1.2 Sample Characterization 

The chemical composition of the initial clay sample is shown in Table 13-9. 

The compositions were determined by ICP-MS (REEs, U, Th) or ICP-OES (bulk metals) after MW-AR (5 replicates). 
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Table 13-9: Sample Characterization 

Repeat digestions (n = 5) 

Element 
Average Std. Dev. 

Element 
Average Std. Dev. 

mg/kg  mg/kg  wt% wt% 

Sc 49.3 2.1 Fe 14.68 0.23 

Y 772.3 47.0 Al 8.01 0.15 
La 573.0 36.9 Mg 0.37 0.01 

Ce 1080.8 34.5 Mn 0.36 0.01 
Pr 129.1 5.2 Ca 0.05 0.01 

Nd 528.4 16.9 Zn 0.00 0.00 
Sm 82.8 3.0 K 0.39 0.04 

Eu 2.4 0.0 Na 0.00 0.03 
Gd 85.9 1.8    

Tb 16.5 0.7    

Dy 122.1 2.9    

Ho 30.3 1.1    

Er 85.1 1.7    

Tm 13.6 0.6    

Yb 86.6 3.8    

Lu 13.4 0.6    

U 1.5 0.1    

Th 186.1 7.9    

REE TOT 3672 125    

Radioactivity (Bq/kg) 792 34    

Several samples have been characterized by XRD and SEM-EDS to determine the mineral composition, the main compound 
found related to the ion exchange mechanism were halloysite (Al2Si2O5(OH)4), cronstedtite (Fe3(Si1.4Fe0.6)O5(OH)4), and 
quartz (SiO2) ƿ these minerals contains leachable REEs. The SEM-EDS analysis allows detection of small amounts of 
monazite ((Ce, La, Nd, Th)PO4, (Figure 13-7 and Figure 13-7) within the clay. Monazite behaves as a refractory material up 
to Penco Module process, proposed for this Project. 
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Figure 13-6: Mineralogical an d Morphological Characterization of the Starting Ionic Clay. a) XRD phase identification of the ionic 
clay. b) SEM-EDS elemental mapping of ionic clay 

 
Note:  prepared by Aclara, 2021 

Figure 13-7: Presence of Monazite in Ore 

 
Note:  prepared by Aclara, 2021 
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13.3.1.3 Extraction Temperature 

The leaching temperature does not have a significant effect on the extraction of any of the leachable REEs within the range 
of 25ƿ45°C (see Figure 13-8). It was shown that on average, the trials at low temperature and high temperatures were 
equivalent. In addition, that extraction between 0ƿ5 °C also does not affect REE extraction. Since temperature does not 
have a significant effect and conducting trials without temperature control is logistically easier than employing temperature 
control, operation was set at room temperature for all the tests. 

Figure 13-8: Average REE Extraction as a Function of Temperature 

 

Note:  prepared by UT, 2021 

13.3.1.4 Extraction Solid/Liquid Ratio  

An extraction optimization test was performed in which it was determined that the L/S ratio has no significant effect on the 
extraction of REEs within the range of 2:1 to 4:1 (see Figure 13-9). On average, the trials at low and high L/S were equivalent. 
Although the L/S ratio did not have a significant impact on extraction, it was set at the intermediate value of 3:1 to avoid 
mechanical issues that would arise at larger scales if a lower L/S ratio was used. 

Figure 13-9: Average REE Extraction as a Function of L/S 

 
Note:  prepared by UT, 2021 
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13.3.1.5 Ammonium sulfate concentration  

The UdeC defined an optimal ammonium sulfate concentration in their previous works, which the UT optimized in 2020 
through extraction optimization tests. The ammonium sulfate concentration was found to have no significant effect on the 
extraction of REEs within the range between 0.15ƿ1.0 mol/L. On average, the trials at 0.15 mol/L and 1.0 mol/L were 
equivalent (see Figure 13-10). A slight improvement in extraction was observed at higher ammonium sulfate concentrations 
specifically when the highest tested pH (pH 4) was used. Given the near-negligible effect of ammonium sulfate 
concentration, and the importance of removing the ammonium sulfate from the clay after extraction, this concentration 
was set at the lower bound (0.15 mol/L) for the trials. 

Figure 13-10: Average REE Extraction as Function Ammonium Sulfate Concentration 

 

Note:  prepared by UT, 2021 

Also, the effect of using lower concentrations like 0.15 mol/L, was investigated. The results of this test indicate that lower 
concentrations of amm onium sulfate (above 0.1 mol/L, preferably between 0.125 and 0.15 mol/L) can also result in 
acceptable REE extraction levels. Since the ammonium sulfate concentration in the process is set at 0.15 mol/L, and 
ammonium is recovered in the closed-loop process, it is unlikely that the concentration would fall below 0.1 mol/L. It is 
recommended that the ammonium sulfate concentration be kept between 0.125 and 0.15 mol/L to achieve desirable REE 
extraction levels. 

13.3.1.6 Extraction pH 

In the previous work done by the UdeC, an extraction pH of 4.0 was defined. In addition, an Aclara study (Biolantánidos, 
2019) showed decreasing pH results in higher extraction of uranium and thorium.  

Given that extraction of these elements was consistently observed to be low at a pH of 3.0 (for all tested samples), and the 
co-extraction (and potential concentration) of radioactive Th and U was undesired, the pH was set at 3.0 as a lower pH to 
operate the leaching stage. 

The results showed that reduction of pH has a positive effect on the desorption of REEs, but the effect plateaus at around 
a pH 2.0. 
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Some trials in this report were conducted even with pH 1.0 to determine the effect of extremely low pH. But it is important 
to highlight that the current process will operate in a pH range between 3 ƿ 4. Avoiding all potential radioactive elements, 
this was largely studied with Ansto (See Section 13.3.3 for further information). 

13.3.1.7 Effect of The Use of Counter-Current Extraction Process Configuration 

The desorption process in the plant will be operated in the countercurrent mode, with the L2 liquor from the D2 desorption 
step being used as the lixiviant in the D1 step. By using this countercurrent scheme, the consumption of (NH4)2SO4 and 
water during desorption can be essentially reduced by half, since they are only added in D2 instead of D1 and D2. To assess 
the viability of this approach and to determine its effect on the desorption efficiency, countercurrent desorption trials were 
conducted in which the L2 liquor from a standard desorption trial was used for the desorption of fresh clay, without the 
addition of extra water or (NH4)2SO4. Figure 13-11 shows the schematic flow diagram of this process. Figure 13-12 shows 
a comparison between the baseline and countercurrent configuration. 

Figure 13-11: D2 Ÿ D1 Counter-Current Process Flowchart 

 
Note:  prepared by UT, 2021 
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Figure 13-12: Comparisons Between Baseline and Counter-Current Configuration  

 

Note:  prepared by UT, 2021 

13.3.1.8 Importance of the D2 Extraction Step 

A modified extraction procedure (D1 + W1 + D2 + W2) was tested, using an additional intermediate washing step (W1) after 
the first extraction step (D1), and it was compared to the normal procedure (D1 + D2 + W). The addition of step W1 allows 
evaluating the importance of step D2, because if D2 only has a washing function, step W1 would have the same degree of 
reaction as step D2 in the normal scheme, and step D2 would have a reduced extraction in the modified scheme. Conversely, 
if additional physical/chemical extraction occurs during D2, step W1 would have a considerably lower extraction than the 
standard D2, and D2 would continue to have a measurable extraction in the new scheme. Figure 13-3 shows the results. 
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Figure 13-13: Comparison for REEs between D1+D2+W, D1+W1, and D1+W1+D2+W2 process configurations for S11, S09, S13, 
S18, and S21 (correspond to various samples used) 

 
Note:  prepared by UT, 2021 
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The results of these trials show that the addition of the D2 extraction step is beneficial for extraction, as it contributes to 
leaching beyond a simple washing effect. These tests also demonstrate that the addition of an intermediate washing step 
between steps D1 and D2 can offer a slight extraction advantage for REEs; however, this step also results in increased 
extraction of impurity elements. It may not be beneficial to add this extra washing step considering the advantages versus 
disadvantages of increased processing costs and increased impurity extraction. 

13.3.1.9 D1 Desorption Kinetics 

The objective of this test was to determine the optimal leaching duration, to enable equipment sizing. These trials show the 
time required to fully extract all the leachable REEs and will determine if a time-delayed hydrolysis or equivalent loss in 
extraction efficiency occurs. The results are shown in Figure 13-14. 

Figure 13-14: Kinect Curve ƿ REE Totals 

 
Note:  prepared by UT, 2021 

The extraction kinetics were rapid, with the majority of the REE extraction occurring within the first two minutes after 
(NH4)2SO4 addition, and by 20 minutes, an extraction plateau had been reached. However, the maximum extraction is 
obtained with large residence time. 

13.3.1.10 Particle Size Effect on REE Distribution Within the Clay 

The sieve analysis indicates that REE concentration increases slightly (by 5ƿ8%) with decreasing the particle size (see 
Figure 13-15). 
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Figure 13-15: Particle Size Effect on REE Distribution  

 
Note:  prepared by UT, 2021 

On the other hand, the tests show that the REE content of the fine particles was higher than that of the coarse particles, 
which increase the leaching, since finer particles will have a higher available surface area per unit mass.  

Aclara performed a cost analysis to determine if the large particle sizes could be discarded without a negative effect on the 
economics of the process. One note indicates that particle size classification in wet screening has costs associated and 
that it is not advisable to remove mineral on the 1 mm mesh or other that may affect the recovery (study in developed). 

13.3.1.11 Optimization of the washing step and ammonium mass balance in the extraction process  

The results of these tests led to the following conclusions: 

¶ Increasing the wash water ratio results in increased ammonium removal, but this value starts reaching a plateau 
after 1.5 mL/g. Increasing this ratio from 1.5 to 2.2 mL/g results in ~10% extra removal. Considering the increased 
operating costs associated with additional water, 1.5 mL/g seems to be an acceptable number. If further removal 
is desired, this ratio can be increased. 

¶ Based on ammonium mass balance, the calculated and measured ammonium concentrations for D1 solid are 
close to each other. For D2 solid, the measured value is slightly lower than the calculated one; similarly, for W 
solid the measured value is lower than the calculated one. This suggests that clay can adsorb ammonium ion, for 
example at the sites of extracted REEs or impurities. This means it is unlikely that the W solid creates 
environmentally damaging ammonium-rich runoff. This behavior needs to be validated at the plant scale. 

¶ Based on sulfur (sulfate) mass balance, the measured sulfate is slightly larger than the calculated value. This can 
suggest that there are sulfur containing species in the clay that are extracted in the presence of acid in D1 and 
D2 and they are carried in the processing circuit, and they will go out of the process with the W solid. This behavior 
also needs to be validated at the pilot plant scale. 
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13.3.1.12 Sulfuric acid consumption for clay extraction as a function of depth  

The objective of this test was to determine if the sulfuric acid consumption in the extraction process changes by the depth 
at which the clay sample was extracted. To address this objective, the sulfuric acid consumption for the extraction of the 
32-sample trials was measured. 

The result indicates that the acid consumption in the extraction process is highly variable across different clay samples 
from different depths (see Figure 13-16). Therefore, active pH control should be employed to control the pH during operation 
rather than using a fixed acid dosage to achieve consistent results. 

Figure 13-16: Acid Consumption (gH2SO4/kg ore) During D1 and D2 to Maintain the Desorption pH at 4.0 

 
Note:  prepared by UT, 2021 

13.3.1.13 Effect of Flocculant Addition on Extraction  

The recorded concentrations (mg/L) are given in Table 13-10 for each trial. The D1 extractions and concentrations for test 
PRE1, which was desorbed under equivalent conditions, without the addition of flocculant are also shown for comparison. 
Overall, comparing the results for different flocculant addition points, the extractions and concentrations do not appear to 
be influenced by the flocculant addition, or on its addition order (before or after the desorption step). The settling time is 
quicker when the flocculant was added immediately before filtration as well as expected. 






















































































































































































































































































































































































































































