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ITEM 2 SUMMARY 

This Technical Report on the Taca Taca Project (the property or Project) has been prepared by Qualified 
Persons David Gray, Michael Lawlor and Andrew Briggs of First Quantum Minerals Pty Ltd (FQM, the issuer 
or the Company).  

A first Technical Report prepared by FQM as an issuer in relation to the subject property was filed in 
November 2020 (the Initial Technical Report).  The purpose of the Initial Technical Report was to document 
updated Mineral Resource and (maiden) Mineral Reserve estimates for the property, subsequent to its 
acquisition from previous owners, and to provide a commentary on the project development status for the 
property. 

The Initial Technical Report has now been amended and restated to include additional clarifications and 
confirmatory information relating specifically to: 

¶ pre-tax and post-tax cashflows, and also respective sensitivity analyses 

¶ inclusion of the Mineral Reserve inventory within the Mineral Resource inventory 

¶ an indicative order of accuracy for the updated Project capital cost estimates 

The effective date for the Mineral Resource and Mineral Reserve estimates remains as the 30th October 2020. 

2.1 Project overview, location and ownership 

Taca Taca is a porphyry copper-gold-molybdenum deposit located in the arid Puna (Altiplano) region of Salta 
Province, in northwest Argentina.  The proposed Project involves the open pit mining and flotation processing 
of cupriferous ore from this deposit for a period of 32 years. 

The Project is located approximately 230 km west of the city of Salta and 55 km east of the Chilean border.  
The nearest population centre is the village of Tolar Grande (population of approximately 150), which is 35 
km east of the Project site. 

Figure 2-1 shows the location of the Project relative to major roads, railway lines and other existing 
infrastructure. 

The Project site is situated at a median elevation of 3,625 mRL, in an environment with sparse flora and fauna, 
and on the edge of an expansive salt lake (salar).  The climate at Taca Taca is arid, with an annual precipitation 
of approximately 40 mm/year and an evaporation rate of 2,500 mm per year.  Temperatures range from 
minus 11oC to 20oC, with January being the warmest month and July being the coldest month.  Wind speeds 
typically range from 3.8 m/s to 23.2 m/s, blowing predominantly from the northwest.  Although winds are 
generally strong, particularly during the winter months, development and operational activities could be 
carried out year round.  The Project is located in a seismically active region. 

Taca Taca is 100% owned by the Company through its Argentinian subsidiary Corriente Argentina SA (CASA).  
The Project and associated areas of interest are held in a composite package of mining rights consisting of 75 
concessions.  Two of the mining concessions have a 50% ownership with third party groups, though these 
are not over commercially material portions of the known deposit.  The property is subject to a 3.0% 
provincial government royalty and a 1.5% third-party net smelter return royalty. 

2.2 Project background 

The Taca Taca deposit was discovered in the late 1960s.  Lumina Copper Corporation (Lumina) acquired an 
interest in the property when shareholders of Global Copper Corporation (Global Copper) approved a 
corporate reorganisation in August 2008.  This ultimately resulted in the acquisition by Lumina of 100% of 
the shares of CASA and a 100% interest in the property. 



Taca Taca Project | Amended and Restated NI 43-101 Technical Report  
 

18 

Figure 2-1   Taca Taca Project location 

 

In August 2014, the Company acquired Lumina and its primary asset, Taca Taca.  Since that time, the Company 
has completed detailed reviews of the deposit geology, mineralogy and processing amenability, in addition 
to assessing development options for the Project.  From 2015, the Company has conducted water exploration 
drilling and aquifer pump tests to confirm sustainable groundwater supply sources for the Project, and has 
been progressing with environmental and engineering phase studies.  The Project engineering phase remains 
in progress. 

2.3 Project approvals 

The primary permit required for the development of the Taca Taca Project is the Environmental and Social 
Impact Assessment (Informe de Impacto Ambiental, ESIA), to be approved by the Secretariat of Mining of the 
Salta Province.  This ESIA must cover the main Project sites including mine, process plant, tailings storage 
facility, and associated facilities.   

The Project ESIA was submitted to the authorities in February 2019.  A response to the submission was 
received from the Secretariat of Mining at the end of Q3 2019, and it included 62 observations (including 
requests for clarification or more information).  Some of the required additional information will only be 
available once the Project definition and engineering is more advanced.  A compiled document with 
responses that were able to be provided at this stage of the Project was submitted to the authorities in Q1 
2020.  Final approval of the ESIA is expected in 2021.   

After final approval, the ESIA must be updated and resubmitted to the authorities every two years. 

A second ESIA is required to be submitted separately to the Energy Secretariat of Salta Province, for the 345 
kV transmission line to connect the Project to the national electrical grid.  A third ESIA is required to be 
submitted to the Salta Road Administration for the proposed bypass road construction for the Project.  

Argentina 
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The Project will also require approval from the Water Resources Secretariat of Salta Province of a concession 
for water supply development and use.  The current water exploration programme (Phase III) is intended to 
develop all of the water supply definition and information that will be required to include in a water 
exploitation permit.  The Phase III water investigation programme was suspended in March 2020 due to the 
COVID-19 pandemic, and will now be completed at a later date. 

These three additional material permit applications are in preparation, and with the exception of the water 
permit application, are anticipated to be filed with the relevant authorities in 2021. 

Other administrative authorisations, detailed construction and operating permits will be required, 
particularly from the Municipality of Tolar Grande and various provincial authorities in the course of 
development and operation of the Project. 

2.4 Project development status 

A primary reference document for the Project is a Preliminary Economic Assessment (PEA) report dated May 
2013 and produced for Lumina (Ausenco, 2013).  This document describes the conceptual development of 
the Project as envisaged by its previous owners, and includes technical information sufficient for the 
Company to review and assess its own options.  More specifically, the detailed capital and operating costs 
set out in the PEA report have formed the basis for review, benchmarking and adaptation by the Company 
for its own economic analysis, to a level that is considered appropriate for the Project at this current stage. 

Further to the Project review and assessments described above, the Company has identified its preferences 
for the scale and extents of open pit mining and ore processing, and for the location of required infrastructure 
items.  Furthermore, technical work has proceeded from 2017 through 2020, on power and water supply 
logistics, freight and product transport options, and on designing improved road access into the Project area. 

¢ƘŜ /ƻƳǇŀƴȅΩǎ tǊƻƧŜŎǘ ŜƴƎƛƴŜŜǊƛƴƎ ǇƘŀǎŜ Ƙŀǎ ŀŘǾŀƴŎŜŘ ǎǳŎƘ ǘƘŀǘ ŀƴ ǳǇŘŀǘŜŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜ ŀƴŘ aƛƴŜǊŀƭ 
Reserve estimate can now be published, along with a proposed mining and processing plan.   

Those aspects of the proposed Project which have changed since the Lumina PEA are as follows: 

¶ an updated Mineral Resource model and estimate have been produced 

¶ a maiden Mineral Reserve estimate has been produced 

¶ a revised deep open pit mine design has been developed, and has been constrained from transgressing 

into the adjacent brine saturated sediments of the Salar de Arizaro 

¶ metallurgical variability criteria for copper mineralisation has been coded into the updated Mineral 

Resource model for improved production planning 

¶ a flow sheet has been developed which accommodates the processing of a significant proportion of 

supergene ore with mixed mineralogy 

¶ a Project alternatives analysis and a detailed Project description document have been produced to 

complement the submission of an Environmental and Social Impact Assessment (ESIA) 

¶ separate ESIA documents, relating to road access and power transmission have been prepared for 

forthcoming submission 

¶ from the Project alternatives analysis: 

- a new location for the Project tailings storage facility has been selected 

- preferred locations have been identified for a new access road into the Project, and for the route 

of a power transmission line 

¶ water supply investigations have continued, fresh water supply sources identified, and preliminary 

engineering completed on borefield and pipeline requirements 
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¶ capital cost estimates have been updated inclusive of new information on road and rail upgrades, and 

water supply borefields and pipelines 

¶ mine operating cost estimates, mining equipment fleet requirements and process operating costs have 

been derived from a first principles basis 

The Company has progressed through to 2020 with a Project engineering phase, focussing on a scope of work 
involving further drilling and confirmatory Mineral Resource drilling/sampling/assaying, further Mineral 
Resource modelling and updates, metallurgical sampling and testing, geotechnical studies, infrastructure 
engineering and related technical work, and on Mineral Reserve estimation. 

In addition to resuming the Phase III water supply investigations and confirmation of borefield sustainability, 
a scope of continuing engineering phase work includes: 

¶ additional Mineral Resource drilling, sampling and analysis, including infill, extensional and sterilisation 

targets  

¶ mine and civil geotechnical investigations, in conjunction with seismicity investigations 

¶ optimisation of the process plant layout and the concentrate load-out facilities 

¶ further confirmatory metallurgical testwork, not critical for the current processing flow sheet and plant 

design 

¶ further infrastructure planning for power reticulation  

¶ optimisation of the tailings delivery methodology and the potential for decant water return 

¶ selection of a suitable location for the Project camp and related infrastructure 

¶ review of waste landfill options and locations 

2.5 Project scope 

The proposed Project has the following material components: 

¶ a multi-phased open pit mine extending to an ultimate depth in excess of 700 m 

¶ surface stockpiles for marginal ore, and separately for auriferous material not in the Mineral Reserve, 

but which could be economically processed in the future 

¶ a mining waste dump, located to the east of the open pit, on the surface of the adjacent salar (the 

Salar de Arizaro) 

¶ a processing plant site which is located adjacent to the open pit, in an area of relatively flat topography 

sheltered from the prevailing wind direction  

¶ a concentrator for the processing of copper mineralisation by flotation, with primary recovery of gold 

(and silver1) into the concentrate 

¶ separation of copper and molybdenum concentrates  

¶ ramp-up of the processing rate from 30 Mt in the first year, to 40 Mtpa for the next five years, followed 

by a 50 Mtpa rate for one year, and then to an eventual rate of 60 Mtpa from Year 8 

¶ a nearby tailings storage facility located within an embayment of the Salar de Arizaro 

¶ process water storage ponds 

¶ borefields for the supply of fresh and saline water 

¶ overland pipelines between the concentrator and the tailings storage facility, and between borefields 

and the plant site 

                                                            
 
1 Silver (Ag) is considered immaterial to the economic value of the Project and hence Ag grades have not been reported in the 
Project Mineral Resource and Reserve estimates, nor accounted for in the Mineral Reserve economic analysis. 
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¶ surface haulage and internal access roads 

¶ mine services workshops and equipment wash-down facilities 

¶ construction offices, mine administration and accommodation facilities 

¶ storage space and a rail load-out facility for copper and molybdenum concentrate products 

¶ parts and consumables, reagent and explosives handling and storage facilities 

¶ as additional infrastructure, there are roads for transporting supplies into the Project site, a railway for 

transporting concentrates and supplies, and a high voltage electric transmission line 

As the Project continues through the engineering phase and into the development and operations phases, 
production aspects may change and components reviewed and varied to suit then current circumstances and 
new information. 

2.6 Geology and mineralisation 

Taca Taca has porphyry copper-gold-molybdenum mineralisation located in the southern half of a 50 km long 
Ordovician batholith, which forms the Sierra de Taca Taca mountain range.  The Taca Taca mineralisation is 
hosted by plutonic rocks of granitic composition together with lesser dacite, dolerite, and rhyolite intrusions.  
The porphyry is characterised by kilometre-scale zones of hydrothermally altered rocks that grade from a 
central potassic core to outer phyllic and argillic zones.  Phyllic alteration is most pervasive across the deposit 
and is closely associated with mineralisation. 

Mineralisation is comprised of supergene (chalcocite) and hypogene (chalcopyrite) zones.  A sub-surface 
leached horizon of varying thickness overlies the supergene and hypogene mineralisation.  Mineralisation is 
disseminated and in fractures, veinlets, and quartz vein stockworks.  

The leached horizon is largely depleted of copper mineralisation except for a zone of chalcocite-rich ore 
perched within the leached material to the east of the deposit.  In addition, a zone of supergene gold 
mineralisation, close to surface, is present above the thickest portion of leached material.  

Hypogene copper sulphides are mostly chalcopyrite with lesser bornite, chalcocite, covellite, and digenite.  
The mineralisation is broadly zoned with a chalcopyrite-bornite-molybdenite core yielding to a stronger 
pyritic halo around the outer edges. 

Supergene zones are mostly secondary sulphides formed by enrichment within a discontinuous blanket 
underneath the leached cap.  Supergene mineralisation is often variably mixed with hypogene mineralisation 
and is often due to deep-seated alteration along structures and host rocks.  Fine-grained black chalcocite and 
lesser covellite are the main secondary copper sulphides. 

Mineralisation remains open at depth and around several peripheral areas of the deposit. 

2.7 Metallurgy 

Metallurgical testwork by Lumina was completed over a period of three years from April 2010.  Up until 2019 
there was no additional laboratory work undertaken, although technical reviews done by the Company in 
2017 included an assessment of the potential for gold recovery during the Project pre-strip phase. 

The PEA report (Ausenco, 2013) summarises the original testwork findings as follows: 

¶ the ore is of moderate competency and hardness, and is amenable to grinding in a conventional semi-

autogenous grind (SAG) ς ball milling circuit, with pebble crushing and regrinding 

¶ average recoveries would be approximately 90% for copper, 57% for molybdenum and 64% for gold 
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¢ƘŜ /ƻƳǇŀƴȅΩǎ нлмт ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǘŜǎǘǿƻǊƪ Řŀǘŀ ƘƛƎƘƭƛƎƘǘŜŘ ǎŜǾŜǊŀƭ ŘŜŦƛŎƛŜƴŎƛŜǎ ŀƴŘ ǎƻƳŜ 
uncertainty around metallurgical performance due to the variability of copper mineralisation styles, 
especially in relation to the extent of mixed mineralisation (i.e., oxidised and tarnished ores).  In addition, the 
majority of the testwork had been conducted using tap water; limited testwork using brine solutions 
indicated reduced recoveries and lower concentrate grades. 

During the course of reviewing the testwork data variability, and as part of the Mineral Resource modelling 
by the Company, distinct data groupings (clusters) were identified for recovery and copper concentrate grade 
related to mineralogy, Cu and Fe assay grades.   

During 2019, four metallurgical holes were drilled from which ten samples were selected to represent the 
first five years of operations.  These samples along with brine solutions from the Salar de Arizaro, and brackish 
water from Valle de Arizaro and Valle de las Burras, were sent to the ALS laboratories in Kamloops, Canada. 

The testwork programme included comminution work for mill sizing, flotation work in brine and brackish 
water to define recoveries and concentrate grades in locked cycle testwork, sedimentation and filtration 
testwork for thickener and concentrate filter sizing, and environmental testwork to determine the potential 
for acid generation from tailings.  This testwork programme was completed in mid-2020. 

The comminution testwork highlighted the toughness of the rock types at Taca Taca and indicated the need 
for secondary crushing to achieve the ultimate design throughput of 60 Mtpa in two milling trains. 

Flotation testwork indicated high mass pulls to rougher concentrates using brine solutions in rougher 
flotation.  Brackish or fresh water would be required in the cleaner flotation circuit to enable high pH values 
to be achieved for pyrite depression; otherwise low concentrate grades and low recoveries would occur in 
this circuit.  Nonetheless, copper recoveries were generally lower than obtained in the previous testwork 
campaigns using tap water. 

The data generated from the recent locked cycle testwork was combined with the variability testwork results 
obtained in the previous testwork campaigns to estimate recoveries and concentrate grades for the distinct 
ore types and the different ranges of copper and pyrite present.  These estimates were coded into the 
Mineral Resource model for adoption in future mine production scheduling and cashflow modelling. 

From the testwork results and mine production schedules the following average life of mine recoveries are 
anticipated: 

¶ copper recovery of 85.0% to a concentrate grade of 25.3% Cu 

¶ molybdenum recoveries of 40% to a concentrate grade of 47% to 50% Mo 

¶ gold recoveries to the copper concentrate of 60%, with a grade of approximately 4.5 g/t 

2.8 Mining 

The Taca Taca deposit grades, geometry, and depth make it suitable for conventional, large-scale, bulk open 
pit mining methods involving blasthole drills, diesel hydraulic excavators, electric shovels and off-highway 
haul trucks.   

Open pit mining would proceed in phases from an initial starter pit, supplying pre-strip development waste 
for site infrastructure and construction, and ore onto stockpile for process plant commissioning.  The average 
and maximum material movements over this three year timeframe are 32.9 Mbcm and 43.3 Mbcm, 
respectively.  There is a pronounced peak in material movements over the next ten years as the first three 
pit phases are completed and mining proceeds into the fourth phase.  The average and maximum material 
movements over this period are 91.9 Mbcm and 95.7 Mbcm, respectively.  Thereafter, the average and 
maximum material movements reduce to 42.3 Mbcm and 65.2 Mbcm, respectively. 
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Figure 2-2 shows the Project site layout and specifically the location of the open pit and associated waste 
dump and ore stockpile area.  Subject to infill drilling and further mine planning assessments, a small satellite 
pit immediately to the north of the design pit could be mined during the operations phase, although this is 
not currently part of the Mineral Reserve inventory.   

The detailed mine planning for this Technical Report included conventional optimisation processes, phased 
and ultimate pit designs, surface layout planning and life of mine production scheduling.  At the outset, 
conventional Whittle Four-X software was used to determine the optimal pit shell, operating with a sulphide 
flotation plant to produce separate copper and molybdenum concentrates.  The copper concentrate would 
contain gold.   

The optimisation was completed on a maximum net return basis (undiscounted) and with recoveries of 
copper into concentrate based on defined mineralogical groupings or clusters.  Fixed (conservative) recovery 
values were used for molybdenum and gold.  The optimisation process also considered open pit slope design 
criteria provided by a geotechnical consultant, in addition to mine operating costs derived from first 
principles and processing/G&A costs determined on a similar basis. 

2.9 Processing 

The Taca Taca processing feed would comprise a mix of supergene and hypogene ores with initial feed 
sourced mainly from supergene zones.  Supergene ore is mostly secondary copper sulphide mineralisation 
(chalcocite) with some primary copper sulphides (chalcopyrite), and minor oxide copper minerals.  Hypogene 
ore is comprised of more than 50% primary copper sulphides.  Consequently, the plant feed will always 
contain significant amounts of secondary sulphides and some tarnished primary sulphides. 

Supergene mixed ores would be encountered during the initial processing years, to be followed by increasing 
quantities of hypogene ore as the open pit deepens.  The άƭŜŀŎƘέ cap at surface is auriferous but is mostly 
barren of copper mineralisation2.  The auriferous material would be separately stockpiled for future 
evaluation of the economics of gold recovery.  

The proposed processing method follows the porphyry copper-molybdenum (Cu-Mo) concentrator 
flowsheets typical in South America.  Milling and rougher flotation would be performed in brine, sourced 
from the adjacent salar.  Cleaner floatation would be undertaken in fresh/brackish water, sourced from 
offsite borefields.  

The processing facilities are designed for an initial throughput of 30 Mtpa in Year 1, then 40 Mtpa in Years 2 
to 6, then 50 Mt in Year 7, and finally 60 Mtpa from Year 8. 

Ore will be subject to primary crushing followed by SAG and ball milling to produce a milled product size of 
80% passing 180 µm.  Two milling trains will be installed, each comprising a 28 MW SAG mill and two x 22 
MW ball mills (for 60 Mtpa). 

A rougher flotation circuit will produce a rougher flotation concentrate which will be dewatered by 
thickening, reground to 80% passing 30 µm and re-diluted with good quality water prior to cleaner flotation.   

 

                                                            
 
2 ¢ƘŜǊŜ ŀǊŜ ŘƛǎŎǊŜǘŜ ȊƻƴŜǎ όƛΦŜΦΣ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ŘƻƳŀƛƴǎύ ƻŦ άǇŜǊŎƘŜŘέ ŎƻǇǇŜǊ ŀƴŘ ƎƻƭŘ ƳƛƴŜǊŀƭƛǎŀǘƛƻƴ ƛƴ ǘƘŜ ƴŜŀǊ ǎǳǊŦŀŎŜ άƭŜŀŎƘέ 
cap.  
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Figure 2-2   Layout of the proposed Project site 

 

Wind rose 
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The addition of sodium hydrosulphide (NaHS) is proposed as a means of improving the recovery from the 
oxidised and mixed ores; it will sulphidise the oxidised and tarnished mineral surfaces and assist in flotation.  
Facilities will be provided for NaHS addition to the circuit; it is expected to be beneficial for approximately 
22% of the ore feed. 

Copper and molybdenum concentrates would be separated from the bulk cleaner concentrate, filtered and 
dispatched to off-site smelters.   

Ore would be delivered from the mine by haul trucks and crushed in four primary crushers located on surface.  
Following primary crushing, the proposed processing plant would comprise: 

¶ secondary crushing, to reduce the SAG mill feed size  

¶ conveying to a coarse ore stockpile with a live capacity of 12 hours 

¶ SAG and ball milling of crushed ore, with size classification by means of hydrocyclones 

¶ a gravity recovery circuit on the ball mill cyclone underflow for coarse gold recovery 

¶ pebble crushing on scats generated from the SAG mills 

¶ rougher and scavenger flotation of cyclone overflow slurry with controlled sulphidisation flotation 

(using NaHS) for oxidised and tarnished supergene ores 

¶ thickening of flotation tails 

¶ pumping of thickened tailings to the tailings storage facility (TSF)  

¶ potential reclaim of decant water from the TSF for usage within the process3 

¶ dewatering of rougher concentrates, to remove brine 

¶ regrind of dewatered rougher concentrates in a high intensity grinding (HIG) mill, followed by dilution 

in fresh water 

¶ cleaner flotation of the rougher concentrates to improve the copper grade, with cleaner tails being 

recycled to the rougher flotation circuit or to final tails 

¶ Cu ς Mo separation of the bulk cleaner concentrates in a molybdenum flotation circuit 

¶ dewatering of copper concentrates by thickening and filtration, followed by bulk transportation to off-

site smelters 

¶ dewatering of molybdenum concentrates by thickening, filtration and drying, followed by bagging and 

transportation to off-site smelters 

¶ reagent make-up and dosage systems to support the milling and flotation operations 

¶ water reticulation systems 

¶ compressed air systems to support instrumentation and for automatic valve activation 

An average of 985,500 wet tonnes of copper concentrate is expected to be generated annually at an average 
grade of 25.3% Cu, along with 6,200 tonnes of molybdenum concentrate at a grade of 47% to 50% Mo. 

Gold would be recovered to the copper concentrate through flotation.  Coarse gold recovery would be 
enhanced by the addition of gravity concentrators. 

Flotation tailings would be dewatered in thickeners and the thickened slurry pumped to a tailings storage 
facility (TSF) located approximately 5 km from the process plant, within an embayment of the Salar de 
Arizaro. 

                                                            
 
3 The current process plant water balance assumes that there will be no reclaim from the TSF. 
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A gold recovery circuit for the treatment of the auriferous leach cap is not proposed at this stage.  This 
material would be stockpiled separately, subject to further testwork during the early phases of operations, 
and could be reclaimed and treated at a later date if deemed economic to do so. 

2.10 Tailings storage and water reclamation 

An upstream raised TSF is planned to be located in a natural embayment of the Salar de Arizaro (i.e., the Salar 
de Taca Taca), located to the north of the processing plant site.  The ultimate capacity is approximately 1.37 
Bm3 and could be expanded through further lifts.  The site is almost entirely enclosed by the natural land 
mass and would only require a relatively low height (25 m plus an additional 3 m of freeboard), short length 
embankment at the entrance to the salar. 

The starter embankment would be constructed as an initial waste rock bund, and then upstream raised in 
continuous stages using cycloned tailings. 

Flotation tailings slurry would typically be at a slurry density of 32% solids and would be discarded to tailings 
at a thickened density of 55% to 60% solids.  Two tails lines, each with two stages of centrifugal pumps would 
be installed to deliver tailings to the TSF, with spigots arranged around ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ǇŜǊƛǇƘŜǊȅ.  Water run-
off from the site and from sediment collection ponds would be pumped to the tailings thickener and, subject 
to further engineering analysis, excess water then recycled back to the plant. 

2.11 Power and water supply 

The total power demand for the Project is expected to be in the range of 180 MW to 240 MW at a processing 
rate of 60 Mtpa.  A preferred power supply and transmission route has been identified involving 122.5 km of 
new transmission line and a new switching station to connect to an existing 345 kV line that extends through 
northern Argentina and into Chile.  A preliminary design and estimates have been produced by a specialist 
consultant to support the development of the ESIA required for the power supply infrastructure.   

The proposed new transmission line will connect the site to the national grid and enable the Project to source 
its entire electricity supply requirements through a long term power supply agreement with an electricity 
supplier, to be determined through a competitive tender process.  The Company has identified options to 
source 100% of its electrical energy requirements from renewable sources.  Further alternatives exist, if 
required, to source a portion of the energy requirements from natural gas power plants in Salta and 
regionally. 

In the arid environment characterising the Project site, local and regional borefields will be developed to 
supply a combination of high and low salinity water for the Project.  Brine water from the adjacent salar is 
intended for use in milling and rougher flotation, comprising approximately 72% of the estimated 6,318 
m3/hour make-up water required for processing.  The balance of the processing water supply is intended to 
be fresh or brackish water abstracted from regional borefields. 

Fresh water supply investigations to date have now focussed the search and drilling investigations to four 
regional basins located at 30 km to 50 km distance from the Project site.  Relative to the water supply status 
of the Project at the time of the Lumina PEA (Ausenco, 2013), the status as at Q3 2020 is: 

¶ Major water resources have been identified at Valle de Arizaro, Valle de las Burras, Valle de Chaschas, 

and Socompa, with thick zones of permeable, water saturated sands and gravels intersected in several 

drill holes, and backed up by geophysical prospecting data. 

¶ Historic and more recent FQM pump testing to date has shown good transmissivity results in all four 

basins suggesting pumping at rates of 40 to 50 L/s per bore will be possible in each basin. 

¶ The four identified fresh water supply basins have a combined estimated yield in excess of that 

required for process water make-up. 
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¶ Remote sensing weather data, monitoring, and environmental baselining works are continuing, 

thereby allowing for increased confidence in water balance predictions for the Project. 

¶ Brine extraction from the Salar de Arizaro is still being investigated, although indications to date are 

that a significant number of bores will need to be located in the adjacent salar in order to supply the 

quantity of brine required for the Project. 

Contemporary with the ongoing investigations, a specialist consultant has assisted with the specification of 
bore design and estimated numbers, bore spacing at each borefield source, and the nomination of pumping 
rates.  A capital cost estimate for the bore pumps and pipelines has been completed by the Company, 
considering the number of bores required, the drilling depth, bore pumps, the pipeline distances and the 
pumping head. 

2.12 Road and rail access 

Existing public roads provide access to the Project site.  However a bypass of an existing road is planned to 
avoid a section with narrow switchbacks and another section which is subject to seasonal weather 
disruptions.  A preferred deviation has been selected and would require an approximate 26.5 km length of 
new road construction.  In addition, there is an 18.5 km length of existing road to be diverted around Tolar 
Grande, and a 31 km length of existing road to be diverted around the Project site. 

The Project is located approximately 5 km from an existing railway line that connects Salta with Mejillones, 
Chile.  It is expected that this railway will be used for copper concentrate transport to a port at Mejillones 
Bay, for subsequent shipment to smelters globally.  Construction of a new rail spur, a new maintenance and 
repair facility for locomotives and railcars, adjacent to the concentrate load-out facility, and rehabilitation 
across a significant length of the railway will be required.  Engineering of the railway line is now being 
addressed in some detail and high-level discussions have been initiated with the owners of respective 
sections of the rail corridor.   

It is envisaged that the cost of upgrading the existing railway formation would, ordinarily, be borne by the 
separate railway owners and that this cost would be recovered by them in the concentrate and other freight 
charges levied on the Company.  In the Project capital cost estimates, however, it is assumed that the 
comprehensively itemised costs estimated for the Company by a specialist consultant, will be included as 
ƻǿƴŜǊΩǎ ŎƻǎǘǎΦ  ¢ƘŜ Ŏƻǎǘ ƻŦ the required rolling stock and the concentrate load-out facility are similarly 
ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ /ƻƳǇŀƴȅΩǎ ŎŀǇƛǘŀƭ Ŏƻǎǘ ƭŜŘƎŜǊ. 

2.13 Port for concentrate export 

Potential concentrate export shipping ports in Mejillones Bay have been visited by Company representatives 
and preliminary discussions held with the port owners.   

It is envisaged that the cost of upgrading and expanding one of these ports would be at the expense of the 
port owner, who would then recoup that cost through a concentrate handling charge levied on the Company.  
In the Project capital cost estimates, however, it is assumed that the Company would bear the estimated cost 
for port upgrades and/or expansion works.  

2.14 Mineral Resource estimate  

The Company produced a revised estimate in December 2019 incorporating the following improvements: 

¶ Geological domains were identified from weathering, rock-type, alteration, and dominant 

mineralisation characteristics.  These formed the basis of a new 3D geological model, including 

interpretations of an updated base of leach, a partial leach zone, and a perched copper horizon within 



Taca Taca Project | Amended and Restated NI 43-101 Technical Report  
 

28 

the leached cap.  Sequential copper assay data was corrected as per a rate of oxidation study and then 

used to guide domain classification.  Domain geostatistics were also updated accordingly.   

¶ A deposit-scale fault position was updated based on visual and core photography verification. 

¶ The Mineral Resource estimate was reclassified based on confidence in the estimates as per kriging 

efficiency, regression slope, and degree of geology and slope continuity.  It was constrained to within 

100 m from the current design pit limits. 

Data from a total of 435 diamond and reverse circulation drilled holes, for a total of 75,803 analysed samples, 
was included in the Mineral Resource estimate.  Drill data (logging and sampling) was combined with surface 
geology mapping and geology modelling to provide defined zones of mineralisation. 

The grade estimates were completed in the following stages: 

¶ domains of mineralisation were defined via comprehensive data analysis 

¶ domains were spatially represented as wireframe models and coded into a block model 

¶ sample chemical data was geostatistically assessed for each domain and then estimated using ordinary 

kriging 

¶ copper, gold, molybdenum, silver, iron and sulphur grades were estimated 

Block model grade estimates were validated using summary statistics, visual validations, swath plots and 
comparison with previous estimates.  Estimates were classified as Measured, Indicated and Inferred Mineral 
Resources.  Mineral Resource classification was guided by confidence in the grade estimates and underlying 
geology model.  In addition, drill grid spacing, QAQC and an ultimate pit shell were used to guide the 
classification limits of mineralisation having reasonable prospects for eventual economic extraction. 

The block model estimates were reported at a 0.13 % copper equivalent (Cueq) cut-off grade, which is 
consistent with the Mineral Reserve estimate.  Mineral Resources that are not Mineral Reserves do not have 
demonstrated economic viability.  

The October 2020 Mineral Resource statement is listed in Table 2-1.  The Mineral Resource inventory is 
inclusive of the Mineral Reserve inventory. 

Table 2-1   Mineral Resource statement as at October 2020, using a 0.13% Cueq cut-off grade  

 

2.15 Mineral Reserve estimate  

A maiden Mineral Reserve estimate was produced for Taca Taca in Q3 2020 (Table 2-2).  The mine plan was 
developed using the Measured and Indicated Mineral Resource, whilst Inferred Mineral Resource was 
allocated to waste.  Mining assumes conventional open pit operations using truck-and-shovel technology.  
The estimated Mineral Reserve was determined using metal prices of $3.00/lb for copper, $12.00/lb for 
molybdenum, and $1,200/oz for gold, with a supporting production schedule derived from the ore and waste 
mining inventory within a practical pit design produced from a selected pit optimisation shell. 

The actual marginal cut-off grade for the Mineral Reserve varies according to the copper recovery assigned 
to the various mineralogical groupings.  However, the overall average marginal copper cut-off grade is in the 
order of 0.13% Cueq.  An elevated cut-off grade of 0.20% Cueq applies to the plant feed inventory for the 
production schedule.  

Classification
Volume 

(Mbcm)

Tonnes 

(Mt)

Density 

(t/m 3)

Cu grade 

(%)

Mo grade 

(%)

Au grade 

(g/t)

Cu metal 

(kt)

Mo metal 

(kt)

Au metal 

(koz)

Measured 157.7 421.5 2.67 0.60 0.016 0.14 2,542.8 67.02 1,852.6

Indicated 671.6 1,781.8 2.65 0.39 0.011 0.07 6,908.0 197.52 4,199.5

Measured & Indicated 829.3 2,203.3 2.66 0.43 0.012 0.09 9,450.7 264.54 6,052.1

Inferred 269.4 716.9 2.66 0.31 0.009 0.05 2,206.0 65.15 1,182.7
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Table 2-2   Taca Taca Mineral Reserve statement, at October 2020 

 

As part of the ultimate pit design for the Project, there is a small area in the north west that crosses over into 
a joint venture concession.  This encroachment amounts to approximately 1.7 Mt of ore at an average grade 
of 0.38% Cu.  

2.16 Production schedule  

The production schedule for this Technical Report is listed in Table 1-3, whilst Figure 2-3 shows the annual 
mining volumes (ore and waste, by mining phase) for the Taca Taca life of mine.  Figures 1-4 and 1-5 show 
the plant feed and recovered metal profiles, respectively. 

Features of the mining and production schedule are as follows:  

¶ Mining commences in Year -3 starting with the pre-strip period, whilst processing commences in Year 

1.  The Project life (processing years) is 32 years. 

¶ 240.1 Mt of waste is mined in the three year pre-strip period, during which time 17.4 Mt of ore is 

mined onto a stockpile for subsequent active and longer-term reclaim. 

¶ The total material mined over the life of operations amounts to 4,543.0 Mt (1,737.0 Mbcm) of which: 

- 1,758.5 Mt is ore with average grades of 0.44% Cu, 0.012% Mo and 0.09g/t Au, and 

- 2,784.5 Mt is waste  

¶ The overall life of mine strip ratio (waste tonnes: ore tonnes) is 1.6 : 1. 

¶ The direct feed ore to the plant is 1,390.4 Mt at an average grade of 0.50% Cu, whilst 57.1 Mt at an 

average grade of 0.43% Cu is ore reclaimed from active stockpiles, and 311.0 Mt at an average grade 

of 0.15% Cu is ore (marginal ore) reclaimed from longer term stockpiles (mostly in Years 27 to 32). 

¶ The total ore mined includes 39.0 Mt of ore grading 0.46% Cu from the near-ǎǳǊŦŀŎŜ άƭŜŀŎƘŜŘ ŎŀǇέΣ ƻŦ 

which over 15 Mt is mined to stockpile during the pre-strip years.  Most of this ore is then processed 

over the following three years. 

¶ There is a small area in the north west of the ultimate pit design that crosses over into a joint venture 

concession.  The encroachment occurs between Years 5 and 15 and involves 1.7 Mt of ore and 47.5 Mt 

of waste.  

¶ The Inferred Mineral Resource that is mined as waste amounts to 69 Mt at an average grade of 0.31% 

Cu (i.e., about 2.5% of the total waste mined).  This material is encountered in the mining schedule 

after Year 6, and following completion of mining phases 1 and 2. 

¶ The crusher feed ramps up from Year 1 at 30 Mt, to 40 Mt in Year 2, at which level it remains until Year 

6.  The feed rate then rises to 50 Mt in Year 7, and thereafter to 60 Mtpa until Year 32. 

¶ In terms of total plant feed (after mining dilution/recovery): 

- the average copper grade is 0.72% Cu for the first six years when processing at up to 40 Mtpa,  

- then 0.45% Cu to Year 27 when processing at up to 60 Mtpa, 

- and finally 0.15% Cu for the remaining five years of Project life when reclaiming from longer 

term stockpiles 

¶ Before the final five years of marginal ore reclaim, the total plant feed is 1,476.3 Mt at an average 

grade of 0.50% Cu. 

Tonnes Cu grade Mo grade Au grade Cu metal Mo metal Au metal

(Mt) (%) (%) (g/t) (kt) (kt) (koz)

Proven 408.3 0.59 0.016 0.13 2,401.6 63.3 1,749.8

Probable 1,350.2 0.39 0.011 0.08 5,333.1 150.2 3,336.9

Proven & Probable 1,758.5 0.44 0.012 0.09 7,734.7 213.5 5,086.7

Classification
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¶ The annual average copper metal production to Year 6 is 227.0 kt, and ranging between 97.5 kt and 

275.2 kt.  Thereafter, the annual average is 200.4 kt, and ranging between 72.5 kt and 271.1 kt (ignoring 

the final year of processing).  In terms of life of Project totals: 

- 1,362.0 kt of copper is recovered in the first six years, 

- then 4,869.3 kt of copper to Year 27, 

- and finally 341.8 kt of copper for the remaining five years of Project life when reclaiming from 

longer term stockpiles 

¶ The annual average molybdenum metal production to Year 6 is 2,205 t, and ranging between 1,434 t 

and 2,912 t.  Thereafter, the annual average is 2,776 t, and ranging between 1,745 t and 4,147 t 

(ignoring the final year of processing). 

¶ The annual average gold recovered into concentrate to Year 6 is 106.3 koz and ranging between 90.9 

koz and 134.1 koz.  Thereafter, the annual average is 92.9 koz, and ranging between 45.7 koz and 156.6 

koz (excluding the final year of processing). 

¶ Of the total 6,573.1 kt of copper recovered over the Project life, only 5,535 tonnes (0.08% of the total) 

of this would be attributable to ore mined within the adjoining joint venture concession.  
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Table 2-3   Life of mine production schedule 

 
 
 
 
 

 

 

Year Ore Cu Mo Au Waste Total Mined Ore Cu Mo Au Cu Mo Au

(Mt) (%) (ppm) (g/t) (Mt) (Mt) (Mt) (%) (ppm) (g/t) (kt) (kt) (k(t)oz)

-3 43.5 43.5

-2 3.6 0.22 85.80 0.10 97.1 100.6

-1 13.9 0.39 107.20 0.12 99.5 113.4

1 33.6 0.45 115.90 0.16 171.2 204.7 29.9 0.52 119.80 0.16 97.5 1.4 91.8

2 40.4 0.60 93.18 0.11 205.4 245.8 39.9 0.63 106.56 0.14 193.2 1.7 104.1

3 34.8 0.94 135.26 0.13 210.8 245.6 39.9 0.82 128.22 0.13 275.2 2.0 98.5

4 37.4 0.74 145.01 0.12 208.7 246.2 39.9 0.76 143.66 0.12 262.1 2.3 90.9

5 43.7 0.74 167.10 0.16 202.2 245.8 39.9 0.79 178.34 0.17 274.6 2.8 134.1

6 57.8 0.61 166.46 0.15 185.3 243.0 39.9 0.74 182.47 0.15 259.3 2.9 118.4

7 63.1 0.53 134.67 0.12 174.4 237.5 49.9 0.63 163.15 0.15 271.1 3.3 142.8

8 61.2 0.49 128.28 0.12 174.3 235.5 59.9 0.52 147.62 0.14 268.5 3.5 156.6

9 79.9 0.44 102.43 0.10 156.3 236.2 59.8 0.52 126.57 0.12 270.9 3.0 137.0

10 78.2 0.41 96.23 0.09 158.2 236.4 59.9 0.48 116.80 0.11 246.9 2.8 122.3

11 74.5 0.36 79.27 0.08 96.7 171.2 59.9 0.42 90.02 0.09 214.6 2.2 102.9

12 77.1 0.38 80.36 0.08 74.3 151.5 59.9 0.44 92.14 0.09 225.4 2.2 103.8

13 73.9 0.39 77.01 0.07 67.4 141.3 59.9 0.45 84.64 0.08 227.2 2.0 92.3

14 72.5 0.40 83.89 0.07 67.6 140.1 59.9 0.45 90.85 0.08 231.0 2.2 92.8

15 76.6 0.38 93.84 0.08 63.9 140.5 59.9 0.45 101.85 0.09 231.3 2.4 107.2

16 80.0 0.37 110.48 0.08 59.6 139.7 59.9 0.45 117.28 0.09 230.1 2.8 105.4

17 75.8 0.34 107.37 0.08 56.1 132.0 59.8 0.40 119.66 0.10 203.2 2.9 109.7

18 79.8 0.37 103.36 0.07 50.9 130.8 59.9 0.44 108.84 0.08 227.4 2.6 92.7

19 77.6 0.35 114.73 0.07 36.3 113.9 59.9 0.41 119.37 0.08 208.8 2.9 95.7

20 78.4 0.36 128.68 0.07 34.3 112.7 59.9 0.43 135.04 0.08 219.6 3.2 92.6

21 75.8 0.37 135.20 0.08 27.7 103.5 59.8 0.43 138.43 0.09 221.2 3.3 107.5

22 80.4 0.37 151.16 0.08 23.2 103.6 59.9 0.44 152.79 0.09 230.1 3.7 102.8

23 67.8 0.39 156.85 0.07 14.4 82.2 59.9 0.43 164.26 0.08 221.8 3.9 92.6

24 65.3 0.43 167.85 0.07 10.8 76.1 59.9 0.46 173.23 0.08 238.9 4.1 88.2

25 67.7 0.44 158.83 0.07 8.0 75.8 59.9 0.48 160.99 0.08 248.5 3.9 90.7

26 59.2 0.49 161.29 0.08 5.5 64.8 59.9 0.48 160.91 0.08 251.3 3.9 91.9

27 28.4 0.56 187.44 0.08 0.7 29.1 59.9 0.35 133.30 0.06 181.8 3.2 71.2

28 59.9 0.15 72.89 0.04 72.5 1.7 45.7

29 60.0 0.15 72.89 0.04 72.7 1.7 45.8

30 59.9 0.15 72.89 0.04 72.5 1.7 45.7

31 59.9 0.15 72.89 0.04 72.5 1.7 45.7

32 42.7 0.15 72.89 0.04 51.7 1.2 32.6

33

Total 1,758.5 0.44 121.40 0.09 2,784.5 4,543.0 1,758.5 0.44 121.40 0.09 6,573.1 85.4 3,052.0

Year -3 to -1 17.4 0.36 102.82 0.12 240.1 257.5 0.0 0.00 0.00 0.00 0.0 0.0 0.0

Year 1 to 6 247.6 0.67 140.13 0.14 1,183.6 1,431.2 229.4 0.72 144.19 0.14 1,362.0 13.2 637.8

Year 7 to 27 1,493.4 0.40 118.51 0.08 1,360.8 2,854.3 1,246.9 0.45 128.19 0.09 4,869.3 63.9 2,198.6

Subtotal 1,741.1 0.44 121.59 0.09 2,544.4 4,285.5 1,476.3 0.50 130.67 0.10 6,231.3 77.2 2,836.4

Year 28 to 32 0.0 0.00 0.00 0.00 0.0 0.0 282.2 0.15 72.89 0.04 341.8 8.2 215.6

Total 1,758.5 0.44 121.40 0.09 2,784.5 4,543.0 1,758.5 0.44 121.40 0.09 6,573.1 85.4 3,052.0

Mining Processing Metal Recovered
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Figure 2-3   Chart of annual mining volumes  

 

Figure 2-4   Chart of annual plant feed tonnage and grade profile 
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Figure 2-5   Chart of annual recovered copper metal and plant recovery profile 

 
 

2.17 Capital and operating cost estimates  

A capital cost estimate was produced by Ausenco (2013) for the PEA report, to a stated level of accuracy of 
between minus 25% and plus 35%.  This comprehensive itemisation was reviewed by the Company, 
benchmarked where possible and adjusted accordingly.  In particular, new information was included for such 
as the initial mining pre-strip and mining equipment purchase costs, power supply/transmission costs, water 
supply costs and rail infrastructure costs. 

The updated capital cost estimate, at this stage of the Project engineering phase (Q3 2020) is: 

¶ total initial capital spend over a three year construction phase (including an average 15% contingency) 

of $3,274.8 M, split between: 

- $2,636.7 M of direct costs 

- $638.1 M of indirect costs 

¶ total expansion capital spend (including an average 15% contingency) of $308.1 M, split between 

- $223.9 M of direct costs 

- $84.2 M of indirect costs 

The indicative order of accuracy of the updated capital cost estimates is considered to be now in the range 
of minus 15% and plus 15%.  Substantial items totalling approximately 85% of the itemised capital costs have 
benefited from either first principles estimates and material take-offs, or are based on actual costs incurred 
ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ /ƻƳǇŀƴȅΩǎ /ƻōǊŜ tŀƴŀƳł ǇǊƻƧŜŎǘΦ /ƻƴǘƛƴƎŜƴŎȅ ǇǊƻǾisions on the itemised costs 
vary from 0% to 20%, with an overall average of 11%.   

General and administration (G&A) operating costs, process operating costs and metal costs (i.e. product 
transport, refining charges and royalties) as set out in the PEA report (Ausenco, 2013) were reviewed, 
benchmarked and updated.  Mining and process operating costs were estimated from first principles. 

The overall average unit operating costs are: 

¶ mining ore and waste = $1.69/t  
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- ore mining, excluding the pre-strip period = $1.82/t  

- waste mining, excluding the pre-strip period = $1.45/t  

¶ stockpile reclaim = $0.74/t reclaimed  

¶ processing = $4.69/t processed  

¶ rail load-out infrastructure and water supply tariff = $0.08/t processed  

The cashflow model metal costs (including treatment charges, refining charges, plus 3% provincial royalties 
and 1.5% third party royalties) are: 

¶ copper = $0.52/lb (including a net royalty charge equating to $0.09/lb) 

¶ molybdenum = $0.56/lb (including a net royalty charge equating to $0.38/lb) 

¶ gold = $56.01/oz (including a net royalty charge equating to $51.42/oz) 

2.18 Economic analysis  

An economic analysis in the form of a basic cashflow model was produced to support the Mineral Reserve 
estimate, and in order to demonstrate an overall positive cashflow for mining and processing over the life of 
the Project.  The initial development capital and expansion capital costs are included in the analysis for 
completeness, and the model is summarised in Table 2-4.  A more detailed cashflow table is provided in Item 
22. 

The revenues in this cashflow model are calculated from the following metal prices: 

¶ copper = $3.00/lb ($6,614/t) 

¶ molybdenum = $12.00/lb ($26,455/t)  

¶ gold = $1,500/oz 

On a pre-tax basis, the Project is cashflow positive from Year 2 and payback on the initial development capital 
is in Year 9.  The undiscounted cashflow for the Mineral Reserve production schedule is $17,306.3 M, with 
an NPV reflecting an 8% discount rate equal to $3,428.8 M.  The internal rate of return is 17.4%. 

After adopting notional depreciation schedules and a flat 25% corporate tax rate, the estimated tax payable 
for the Project is $4,331.3 M.  Under these circumstances, the NPV reflecting an 8% discount rate is equal to 
$2,361.2 M, and the internal rate of return is 15.3%. 

A Monte Carlo simulation on the Mineral Reserve cashflow model was carried out to assess the discounted 
value of the Project; 10,000 iterations were simulated for a number of cashflow variables, over a specified 
range of values for each.  Assuming an 8% discount rate, the simulation indicated a 70% probability that the 
NPV would be in excess of $3,000 M and a 72% probability that the IRR would be in excess of 16%, on a pre-
tax basis.  An additional simulation indicated a 70% probability that the NPV would be in excess of $2,000 M 
and a 72% probability that the IRR would be in excess of 14%, on a post-tax basis.   

2.19 Environmental and social summary  

Detailed environmental baseline data collection began in 2016.  A Project Alternatives Analysis and a separate 
Project Description document were completed in 2018 to complement the Project ESIA.  The ESIA was 
submitted to the authorities in February 2019.  The Company has subsequently filed documents responding 
to an ESIA review and observations made by the provincial Secretariat of Mining.   

Social Capital Group has assisted the Company with socioeconomic studies including a socioeconomic 
baseline for the ESIA, as well as an identification of stakeholders.  Related ESIA documents are in preparation 
for approval of the 345 kV transmission line, and separately for the proposed road access diversion. 
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Table 2-4   Mineral Reserve cashflow model summary  

 

P H Y S I C A L S UNITS TOTAL Yr -3 to -1 Yr 1 to 10 Yr 11 to 20 Yr 21 to 30 Post Yr 30

MINING (AFTER MINING DILUTION & RECOVERY)

Ore mined direct to plant Mt 1,390.4 0.0 422.0 588.1 380.3 0.0

Ore mined to stockpile Mt 368.1 17.4 106.7 178.7 65.3 0.0

Ore reclaimed from stockpile Mt 368.1 0.0 36.8 10.4 218.4 102.5

Waste mined to dump Mt 2,784.5 240.1 1,846.8 607.2 90.4 0.0

FEED TO PLANT (AFTER MINING DILUTION & RECOVERY)

Total direct feed Mt 1,390.4 0.0 422.0 588.1 380.3 0.0

% Cu 0.50 0.00 0.63 0.44 0.47 0.00

ppm Mo 131.59 0.00 141.43 106.04 160.17 0.00

g/t Au 0.10 0.00 0.13 0.09 0.08 0.00

Total reclaim feed Mt 368.1 0.0 36.8 10.4 218.4 102.5

% Cu 0.20 0.00 0.56 0.32 0.15 0.15

ppm Mo 82.93 0.00 133.93 102.11 78.13 72.89

g/t Au 0.05 0.00 0.15 0.11 0.04 0.04

Total plant feed Mt 1,758.5 0.0 480.0 598.5 598.7 81.3

% Cu 0.44 0.00 0.61 0.44 0.34 0.15

ppm Mo 121.40 0.00 137.62 109.70 126.63 73.28

g/t Au 0.09 0.00 0.13 0.09 0.07 0.04

Cu insitu kt 7,734.7 0.0 2,878.6 2,598.7 2,105.9 151.4

Mo insitu kt 213.5 0.0 64.6 63.4 78.0 7.5

Au insitu k(t)oz 5,086.7 0.0 1,994.1 1,658.6 1,303.5 130.5

AVERAGE RECOVERIES

Copper recovery % 85.5% 0.0% 85.4% 85.4% 86.0% 82.0%

Copper ramp-up factor % 99.4% 0.0% 98.4% 100.0% 100.0% 100.0%

Adjusted copper recovery % 85.0% 0.0% 84.0% 85.4% 86.0% 82.0%

Molybdenum recovery % 40.0% 0.0% 40.0% 40.0% 40.0% 40.0%

Gold recovery % 60.0% 0.0% 60.0% 60.0% 60.0% 60.0%

METAL RECOVERED

Unadjusted Cu recovered kt 6,612.7 0.0 2,459.0 2,218.4 1,811.2 124.2

Adjusted Cu recovered kt 6,573.1 0.0 2,419.4 2,218.4 1,811.2 124.2

Mo recovered kt 85.4 0.0 25.8 25.4 31.2 3.0

Au recovered k(t)oz 3,052.0 0.0 1,196.5 995.1 782.1 78.3

CONCENTRATE PRODUCED

Cu concentrate Mwmt 28.5 0.0 10.5 9.6 7.8 0.6

Cu concentrate grade % 25.3% 0.0% 25.3% 25.7% 25.1% 9.1%

Mo concentrate Mwmt 0.20 0.00 0.06 0.06 0.07 0.01

Mo concentrate grade % 47.0% 0.0% 47.0% 47.0% 47.0% 18.8%

C A S H F L O W S UNITS TOTAL Yr -3 to -1 Yr 1 to 10 Yr 11 to 20 Yr 21 to 30 Post Yr 30

PAYABILITY

Cu  % 96.2% 0.0% 96.2% 96.2% 96.2% 96.2%

Mo  % 86.0% 0.0% 86.0% 86.0% 86.0% 86.0%

Au  % 90.0% 0.0% 90.0% 90.0% 90.0% 90.0%

Payable metal recovered

Cu kt 6,320.3 0.0 2,326.3 2,133.1 1,741.5 119.4

Mo kt 73.4 0.0 22.2 21.8 26.8 2.6

Au koz 2,746.8 0.0 1,076.8 895.6 703.9 70.5

GROSS REVENUE

Metal prices

Cu $/lb $3.00 $3.00 $3.00 $3.00 $3.00 $3.00

Mo $/lb $12.00 $12.00 $12.00 $12.00 $12.00 $12.00

Au $/oz $1,500 $1,500 $1,500 $1,500 $1,500 $1,500

Revenue after payability

copper revenue $M $41,801.6 $0.0 $15,386.0 $14,107.8 $11,518.2 $789.6

molybdenum revenue $M $1,942.9 $0.0 $588.1 $577.2 $709.6 $68.0

gold revenue $M $4,120.2 $0.0 $1,615.2 $1,343.4 $1,055.8 $105.7

Total revenue $M $47,864.7 $0.0 $17,589.4 $16,028.4 $13,283.7 $963.3

CAPITAL COSTS

Mining $M $730.7 $730.7 $0.0 $0.0 $0.0 $0.0

Processing $M $1,108.8 $924.5 $184.3 $0.0 $0.0 $0.0

Infrastructure $M $966.7 $927.1 $39.6 $0.0 $0.0 $0.0

Ancillaries and other $M $776.8 $692.6 $84.2 $0.0 $0.0 $0.0

Closure costs $M $34.4 $0.0 $0.0 $0.0 $12.3 $22.1

Total capital costs $M $3,617.3 $3,274.8 $308.1 $0.0 $12.3 $22.1

SUSTAINING COSTS

Mining $M $875.1 $0.0 $526.7 $313.7 $34.7 $0.0

TSF $M $56.5 $0.0 $0.0 $18.8 $31.4 $6.3

Processing and infrastructure $M $372.5 $0.0 $121.2 $157.0 $94.3 $0.0

Total sustaining costs $M $1,304.1 $0.0 $648.0 $489.5 $160.4 $6.3

OPERATING COSTS

Ore mining $M $3,215.0 $0.0 $883.8 $1,343.5 $987.6 $0.0

Waste mining $M $4,033.8 $0.0 $2,846.2 $991.4 $196.1 $0.0

Stockpile reclaim $M $273.6 $0.0 $25.6 $7.8 $169.5 $70.8

Processing and other $M $8,380.5 $0.0 $2,186.7 $2,852.2 $2,853.0 $488.6

General and administration $M $1,846.5 $0.0 $481.8 $628.4 $628.6 $107.6

Total operating costs $M $17,749.3 $0.0 $6,424.1 $5,823.3 $4,834.9 $667.0

METAL COSTS

TCRCs $M $6,325.3 $0.0 $2,326.3 $2,127.4 $1,739.4 $132.1

Royalties $M $1,562.5 $0.0 $606.8 $521.1 $415.0 $19.5

Total metal costs $M $7,887.7 $0.0 $2,933.1 $2,648.6 $2,154.4 $151.6

MINERAL RESERVE CASHFLOW (PRE-TAX)

Undiscounted $M $17,306.3 -$3,274.8 $7,276.1 $7,067.0 $6,121.7 $116.3

NPV10 (indicative) $M $2,212.5

NPV8 (indicative) $M $3,428.8

IRR % 17.4%
MINERAL RESERVE CASHFLOW (POST-TAX)

Taxable income $M $17,325.1 $0.0 $4,058.7 $7,052.4 $6,082.0 $132.1

Tax paid $M $4,331.3 $0.0 $1,014.7 $1,763.1 $1,520.5 $33.0

Undiscounted after tax cashflow $M $12,975.0 -$3,274.8 $6,261.4 $5,303.9 $4,601.2 $83.3

NPV10 (indicative) $M $1,420.0

NPV8 (indicative) $M $2,361.2

IRR % 15.3%
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2.20 Conclusions and recommendations  

2.20.1 Mineral Resource modelling and estimation  

The Mineral Resource estimate was completed using quality data and appropriate estimation methods.  
Estimation domains were based on an updated 3D geological model characterising weathering, alteration, 
lithology and dominant mineralisation style.  Although estimates validate well at the deposit scale, the 
current drill hole spacing does not always support a locally accurate estimate at a mining scale.  Mineral 
Resource estimates compare well with previous estimates and benefit from improved detail to domains of 
mineralisation that focus on styles of mineralisation as well as similarities in metallurgical processing. 

2.20.2 Mine planning and Mineral Reserve estimation 

A conventional approach has been adopted in the process of optimising a mine planning model derived from 
the Mineral Resource model, to be followed by detailed phase and ultimate open pit designs, production 
scheduling and Mineral Reserve estimation.  For the envisaged scale of operations and the size and extents 
of the proposed open pit, an ultra-class scale of primary mining equipment is considered to be most suited. 

The Mineral Reserve has considered appropriate modifying factors and reflects an achievable mining plan 
and production schedule for the Project, at this stage of evaluation.  

Further mine geotechnical drilling and analysis is required to support the design of a deep pit (+700 m) with 
emphasis on the eastern wall adjoining the Salar de Taca Taca.  A recommended programme of further 
drilling and the specific location of drillholes has been provided by geotechnical consultants.  The consultants 
also recommend that the geotechnical investigations be integrated with ongoing hydrogeological modelling, 
for the sake of analysing drained pit slope conditions. 

2.20.3 Metallurgy  

Metallurgical testwork undertaken by Lumina indicated that a plant designed on the basis of a conventional 
porphyry copper flowsheet, as used throughout South America, would give good recoveries of copper and 
molybdenum to commercial grade flotation concentrates. 

The majority of the early testwork was performed in tap water, but some work indicated that the use of the 
brine from the salar adjacent to the site would be possible for the milling and rougher flotation circuits, but 
not for cleaner flotation. 

A drilling and metallurgical testwork programme was completed in 2019 and 2020 to define recoveries and 
concentrate grades for material to be mined in the early years of the operation, and using water available on 
site. 

Testwork samples were obtained from four drill holes, with core from each hole composited by depth to 
provide ten metallurgical samples.  Water for the testwork was brine from the Salar de Arizaro, and brackish 
water from bores at Valle de las Burras (TW-10) and Valle de Arizaro (T-22), typical of the quality that would 
be used for water supply for the Project. 

This work enabled the Company to better define several areas of the process design, as follows: 

¶ highlighted the need for secondary crushing 

¶ defined the primary grind size of 80% passing 180 µm and confirmed mill sizing 

¶ confirmed flotation residence times, and reagent requirements 

¶ confirmed recoveries and concentrate grades in locked cycle flotation tests using brine in rougher 

flotation and brackish water in cleaner flotation 
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¶ confirmed concentrate regrind size requirements of 80% passing 20 to 30 µm 

¶ defined dewatering requirements for tailings and concentrates 

Average recoveries over the mine life are expected to be: 

¶ 85% Cu recovery to a concentrate grade of 25.3% Cu 

¶ 40% Mo recovery to a concentrate of 47% to 50% Mo 

¶ 60% Au recovery at a grade of 4.5 g/t in the copper concentrate 

2.20.4 Processing 

The processing flowsheet follows that of typical porphyry copper concentrators common in Chile and Peru, 
but with three significant differences: 

1. Controlled potential sulphidisation (CPS) flotation will be employed, using NaHS to sulphidise any 

oxidised or tarnished minerals to assist in flotation. 

2. The water used in milling and rougher flotation will be brine solutions from the Salar de Arizaro.   

3. Rougher concentrates will be dewatered, and re-diluted with brackish or fresh water from local bores, 

prior to regrind and cleaner flotation. 

After the commissioning year, the processing plant will have an initial capacity of 40 Mtpa, rising to 60 Mtpa 
in Year 8.  The plant will comprise two milling trains, two rougher flotation trains each containing one row of 
seven cells, and two cleaner flotation circuits. 

Process design and equipment sizing will follow standard practice, enhanced through experience gained by 
the Company in the design, construction, and operation of other similar sized projects. 

The recently completed metallurgical testwork programme has confirmed the design criteria for the milling 
and dewatering equipment for the treatment of ores generated from the starter pit, and in the presence of 
brine solutions. 

As the engineering phase proceeds, refinements to the processing flowsheet and design will be considered.  
In particular, further work will be carried out in conjunction with mine planning, to review the plant ramp-up 
profile and duration, and to further assess the potential recovery of gold sourced from the leach cap. 

2.20.5 Water supply  

Phase III water supply investigations for the Project were continued into early 2020 before being halted due 
to the COVID-19 pandemic.  These investigations have the aim of further testing, modelling and confirmation 
of the fresh water supply sources for the Project.   

The results of investigations that were able to be completed show that there is a high confidence in three of 
the identified watersheds, i.e. at Valle de Arizaro, at Valle de las Burras, and at Socompa.  A fourth supply 
source has been identified at Valle de Chaschas and remains to be investigated in further detail.  A borefield 
on the nearby Salar de Arizaro appears to be suitable as an infinite source of brine water for processing.  
Further confirmatory drilling, pump testing, water volume estimation and aquifer modelling will resume 
during the Project engineering phase to firm-up on the supply estimates.   

Average and peak water supply calculations have been produced to support the required fresh and brine 
water demand for the site.  From these calculations it appears that the four identified fresh water supply 
basins have a combined estimated yield in excess of that required for process water make-up. 
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2.20.6 Infrastructure 

Preferred locations have been identified and designs produced for the Project waste dump and TSF.  The 
concepts for these are considered to be suitable for the Project at this stage of the engineering phase, 
although requiring confirmatory geotechnical, engineering and seismicity studies. 

After identification of preferred alternatives, the Project power transmission line and road access engineering 
did progress beyond a preliminary scoping level of assessment.  Separate ESIA studies and documentation 
are underway and specialist consultants engaged to provide the required engineering detail. 

In terms of logistics infrastructure, and also following identification of preferred alternatives, the engineering 
of the railway line is now being addressed in some detail.  Commercial negotiations will need to proceed with 
the several owners of respective sections of the preferred rail corridor and also with potential 
owners/operators of coastal ports at Mejillones Bay, Chile. 

2.20.7 Cost estimation and economic outcomes 

Mine and process operating costs, plus general and administration costs (G&A) have been estimated from 
first principles.  Metal costs (i.e. including transport and refining charges (TCRCs)) have been advised by the 
/ƻƳǇŀƴȅΩǎ ƻǿƴ ƳŜǘŀƭǎ ƳŀǊƪŜǘƛƴƎ ƎǊƻǳǇ and by a specialist rail transport consultant.  The process plant and 
related infrastructure capital costs have been estimated by means of benchmarking and factoring, 
supplemented with consultant/vendor estimates.   The order of accuracy of the capital cost estimates reflects 
the adoption of contingency factors of up to 20%. 

The Mineral Reserve pre-tax cashflow model has been tested with a Monte Carlo simulation involving 10,000 
iterations through the material cashflow variables.  

2.20.8 Further work recommendations 

Phase III water supply investigations 

At this stage of engineering, it appears that there should be more than adequate supply volumes for the 
quantity of fresh water required for processing.  Nevertheless, the programme of work that was commenced 
in 2019 and halted in 2020 should be resumed in order to confirm the projected sustainability of fresh water 
supply from the four identified, distant gravel basins. 

Whilst water supply permitting work is in progress for the proposed fresh water borefields, it is 
recommended that any applicable brine water abstraction permit requirements also be followed-up. 

Mineral Resource drilling, sampling and analysis 

A programme of further Mineral Resource related investigative work has been devised, focusing on resource 
infill drilling, extension drilling and sterilisation drilling.  Specifically, the programme includes:  

¶ Infill drilling across the initial Phase 1 and Phase 1a starter pit horizons, and extending out across the 

leach cap to further test the extents and grade of auriferous mineralisation. 

¶ Infill and extensional drilling at the Little Taca deposit, which is currently ill-defined for inclusion in the 

Mineral Reserve inventory.  The location of Little Taca and its possible inclusion in the future Reserve 

would have a bearing on the design of the existing pit and the adjacent processing plant. 

¶ Extensional drilling in the vicinity of the TK2 fault and in the region of the proposed Project camp. 

¶ Sterilisation drilling of the plant site, camp site and other infrastructure sites. 
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It is recommended that future updates to the Mineral Resource modelling include the refinement of 
estimation domain groupings and the incorporation of higher resolution 3D structural, alteration, and 
material-type models. 

Geotechnical engineering 

Further mine geotechnical drilling and analysis is required to support the design of a deep pit (+700 m) with 
emphasis on the eastern wall adjoining the Salar de Taca Taca.  A recommended programme of further 
drilling and the specific location of drillholes has been provided by geotechnical consultants.  The consultants 
also recommend that the geotechnical investigations be integrated with ongoing hydrogeological modelling, 
for the sake of ensuring drained pit slope conditions. 

A limited civil geotechnical programme of shallow drill holes and penetrometer testing has been carried out 
across the Project area, but only on the salar surface, and in consideration of bearing pressures for the TSF 
embankment, the waste dump, rail load-out and the airstrip.  Civil geotechnical work will be required across 
the wider Project site, particularly at the plant location. 

The Project site is located within a seismically active region and as such further work is recommended on the 
specification of design criteria for infrastructure elements. 

Metallurgy and process engineering 

Further testwork requirements can be summarised as follows: 

¶ Cu-Mo separation testwork to define equipment sizing and reagent requirements. 

¶ Confirmation of NaHS requirements for sulphidisation in rougher flotation, with estimated 

improvements in recovery by means of CPS. 

¶ Optimisation of flotation reagent requirements ς particularly frother (and the type of frother).  

¶ Some additional work on the dewatering of rougher concentrates, and optimum flocculant addition 

(type and quantity). 

¶ Gold recovery testwork from the leach cap (longer term testwork).  

None of this work is critical for the current plant design. 

Trade-off studies are required to define the process designs that will be undertaken as the Project 
engineering phase proceeds and will include: 

¶ Primary crusher location, i.e., inpit or on surface. 

¶ Dewatering of rougher concentrates to remove brine and re-dilute with brackish water.  Including 

looking at filtration in place of thickening. 

¶ Regrind circuit power requirements and mill sizing. 

¶ Configuration of the cleaner flotation circuit, in terms of two parallel trains of first cleaners, or one 

train of larger cells.  Investigate the integration of flotation columns and Jameson cells into the circuit. 

¶ Evaluate the economics of producing a molybdenum concentrate.  Re-look at the design of the 

molybdenum flotation circuit in light of experience gained from Cobre Panamá (when that circuit 

commences operation). 

¶ Copper concentrate filter location options, i.e., at the main concentrator or the rail load-out facility. 

¶ A more detailed investigation of how to discharge slurry to the TSF and how to reclaim decant water, 

if feasible. 

¶ A review of process building requirements and equipment design to cater for the climatic conditions 

(wind), and materials of construction to minimise scaling and corrosion from brine. 
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These tasks may be an initial scope of engineering and drafting work for third party engineering firm(s). 

Infrastructure engineering 

In conjunction with an initial scope of process engineering work for a third party engineering firm(s), there 
are a number of infrastructure aspects for the Project that ought to advance beyond the current stage.  These 
aspects are as follows: 

¶ A preferred connection to the national supply grid and the route of a power transmission line into the 

site has been identified, and is the subject of a forthcoming detailed ESIA.  Much discussion and 

preliminary negotiations with consultants and government agencies have already taken place.  Whilst 

the power supply requirements have been estimated, a detailed itemisation and specification of power 

reticulation requirements across the Project site is yet to be commenced. 

¶ Modelling of the tailings deposition over time has been undertaken, with a favourable outcome on the 

timing for and requirements for the starter embankment.  However, some optimisation work is 

recommended for the tailings delivery and spigotting arrangement, with the objective of prolonging 

the life of the existing railway line skirting the western edge of the TSF, should that be feasible. 

¶ There are several elements of the site layout plan that require review, optimisation and possible 

enhancement.  The conceptual layout of the process plant is based on the Sentinel configuration and 

as such, should be designed to suit the prevailing topography at the site selected.  Fundamentally, and 

should it be necessary, the selected location might be discarded in favour of some other convenient 

site.  This review and design should be carried out in conjunction with the civil geotechnical 

programme.  A detailed LIDAR survey of the mine site and the proposed plant site has already been 

completed. 

¶ Other conceptual infrastructure elements requiring further engineering include the train load-out 

facility (especially the means by which concentrate will be delivered from the plant site and transferred 

into railway cars), fuel delivery/storage, mine services area/layout, warehouses, workshops and 

administration buildings.  

¶ Additionally, there is the matter of the camp site for which there is a conceptual location identified.  

The site has been reconnoitred and an anemometer has been installed at the site to enable an 

evaluation of wind conditions. 

¶ A waste landfill study has been completed and a preferred site selected which is possibly too close to 

the conceptual camp location.  It is recommended that the landfill options be reviewed. 
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ITEM 3 INTRODUCTION  

3.1 Purpose of this Technical Report 

This Technical Report on the Taca Taca Project (the property) has been prepared by Qualified Persons (QPs) 
David Gray, Michael Lawlor and Andrew Briggs of First Quantum Minerals Pty Ltd (FQM, the issuer or the 
Company). 

The purpose of this Technical Report is to document Mineral Resource and Mineral Reserve estimates for the 
property, completed subsequent to its acquisition from previous owners, and to provide a commentary on 
the Project development status. 

The Initial Technical Report filed in November 2020 is amended and restated herein with the inclusion of 
some additional clarifications and confirmatory information. 

3.2 Terms of reference 

This Technical Report has been written to comply with the reporting requirements of the Canadian National 
Instrument (NI) 43-101 guidelines:  ΨStandards of Disclosure for Mineral PropertiesΩ of April 2011 (the 
Instrument) and with the ΨAustralasian Code for Reporting of Mineral Resources and Ore ReservesΩ of 
December 2012 (the 2012 JORC Code) as produced by the Joint Ore Reserves Committee of the Australasian 
Institute of Mining and Metallurgy, Australian Institute of Geoscientists and Minerals Council of Australia 
(JORC).   

The effective date for the Mineral Resource and Mineral Reserve estimates is the 30th October 2020. 

3.3 Qualified Persons and authors 

The Mineral Resource estimate was prepared under the direction and supervision of David Gray.  Mr Gray of 
FQM meets the requirements of a Qualified Person (QP) according to his Certificate of Qualified Person 
attached in Item 28.  The Mineral Reserve estimate was prepared under the direction of Michael Lawlor, with 
the assistance of FQM staff.  Mr Lawlor of FQM meets the requirements of a QP according to his Certificate 
of Qualified Person attached in Item 28.  Mr Lawlor takes responsibility for those items not addressed 
specifically by the other QPs.  Metallurgical testing, mineral processing and process recovery aspects of this 
Technical Report were addressed by Andrew Briggs.  Mr Briggs of FQM meets the requirements of a QP 
according to his Certificate of Qualified Person attached in Item 28. 

The following table identifies which items of the Technical Report have been the responsibility of each QP. 

Table 3-1   QP details 

Name Position NI 43-101 Responsibility 

David Gray Group Mine and Resource Geologist, Author and Qualified Person 

BSc (Geology), MAusIMM, FAIG FQM (Australia) Pty Ltd Items 7 ς 12, 14 

Michael Lawlor Consultant Mining Engineer, Author and Qualified Person 

BEng Hons (Mining), MEngSc, FAusIMM FQM (Australia) Pty Ltd Items 1 - 6, 15 and 16, 18 to 26 

Andrew Briggs Group Consulting Metallurgist Author and Qualified Person 

BSc(Eng), ARSM, FSAIMM FQM (Australia) Pty Ltd Items 13, 17, and 21 in respect 
of process operating and G&A 

costs 
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3.4 Principal sources of information 

Information used in compiling this Technical Report was derived from previous technical reports on the 
property, and from the reports and documents listed in the References item (Item 27).  

3.5 Site visits 

Site visits by each of the QPs were as follows: 

¶ David Gray visited the Project in October 2018 and March 2019.  Mr Gray inspected drill core and 

drilling sites, reviewed geological data collection and sample preparation procedures, and carried out 

independent data verification.  He also visited all accessible areas of the site. 

¶ Michael Lawlor visited the Project in July 2016.  Mr Lawlor visited all accessible areas of the site.  

¶ Andrew Briggs visited the Project in September 2018.  Mr Briggs inspected drill core and drilling sites, 

reviewed metallurgical data collection and sample preparation procedures, and carried out 

independent data verification.  He also visited all accessible areas of the site. 

3.6 Conventions and definitions 

Reference in this Technical Report to dollars or $, relates to United States dollars.  Copper and molybdenum 
metal production is reported in (metric) tonnes and (imperial) pounds, where the conversion factor is 1 tonne 
(t) = 2,204.62 pounds (lb).  Gold production is reported in (troy) ounces and with an adopted abbreviation of 
(t)oz. 

The conventional chemical abbreviation for copper of Cu is used throughout this report, whilst the 
abbreviation for molybdenum is Mo and for gold is Au.  ASCu is used to denote Acid Soluble Copper and TCu 
is used to denote Total Copper. 

Where not explained in the text of this report, specific terms and definitions are as listed in Table 3-2. 

Table 3-2   Terms and definitions 

Term Definition Term Definition 

µm, mm, cm, m, 
km 

microns, millimetres, centimetres, metres, 
kilometres 

Mtpa million tonnes per annum 

bcm bank cubic metres MO, LG, MG, HG marginal ore, low grade, medium grade, high grade 

bn bornite NPV net present value 

cpy  chalcopyrite oz ounces 

csv comma separated value P80 80% passing 

g, kg grams, kilograms pH potential of hydrogen 

g/t, kg/t  grams per tonne, kilograms per tonne py pyrite 

ha hectares Q1, Q2, Q3, Q4 quarter 1 to 4 

IRR internal rate of return t, kt, Mt tonnes, thousands of tonnes, millions of tonnes 

kWh/t  kilowatt hours per tonne tpa tonnes per annum 

lb pounds tpd tonnes per day 

LOM life of mine tph tonnes per hour 

m/s metres per second V, kV volts, kilovolts 

Ma mega annum (million years) W, MW watts, megawatts 

masl metres above sea level WGS Western Geodetic System 

mE, mN coordinates: metres East, metres North L/s Litres per second 
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ITEM 4 RELIANCE ON OTHER EXPERTS  

The authors of this Technical Report do not disclaim any responsibility for the content contained herein, with 
the exception of certain information included in the Item 22 Economic Analysis.  This information, provided 
on the 16th CŜōǊǳŀǊȅ нлнм ōȅ ǘƘŜ /ƻƳǇŀƴȅΩǎ ƛƴǘŜǊƴŀƭ ǘŀȄation advisers, relates to the applicable corporate 
tax rate in Argentina and to the estimated Project taxable income arising from capital depreciation and 
taxation calculations.   

The authors of this Technical Report have relied on this information for the purposes of the Project economic 
analysis in Item 22. 
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ITEM 5 PROPERTY DESCRIPTION, LOCATION AND TENURE  

5.1 Project description 

The proposed Taca Taca Project involves the open pit mining and flotation processing of copper ore for a 
period of 32 years.  The porphyry copper-gold-molybdenum orebody is hosted by a batholith and is overlain 
by sediments and volcanoclastics.  The optimal pit depth is in excess of 700 m and it is situated immediately 
adjacent to a brine saturated salt lake (salar).  The mineralisation lies beneath a leached cap and is typically 
hypogene and supergene, but with distinct transitional (or mixed) mineralisation styles also present.  The 
proposed processing flotation processing method involves a conventional concentrator producing separate 
gold and molybdenum products, and with much of the gold recovered into the copper concentrate. 

5.2 Proposed Project components 

The proposed Taca Taca Project has the following primary components, aspects of which are described in 
detail in this Technical Report: 

¶ a multi-phased open pit mine extending to an ultimate depth in excess of 700 m 

¶ surface stockpiles for marginal ore, and separately for auriferous material not in the Mineral Reserve, 

but which could be economically processed in the future 

¶ a mining waste dump, located to the east of the open pit, on the surface of the adjacent salar (the 

Salar de Arizaro) 

¶ a processing plant site which is located adjacent to the open pit, in an area of relatively flat topography 

sheltered from the prevailing wind direction  

¶ a concentrator for the processing of copper mineralisation by flotation, with primary recovery of gold 

(and silver4) into the concentrate 

¶ separation of copper and molybdenum concentrates  

¶ ramp-up of the processing rate from 30 Mt in the first year, to 40 Mtpa for the next five years, followed 

by a 50 Mtpa rate for one year, and then to an eventual rate of 60 Mtpa from Year 8  

¶ a tailings storage facility located within an embayment of the Salar de Arizaro 

¶ process water storage ponds 

¶ surface haulage and internal access roads 

¶ borefields for the supply of fresh and saline water 

¶ overland pipelines between the concentrator and the tailings storage facility, and between borefields 

and the plant site 

¶ surface haulage and internal access roads 

¶ mine services workshops and equipment wash-down facilities 

¶ construction offices, mine administration and accommodation facilities 

¶ storage space and a rail load-out facility for copper and molybdenum concentrate products 

¶ parts and consumables, reagent and explosives handling and storage facilities 

¶ as additional infrastructure, there are roads for transporting supplies into the Project site, a railway for 

transporting concentrates and supplies, and a high voltage electric transmission line 

                                                            
 
4 Silver (Ag) is considered immaterial to the economic value of the Project and hence Ag grades have not been reported in the 
Project Mineral Resource and Reserve estimates, nor accounted for in the Mineral Reserve economic analysis. 
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As the Project continues through the engineering phase and into the development and operations phase, 
production aspects may change and components reviewed and varied to suit current circumstances and new 
information. 

5.3 Project location 

The Taca Taca Project is located in the Puna (Altiplano) region of Salta Province, in northwest Argentina, 
approximately 230 km west of the city of Salta and 55 km east of the Chilean border (Figure 5-1).  The nearest 
population centre is the village of Tolar Grande (population of approximately 150), located 35 km east of the 
Project site. 

The UTM co-ordinates at the centre of the site are 7,283,500 mN and 2,628,000 mE. 

Figure 5-1   Taca Taca Project location  

 

5.4 Project ownership 

The Taca Taca Project (the Project) is 100% owned by First Quantum Minerals Ltd (FQM or the Company) 
through its Argentinian subsidiary Corriente Argentina SA (CASA).  FQM, which is an international mining 
company listed on the Toronto stock exchange, acquired the Project from previous owners Lumina Copper 
Corporation (Lumina), in August 2014. 

5.5 Mineral tenure, rights, payment agreements and encumbrances 

The Company holds a significant package of mining rights in the region, consisting of 75 mining concessions 
(minas).  The main Project area is contained within a composite package of 13 concessions (minas) over the 
deposit and adjacent areas comprising the Taca Taca Mining Group.  Two of the mining concessions have a 
50% ownership with third party groups, though these are not over commercially material areas of the known 
deposit.  The other concessions are held 100% by the Company. 

Argentina 
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Under the Mining Code, these mining concessions vest the Company with property title over the mine, 
including the right to explore and exploit in the concessions area.  The mining concessions are granted in 
perpetuity and are not subject to a validity term as long as bi-annual canon payments are made.  The National 
Congress fixes the annual canon per concession and this is paid in advance in two equal instalments on June 
30th and December 31st of each year.  The canon payments relating to CASA properties total approximately 
$50k per annum. 

Figure 4-2 shows the location of the Project relative to the Company concessions in the municipality of Tolar 
Grande, Los Andes Department, Salta Province, Argentina.  Table 4-1 and Table 4-2 list details for each of the 
concessions. 

{ǳōƧŜŎǘ ǘƻ ǘƘŜƛǊ ǎǘŀǘŜŘ ŎƭŀǊƛŦƛŎŀǘƛƻƴǎΣ ƭƛƳƛǘŀǘƛƻƴǎ ŀƴŘ ŀǎǎǳƳǇǘƛƻƴǎΣ ǘƘŜ /ƻƳǇŀƴȅΩǎ ƭŜƎŀƭ Ŏƻunsel (Bruchou, 
2019) provided the following opinion on mineral tenure, as at December 2019: 

1. CASA owns and holds good, valid, marketable and beneficial title (for title as defined by the Argentine 

Mining Code) to all of the mining properties listed in Table 4-1, except for two which are each held 

with a 50% share. 

2. The mining properties listed in Table 4-1 are valid and in good standing. 

3. Applicable mining exploitation fees have been paid until the first semester 2019. 

4. To the best of their knowledge, there are no oppositions filed or registered against the mining 

properties that may remain pending of resolution and no restrictions have been recorded with respect 

to any of the mining properties. 

5. To the best of their knowledge, there are no records of attachments, mortgages, encumbrances or any 

other security interest with respect to any of the mining properties. 

6. CASA has the right to receive and deal with 100% of the copper, gold any other mineral production 

from the mining properties except for those listed in Table 4-н ŦƻǊ ǿƘƛŎƘ /!{!Ωǎ ǘƛǘƭŜ ƛǎ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ŀ 

50% share. 

In Figure 4-2, the thirteen Taca Taca Mining Group concessions are shown in the inset panel.  The 50% joint 
venture concessions are shown with a light purple coloured perimeter. 

Table 5-1   Details of Project mineral concessions, Taca Taca Mining Group 

 

Number Concession Number Area (ha) Owner Royalty

Taca Taca Mining Group

1 Mina Carla 14460 - 1992 400.1 CASA 100% 1.50%

2 Mina Paula 14461 - 1992 599.6 CASA 100% 1.50%

3 Mina Punilla V 15478 - 1996 281.2 CASA 100%

4 Mina Tacalto 6 15727 - 1996 394.2 CASA 100%

5 Mina Tacalto 8 15834 - 1997 399.8 CASA 100%

6 Mina Taca Taca 1 7578 - 1970 63.0 CASA 100% 1.50%

7 Mina Taca Taca 2 7579 - 1970 54.2 CASA 100% 1.50%

8 Mina Taca Taca 3 7580 - 1970 54.0 CASA 100% 1.50%

9 Mina Taca Taca 4 7581 - 1970 53.9 CASA 100% 1.50%

10 Mina Taca Taca 5 7582 - 1980 54.1 CASA 100% 1.50%

11 Mina Taca Taca 6 7583 - 1970 54.0 CASA 100% 1.50%

12 Mina Taca Taca 7 7584 - 1970 53.9 CASA 100% 1.50%

13 Mina Taca Taca 8 15948 - 1997 98.4 CASA 100% 1.50%

Total area 2,560.3
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Table 5-2   Details of Project mineral concessions, additional concessions 

 

Number Concession Number Area (ha) Owner Royalty

Additional concessions

1 Mina Taca Taca 9 15949 - 1997 376.0 CASA 100% 1.50%

2 Mina Fruso Corriente 18646 - 2007 3,500.0 CASA 100%

3 Mina Fruso Corriente II 18685 - 2007 2,500.0 CASA 100%

4 Mina La Sarita 1434 - 1942 168.0 CASA 100%

5 Mina Federico 9078 - 1974 40.0 CASA 100%

6 Mina Don Ramon 18851 - 2007 26.0 CASA 100%

7 Mina Amira Norte 18832 - 2007 1,500.0 CASA 100% 1.50%

8 Mina Amira 18794 - 2007 433.6 CASA 100% 1.50%

9 Mina Amira Este 19249 - 2008 81.1 CASA 100% 1.50%

10 Mina Don Francisco 18034 - 2004 340.0 CASA 100%

11 50% Mina Francisco 1 18048 - 2005 1,300.0 CASA 50% 0.75%

12 50% Mina Francisco 2 18049 - 1,000.0 CASA 50% 0.75%

13 Mina La Gloria 21307 - 2011 199.4 CASA 100% 1.50%

14 Mina Corriente I 19694 - 2009 134.4 CASA 100%

15 Mina Corriente II 19693 - 2009 71.9 CASA 100%

16 Mina Corriente III 19715 - 2009 2,500.0 CASA 100%

17 Mina Corriente IV 19716 - 2009 3,500.0 CASA 100%

18 Mina Corriente V 20821 - 2011 523.0 CASA 100%

19 Mina Francisco Joaquin I 21984 - 2013 3,262.4 CASA 100%

20 Mina Francisco Joaquin II 21983 - 2013 3,000.0 CASA 100%

21 Mina Francisco Joaquin III 21985 - 2013 2,500.0 CASA 100%

22 Mina Francisco Joaquin IV 21986 - 2013 2,500.0 CASA 100%

23 Mina Francisco Joaquin V 21987 - 2013 2,752.0 CASA 100%

24 Mina Francisco Joaquin VI 21988 - 2013 3,000.0 CASA 100%

25 Mina Francisco Joaquin VII 21989 - 2013 3,000.0 CASA 100%

26 Mina Francisco Joaquin VIII 21990 - 2013 2,924.3 CASA 100%

27 Mina Francisco Joaquin IX 21991 - 2013 927.7 CASA 100%

28 Mina Ignacio I 22254 - 2013 2,299.5 CASA 100%

29 Mina Ignacio II 22255 - 2013 2,300.0 CASA 100%

30 Mina Iago 22286 - 2014 2,569.7 CASA 100%

31 Mina Julia I 22287 - 2014 3,000.0 CASA 100%

32 Mina Maia 22288 - 2014 3,000.0 CASA 100%

33 Mina Sofia X 22289 - 2014 1,765.7 CASA 100%

34 Mina Veronica I 22421 - 2014 1,500.0 CASA 100%

35 Mina Veronica II 22422 - 2014 1,654.1 CASA 100%

36 Mina Johncito 21498 - 2012 47.4 CASA 100%

37 Mina La Escondida 17642 - 2003 37.9 CASA 100%

38 Mina La Escondidita 17879 - 2004 6.6 CASA 100%

39 Mina Fruso Corriente Sur 21956 - 2013 1,000.0 CASA 100%

40 Mina Tacasal II 19672 - 2009 2,422.0 CASA 100%

41 Mina Papadopulos XXXI 19666 - 2009 284.1 CASA 100%

42 Mina Maria Josefina I 22779 - 2016 1,492.8 CASA 100%

43 Mina Maria Josefina II 22780 - 2016 777.7 CASA 100%

44 Mina Lucio Martin 22801 - 2016 18.3 CASA 100%

45 Mina Rodrigo 22861 - 2016 2,219.3 CASA 100%

46 Mina Gonzalo I 22869 - 2016 2,095.0 CASA 100%

47 Mina Gonzalo II 22870 - 2016 1,899.8 CASA 100%

48 Mina Gonzalo III 22871 - 2016 2,907.2 CASA 100%

49 Mina Juan Manuel I 22872 - 2016 2,444.4 CASA 100%

50 Mina Juan Manuel II 22873 - 2016 2,445.1 CASA 100%

51 Mina Juan Manuel III 22874 - 2016 1,738.9 CASA 100%

52 Mina Juan Manuel IV 22875 - 2016 2,957.4 CASA 100%

53 Mina Maria del Carmen 12682 - 1986 90.5 CASA 100%

54 Mina Lloyd I 23010 - 2017 2,971.8 CASA 100%

55 Mina Lloyd II 23009 - 2017 148.9 CASA 100%

56 Mina Eolica 64228 - 1956 35.3 CASA 100%

57 Mina Gorgon Oeste 18960 - 2007 982.4 CASA 100%

58 Mina Jacinto 21450 - 2012 1,195.3 CASA 100%

59 Mina Arizaro III X 20688 - 2010 1,499.3 CASA 100%

60 Mina Vega Arizaro Cono II 21122 - 2011 1,464.7 CASA 100%

61 Mina Vega Arizaro Este I                21033 - 2011 1,407.0 CASA 100%

62 Grupo Minero Taca Taca 18690 - 2007 2,557.6 CASA 100%

Total area 97,295.6
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Figure 5-2   Map of Project mineral concessions  
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5.6 Royalties 

Ten of the Taca Taca Mining Group concessions are subject to a contractual royalty of 1.5% of net smelter 
return (the Taca Taca royalty).  The three concessions which are not subject to a 1.5% royalty are located on 
the Salar de Arizaro.  In addition, there is 3% royalty payable to the Province of Salta, net of smelting/refining, 
transport, general and administration costs, and also process operating costs.  

Franco Nevada Corp., through a wholly-owned subsidiary, holds the right to receive a 72% interest in the 
Taca Taca royalty, whilst the remaining 28% interest is held by two individuals. 

5.7 Export levy 

According to the regulations in force as at October 2020, the application of a minerals concentrate export 
levy will expire at the end of 2021.  On this basis, no such levy is included with royalties in the estimation of 
Project metal costs. 

5.8 Environmental liabilities 

There are no known environmental liabilities currently existing on the Taca Taca property.   

5.9 Permits that must be acquired 

The primary approval required for the development of the Taca Taca Project is the approval of the ESIA by 
the Secretariat of Mining of Salta Province.  This ESIA covers the main Project sites including mine, process 
plant, tailings storage facility, and associated facilities. 

The Project ESIA was submitted to the authorities in February 2019.  A response to the submission was 
received from the Secretariat of Mining at the end of Q3 2019, and this included 62 observations (including 
requests for clarification or more information).  Some of the required additional information will only be 
available once the Project engineering is more advanced.  A compiled document with responses that were 
able to be provided at this stage of the Project was submitted to the authorities in February 2020, and is 
currently under review by the Secretariat.  The Project ESIA approval is expected in 2021. 

According to Argentinian law, after final submission and approval, the ESIA must be updated and resubmitted 
to the authorities at least every two years. 

Another ESIA is required to be submitted separately to the Energy Secretariat of Salta Province for the 345 
kV transmission line to connect the Project to the national electrical grid.  A third ESIA is required to be 
submitted to the Salta Road Administration for the proposed bypass road construction for the Project.  The 
Project will also require approval from the Water Resources Secretariat of Salta Province of a concession for 
water supply development and use.   

The two additional ESIA applications are in preparation and are expected to be submitted to the authorities 
in 2021.  The water supply permit application will be submitted following completion of the Phase III water 
supply definition programme (refer to Item 24 for details). 

Other administrative authorisations, detailed construction and operating permits will be required, 
particularly from the Municipality of Tolar Grande and various provincial authorities, during the course of 
development and operation of the Project. 

5.10 Factors and risks which may affect access or title 

The QPs of this Technical Report are unaware of any other significant factors and risks that may affect access, 
title, or the right or ability to perform work on the property. 
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ITEM 6 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, 
INFRASTRUCTURE AND PHYSIOGRAPHY  

6.1 Topography, elevation and physiography 

The Project is located on the eastern side of the Sierra de Taca Taca mountain range, and on the western side 
of the expansive Salar de Arizaro which lies at an altitude of 3,470 m RL.  The Project site is located at a 
median elevation of 3,625 m RL, and at latitude 24.7oS and longitude 68.0oW.   

The local topographic relief is low to moderate, with two prominent peaks in the immediate vicinity, Cerro 
de Cobre and Cerro Agua del Desierto.  The volcano Cerro Aracar is located about 30 km north of the Project 
site.  From Wikipedia: No historical activity is recorded, but in March 1993 inhabitants of Tolar Grande 
observed a high ash or steam column rising from Aracar, which could have been either an eruption or the 
result of landslides. 

6.2 Seismic conditions 

The Taca Taca Project is located in the Andes, near the Chilean border in the Circum-Pacific Belt, which is an 
active seismic region.  The large-scale regional tectonic framework is governed by the interaction of the Nazca 
and South American plates.  The main tectonic features in this region, namely the Andes and the Peru-Chile 
Oceanic trench, are related to the high seismic activity, and are a result of the two converging plates.  The 
most notable result of this convergence is the contemporary orogenic process constituted by the Andes 
formation. 

Seismic criteria and regulation in Argentina are promulgated by the Instituto Nacional de Prevención Sísmica 
όάLbtw9{έύΦ  ¢ƘŜ !ǊƎŜƴǘƛƴƛŀƴ ǎŜƛǎƳƛŎ ŎƻŘŜ Lbtw9{-CIRSOC 103 regulates general construction, however for 
special constructions such as for a TSF embankment there is no specific regulation in force.  INPRES divides 
the country into five zones, with the highest seismicity concentrated in the west-central section of the 
country, including the Mendoza and San Juan provinces.  The Taca Taca Project is located in zone 2, rated as 
ƘŀǾƛƴƎ άƳƻŘŜǊŀǘŜέ ǎŜƛǎƳƛŎ Ǌƛǎƪ ǿƛǘƘ ŀ ƳŀȄƛƳǳƳ ƎǊƻǳƴŘ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ лΦму ƎΦ  ¢Ƙƛǎ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀ мл҈ 
probability of exceedance in a 50-year period.   

According to the United States Geological Survey (USGS) seismic hazard map (2018 update), the peak ground 
acceleration for a 475-year return period event, which corresponds to a 10% probability of exceedance in a 
50-year period, is approximately 0.32 ς 0.33 g for the Taca Taca site. 

In view of the seismicity risk for the area, and despite the differing INPRES and USGS criteria, the Project will 
be designed according to engineering parameters based on a detailed engineering risk analysis.   

6.3 Vegetation 

Vegetation is sparse to non-existent in the Project area.  The dry puna vegetation is characterised by grasses, 
alpine herbs and dwarf shrubs. 

6.4 Climate 

The climate in the Project area is arid with summer temperatures ranging from 2oC to 22oC, and winter 
temperatures ranging from -3oC to 5oC (from Taca Taca weather station records for October 2011 to 
November 2018).   

The average relative humidity is approximately 34%, with a low average annual precipitation of 
approximately 40 mm/year (from Taca Taca weather station records for October 2011 to November 2018).  
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From the available records, 70 mm of rain was recorded in 2012 and 78 mm in 2017; 3 mm was recorded in 
2016.  Peak months for rainfall events are January to March. 

There are no weather stations capable of measuring snowfall in the region and limited local data for historical 
precipitation (i.e. from the Taca Taca weather station), hence a reliance on satellite data has been used by 
the Company to estimate long term average precipitation rates when working on Project water supply 
investigations.  Several different satellite based estimates have been reviewed by the Company, with the 
CMORPH estimation technique considered to be the most reliable5.  

This technique uses precipitation estimates that have been derived from low orbiter satellite microwave 
observations, and whose features are transported via spatial propagation information that is obtained 
entirely from geostationary satellite IR data.  CMORPH is deemed to be reliable as it can be effectively 
correlated and calibrated with weather stations in the region (Figure 6-1; the Cafayate weather station is 
located near Salta).  It is also most useful in providing a volumetric estimate of total precipitation (snow and 
rain)6.  

Figure 6-1   Cafayate rain gauge data (red line) compared with CMORPH satellite data 

 

6.4.1 Wind 

Typical wind speeds range from 3.8 m/s to 23.2 m/s, blowing predominantly from the northwest.  Figure 6-2 
shows wind speed (average) and direction at the Project site. 

In a review of climatic conditions impacting on Project water supply, Montgomery & Associates (M&A, 
November, 2018) advised that wind gusts in the Puna region can exceed 90 km/h.  Sustained wind speeds 

                                                            
 
5 CMORPH is an acronym for the NOAA (National Oceanic and Atmospheric Administration) - CPC (National Weather Service 
Climate Prediction Centre) Morphing Technique  
(http://www.cpc.ncep.noaa.gov/products/janowiak/cmorph_description.html). 

6 The CMORPH data appears to consistently over report precipitation so a calibration factor of -25% has been applied 
by the Company. 
 

http://www.cpc.ncep.noaa.gov/products/janowiak/cmorph_description.html
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during the austral winter can range between 20 km/h and 40 km/h.  The speed is less during the austral 
summer, although pronounced after mid-day and calming during the night. 

Figure 6-2   Average wind speed (km/h) and direction, measured at the Taca Taca weather station 

 

Two wind stations (anemometers) were installed in 2019 at potential locations for the permanent campsite.  
These are denoted as Options 1 and 2 on Figure 6-3.  ¢ƘŜ ǎƛǘŜ ƭŀōŜƭƭŜŘ ŀǎ ά/ŀƳǇέ ƛǎ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ 
exploration camp. 

Figure 6-3   Wind monitoring stations 
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6.4.2 Solar radiation 

M&A (September, 2018) advise that the daily solar radiation is extreme in the Project area, averaging from 
180 Watts/m2 in July to 380 Watts/m2 in December.  During December, instantaneous solar radiation can 
exceed 1,000 Watts/m2 at mid-day. 

6.4.3 Evaporation rates 

From available meteorological data, M&A (September 2018) estimated the potential open water evaporation 
rates as 11 mm/day in January ranging to 6 mm/day in June, with an annual average of 8.6 mm/day.  The 
estimated evapotranspiration rates were 9 mm/day in January ranging to 4 mm/day in June, with an annual 
average of 7 mm/day. 

6.5 Hydrological and hydrogeological setting 

The Project area is located in an arid environment characterised by very low rainfall and high evaporation 
rates.  Taca Taca lies on the western margin of the Siete Curvas basin, an extensional basin in which the 80 
km long and 30 km wide Salar de Arizaro occupies the western third.  This basin is bordered to the north and 
south by major northwest trending volcanic lineaments (Ausenco, May 2016).  The basin is a closed 
hydrologic system in which all of the water that enters it stays within the basin unless lost through 
evapotranspiration. 

The Salar de Arizaro is reportedly the sixth largest salt lake in the world and the second largest in Argentina.  
It covers an area of about 1,600 km2.  Rainfall and snow at higher elevations are the major source of water 
run-off in the region.  This run-off infiltrates the subsurface and flows down into the extensive salars, or in 
some cases into thick gravel basins where it has accumulated over time. 

Groundwater in the Project area occurs in aquifers located in alluvial environments (i.e., gravel beds) located 
in the valleys and basins surrounding the Salar de Arizaro.  With the groundwater flowing into the salar, brine 
is commonly found in the clastic (lacustrine) sediments and also in the overlying evaporate deposits (M&A, 
November 2018). 

The process plant will be the largest water consumer for the Project.  More than two thirds of its 
requirements will be met with brine water sourced from the Salar de Arizaro and to a lesser extent, from 
depressurisation of the open pit slopes.  It has been assumed that the volume of saline brine water available 
is unlimited, and that brine water at up to 300,000 mg/L TDS (total dissolved solids) could be used for milling 
and rougher flotation. 

Table 6-1 summarises the results of brine water quality testing from Salar de Arizaro samples, from Plumas 
Verde basin samples, and from borehole samples collected within the general open pit mine area.   
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Table 6-1   Summary of brine water analyses 

  

As part of the geotechnical investigations for the proposed TSF location, three trenches were excavated on 
the Salar de Taca Taca in 2018.  These trenches were dug to a depth of 2.5 m to 3.0 m and over a 3.8 m length.  
Following excavation, brine inflow filled the trenches to within 0.4 m of the surface over a period of several 
hours. 

In addition, trial pits were dug along the length of a proposed new airstrip on the Salar de Arizaro, 
approximately 2.5 km east of the proposed brine borefield.  A total of 35 trial pits were excavated and these 
showed the intersection of the brine level to be at a consistent 1.0 m to 1.1 m depth, which is considered to 
be representative of depth-to-brine in the salar. 

6.6 Access to the Project by road 

The Project site is readily accessible by road from the city of Salta, which is approximately 230 km to the east 
and is the nearest major population centre in Argentina.  The road distance from Salta, via San Antonio de 
los Cobres, Cauchari and Tolar Grande, is approximately 400 km.  Figure 6-4 shows the access route on the 
Argentine side of the border, along Provincial Route (RP) N°27, turning off National Route (RN) N° 51 at 
Cauchari. 

From the Chilean side, the Project site can be accessed via routes 23 and 27, to Calama, San Pedro de Atacama 
and to Paso de Jama on the border, and then south via (RN) N°52 to Cauchari and onwards to Tolar Grande 
and the Project site (Figure 6-4).  Alternatively, Route 23 continues from San Pedro de Atacama and the 
Argentine border can be crossed at Paso de Sico before continuing on to Cauchari, Tolar Grande and the 
Project site (Figure 6-4).  The more direct road access to the site from the west is on lesser roads, either via 
route B-55 and Paso Socompa or via Baquedano, Peine, Socaire and then south before Paso de Sico (Figure 
6-4). 

6.6.1 Road access through Argentina 

East of Salta, the Project is accessible to the Argentinian port city of Zárate, which is near to the capital, 
Buenos Aires.  The journey from the port, for vehicles of less than 5 m width and height, is via a circuitous 
route from Zárate to San Antonio de Areco along RN No 193 and 8, then to Pergamino and Melincué (RN No 
93), onwards to Chabas and Rosario (RN No 33), and then to Rafaela, Santiago del Estero and eventually to 
Salta (RN No 34 and 9).  A report by Transportes Universales SA (TUSA, June 2011) shows the route and informs 
that the travel time is three to five days, depending on the number of truck trailers.
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Figure 6-4   Road access to the Project site 
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For overweight loads (i.e. in excess of 100 tonnes), and due to many load limited bridges, the road journey 
between Zárate and Salta is longer, at seven to eight days (TUSA, June 2011).  There is also a load limitation 
on RN No 51, for the continuing journey between Salta and San Antonio de los Cobres.  TUSA (June 2011) 
advises of a long deviation for overweight transport, extending from Salta to San Salvador de Jujuy and 
Purmamarca (RN No 34 and 9), and from there south to San Antonio de los Cobres (Figure 6-4).  

Beyond San Antonio de los Cobres, at Cauchari, the Project access road branches off onto RP No 27, continues 
to Tolar Grande and the Project site, and then onwards to Socompa on the Chilean border.   

6.6.2 Road access through Chile 

Regarding road access to the Project site from potential Chilean ports on Mejillones Bay, the journey for load 
and width/length limited trucks is via Calama, San Pedro de Atacama, Paso de Jama, and then across the 
border to Cauchari and south to the Project site, through Tolar Grande (Figure 6-4).  TUSA (June 2011) advises 
that the transit time is about two days. 

The shortest routes to the site from the west are on lesser roads, either via route B-55 and Paso Socompa or 
via Baquedano, Peine, Socaire and then south through Paso de Sico (Figure 6-4).  These lesser roads would 
require upgrade and the border crossings at Paso de Jama, Paso de Sico and at Paso Socompa are at altitudes 
which make them impassable after heavy snowfall. 

Figure 6-4 shows another route, extending off from San Pedro de Atacama to Socaire and then to an 
intersection before Paso de Sico on the border, where a minor road branches off to the south and arrives 
into the Project site on the west side of the Salar de Taca Taca (Figure 6-4).  The advantage of this particular 
route on the Chilean side is a lower altitude terrain. 

In regards to customs clearance for road transport entering/leaving Argentina, this can be done at Paso de 
Sico.  This enables direct logistical access to/from site via Baquendano, Peine and Socaire in Chile (Figure 6-4).  
For the route approaching the Project site through the border post at Paso Socompa, there is currently only 
a police control point and no customs clearance facility.  

6.7 Access to the Project by rail 

The Project site is located within 5 km of a narrow gauge (1 metre) railway line between Salta and 
Antofagasta.  After a time of near dereliction in certain parts, this line has been refurbished to allow resumed 
services over its full length.  The line has been refurbished to the extent that since 2016, reagents are being 
railed from Chilean ports to lithium mining companies operating in Salta Province.  Lithium carbonate and 
lime are being railed from Argentina across into Chile.  The volumes are currently insignificant in comparison 
with the future freight requirements for Taca Taca, should they be railed.   

Figure 6-5 shows the railway access route on the Argentine side of the border, between Salta and Taca Taca, 
whilst Figure 6-6 shows the route across the border from Socompa, and then on to Antofagasta and the port 
city of Mejillones in Chile.  Rail traffic on the Argentine side is limited to an axle loading of 17.5 tonne/axle, 
whereas the line on the Chilean side can be loaded to 16 tonne/axle. 

6.7.1 Rail access through Argentina 

On the Argentine side of the border, the railway is operated by state-owned Belgrano Cargas y Logistica SA 
(Belgrano).  The line itself (and related infrastructure) is owned by Administración de Infraestructuras 
Ferroviarias Sociedad del Estado (ADIFSE).  Whilst there are numerous stations along the line between Salta 
and Taca Taca, only the stations at Salta, San Antonio de los Cobres and Tolar Grande are manned as track 
maintenance depots.  Repair and maintenance workshops for engines and rolling stock are located at 
Güemes, east of Salta. 
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Figure 6-5   Rail access to the Project site, through Argentina  
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Figure 6-6   Rail access to the Project site, through Chile  
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6.7.2 Rail access through Chile 

On the Chilean side of the border, the line between Socompa on the border and Augusta Victoria is operated 
by Empresa de Transporte Ferroviario SA (Ferronor SA), a private company.  Another private company, 
Ferrocarril de Antofagasta a Bolivia όάC/!.έ, a subsidiary of Antofagasta PLC), operates the line between 
Augusta Victoria and Antofagasta/Mejillones.  Both of these companies have a track access agreement, each 
allowing the other to use its track, for payment of a fee. 

6.8 Other transport links 

A regional airport exists at Salta from where there are regular daily flights to and from the Argentine capital.  
From this airport there are also flights to and from other cities in Argentina, as well as regular international 
flights to and from Lima and Panamá City.  The Company has been granted an easement and has received 
approval in October 2020 from the National Civil Aviation Authority (ANAC) for the construction of a new 
airstrip located approximately 8 km to the east of the Project site.  This airstrip would enable small propeller 
powered planes (including medical evacuation planes) to provide services to the Project. 

6.9 Proximity to population centres 

The nearest population centre to the Project site is Tolar Grande, located 35 km to the east.  Tolar Grande 
was established to provide services to the railway line between Antofagasta (Chile) and Salta (Argentina); the 
village has a population of around 150 people.  With approximately 535,000 people, the city of Salta is the 
nearest major population centre in Argentina.  Businesses in Salta Province could provide basic goods and 
services for Project development and during operations 

6.10 Availability of power, water, personnel and areas for Project infrastructure  

6.10.1 Power supply 

The nearby town to the Project site, Tolar Grande, generates its own power from diesel fuel.  The nearest 
power transmission line to the Project site is to the north in the vicinity of Olacapato, near Cauchari (Figure 
6-7).  This is a 345 kV line from the Güemes generating station in Salta Province, extending to Los Andes in 
Chile.  The line is privately owned and operated by Termoandes SA (Termoandes).  Consultants to the 
Company have undertaken technical studies indicating that a straight forward interconnector to this existing 
power line is feasible, without compromising the existing transmission. 

Compañía Administradora del Mercado Eléctrico Mayorista SA (CAMMESA) is an Argentine company which 
operates and co-ordinates the wholesale energy market in the country, and specifically, the Argentine 
Interconnection System (SIN).  CAMMESA is responsible for co-ordinating power generation by a number of 
separate entities, including Termoandes, and for regulating the supply and wholesale market for electric 
power.   

CAMMESA also administers a renewable energies programme referred to as RenovAr, which includes the 
provision of financial stimulus packages and the granting of taxation benefits.  Arising from this programme, 
a 300 MW photovoltaic solar power generation plant has been constructed in the Project region at Cauchari 
and is anticipated to begin commercial operations in 2020. 

The Atacama Gas Pipeline (AGP) extending between Salta Province and Mejillones in Chile passes 
approximately 210 km to the north of the Project site (Figure 6-7).  This pipeline has a capacity of 8.5 
Mm3/day.  The La Puna Gas Pipeline branches off the AGP near Susques (Rio Las Baras) and extends to Salar 
de Pocitos, which is about 130 km from Taca Taca.  The La Puna pipeline is owned by the Province of Salta 
and is operated by Conta SRL.  The La Puna pipeline has a capacity of 0.3 Mm3/day. 
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Figure 6-7   Power line and gas pipeline routes  
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6.10.2 Water supply 

Error! Not a valid bookmark self-reference. shows the major catchment (watershed) areas within the Siete 
Curvas basin, four of which (Valle de Arizaro, Valle de las Burras, Valle de Chaschas and Socompa) have been 
selected for fresh water supply to the Project.  The supply of water to the Project will be from borefields, 
yielding freshwater from these sedimentary basins, in addition to high salinity brine water from the adjacent 
Salar de Arizaro. 

There are additional fresh water basins further afield than the four mentioned above.  Investigation drilling 
and modelling will continue as the Project engineering phase proceeds, in an effort to confirm the 
sustainability of the various supply sources 

Figure 6-8   Regional catchment areas near to the Project  

 

6.10.3 Availability of personnel 

Labour requirements for the Project would largely be sourced from within Argentina, although a cohort of 
management, engineers, and the construction and operations workforce would comprise skilled personnel 
with experience gained at other Company sites and projects globally.   

Within Salta Province, there is little direct work experience with metallic mines, although a new project at 
nearby Lindero is currently under construction.  Nevertheless, and where possible, personnel and selected 
contractors would be recruited from within the Province, including from Tolar Grande, Pocitos, Olacapato, 
San Antonio de los Cobres, and Salta City. 

Elsewhere, qualified Argentine engineers and geologists have been involved in hard rock mining projects and 
operatioƴǎ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅ ǎƛƴŎŜ ǘƘŜ мффлΩǎΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴ ƴŜƛƎƘōƻǳǊƛƴƎ /ƘƛƭŜ ŀƴŘ .ƻƭƛǾƛŀΦ  Large scale open pit 
copper mining operations began at Bajo de lŀ !ƭǳƳōǊŜǊŀ ƛƴ ǘƘŜ /ŀǘŀƳŀǊŎŀ tǊƻǾƛƴŎŜ ƛƴ ǘƘŜ ƭŀǘŜ мффлΩǎΣ ŀƴŘ 
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there is considerable experience in gold and silver mining in the country, particularly in Catamarca and San 
Juan Provinces.  The Company may also recruit experienced personnel from lithium brine projects in the 
country.  Neighbouring provinces including Jujuy and Catamarca, and further south the San Juan Province, 
may also have suitably experienced labour pools. 

1.1 Communications 

There is limited communications infrastructure in the area due to the remote location.  Mobile telephone 
coverage is currently limited to 2G, with limited internet availability. 

6.11 Sufficiency of surface rights 

For the most part the entire proposed Project infrastructure including the open pit, the waste dump, ore 
stockpile, processing plant and TSF are all located within the CASA mining properties. 

A small, north western segment of the open pit crosses onto the Francisco-2 joint venture concession.  A 
small area in the centre of the TSF is covered by concessions held by third parties for lithium exploration.  The 
affected area is considered small enough for non-protracted agreements with those parties. 
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ITEM 7 HISTORY 

7.1 Prior ownership 

Copper-gold-molybdenum porphyry-style mineralisation was discovered at Taca Taca in the late 1960s.  
Lumina first acquired an interest in the property when shareholders of Global Copper Corporation approved 
a corporate reorganisation on 1 August 2008, ultimately resulting in the acquisition by Lumina of 100% of the 
shares of CASA and a 100% interest in the property.   

In August 2014, the Company acquired Lumina and its Taca Taca asset which was then in an advanced 
exploration phase. 

7.2 Exploration and development work undertaken by previous Project owners 

Fabricaciones Militares reported the discovery of porphyry-style, copper-gold-molybdenum mineralisation 
at Taca Taca in the late 1960s.  After three diamond holes were drilled into the leached cap by Falconbridge 
in 1975, prospecting on the property remained dormant until 1990.  

Between 1994 and 2008, Gencor, BHP, CASA, and Rio Tinto each conducted exploratory drill programmes, 
outcrop and trench mapping, and geophysical surveys (Table 6-1).  Four main types of mineralisation were 
targeted:  

1. Remnant oxide and supergene copper within the leached cap.  

2. Supergene porphyry copper enrichment underneath the leached cap.  

3. Gold-copper bearing veins to the north and west of the porphyry.  

4. Exotic copper mineralisation beneath the Salar de Arizaro.  

Significant supergene mineralisation directly beneath the porphyry leached cap was discovered by BHP in 
1997.  Rio Tinto successfully intersected deeper hypogene mineralisation in 2008 but results did not meet 
their corporate criteria to warrant further expenditure.  

In 2008, Lumina acquired the property and completed a Titan 24 geophysical survey to aid with early target 
identification.  After early drilling intersected relatively high-grade shallow mineralisation, a more systematic 
drill programme was undertaken.  Between 2010 and 2012, 155 diamond (DD) holes and 128 reverse 
circulation (RC) holes were drilled resulting in the delineation of the copper-gold-molybdenum resource.  

During an exploration history spanning 45 years, a total of 167,375 metres has been drilled in 450 holes.  
Following the acquisition of Lumina and the Taca Taca asset in 2014, the Company has continued with the 
collection and interpretation of geological data for the purpose of ensuring confidence in subsequent Mineral 
Resource estimates.   
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Table 7-1   Exploration activities of previous Project owners 

 

7.3 Previous Mineral Resource estimate 

Table 7-2 lists the Taca Taca Mineral Resource estimate that was included in the PEA report (Ausenco, May 
2013).  The copper equivalent cut-off grade was calculated based on a copper price of $2.00/lb, a gold price 
of $800/oz and a molybdenum price of $12.00/lb.  The inventory was constrained by a notional pit design 
and is summarised in terms of supergene (secondary sulphide) and hypogene (primary sulphide) resources. 

Table 7-2   Mineral Resource statement for Taca Taca, as at 30th October 2012 

 

Note: The Mineral Resource Statement was reported using a 0.3% Cueq cut-off grade. 

7.4 Previous Mineral Reserve estimate 

At the time of Project acquisition, a formal Mineral Reserve had not been produced by Lumina for the Taca 
Taca Project. 

Classification Tonnes (Mt) Cu (%) Cueq (%) Au (g/t) Mo (%)

Total Measured

Supergene - - - - -

Primary Sulphide - - - - -

Subtotal - - - - -

Total Indicated

Supergene 701.0 0.60 0.70 0.08 0.009

Primary Sulphide 1,453.0 0.37 0.50 0.08 0.015

Subtotal 2,165.0 0.44 0.57 0.08 0.013

Total Meas. plus Ind.

Supergene 701.0 0.60 0.70 0.08 0.009

Primary Sulphide 1,463.0 0.37 0.50 0.08 0.015

Total 2,165.0 0.44 0.57 0.08 0.013

Total Inferred 921.0 0.37 0.47 0.05 0.012
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For the PEA report (Ausenco, 2013), a notional open pit mining inventory, inclusive of Inferred Mineral 
Resource, was determined as listed in Table 7-3.  This inventory was derived from an optimal pit shell 
corresponding to a copper price of $2.00/lb, a gold price of $1,100/oz and a molybdenum price of $12.00/lb.  
The associated waste was 2,606 Mt, yielding an overall strip ratio of 1.6 : 1. 

Table 7-3   Mineral inventory for Taca Taca (Ausenco, 2013)  

 

7.5 Production from the property 

To date there has been no production from the property. 

  

Tonnes Cu grade Mo grade Au grade Cu metal Mo metal Au metal

(Mt) (%) (%) (g/t) (kt) (kt) (koz)

Indicated 1,545.0 0.46 0.013 0.09 7,107 201 4,471

Inferred 106.0 0.43 0.005 0.09 456 5 307

Indicated & Inferred 1,651.0 0.46 0.012 0.09 7,563 206 4,777

Mineral Inventory
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ITEM 8 GEOLOGICAL SETTING AND MINERALISATION 

8.1 Regional geology 

The Taca Taca deposit is located within the Puna region of Argentina.  The Puna region has undergone 
multiple continental collision and extension events during its geological history.  Today, the region comprises 
a back-arc basin bound by high angle reverse faults, formed during the uplift of the present-day Andean 
mountain chain. 

The geology of the area can be summarised as a series of granitic-composition batholiths and dykes intruding 
the crystalline and metasedimentary basement of the Puna, associated with coeval volcanics (Figure 7-1).  
These were overlain by back-arc basin sediments and volcanics of Miocene to present day age, related to the 
uplift and erosion of the present-day Andean mountains. 

The porphyry mineralisation is hosted in the southern half of a long (>50 km) Ordovician aged batholith.  This 
batholith forms part of the north-west trending intrusive and volcanic arc that stretches over 700 km through 
northwest Argentina.  Later Permian intrusives, volcanics, and sediments are related to the continental 
magmatism and back-arc basin formation during a period of passive-margin tectonics.  

Oligocene intrusives of the Santa Inés Formation have introduced alteration and mineralisation at Taca Taca.  
They are interpreted to be in the back-arc of the Chilean Eocene-Oligocene porphyry belt with emplacement 
controlled by regional west-north-west trending cross-arc structures.  

Figure 8-1   Regional geology 
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8.2 Project geology 

The following summarises the geological history of the Taca Taca deposit area (Figure 7-2): 

¶ During the Ordovician period (~440 to 463 Ma) the Taca Taca batholith, a large body of igneous granite 

rock with a surface area of >50 km2, intruded into the surrounding basement of the Puna region. 

¶ Aplite dykes and minor dolerite dykes intruded into the coarse-grained granite during the late stages 

of batholith emplacement. 

¶ During the Permian, another granitic batholith (263 Ma) intruded along the western margin of the Taca 

Taca batholith, alongside coeval volcanic rocks from approximately 257 to 272 Ma.  Permian aged, 

steeply dipping, dykes later intruded into the volcanic and intrusive packages. 

¶ During the late Permian period (268 Ma and younger) a mixed sedimentary package was deposited.  

These comprise shale, sandstone, and a basal conglomerate, suggesting a small structurally controlled 

basin against the western side of the batholith. 

¶ During the Oligocene epoch (29.3 Ma), steeply dipping rhyodacitic dyke intrusions were responsible 

for introducing the porphyry copper mineralisation and alteration at the Taca Taca deposit.  

Mineralisation is thought to have been introduced in three pulses associated with dykes of distinct 

textural variation.  

¶ Regional evidence suggests that these intrusive rocks were then uplifted during the Oligocene and 

Miocene epochs, as part of the creation of the modern Andes, to form the Sierra de Taca Taca 

mountain range. 

¶ During the Miocene-Pliocene-Pleistocene-Holocene epochs, large areas of the Ordovician batholith, 

Permian granite, and Permian volcanics were covered by lava flows, volcanoclastics, and pyroclastics 

to the north and west of the Taca Taca deposit area.  The region is still seismically and volcanically 

active, with basaltic plugs and flows of <1 Ma age. 

¶ Quaternary to present day deposition of salts and sands in intermontane basins form the evaporitic 

salars of the region. 

8.2.1 Rock types 

Mineralisation detailed in this Technical Report is associated with the Taca Taca Bajo deposit and is hosted 
within the Ordovician granite batholith and the co-magmatic aplite and dolerite intrusives.  A smaller, less 
explored deposit, known as Taca Taca Alto, occurs 4 km to the west and is not within ǘƘŜ /ƻƳǇŀƴȅΩǎ 
concession holdings. 

Ordovician Taca Taca batholith 

The batholith of granite to granodiorite composition outcrops on the northwest margin of the Salar de Arizaro 
and forms a prominent range over 50 km in length.  

It is a medium to coarse grained, equigranular to moderately porphyritic rock, with phenocrystic plagioclase, 
quartz, k-feldspar, biotite and amphibole (Figure 8-3).  The batholith is cut by several co-magmatic aplite 
sills/dykes (Figure 8-4) and less common, steeply dipping, dolerite dykes (Figure 8-5).  

¢ƘŜ ōŀǘƘƻƭƛǘƘΩǎ ǿŜǎǘŜǊƴ ƳŀǊƎƛƴ ƛǎ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ŀ ƴƻǊǘƘŜŀǎǘ ǘǊŜƴŘƛƴƎ tŜǊƳƛŀƴ ŀƎŜŘ ƎǊŀƴƛǘŜ ōƻŘȅ.  The 
granite is partially obscured by thin (<50 m) recent lava flows adjacent to the Aracar Volcano. 
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Figure 8-2   Taca Taca Bajo area geology 
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Figure 8-3   Drill core example of Ordovician granite host rock  

 

Figure 8-4   Drill core example of aplite sill 

 

Figure 8-5   Drill core example of dolerite dyke 

 

Permian Granite 

A medium to coarse grained, pink granite crops out to the west of the Ordovician granite.  It measures over 
20 km in strike length and up to 5 km in width.  This granite forms the Taca Taca Massif, which rises to heights 
of 4,300 m and hosts the Taca Taca Alto mineralisation.  It is intruded by multiple north-south to north-
northeast trending rhyodacite and dacite porphyry dykes of Permian age. 

Permian volcanic rocks  

The volcanic rocks in the Taca Taca area are a dacite to rhyodacite dominated suite (Figure 8-6) coeval to the 
Permian intrusive granite.  The package contains volcanoclastics, lava, crystal tuff, and ignimbrite subaerial 
components, with lesser dykes, domes, and other intrusive subvolcanic material. 

Permian metasedimentary rocks  

Metasedimentary rocks outcrop to the west of the deposit.  The sequence is dominated by dark purple shales 
and siltstones (Figure 8-7), transitioning to a volcanic breccia at the base.  The basal volcanic breccia has a 
transitional conformable contact with an underlying dacite crystal tuff that yielded a U-Pb zircon age of 268 
Ma.   
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Figure 8-6   Taca Taca outcrop example of Permian dacite lava 

 

Figure 8-7   Bedded Permian siltstone and shale in a trench 1 km west of Taca Taca  

 

Permian dykes 

Permian age dykes occur across the Project area within the Permian volcanic package and have varied 
associations.  The dykes around the Taca Taca deposit are of rhyolite composition, are typically several 
metres wide, and north-south trending (Figure 8-8).  

Oligocene dykes  

North-northeast striking, steeply dipping dacite-rhyodacite dykes (29.3 Ma) occur locally at the Taca Taca 
Bajo deposit.  This orientation is different to the northeast-southwest structural trend of most other dykes 
in the region and appears restricted to the deposit area.  Individual dykes range from less than 1 m up to 100 
m wide, based on drilling and mapping.   



Taca Taca Project | Amended and Restated NI 43-101 Technical Report  
 

71 

Figure 8-8   Drill core example of Permian aged rhyolite dyke  

 

In the deposit area they outcrop poorly and in places are difficult to discriminate from the granite host due 
to intense A-vein quartz stockwork development.  The geometry of the dykes is difficult to determine, and 
some may be more circular, plug-like intrusions. 

At least three different Oligocene intrusive events have been recognized (Figure 8-9):  

1. Early-stage rhyodacite associated with early mineralisation.  It is characterised by a crowded 

porphyritic texture of plagioclase and quartz phenocrysts hosted in a shreddy, secondary biotite 

groundmass. 

2. A similar porphyry also associated with early mineralisation but differentiated by a less crowded crystal 

texture.  

3. Late-stage rhyodacite porphyry with a similar phenocryst composition to the earlier events but a less-

crowded porphyritic texture in an aplitic to secondary biotite-rich groundmass.  

All rhyodacitic phases are strongly altered and are associated with low-grade copper mineralisation.  

Miocene-Pliocene-Quaternary volcanics  

To the north and west of the Taca Taca deposit, large areas are covered by recent andesite to basalt lava 
flows, volcanoclastics, and pyroclastic deposits from the Aracar and Arizaro volcanoes.  These flows cover the 
Ordovician and Permian granite, as well as Permian volcanics. 

Quaternary evaporites 

Salar de Arizaro, a salt lake spanning 1,600 km2, lies in a structurally-controlled closed basin immediately east 
and southeast of the Project and partially covers the Taca Taca host granite.  Proximal to the deposit, the 
upper level (10 m) of the salar is predominantly halite with interspersed sands, capped by a 2 m to 3 m thick 
surface salt crust. 

8.2.2 Alteration 

Alteration at Taca Taca Bajo is broadly typical of an Andean porphyry copper-gold-molybdenum system.  
Large zones of hydrothermally altered rocks grade from a central potassic core to peripheral phyllic and 
argillic zones, although there is a limited propylitic alteration zone compared to similar size porphyry 
deposits.  

At the deposit scale, a pervasive phyllic (quartz-sericite-phengite-pyrite) alteration often overprints the 
original alteration assemblages.  With the benefit of geochemical modelling of multi-element assay data 
Figure 8-10), a remnant potassic (biotite-K feldspar) alteration is observed at the centre of the system and 
coincident with a series of rhyodacite porphyry dykes.  Laterally, around the edges of the deposit, the phyllic 
altered zone grades into propylitic (chlorite ± epidote) alteration.  Supergene argillic (kaolinite-alunite-
chalcedony-chalcocite) alteration impacts the upper parts and to depth along structures. 
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Figure 8-9   Drill core examples of at least three rhyodacite porphyry phases associated with mineralising events 
(shown from earliest to latest) 
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Figure 8-10   Alteration zonation interpreted from multi -element assay data 

 

Potassic alteration  

The innermost potassic altered core is characterised by the abundant coarse secondary biotite replacement 
of mafic minerals and by rare potassium-feldspar (K-feldspar) in vein selvages.  This zone is largely 
overprinted by phyllic alteration but is identified by a distinct geochemical signature (Figure 8-11) and visible 
as remnant rafts.   

Potassic alteration is associated with a weakly mineralisŜŘ ǇŜǊǾŀǎƛǾŜ Ψ!-ǘȅǇŜΩ ǉǳŀǊǘȊ ǾŜƛƴ ǎǘƻŎƪǿƻǊƪΦ Ψ.-ǘȅǇŜΩ 
quartz-molybdenite veinlets are common around the outer edges of this quartz-rich core as phyllic alteration 
overlaps and becomes dominant (Figure 8-11). 

Figure 8-11   Drill core example of potassic altered granite showing quartz-molybdenite vein 

 

Phyllic alteration 

Phyllic alteration is the most widely distributed and pervasive alteration in the deposit and is associated with 
the bulk of the mineralisation.  Alteration occurred in two stages:  

1. Early pale green phengite typically found in sericite-andalusite±anhydrite selvages to quartz-copper 

ǎǳƭǇƘƛŘŜ Ψ5-ǘȅǇŜΩ ǾŜƛƴƭŜǘǎΦ  It is associated with an intermediate sulphidation mineral assemblage, 
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where chalcopyrite and bornite are significantly more abundant than pyrite.  Higher copper grades and 

above-average gold grades are related to this alteration phase. 

2. A late phase characterised by more pervasive white sericite and quartz overprints the potassic, earlier 

phyllic, and propylitic alteration zones (Figure 8-12).  A change in sulphidation state of the mineralising 

fluid from intermediate to high sulphidation resulted in pyrite becoming more abundant as 

disseminations and veinlets.  Pyrite-bornite and pyrite-chalcocite-covellite sulphide assemblages are 

observed.  

Though there are two distinct phases, phengite and white sericite are found broadly intermixed within the 
deposit.  Pyrite is found throughout the mineralised zone but shows a broad zonation outward in intensity.  

Figure 8-12   Drill core example of pervasive white sericite alteration of granite 

 

Propylitic alteration 

The propylitic altered zone (Figure 8-13) is observed at the periphery of the deposit and is largely overprinted 
by the late phase of phyllic alteration.  It is characterised by illite-chlorite mineral assemblages with minor 
epidote.  This zone is also associated with the strong pyritic halo rimming the outer edges of the deposit. 

Figure 8-13   Drill core example of propylitic alteration of granite 

 

Supergene argillic alteration 

A well-developed 150 m to 300 m thick leach cap overlies the mineralised zone.  It is characterised by 
abundant secondary kaolinite and hematite-jarosite fractures that replaced sulphide veins.  Rare lenses of 
copper oxides exist and a perched horizon of secondary sulphide mineralisation is present in the eastern side 
of the deposit.  

Copper from the weathered leached cap was remobilised and-deposited directly underneath, and to depth 
along structures and within the host rock, as secondary sulphides in zones of supergene enrichment.  Steeply 
dipping structures allowed for localised supergene alteration to depths exceeding 1 km below surface.  
Secondary kaolinite, chalcedony, alunite, and chalcocite veins are associated with these structures (Figure 
8-14). 
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Figure 8-14   Drill core example of alunite veining with chalcocite related to supergene alteration 

 

Alteration and metallurgy  

Pyrite occurs throughout the deposit although the hypogene mineralogy is zoned, grading outwards from the 
centre to increased pyrite and decreased chalcopyrite-bornite (Figure 8-15).  A strong pyritic halo exists on 
the outer rim (up to 10% sulphur).  In the supergene zone, chalcocite has precipitated as overgrowths on pre-
existing sulphides (Figure 8-16).  Relative pyrite content within the plant feed will need to be monitored to 
minimise the impact on recovery. 

Figure 8-15   Sulphide sulphur to copper ratio ς approximation of pyrite zonation  
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Figure 8-16   Chalcocite rims on pyrite 

 

Along the east to south-east margins of the proposed pit, some feed to the plant is likely to contain elevated 
quartz veining.  Without SiO2 assay data, quartz vein intensity can only be approximated into broad relative 
zones (Figure 8-17).  When feeding material to the processing plant from the potassic altered area, quartz 
vein intensity will need to be factored into grinding and power consumption rates.  

Figure 8-17   Estimated SiO2 values at 3,250 mRL  

 

Phyllic alteration within the mineralisation contains intermixed white sericite (muscovite) and green sericite 
(phengite).  White sericite appears pervasive and is associated with pyrite being more abundant than copper 
sulphides.  Conversely, green sericite, typically occurring in selvages to quartz-copper sulphide veins, is 
associated with copper sulphides being more abundant than pyrite.  Where phyllic alteration is less intense, 
secondary biotite is preserved.  

It is not possible to estimate the relative abundance of white, green, or black micas using the existing data.  
Since metallurgical testwork shows no clear correlation between mica speciation and performance, there is 
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likely negligible risk associated.  As mining proceeds, however, it is recommended bulk mineralogical 
composition and possible associations with performance be continually assessed with the view to optimising 
metal recovery at plant scale. 

8.2.3 Weathering 

Weathering of the upper portions of the deposit has led to the development of a 150 m to 300 m deep 
copper-depleted leach cap and has facilitated supergene copper enrichment directly beneath.  

No saprolitic material exists in or around the deposit.  Alluvial and colluvial fans of gravel regolith are common 
in the deposit surrounds.  Although gravel dominant, these also contain mud, silt, sand, and sometimes 
boulders.  

Observations from drill core logging suggest that the topmost 30 m of leached saprock is often more broken, 
or crumbly in texture.  This material is the source of locally derived small-scale alluvial and colluvial deposits.  

8.2.4 Mineralisation 

Most of the mineralisation is hosted by phyllic-altered Ordovician granite and associated aplite and minor 
dolerite dykes.  Dolerite dykes have relatively higher copper grades owing to the abundance of ferrous iron 
from mafic minerals facilitating the precipitation of copper from hydrothermal fluids.  Mineralisation can be 
divided into the upper leached zone and the underlying supergene and hypogene mixed mineralisation. 

Leached horizon 

A leached zone όŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άƭŜŀŎƘ ŎŀǇέ ƻǊ άƭŜŀŎƘŜŘ ŎŀǇέύ ranging from 150 m to 300 m thick 
(Figure 8-18) is almost completely depleted of copper mineralisation and is dominated by limonite 
assemblages consisting of hematite, jarosite, and goethite (Figure 8-19).   



Taca Taca Project | Amended and Restated NI 43-101 Technical Report  
 

78 

Figure 8-18   Plan showing thickness contours of the leached cap 

 

Figure 8-19   Drill core example of granite from the leached cap showing abundant iron oxides 

  

Refractory copper and remnant zones of copper oxide mineralisation are limited to sporadic metre-scale sub-
horizontal lenses.  A decimeter scale perched horizon of copper mineralisation is in the thicker part of the 
leached zone to the east and contains predominant chalcocite with minor copper oxides.  Supergene gold 
mineralisation is also enriched near the surface above the thickest portions of the leached cap. 

A perched horizon of copper mineralisation is located in the thicker part of the leached zone.  This 
mineralisation is characterised by dominant supergene chalcocite with minor copper oxides and primary 
















































































































































































































































































































































































































































































































































