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1 Executive Summary  

Terms of Reference 

At the request of Fernando Cortés Caballero, representative of Atalaya Masa Valverde (AMV), a wholly-
owned subsidiary of Atalaya Mining (“ATM” or “the Company”), CSA Global (UK) Limited (CSA Global) was 
commissioned to complete a Mineral Resource estimate at the Company’s Proyecto Masa Valverde (“the 
Project”), which included as assessment of the Masa Valverde deposit and the Majadales deposit, the latter 
recently discovered by the Company. This work forms an update to a Mineral Resource estimate prepared 
by CSA Global for Masa Valverde in 2017 and is disclosed in accordance with the standards dictated by 
National Instrument 43-101 (NI 43-101), companion policy NI 43-101CP and Form 43-101F1 (Standards of 
Disclosure for Mineral Projects – 24 June 2011) and to Canadian Institute of Mining, Metallurgy and Petroleum 
(CIM) Definitions and Standards on Mineral Resources and Mineral Reserves (10 May 2014). 

Property Inspection 

CSA Global’s Associate Principal Consultant Geologist, Mr John Barry, completed a three-day field visit to the 
Project on 4–6 August 2021. ATM representatives Angelo Farci and José Manuel Macías Montes accompanied 
and guided Mr Barry during the field visit, providing valuable insight into the history and current status of the 
Project. 

During his visit, Mr Barry conducted a review of available data at the Company’s office in Valverde del Camino, 
Huelva, and inspected diamond drillhole collars, surface outcrops and workings at several areas in the Project 
area. Selected drill core from previous and current diamond drilling campaigns was examined at the 
Company’s secure office, core logging and storage facility in Valverde del Camino and 12 duplicate quarter-
core drill samples were taken from both the Masa Valverde and Majadales mineralised zones representing 
both massive sulphide and stockwork styles of mineralisation, for the purposes of data verification. 

Reliance on Other Experts 

The Qualified Persons take responsibility for all scientific and technical content of this Technical Report and 
believe it is accurate and complete in all material aspects. CSA Global has relied on information provided by 
ATM relating to legal, political, environmental and tax matters relevant to this Technical Report (see Section 
3). 

Property Description and Location 

The Project is located in Huelva Province of the Autonomous Community of Andalucía in Southern Spain, 
about 420 km southwest of Madrid, 80 km west-northwest of Sevilla, and 32 km north-northeast of the port 
of Huelva. Sevilla (population 700,000) is the administrative centre of the Andalucía region.  

The Project area has good road, rail, and air access. There are many international flights that connect the city 
of Sevilla with Madrid and other major cities in Europe and North America. The Zafra-Huelva railway has a 
station in Calañas, approximately 12 km north of the Project. The Project itself can be accessed from Valverde 
del Camino by taking National Highway 435 south 4.9 km from the intersection with Highway A-493 to the 
intersection with Highway H-4100. Highway H-4100 is taken north for a distance of 0.44 km, at which point 
a dirt road is taken northwest for approximately 6.5 km to the Masa Valverde deposit area. 

The Project consists of two investigation permits totalling 39.29 km2 (3,928.5 ha): P.I. Valverde no. 14920 and 
P.I. Beas no. 14982. P.I. Valverde was originally granted to Cambridge Mineria España (CME) in 2013 for a 
period of 3 years and renewed for another 3 years. Atalaya Mining acquired the property in October 2020. 

This report is exclusively focused on the two VMS deposits within the P.I. Valverde permit area. 
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Accessibility, Climate, Local Resources, Infrastructure and Physiography 

The climate is Mediterranean, sub-humid, with Atlantic influence. The average annual temperature is 
approximately 18°C, with long hot, dry summers and short mild winters. Average daily temperature is 
approximately 29°C in August and 11°C in January–February.  

The neighbouring towns of Calañas (population approximately 4,500), Valverde del Camino (population 
approximately 12,000), both a distance by road less than 15 km, together with the long-established mining 
town of Minas de Rio Tinto (population approximately 5,000) 28.5 km northeast of the Project provide most 
of the facilities required for mineral exploration and mining activity.  

The port of Huelva is approximately 45 km south of the Project. Atlantic Copper, a Freeport-McMoRan 
Company owns and operates a metallurgical complex at Huelva including a copper smelter and refinery and 
three sulphuric acid plants. 

Other than various dirt roads, no significant infrastructure is present on the Project. However paved highways 
including N-435, A-493 and H-4100 run within several kilometres of the Project boundaries. The Zafra-Huelva 
railway is located approximately 2.5 km west of the western-most boundary of P.I. Beas. A high voltage 
electrical transmission line of unknown capacity runs parallel to road HU-4100 on the east side of the 
property. Water resources are in several water reservoirs and rivers in the Project area. 

The Project lies in the Odiel River basin with numerous tributary streams and gullies creating a dendritic 
drainage pattern on a regionally eroded peneplain, dipping gently to the south. Topography is characterised 
by relatively low to moderate relief with a maximum elevation of 262.5 m in the east part of the Project area 
and a minimum elevation of 28 m at the point where the Odiel River leaves the Project area in the south. 

History 

The Masa Valverde deposit was discovered by Adaro Exploration following geophysical exploration and the 
drilling of 25 diamond drill holes between 1986 and 1992. Cambridge Minería España S.L.U. (CME), a 
subsidiary of Cambridge Mineral Resources Plc (CMR) was granted licence P.I. Valverde no. 14920 in 
November 2013. Upon granting of the permit, CMR entered into Investment Agreement with Glencore 
International AG (Glencore) under which Glencore could earn-in to CME by way of funding of exploration 
expenditures on the Masa Valverde Project; at the same time CMR had the option to match Glencore’s 
funding to retain its share of CME according to milestone levels. In 2015, Glencore exercised its option to take 
a 40 percent interest in CME. CMR was unable to contribute any funding of exploration expenditures on the 
Masa Valverde Project and in July 2016, Glencore completed its earn-in to 100% of CME. CMR retained a 1.5% 
Net Smelter Return (NSR) royalty on the Masa Valverde deposit. 

In June 2017, NRG Holding Limited acquired a 100% interest in CME from Glencore for 4.6 million euros. 
Glencore retained a 2.5% NSR royalty on the Masa Valverde deposit inclusive of the 1.5% NSR payable to 
CMR. 

In February 2018 CME-Glencore entered into a Memorandum of Understanding (MoU) with ATM under 
which ATM could earn -in to the Project through the funding of exploration expenditures to June 2019, 
renewable thereafter by agreement. Following exploration works completed by ATM between 2018 and 2020 
which included exploration drilling and VTEM geophysics over Masa Valverde and proximal anomalies which 
culminated in the discovery of Majadales (2019), ATM acquired 100% of the Project through its subsidiary, 
Atalaya Masa Valverde (AMV) in October 2020. 

Geological Setting and Mineralisation 

Regional Geology 

The Masa Valverde Project is situated in the Iberian Pyrite Belt (IPB) which extends from near Sevilla in south 
Spain to the Atlantic Ocean coast in south Portugal, a distance of about 250 km. The IPB varies from 25 km 
to 70 km wide and comprises Paleozoic (Late Devonian to Middle Carboniferous) submarine volcanic and 
sedimentary rocks covered in places by Tertiary-Quaternary terrace and alluvial deposits. The IPB is located 
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within the South Portuguese Zone, the southernmost tectono-stratigraphic unit of the Hercynian Iberian 
Massif. 

Property Geology 

The P.I. Valverde and P.I. Beas concessions are underlain by rocks of the IPB including, from oldest to 
youngest, the Phyllitic Quartzite (PQ) Group, Volcano-Sedimentary (VS) Complex and Culm Group. The upper 
Culm Group sediments cover approximately 53 percent and 76 percent of the surface of the P.I. Valverde and 
P.I. Beas concessions respectively. The stratigraphically underlying VS Complex rocks cover approximately 47 
percent and 5 percent of the surface of the P.I. Valverde and P.I. Beas concessions respectively. VS Complex 
rocks outcrop approximately 500 m east of the Masa Valverde massive sulphide deposit. Minor exposures of 
the lowermost PQ Group are present in the eastern extents of the two concessions. Miocene sediments cover 
approximately 19 percent of the surface of P.I. Beas. 

The Masa Valverde and Majadales VMS deposits are hosted in VS Complex rocks beneath Culm groups 
sediments in excess of 400 m vertical thickness. Drilling indicates that the VS Complex in the Masa Valverde 
area is more than 425 m thick and consists of alternating shales, tuffites, felsic tuffs, rhyodacites and siliceous 
exhalites. The main footwall lithologies are black and calcareous grey shale and felsic tuffs, the main 
hangingwall lithologies are shale and  tuffite. Lenses of siliceous exhalates and jaspers are also found both in 
the footwall and hangingwall of the Masa Valverde massive sulphides, typically a few metres away from 
them. The siliceous exhalites form stratiform, lens-shaped bodies of chert in sharp contact with their host 
rocks. 

The immediate host rocks of the massive sulphide bodies are either volcanic lithologies or black 
carbonaceous shales. The known deposit plunges 30º northwest from a depth of approximately 430 m to at 
least 800 m below surface. It is made up of two massive sulphide bodies separated by a stockwork zone that 
can exceed 100 m in thickness. The thickness of the upper body varies between a few metres and 70 m, and 
it consists of lenses and blankets of massive sulphides with interbedded tuff and shale and occasionally 
stockwork zones. The lower body is smaller and thinner than the upper one.  

The massive sulphide is fine to medium grained. The mineralogy of the Masa Valverde massive sulphide 
mineralisation is simple and similar to other massive sulphide deposits in the IPB. It consists of pyrite and, to 
a lesser degree and in order of decreasing abundance, sphalerite, galena, chalcopyrite, tetrahedrite and 
arsenopyrite. Accessory minerals include bournonite, stannite, pyrrhotite, cassiterite, cubanite, native 
bismuth, cosalite and electrum. 

Two types of massive sulphide are recognised: (1) massive pyrite, devoid of clear lamination, with >90 percent 
pyrite; and (2) banded with 50 percent to 65 percent pyrite. The massive pyrite type represents about 75 
percent of the massive sulphide mineralisation and makes up the bulk of the lower massive sulphide body, 
where the banded type is rare. The banded-type mineralisation occurs mainly at the top of the upper massive 
sulphide body, and its thickness ranges from several decimetres to 38 m apparent thickness (core length). 

The stockwork sulphides, which typically occur directly below the massive sulphide lenses, are formed by 
anastomosing veinlets and irregular blebs and sometimes crosscutting, clearly defined veins measuring 
several millimetres up to 5 cm in thickness. The stockworks are normally hosted by chloritites and black 
shales, although locally they occur within altered felsic tuffs. 

Deposit Types 

The Project hosts the Masa Valverde and Majadales deposits, VMS deposits typical of the IPB. 

Exploration 

Historical 

Geophysical surveys (gravity, electromagnetic (EM) and magnetic) were conducted in the P.I. Valverde and 
Beas concession areas as part of extensive work carried out between 1982 and 1985 by the consortium of 
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State-owned Empresa Nacional Adaro de Investigaciones Mineras S.A. (“ENADIMSA” or “Adaro”) and la 
Sociedad Minero-Metalúrgica Peñarroya (SMMP or Peñarroya). Given the extensive distribution of Culm 
sediments cover rocks in the area, exploration focused on areas in which the target VS Complex volcanic 
sequence occurred at depths within detection capabilities of geophysical methods of that period. After 
magnetic and electromagnetic (mainly time domain electromagnetic – TEM) surveys to help discriminate 
gravity anomalies due to mafic rocks or shale-related conductors, a 1,000 m x 850 m residual gravimetric 
anomaly (0.8 mgal) was selected for exploratory drilling which led to the discovery of the Masa Valverde 
massive sulphide deposit in 1986.  

Between 1986 and 1992, Adaro-Peñarroya completed a total of 25 vertical diamond drillholes in the Masa 
Valverde deposit area. 

While awaiting work and environmental permits from provincial and municipal (Beas and Valverde del 
Camino) authorities for its 2014–2015 diamond drill program, CME elected to continue and build on the 
geophysical programs conducted by the Adaro-Peñarroya consortium in the 1980s. CME geophysical work 
included:  

• 2014 to 2015 – Digitisation and reinterpretation of the data of the Adaro-Peñarroya gravimetry surveys 
carried out between 1986 and 1990 in the Masa Valverde deposit area 

• 2014 – Borehole electromagnetic (BHEM) surveys in historical Adaro-Peñarroya drillholes at the Masa 
Valverde deposit area 

• 2014 – Audio magnetotelluric (AMT) survey in the Masa Valverde deposit area. 

CME conducted a diamond drilling campaign at the Masa Valverde deposit area within the P.I. Valverde 
concession from 24 October 2014 to 19 November 2015. A total of 40 diamond drillholes, prefixed MV, were 
completed totalling 28,162.45 m. Four of the holes (MV-16, MV-18 MV-30, and MV-36) were terminated prior 
to reaching their targeted depths because the holes were either deviating too far from their target or because 
of hole collapse and loss of drill bit. Three of these four holes were re-drilled as MV-16BIS, MV-18BIS and 
MV-30BIS. Two additional holes were terminated before reaching their target depth because of seepage of 
drill cutting fluids from the bedrock (MV-08 and MV-10). 

Following the 2014–2015 diamond drill program, CME conducted more geophysical surveys, primarily within 
the P.I. Valverde no. 14920 concession but also with minor geophysical programs within P.I. Beas no. 14982, 
including: 

• 2016 – Gravity survey, east-southeast Masa Valverde area 

• 2017 – Gravity survey – west Odiel area 

• 2017 – IGT gravity compilation 

• 2017 – Electrical tomography and induced polarisation (IP) 

• 2017 – TEM with Superconducting Quantum Interference Device (SQUID) sensor. 

Atalaya Exploration 

Between November 2020 and March 2021, ATM commissioned a Canadian geophysical consultancy 
(MiraGeoscience) to complete geophysical compilation, processing and interpretation of all historical 
geophysical data available in the project. Between January and April 2021 a program of regional DTEM and 
SQUID surveying was completed over the entire project area before commencing an infill drilling program at 
Masa Valverde and Majadales. 

Drilling 

Between May 2018 and May 2019, AMV completed 28 diamond drill holes for 13,754 m (CA1, CA2, CA3, 
MVE1, MVE1BIS, MVE2, MVE3, MVE4, MVE4BIS, MJ1, MJ2, MJ3, MJ4, MJ5, MJ6, MJ7, MJ8, MJ9, MJ10, MJ11, 
MJ12, MJ13, MJ14, MJ15, MJ16, MJ17, MJ18, MJ19) to the east of Masa Valverde resulting in the discovery 
of the Majadales deposit. Subsequent borehole EM surveys, in addition to an airborne VTEM survey 
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completed over the eastern portion of Masa Valverde and Majadales, identified a conductive trend to the 
north of Majadales as well as additional positive EM responses selected for follow-up. 

Between June and December 2019 a program of definition drilling at Majadales and step-out drilling at Masa 
Valverde was completed, totalling 14 diamond drill holes for 17,312 m (MJ20, MJ21, MJ22, MJ23, MJ24, 
MJ25, MJ26, MJ27, MJ28, MJ29, MJ30, MJ31, MJ32, MJ33).  

Infill drilling has been completed which, as at 18 February 2022 totalled 19 diamond drillholes for 28, 414 
metres (MJ35, MJ37, MJ39, MJ41, MJ48, MJ49, MJ50, MJ51, MJ52, MJ34BIS, MJ36, MJ38, MJ40, MJ42, MJ43, 
MJ44, MJ45BIS, MJ46, MJ47). 

Sample Preparation, Analysis and Security 

A review by CSA Global of sampling, sample preparation and analysis methods and quality control data for 
recent (2018–2021) drilling over the Project was completed for gold, silver, lead, zinc, copper, arsenic, 
mercury, antimony, and sulphur (from 3 October 2018 to 15 December 2021). Cross contamination (blanks), 
assay accuracy (certified reference material – CRM) and sampling and assay precision (laboratory duplicates) 
were reviewed, and conclusions drawn. 

Assay accuracy and precision are acceptable, but no field duplicates data were provided. 

• The ATM on-site laboratory completes sample preparation before sending samples as pulps to ALS 
Chemex (an accredited laboratory). The on-site laboratory also analyses for copper and can be used to 
compare results. 

• No fatal flaws were noted with the accuracy results although bias and failures were noted in individual 
CRMs, but this is not systematic (i.e. some bias is positive and some negative).  

• Only lab duplicate pairs were available for review. Overall precision was acceptable. The copper values 
analysed at the on-site laboratory and the ALS Chemex results shows good correlation. 

• The Masa Valverde and Majadales samples were analysed by ALS Chemex with gold being analysed by 
fire assay method and the other elements by intermediate level oxidising digestion with an ICP-AES finish.  

It is the QP’s authors’ opinion that the QAQC results support the use of ATM generated sampling analytical 
data in downstream resource evaluation work, this data exhibiting acceptable levels of accuracy and 
precision and without significant bias. 

Data Verification 

CSA Global visited site in 2017 for the purposes of ground truthing, core inspection and the undertaking of 
verification sampling in relation to the Mineral Resource evaluation completed at that time (CSA Global, 
2017). 

CSA Global’s representative and Qualified Person, Mr John Barry, completed a two-day site visit to the Masa 
Valverde property and ATM facilities in Valverde del Camino, Spain on 4–5 August 2021 to satisfy personal 
inspection requirements for the reporting of the Mineral Resource estimate in this Technical Report. 
Confirmation of the existence of infrastructure, accessibility to the property, of historic mining, sample 
storage and security, ATM diamond drilling was conducted by Mr Barry. 

Mr Angelo Farci, AMV’s Chief Geologist and Technical Director and senior exploration geologist José Manuel 
Macías Montes, accompanied and guided Mr Barry during the site visit, providing insight into the history, 
permitting, geology, accessibility, and sample collection, among other relevant aspects of the Masa Valverde 
Project presented in this Report. Francisco Tovar Carrasco acted as field assistant and core cutting technician. 
Twelve verification check quarter-core samples were collected. 

In August 2021, Mr Barry checked the location of drillholes on site and located MJ-14, MV-01 and MJ-06 – 29S 
0691036/4156324 and MJ-08.. The location of MJ-18 (29S069841/ 4156416) was checked. Collar locations 
checked by Mr Barry were with a Garmin GPSmap 76CSx. The location coordination system used was ETRS 
89/29 Zone N. 
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During the site visit to Masa Valverde in early August 2021, Qualified Person Mr John Barry randomly selected 
12 duplicate quarter drill-core check samples: three from Masa Valverde and three from Majadales. Samples 
were taken from the two primary mineralisation styles: sulfuro massivo and stockwork-style. Twelve samples 
are not statistically significant, but results do confirm the range of metal concentration grades through the 
heart of the mineralising systems. On 4 August, the drill-core intervals were flagged for sampling and 
transported to ATM’s drill core cutting sample preparation facility at the Rio Tinto mine. Samples were 
bagged and sealed on 5 August under the supervision of Mr Barry. The samples were then flown to the ALS 
labs in Loughrea in Ireland. 

Qualified Person, Mr Barry has reviewed available CME reports and related historical third-party technical 
reports provided by AMV, and various publicly available geological publications and industry technical reports 
pertinent to the current Project area. 

The authors have not independently conducted any title or other searches but have relied upon AMV for 
information on the status of the claims, property title, agreements, and other pertinent permitting and 
environmental conditions (see Section 3). 

It is CSA Global’s and the authors’ opinion that the CME and Adaro historical information and data available 
to CSA Global are a reasonable and accurate representation of the Masa Valverde Project and are of sufficient 
quality for Mineral Resource estimation and to support the conclusions and recommendations of this Report.  

Mineral Processing and Metallurgical Testing 

At the time of reporting ATM have current metallurgical studies underway comprising the following; 

• Composite sample testwork at Base Metallurgical Labs, Kamloops, BC, Canada. Two composite 
samples (massive sulphide material from Masa Valverde and massive sulphide material from 
Majadales) of drill core intersections, totalling approximately 50 kg each. 

• Composite sample flotation testwork at the ATM Rio Tinto plant. One sample of 20 kg comprising 
drill core intersections from massive sulphide material at Masa Valverde. 

• Composite testwork relating to hydrometallurgy at LainTech. Six 26 kg samples comprising material 
from drill core intersections derived from massive sulphide, semi-massive sulphide and stockwork 
material from Masa Valverde and Majadales. 

No results are currently available. All composite samples contain variable concentrations of pyrite, 
chalcopyrite, sphalerite, tetrahedrite, galena and arsenopyrite mineralogy. 

Mineral Resource Estimate 

The Mineral Resource estimate for the Masa Valverde Project and Majadales deposit (with an effective date 
of 31 March 2022) above a reporting cut-off of 0.78% EqCu is set out in the table below. 
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2022 Cut-off Tonnage (Mt) EqCu (%) Cu (%) Pb (%) Zn (%) Ag (ppm) Au (ppm) 

Masa Valverde Massive Sulphide 

Indicated EqCu 
0.78% 

12.8 1.61 0.61 0.78 1.79 33 0.66 

Inferred 56.1 1.43 0.56 0.73 1.38 36 0.75 

Masa Valverde Stockwork 

Indicated EqCu 
0.78% 

4.1 1.20 0.81 0.21 0.81 9.0 0.21 

Inferred 17.3 1.18 0.79 0.22 0.77 9.8 0.20 

Majadales Massive Sulphide (Including Semi-Massive Sulphide) 

Indicated EqCu 
0.78% 

- - - - - - - 

Inferred 2.9  2.56   0.93   1.45   3.13   54.99   0.33  

Majadales Stockwork 

Indicated EqCu 
0.78% 

- - - - - - - 

Inferred 0.1  1.08   0.87   0.11   0.43   6.6   0.06  

MASA VALVERDE TOTALS 

Indicated EqCu 
0.78% 

16.9 1.51 0.66 0.65 1.55 27 0.55 

Inferred 73.4 1.37 0.61 0.61 1.24 30 0.62 

MAJADALES TOTALS 

Indicated EqCu 
0.78% 

- - - - - - - 

Inferred  3.1  2.55   0.94   1.43   3.08   54   0.32  

MASA VALVERDE AND MAJADALES TOTALS 

Massive Sulphide Indicated 

EqCu 
0.78% 

 12.8   1.61   0.61   0.78   1.79   33   0.66  

Massive Sulphide Inferred  59.1   1.48   0.57   0.76   1.47   37   0.73  

Stockwork Indicated  4.1   1.20   0.81   0.21   0.81   9.0   0.21  

Stockwork Inferred  17.4   1.17   0.79   0.21   0.77   10   0.20  

Notes: 

• Tabulated data have been rounded, to reflect this an estimate and as a result minor computational errors may occur. 

• The effective date of the Mineral Resource statement is 31 March 2022. 

• EqCu was determined using the following metal prices and recoveries: US$3,500/t zinc, US$2,300/t lead, US$9,600/t copper, 
US$0.74/g silver, US$58/g gold, and recoveries of 80% was assumed for zinc and copper, 60% was assumed for lead, 35% was 
assumed for silver and 20% was assumed for gold. 

• The 0.78% EqCu cut-off is based on a US$60/t production cost. 

• The ordinary kriging method was used to interpolate density values into the block model from sampling data. 

• The Mineral Resources disclosed herein have been estimated in accordance with the CIM Definition Standards for Mineral 
Resources and Mineral Reserves (CIM, 2014). 

• The metal content estimates reflect are in situ, and do not include factors such as external dilution, mining losses and process 
recovery losses. 
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Conclusions and Recommendations 

Conclusions 

The authors have reviewed and utilised Proyecto Masa Valverde data and information provided by AMV, 
including the drilling and sampling database, company information and disclosures and current work 
programs, augmented by previous CSA Global review of project data in 2017, and visited the site and reviewed 
sampling procedures and security as integral to the preparation of updated Mineral Resources for the project. 
The authors believe the data presented by AMV to be an accurate and reasonable representation of the Masa 
Valverde Project mineralisation.  

CSA Global and the authors consider the Project to have both early-stage VMS exploration potential with its 
undrilled geophysical anomalies and more advanced stage exploration potential (resource development) 
over the Masa Valverde and Majadales deposits.  

Historic and current drilling has outlined the Masa Valverde and Majadales VMS deposits that comprises 
massive and stockwork sulphides covering an area of at least 1,200 m x 200 m (Masa Valverde) and  600 m 
x 200 m (Majadales), currently intersected by 126 diamond drill holes in total.  

The Masa Valverde deposit plunges 30º northwest from a depth of approximately 430 m to at least 800 m 
below surface. It is made up of two massive sulphide bodies separated by a stockwork zone that can exceed 
100 m in thickness. The thickness of the upper body varies between a few metres and 70 m, and it consists 
of lenses and blankets of massive sulphides with interbedded tuff and shale and occasionally stockwork 
zones. The lower body appears smaller and thinner than the upper one. Overall, the details of the internal 
structure of the two deposits are poorly understood.  

The Majadales deposit is slightly shallower starting at a depth of about 300 m and extends to a depth of 
450 m. The 600 m x 200 m footprint of the Majadales deposit averages around 8 m in thickness. Majadales 
is marginally richer in copper and contains only one Sulfiuro Massivo lens compared to two at Masa Valverde. 
Majadales is effectively closed in all directions and latest drilling has failed to connect it with the larger Masa 
Valverde deposit. 

Work by ATM at the Masa Valverde Project has resulted in further definition and improved confidence over 
the Masa Valverde Mineral Resource and facilitated both an update to the Masa Valverde estimate and the 
estimation of a maiden Mineral Resource estimate at Majadales in accordance with CIM Definitions and 
Standards on Mineral Resources and Mineral Reserves (10 May 2014) and reported in accordance with NI 43-
101, companion policy NI 43-101CP and Form 43-101F1 (24 June 2011) in Section 14 of the Report. Mineral 
Resources are reported in the Inferred and Indicated Mineral Resource categories. There are no Measured 
Mineral Resources, nor Mineral Reserves of any kind identified. 

Given the depth of the deposit below surface, underground mining methods are the most appropriate 
method for potential economic extraction of the VMS mineralisation. 

Based on results to date and pending metallurgical testwork results (a program currently underway at the 
time of reporting) Preliminary Economic Assessment of the deposit is warranted. 

Extension DTEM squid geophysical anomalies northwest of Masa Valverde, on strike with the VMS deposit, 
warrant further drilling. 

Coincident gravity and TEM geophysical anomalies southeast of the Masa Valverde VMS deposit warrant 
further geophysical definition where required and diamond drill testing. 

As is evident in the grade-tonnage sensitivity tables, given the relatively low grades of the polymetallic Masa 
Valverde deposit, the deposit size is very sensitive to small changes in cut-off grades which are dependent 
on multiple commodities. The authors note that the greatest risk to the Mineral Resource estimate relates 
to processing recoveries and commodity prices. 

Ongoing appraisal and consideration of potential economics with respect to the Mineral Resource base 
should be informed by continued metallurgical study and it is noted that testwork results of three programs 
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are pending at the time of reporting. Blending of mined material or concentrates might also be considered 
to achieve a sellable product.  

The authors note that if gold recovery to the concentrate can be improved to a saleable grade, this could 
improve the potential mineral resource value per tonne. Metallurgical studies should also further evaluate 
potential smelter penalty elements such as mercury to assess their risks to the mineral resource and 
particularly any potential future mineral reserve estimates.  

Metal grades at Masa Valverde benchmarked against other operating underground mines in the IPB are low 
for an underground operation.  If run-of-mine mineralised material or a dense medium separation can be 
used to upgrade run-of-mine mineralised material and then trucked to Atalaya’s  mill and processing plant at 
Cerro Colorado then there would be a substantial saving in Capex and a resulting substantial improvement 
in potential project economics.   

Recommendations 

The QP’s recommend: 

• CSA Global agrees with the Company that several compelling Fixed-Loop ElecroMagnetic 
Superconducting Quantum Interference Device (FLEM-SQUID) airborne geophysical anomalies with 
similar signatures to Masa Valverde have been identified over the project area as a result of recent 
exploration. Target depths indicated by these geophysical anomalies should be used to model what 
minimum tonnage and grades could be potentially economic at various depths as a way to prioritise 
drill-testing.  The Loop 5 anomaly is at a depth of approximately 400 metres and the two Loop 14 
anomalies are between 400 metres and 1,000 metres below surface.  Shallower targets should be  
drill tested as part of continuing exploration activity. 

• Additional work is required to improve the geological model for Masa Valverde, including the 
assessment of sub-vertical structural controls on mineralisation. Of note is the presence of two 
stacked massive sulphide bodies at Masa Valverde whilst only one appears to be present at 
Majadales. Some inclined drillholes with orientated core could help in understanding the role of sub-
vertical feeder structures controlling mineralisation. 

• A deviant hole like MJ46 that wandered off course could provide very important structural 
information if the core was oriented.  If the core is not oriented and there is a persistent bedding 
orientation or fabric in the black shales to orient the core then it might be possible to estimate the 
strike and orientation of potential feeder zones.  

• Mapping metal ratios with copper and silver distribution might reveal higher temperature zones 
proximal to feeders moving outwards from the core-zone toward distal lower temperature zinc-rich 
zones. CSA Global notes that the massive sulphide body at Majadales appears to be richer in copper 
than at Masa Valverde. 

• CSA Global recommends drilling some specifically targeted inclined drill-holes in key areas as part of 
future resource development drilling, and ensuring (if possible) that drill core is orientated. This 
would add major value in understanding these deposits.   

• Additional nominal step-out drilling may be warranted northwest of Masa Valverde in proximity to 
MJ-30 to assess possible resource extensions in this direction. 

• Although somewhat speculative, there may be a strengthening vector in mineralization intensity  
west-northwest  from Majadales through Masa Valverde and on through Loop 5 toward ground held 
by Tharsis Mining (Tharsis).  If this is the case it should guide the focus of regional exploration. 

• Addition resource development drilling should be completed at Masa Valverde and Majadales to 
improve confidence levels, aid in improvement to the geological model and to improve the definition 
of geometallurgical domain definition. 

• Results from the current metallurgical testwork should be reviewed and used as inputs into 
Preliminary Economic Study (PEA). 
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• CSA Global recommends completion of a Preliminary Economic Assessment incorporating Masa 
Valverde and Majadales. 

AMV have planned or are in the process of planning the following work programs for 2022 and beyond; 

• 25,000 meters of diamond drilling over P.I. Valverde. Budget provision is €3.5 M. 

• 8,000 meters drilling in the P.I. Beas. Budget provision is €1.2 M  

• Continual update and improvement of the geological model of the Masa Valverde and Majadales 
deposits, as new drilling is completed. 

• A petrological characterization of the different lithologies presents in Campanario, Majadales and 
Masa Valverde.  

• Plan further geophysics survey over other permits held by the Company. 

• Interpretation of metallurgical testwork results, as they are received. 

• Preparation of a Preliminary Economic Study for the Project. 

CSA Global believes the exploration and resource expansion works planned by ATM are appropriate. 
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2 Introduction  

2.1 Issuer 

This Technical Report (the “Report”) was prepared by CSA Global (UK) Limited (CSA Global) at the request of 
Fernando Cortés Caballero, representative of Atalaya Masa Valverde (AMV), a wholly-owned subsidiary of 
Atalaya Mining (“ATM” or “the Company”) and focuses on the Proyecto Masa Valverde (the “Project”) in 
Spain. 

2.2 Terms of Reference 

CSA Global was commissioned by the Company to complete a Mineral Resource estimate over the Company’s 
Proyecto Masa Valverde, which included an assessment of the Masa Valverde deposit and the Majadales 
deposit, the latter recently discovered by the Company. This work forms an update to a Mineral Resource 
estimate prepared by CSA Global for Masa Valverde in 2017 and is disclosed in this Technical Report, in 
accordance with the standards dictated by National Instrument 43-101 (NI 43-101), companion policy NI 43-
101CP and Form 43-101F1 (Standards of Disclosure for Mineral Projects – 24 June 2011) and to Canadian 
Institute of Mining, Metallurgy and Petroleum (CIM) Definitions and Standards on Mineral Resources and 
Mineral Reserves (10 May 2014). 

The effective date of this Report is 31 March 2022. The Report is based on information known to CSA Global 
up to that date. 

The material change being reported in this NI 43-101 Technical Report is an update to the Mineral Resource 
estimate for the Masa Valverde deposit and a maiden Mineral Resource estimate for the Majadales deposit.  

The authors of this Technical Report do not disclaim any responsibility for the content contained herein and 
make appropriate caveats under Section 3 (Reliance on Other Experts). 

The Issuer reviewed draft copies of this Report for factual errors. Any changes made because of these reviews 
did not include alterations to the interpretations and conclusions made. Therefore, the statements and 
opinions expressed in this document are given in good faith and in the belief that such statements and 
opinions are not false and misleading at the date of this Report. 

2.3 Sources of Information 

This Report has been prepared by CSA Global based on review of publicly available geological reports, maps, 
assessment files, mining claim information and technical papers, and company letters and memoranda made 
available by ATM, as listed in Section 27 (References) of this Report as well as drilling and sampling data 
provided by the company. CSA Global has taken reasonable steps to verify the information provided where 
possible. 

CSA Global also had discussions with the management and consultants of ATM. 

2.4 Units 

All units of measurement used in this report are metric unless otherwise stated, and are contained in the List 
of Abbreviations in this Technical Report. 
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2.5 Qualified Persons 

This Report was prepared by the following Qualified Persons: 

Table 2-1: Qualified Persons Report responsibilities 

Qualified Person Report section responsibility 

Galen White Sections 1-5,12-27 

John Barry Sections 6-11 

The authors are Qualified Persons with the relevant experience, education and professional standing for the 
portions of the Report for which they are responsible.  

CSA Global conducted an internal check to confirm that there is no conflict of interest in relation to its 
engagement in this project or with ATM and that there is no circumstance that could interfere with the 
Qualified Persons’ judgment regarding the preparation of the Technical Report. 

2.6 Independence 

The contributors to this Report neither have, nor have had previously any material interest in ATM or related 
entities or interests. The relationship with ATM is solely one of professional association between client and 
independent consultant. This Technical Report is prepared in return for fees based upon agreed commercial 
rates and the payment of these fees is in no way contingent on the results of this Technical Report. 

CSA Global (including its directors and employees) does not have nor hold: 

• Any vested interests in any concessions held by ATM 

• Any rights to subscribe to any interests in any of the concessions held by ATM either now or in the future 

• Any vested interests either in any concessions held by ATM, or any adjacent concessions 

• Any right to subscribe to any interests or concessions adjacent to those held by ATM either now or in the 
future. 

2.7 Property Inspection 

CSA Global’s Associate Principal Consultant Geologist, Mr John Barry, completed a three-day field visit to the 
Masa Valverde Project on 4–6 August 2021. ATM representatives Angelo Farci and José Manuel Macías 
Montes accompanied and guided Mr Barry during the field visit, providing valuable insight into the history 
and current status of the Masa Valverde Project. 

During his visit, Mr Barry conducted a review of available data at the Company’s office in Valverde del Camino, 
Huelva, and inspected diamond drillhole collars, surface outcrops and workings at several areas in the Project 
area. Selected drill core from previous and current diamond drilling campaigns was examined at the 
Company’s secure office, core logging and storage facility in Valverde del Camino and 12 duplicate quarter-
core drill samples were taken from both the Masa Valverde and Majadales mineralised zones representing 
both massive sulphide and stockwork styles of mineralisation, for the purposes of data verification. 

2.8 Units and Currency 

The Metric System or SI System is the primary system of measure and length used in this Report and is 
generally expressed in kilometres, metres, and centimetres; volume is expressed as cubic metres, mass 
expressed as metric tonnes, area as hectares, and zinc, copper and lead grades as percent or parts per million. 
The precious metal grades are generally expressed as grams/tonne but may also be in parts per billion or 
parts per million. Conversions from the SI or Metric System to the Imperial System are provided below and 
quoted where practical. Many of the geologic publications and more recent work assessment files now use 
the SI system but older work assessment files almost exclusively refer to the Imperial System.  

Metals and minerals acronyms in this report conform to mineral industry accepted usage and the reader is 
directed to online resources at: 
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• https://en.wikipedia.org/wiki/List_of_chemical_elements 

• http://cms.unige.ch/sciences/terre/research/Groups/mineral_resources/opaques/ore_abbreviations.p
hp 

Other abbreviations include UTM = Universal Transverse Mercator; ED = European Datum; ETRS = European 
Terrestrial Reference System; NAD = North American Datum; WGS = World Geodetic System. 

Conversion factors utilised in this report include: 

• 1 troy ounce/ton = 34.2857 grams/tonne 

• 1 gram/tonne = 0.0292 troy ounces/ton 

• 1 troy ounce = 31.1035 grams 

• 1 gram = 0.0322 troy ounces 

• 1 pound = 0.4536 kilograms 

• 1 foot = 0.3048 metres 

• 1 mile = 1.609 kilometres 

• 1 acre = 0.4047 hectares 

• 1 square mile = 2.590 square kilometres. 

The term gram/tonne or g/t is expressed as “gram per tonne” where 1 gram/tonne = 1 ppm (part per million) 
= 1,000 ppb (part per billion). Other abbreviations include ppb = parts per billion; ppm = parts per million; 
oz/t = ounce per short ton; Moz = million ounces; Mt = million tonnes; t = tonne (1,000 kilograms); SG = 
specific gravity; lb/t = pound/ton; and st = short ton (2,000 pounds). 

Unless otherwise noted, all UTM coordinates in this Report are in Zone 29 N and the datum of ETRS89. 

All currency in this report is in US Dollars (US$) unless otherwise noted. As of the effective date of this report, 
the Bank of Canada exchange rates between the US Dollar and the Euro and Canadian Dollar were 
approximately US$1.0 = Cdn$1.27 and €1.0 = Cdn$1.37. 

https://en.wikipedia.org/wiki/List_of_chemical_elements
http://cms.unige.ch/sciences/terre/research/Groups/mineral_resources/opaques/ore_abbreviations.php
http://cms.unige.ch/sciences/terre/research/Groups/mineral_resources/opaques/ore_abbreviations.php
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3 Reliance on Other Experts 

CSA Global has relied upon ATM and its management for information related to property location and 
description, underlying contracts and agreements pertaining to the acquisition of the property (investigation 
permits) and their status. CSA Global has not independently verified ownership or mineral title beyond 
information that is publicly available or been provided by ATM. The Project description presented in this 
Report is not intended to represent a legal, or any other opinion as to title. 

The authors of this Technical Report have reviewed available Company documentation relating to the Project 
and other public and private information as listed in Section 27 (References). In addition, this information has 
been augmented by first-hand review and on-site observation and data collection conducted by the authors. 

The Qualified Persons take responsibility for all scientific and technical content of this Technical Report and 
believe it is accurate and complete in all material aspects. CSA Global has relied on information provided by 
ATM relating to legal, political, environmental and tax matters relevant to this Technical Report. CSA Global 
relied on ATM’s legal representation to describe the following sections: 

• Section 4.2  Mineral Rights and tenement description. 

• Section 4.4  Permitting obligations 

• Section 4.4.2 Royalties 

• Section 4.5  Environmental Liabilities 

• Section 24.1  Legal Framework 

These items have not been independently reviewed by CSA Global and CSA Global did not seek independent 
legal review of these items. 
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4 Property Description and Location  

4.1 Project Location 

The Masa Valverde Project is located in Huelva Province of the Autonomous Community of Andalucía in 
Southern Spain, about 420 km southwest of Madrid, 80 km west-northwest of Sevilla and 32 km north-
northeast of the port of Huelva. Sevilla (population 700,000) is the administrative centre of the Andalucía 
region. The Autonomous Community of Andalucía is governed by the Junta de Andalucía, with a local 
parliament and president. The Project lies in the municipalities of Valverde del Camino, Beas and Calañas 
approximately 10 km west-southwest of Valverde del Camino (population 12,900). 

The project is located on 1:50,000 scale Sheets 959 (Calañas) and 960 (Valverde del Camino) of the National 
Geological Map. The centre of the Project lies at approximately latitude 37.53 N and longitude 6.84 W. 

 
Figure 4-1:  Masa Valverde Project location in southwestern Spain 

Source: modified from CME (2017) 

4.2 Project Description and Title 

As of the Effective Date of this Report, the Project consists of two investigation permits (P.I.) totalling 
39.29 km2 (3,928.5 ha): P.I. Valverde no. 14920 and P.I. Beas no. 14982 (Figure 4-2 and Tabel 4-4). 

In addition there is also one permit under application by AMV of 546 ha, Mojarra no. 15036. AMV applied for 
conversion of the P.I. Masa Valverde permit to C.E. (Exploitation Concession) in August 2021. At the time of 
reporting the decision resolution is pending. The reader is referred to Appendix A for a summary of Spanish 
Mining Law. 
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The Masa Valverde and Valverde II areas were included in a Public Tender for Mining convened by means of 
Resolution of the General Directorate of Industry, Energy and Mines of Junta de Andalucía dated 23 January 
2013 (Official Gazette of the Regional Government of Andalusia dated 5 February 2013).  

Cambridge Minería España S.L.U. (CME) applied for a permit in the Masa Valverde area on 26 July 2013. CME 
was granted P.I. Valverde no. 14920 which was accepted in the Mining Registry of Huelva on 12 November 
2013 and by resolution in the General Registry of the Territorial Delegation of the Ministry of Innovation 
Science and Employment of the Junta de Andalucía, on 21 November 2013 with a validity period of 26 months. 
P.I. Valverde no. 14920 comprises 47 cuadriculas mineras totalling 14.1 km2 (1,410 ha). The boundary corner 
points of the permit are presented in Table 3.1. Table 4-4 presents a summary description of P.I. Valverde. 

On 15 December 2015 CME applied for an extension and renewal of P.I. Valverde for two + one years which 
was granted 5 July 2016. 

CME subsequently applied for P.I. Beas no. 14982 on 26 December 2014 to cover areas of exploration 
potential west and south of P.I. Valverde. The permit was granted on 4 May 2017 and comprises 83 
cuadriculas mineras totalling 25.19 km2 (2,518.5 ha). The boundary corner points of the permit are presented 
in Table 4-2. Table 4-4 presents a summary description of P.I. Beas. 

P.I. Valverde no. 14920 was granted according to Spanish Mining Law for Section C mineral resources 
including iron, lead, zinc, copper, manganese, gold, silver, cobalt, cadmium, and any other that is associated 
with polymetallic sulphides. P.I. Beas no. 14982 was granted according to Spanish Mining Law for Section C 
mineral resources: polymetallic sulphides and alteration products – copper, lead, zinc, gold, and silver. 

In February 2018 CME-Glencore entered into a Memorandum of Understanding (MoU) with ATM under 
which ATM could earn -in to the Project through the funding of exploration expenditures to June 2019, 
renewable thereafter by agreement. Following exploration works completed by ATM between 2018 and 2020 
ATM acquired 100% of the Project through its subsidiary, Atalaya Masa Valverde (AMV) and became the 
holder of P.I. Beas no. 14982 and P.I. Valverde no. 14920 permits. 
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Figure 4-2: Masa Valverde Project – location of P.I. Valverde, P.I. Beas, P.I. Mojarra (under application) and the 
Masa Valverde VMS deposit 

Table 4-1:  P.I. Valverde no. 14920 corner point coordinates 

Corner point Latitude (D M S)* Longitude (D M S)* 

1 (P.P.) 37 33 20 N 6 52 00 W 

2 37 33 20 N 6 49 40 W 

3 37 34 00 N 6 49 40 W 

4 37 34 00 N 6 48 40 W 

5 37 32 40 N 6 48 40 W 

6 37 32 40 N 6 48 20 W 

7 37 32 00 N 6 48 20 W 

8 37 32 00 N 6 51 40 W 

9 37 32 20 N 6 51 40 W 

10 37 32 20 N 6 52 00 W 

*European Datum 1950 (ED50). 

Table 4-2:  P.I. Beas no. 14982 corner point coordinates 

Corner point Latitude (D M S)* Longitude (D M S)* 

1 37 32 20 W 6 51 40 N 

2 37 32 00 W 6 51 40 N 

3 37 32 00 W 6 47 40 N 

4 37 31 20 W 6 47 40 N 

5 37 31 20 W 6 48 00 N 

6 37 31 00 W 6 48 00 N 

7 37 31 00 W 6 48 20 N 

8 37 30 40 W 6 48 20 N 

9 37 30 40 W 6 48 40 N 

10 37 30 00 W 6 48 40 N 

11 37 30 00 W 6 50 40 N 

12 37 30 20 W 6 50 40 N 

13 37 30 20 W 6 51 00 N 

14 37 30 40 W 6 51 00 N 

15 37 30 40 W 6 51 40 N 

16 37 31 40 W 6 51 40 N 

17 37 31 40 W 6 52 20 N 

18 37 20 00 W 6 52 20 N 

19 37 32 00 W 6 52 40 N 

20 37 32 20 W 6 52 40 N 

21 37 32 20 W 6 53 40 N 

22 37 33 40 W 6 53 40 N 

23 37 33 40 W 6 52 00 N 

24 37 32 20 W 6 52 00 N 

*European Datum 1950 (ED50). 
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Table 4-3:  P.I. Mojarra no. 15036 corner point coordinates 

Corner point Latitude (D M S)* Longitude (D M S)* 

A 37 34 0 N 6 54 0 W 

B 37 34 0 N 6 50 0 W 

C 37 33 20 N 6 50 0 W 

D 37 33 20 N 6 52 0 W 

E 37 33 40 N 6 52 0W 

F 37 33 40 N 6 54 0 W 

*European Datum 1950 (ED50). 

4.3 Project Ownership History 

CME was originally a wholly owned Spanish subsidiary of United Kingdom based Cambridge Mineral 
Resources PLC (CMR) when it was granted P.I. Valverde no. 14920 in November 2013. Upon granting of the 
permit, CMR entered into Investment Agreement with Glencore International AG (Glencore) under which 
Glencore could earn-in to CME by way of funding of exploration expenditures on the Masa Valverde Project; 
at the same time CMR had the option to match Glencore’s funding to retain its share of CME according to 
milestone levels. In 2015, Glencore exercised its option to take a 40% interest in CME. CMR was unable to 
contribute any funding of exploration expenditures on the Masa Valverde Project and in July 2016 Glencore 
completed its earn-in to 100% of CME. CMR retained a 1.5% Net Smelter Return (NSR) royalty on the Masa 
Valverde deposit. 

In June 2017, NRG Holdings acquired a 100% interest in CME from Glencore for 4.6 million euros. Glencore 
retains a 2.5% NSR royalty on the Masa Valverde deposit inclusive of the 1.5% NSR payable to CMR. Glencore 
also has 100% rights over the off take (concentrates). This contract cannot be broken by Glencore during the 
first three years of commercial operations. 

In October 2020 ATM entered into a definitive purchase agreement to acquire 100% of the Project through 
its subsidiary Atalaya Servicios Mineros, S.L.U., and as a result, Atalaya Masa Valverde, S.L.U. (AMV) formerly 
Cambridge Minería España, S.L.U., became the holder of P.I. Beas no. 14982 and P.I. Valverde no. 14920. 
Under the terms of the agreement, ATM will make a cash payment in two instalments and Glencore retained 
the rights over 100% of the concentrates off-take. 

Whilst the C.E. application decision is pending, the validity of the P.I Maasa Valverde has been extended until 
such time as a decision has been reached with respect to the application. 
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Table 4-4:  Description of Masa Valverde Project investigation permits 

Permiso de 
Investigació
n (P.I.) 

Rights Holder Province Municipality 
Cuadrícula
s Mineras 

Area 
(ha) 

Date 
granted/ 
validity 
period 

Date 
renewed/ 

validity 
period 

Valid to 
Annual 
taxes 

Royalties 

Valverde no. 
14920 

Section C mineral resources: iron, 
lead, zinc, copper, manganese, 
gold, silver, cobalt, cadmium, and 
any other associated with 
polymetallic sulphides 

Cambridge 
Minería 

España, S.L.U. 
Huelva 

Valverde del 
Camino, Beas 

47 1,410 
21/11/2013 

(26 months) 

5 July 2016 
(2 years 1st 
extension) 

31 July 
2018 

(1 year 2nd 
extension) 

31 August 
2020 

(1 year 3rd 
extension) 

the 
extension is 
valid until 
the mines 

department 
decision in 
relation to  
granting of 
the Mining 
Concession  

€1,918.74  

2.5% NSR payable to 
Glencore inclusive of a 
1.5% NSR payable to 

CMR 

Beas no. 
14982 

Section C mineral resources: 
polymetallic sulphides and 
alteration products – copper, lead, 
zinc, gold, and silver 

Cambridge 
Minería 

España, S.L.U. 
Huelva 

Valverde del 
Camino, 

Beas, Calañas 
83 2,518.5 

4 May 2017 
(3 years) 

1st  
renewal 

22/11/2023 €1955.24  

Mojarra no. 
15036 

 Section C mineral resources: 
polymetallic sulphides and 
alteration products – copper, lead, 
zinc, gold, and silver 

ATALAYA 
RIOTINTO 

MINERA, S.L.U 
 Huelva 

 Calañas, 
Valverde del 

Camino y 
Beas. 

18   546 
Application 

not yet 
granted 

    

Total     130 3,928.5       

* Cuadrículas Mineras is a mining unit (forming a mining grid) whose surface base is comprised between two parallels and two meridians, whose separ ation is twenty sexagesimal seconds, which must coincide with entire degrees and 
minutes and, where appropriate, with several seconds that necessarily must be twenty or forty. 
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4.4 Property Claim Status 

To the best of CSA Global’s knowledge, the Project investigation permits are currently in good standing and 
ATM warrants that there are no current or pending challenges to ownership of the Project claims of which it 
is aware. 

CSA Global is unaware of any other encumbrances on the Valverde and Beas investigation permits other than 
property tax payments and a royalty as described in Sections 4.4.1 and 4.4.2 below. 

4.4.1 Annual Taxes 

A “Plan de Labores” (PL) must be presented annually for approval to the Mining Department, under the 
“Consejeria de Economia, Innovation, Ciencia y Empleo of the Junta de Andalucia”. The PL must explain the 
work conducted in the last year and the planned work for the next year. The taxes for the “Plan de Labores 
(Modelo 046)” are based on the budget included in the PL. The taxes for 2022–2023 P.I. Valverde and P.I. 
Beas programs are approximately €1,918.74 and €1,955.24 respectively. 

4.4.2 Royalties 

As noted in Section 4.3, Glencore retains a 2.5% NSR royalty on Masa Valverde inclusive of the 1.5% NSR 
payable to ATM. Glencore also has 100% rights over the offtake (concentrates). 

4.5 Environmental Liabilities 

ATM reports that there are no known environmental issues existing on its permits for which it is liable as of 
the effective date of this Report. 

4.6 Required Permits 

As presented in Section 4.4.1 above, CME must submit annual PLs or exploration work plans for the P.I. 
Valverde and P.I. Beas concessions to the “Junta de Andalucia, Consejeria de Economia, Innovation, Ciencia y 
Empleo, Departamento de Minas, Delegación Territorial Huelva” for approval. Additional permits may be 
required from the following “Consejeria” (councils), depending on the type of work proposed: 

• Agencia Andaluza del Agua for permission to take water. 

• Consejeria de Medio Ambiente for any work requiring environmental approval. 

• Surface rights owner for access approval. Most of the surface rights in the Project area are “Montes 
Públicos” held by the “Junta de Andalucia” and “Ayuntamiento de Beas” (Beas municipal council). 

4.7 Other Significant Factors and Risks 

Environmental, permitting, legal, title, taxation, socio-economic, marketing, and political or other relevant 
issues could potentially materially affect access, title or the right or ability to perform the work recommended 
in this Report on the Project. However, at the time of this Report, CSA Global is unaware of any such potential 
issues affecting the Project.  
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5 Accessibility, Climate, Local Resources, 
Infrastructure and Physiography  

5.1 Accessibility 

The Project may be accessed from Valverde del Camino by taking National Highway 435 south 4.9 km from 
the intersection with Highway A-493 to the intersection with Highway H-4100. Highway H-4100 is taken north 
a distance of 0.44 km at which point a dirt road is taken northwest a distance of approximately 6.5 km to the 
Masa Valverde deposit area (Figure 3.2). 

5.2 Climate 

The climate is Mediterranean, sub-humid, with Atlantic influence. The average annual temperature is 
approximately 18°C, with long hot, dry summers and short mild winters. Average daily temperature is 
approximately 29°C in August and 11°C in January–February. Summer daily high temperatures can reach 43°C. 
Rainfall in the region is irregular, with maximum precipitation between the months of October and March 
and a dry season in summer; average annual precipitation is in the order of 600–700 m. 

Mineral exploration and mine operations in the region may be conducted year-round. 

5.3 Local Resources and Infrastructure  

The neighbouring towns of Calañas (population approximately 4,500), Valverde del Camino (population 
approximately 12,000), both a distance by road less than 15 km, and the long-established mining town of 
Minas de Rio Tinto (population approximately 5,000) 28.5 km northeast of the Project provide most of the 
facilities required for mineral exploration and mining activity. All other facilities are available in the nearby 
city of Sevilla (population 700,000) which is the administrative centre of the Andalucía region. The port of 
Huelva is approximately 45 km south of the Project by paved road. Atlantic Copper, a Freeport-McMoRan 
Company owns and operates a metallurgical complex at Huelva including a copper smelter and refinery and 
three sulphuric acid plants. 

Given the region’s long history of mining and exploration, mining personnel are readily available. 

Other than various dirt roads, no significant infrastructure is present on the Project. However paved highways 
including N-435, A-493 and H-4100 run within several kilometres of the Project boundaries. The Zafra-Huelva 
railway is located approximately 2.5 km west of the western-most boundary of P.I. Beas. A high voltage 
electrical transmission line of unknown capacity runs parallel to road HU-4100 on the east side of the 
property. Water resources are in several water reservoirs and rivers in the Project area. 

5.4 Physiography 

The Project lies in the Odiel River basin with numerous tributary streams and gullies creating a dendritic 
drainage pattern on a regionally eroded peneplain, dipping gently to the south. Topography is characterised 
by relatively low to moderate relief with a maximum elevation of 262.5 m in the east part of the Project area 
and a minimum elevation of 28 m at the point where the Odiel River leaves the Project area in the south. 

Regionally, the area is covered by thin soils. Natural rock outcrops are relatively rare, and weathered. The 
population density is generally low. The main economic activities are farming (cattle, cereals, cork, olive oil, 
wine), mining and milling of massive sulphide deposits and copper smelting and refining (at Huelva). 

Vegetation is typical Mediterranean pine and eucalyptus forest in uncultivated areas. Cultivated areas mostly 
consist of olive and orange trees. 
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6 History 

6.1 Regional Exploration and Development History 

Mining in the Iberian Pyrite Belt (IPB) began in pre-Roman times and have continued to present day, with 
only a few inactive periods (Pinedo Vara, 1963). Early mining activities were mainly for gold, silver and copper 
from oxidised ores. In the 20th century, pyrite (for sulphuric acid), copper and base metals, as well as gold 
and silver, have been main mining targets in the IPB. Tin is also now being exploited at Neves Corvo in 
Portugal. About 80 mines have operated at times in the IPB since the end of the 19th century, with a total 
production of more than 300 Mt of polymetallic sulphides (copper, zinc as well as lead sulphides) and their 
gossans, which in some cases contained significant concentrations of gold and silver (Saez et al., 1999; Ruiz 
et al., 2002). Sulphur and copper have been the main elements processed in most cases (Saez et al., 1999). 
The recovery of other elements (including lead and zinc) is often hindered due to the abundance of fine-
grained ores and intergrowths. Nevertheless, these elements are extracted at some deposits (Saez et al., 
1999).  

Renewed exploration in the IPB during the 1980s using geophysics, following the 1977 discovery of the world-
class Neves Corvo deposit in Portugal, led to the discovery in southwest Spain of four significant blind deposits 
using gravity and electromagnetic (EM) geophysical methods at depths of 300–500 m within Palaeozoic 
volcanic and sedimentary rocks:  

• 1985 – Aguas Tenidas Este (Hopgood, 1994) 

• 1986 – Masa Valverde (Ramirez-Copeiro et al., 1988) 

• 1989 – Migollas (Santos et al., 1993) 

• 1994 – Las Cruces (Knight et al., 1999).  

Most recently, Minas de Aguas Teñidas SAU (MATSA) discovered the blind Magdalena deposit in 2013, which 
it attributes to the use of geophysical methods including the airborne VTEM (Versatile Time Domain 
Electromagnetics) method, the Titan 24 system combining magnetotelluric, resistivity and induced 
polarisation (IP) and, 3D Reflection Seismic method. 

Massive sulphide deposits currently in production in the IPB are presented in Table 6-1. 

Table 6-1:  IPB massive sulphide deposits currently in production or near production 

VMS deposit Country Owner Website 

Aguas Teñidas 

Spain MATSA (a Mubadala and Trafigura company) https://www.matsamining.com/ Sotiel 

Magdalena 

Riotinto Spain ATM http://riotinto.atalayamining.com/ 

Las Cruces Spain First Quantum Minerals Ltd http://www.cobrelascruces.com/ 

Aznalcollar Spain Minera Los Frailes (Grupo Mexico) http://mineralosfrailes.es/ 

Neves Corvo Portugal Somincor (Lundin Mining Corporation) http://www.lundinmining.com/  

Aljustrel Portugal Almina – Minas do Alentejo, S.A https://www.almina.pt 

 

Apart from massive sulphide deposits, hundreds of manganese deposits have been historically mined in the 
IPB. These are related to chert and jasper horizons and occur at a stratigraphic position similar to that of the 
massive sulphide lenses. Size and metal content currently make them uneconomic, although they were 
important in the past (Pinedo Vara, 1963).  

6.2 Historical Permits in the Project Area 

Masa Valverde was discovered in 1986 and almost 30 years in 2019 the shallower Majadales deposit was 
discovered located only 1 km along strike. 

https://www.matsamining.com/
http://riotinto.atalayamining.com/
http://www.cobrelascruces.com/
http://mineralosfrailes.es/
http://www.lundinmining.com/
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Known holders of the mineral exploration rights in the Project area (and over the Masa Valverde deposit in 
particular) are set out in the table below. 

Table 6-2: Known holders of mineral exploration rights in the Project area 

Years Permit Holder Comment 

1982–1995? Consortium of State owned Empresa Nacional Adaro 
de Investigaciones Mineras S.A (ENADIMSA or Adaro) 
and la Sociedad Minero-Metalúrgica Peñarroya 
(SMMP or Peñarroya) 

• ENADIMSA (Adaro) dissolved in 1995.  

• Permit transferred to Empresa Nacional Minas de 
Almagrera SA. 

1995–1997 Empresa Nacional Minas de Almagrera SA • Permit transferred from ENADIMSA (Adaro). 

• Company sold to Navan Resources in 1997. 

1997–2001 NAVAN Resources plc • NAVAN acquired Empresa Nacional Minas de 
Almagrera SA from Sociedad Estatal de Participaciones 
Industriales (SEPI), a government-owned body, in a 
deal undertaken as part of Spain’s privatisation 
program. 

• Returned to State in 2001. 

2001–2005 Delegación Provincial en Huelva de la Consejería de 
Innovación Ciencia y Empresa, Junta de Andalusia 

• Held by the State. 

• Opened to public bid in 2005. 

2005–2009 Cambridge Mineral Resources Plc acquired P.I. 
Valverde and P.I. Masa Valverde 2 through its Spanish 
subsidiary Recursos Metalicos SA 

• Announced in January 2006 the acquisition of the two 
permits by public bid. Permits covered an area of 
38.71 km2 including the Masa Valverde polymetallic 
VMS deposit. 

• Returned to State in 2009. 

2009–2013 Delegación Provincial en Huelva de la Consejería de 
Innovación Ciencia y Empresa, Junta de Andalusia 

• Held by the State. 

• Opened to public bid 2013. 

2013 Cambridge Mineral Resources Plc acquired P.I. 
Valverde no. 14920 through its Spanish subsidiary 
Cambridge Minería España, S.L.U 

• See Sections 4.1 to 4.3 for current ownership details of 
the Masa Valverde Project by Cambridge Minería 
España, S.L.U. since 2013. 

2015 Cambridge Minería España S.L.U. submits an 
application for an Ordinary Extension of this Permit 

• Permit granted for two more years (extendable to a 
third year) by resolution of 23 June 2016. 

2018 CME submits an application for a new extension for 
the entire area of this Permit and for the remaining 
year of the Ordinary Extension 

• On 31 July 2018, the Delegation in Huelva of the Junta 
de Andalucía issues a Resolution granting the 
requested Extension. 

2018 Memorandum of Understanding – ATM and CME • CME-Glencore entered into a contract agreement with 
ATM, under which ATM can earn-in to the Masa 
Valverde project by way of funding of exploration 
expenditures. The Memorandum of Understanding is 
valid up to June 2019, and renewable by agreement. 

2019 CME submits an application for a new Extension for 
one year (1st Exceptional Extension) 

• On 24 August 2020, the General Directorate of 
Industry, Energy and Mines decided to grant 
exceptionally the extension of one year on the 
entirety of the aforementioned research permit for 
resources of Section C, called “VALVERDE”, number 
14.920, located in the municipalities of Valverde del 
Camino and Beas. 

2020 Acquisition of Masa Valverde project by ATM; 
creation of AMV 

• ATM to earn 100% of the Masa Valverde project and 
the ownership of PI Valverde and PI Beas. Creation of 
a new company: Atalaya Masa Valverde (AMV), 
subsidiary of ATM, to operate the Masa Valverde 
project. 

2021 AMV conversion application submitted. PI Valverde 
into CE (Exploitation Concession) 

• To retain ownership, AMV must convert the entire 
permit into CE. IPH, a Spanish company, is contacted 
to compile and report to Spanish Mining authorities. 

2021 AMV applies for PI Mojarra • Under application. 
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6.3 Exploration History of the Masa Valverde Project Area 

The P.I. Valverde and P.I Beas concessions were covered by a regional airborne magnetic survey of the State 
Reserve “Zona Reserva de Huelva” in 1990 to aid structural studies. In 1996–1997, the ground was included 
in another high-sensitivity aeromagnetic and radiometric survey of the IPB and surrounds was completed. 
Details of these surveys can be reviewed in Section 6.3 (Exploration History of the Masa Valverde Project 
Area) (Section 6.2, NI 43-101 Report, Trinder et al., 2017). 

6.3.1 Adaro-Peñarroya Gravity, Electromagnetic and Magnetic Surveys at Masa Valverde (1982 to 
1985) 

Geophysical surveys (gravity, EM and magnetic) were conducted in the P.I. Valverde and Beas concession 
areas as part of extensive work carried out between 1982 and 1985 by the consortium of State-owned 
Empresa Nacional Adaro de Investigaciones Mineras S.A. (“ENADIMSA” or “Adaro”) and la Sociedad Minero-
Metalúrgica Peñarroya (“SMMP” or “Peñarroya”) within Blocks XXV and XXVI of the State Reserve and by 
ENDIMSA alone in the Autonomy Research Permit. The survey reports are available at the Geological and 
Mining Institute of Spain (Instituto Geológico y Minero de España – IGME). Given the extensive distribution 
of Culm sediments cover rocks in the area, exploration focused on areas in which the target Volcano-
Sedimentary (VS) Complex volcanic sequence occurred at depths within detection capabilities of geophysical 
methods of that period. Where the volcanic sequence was interpreted to be at less than 500 m depth, 
detailed gravity (100 m x 100 m spacing) and time domain electromagnetic (TEM) (200 m x 200 m loops) 
soundings were applied. After magnetic and electromagnetic (mainly TEM) surveys to help discriminate 
gravity anomalies due to mafic rocks or shale-related conductors, a 1,000 m x 850 m residual gravimetric 
anomaly (0.8 mgal) was selected for exploratory drilling which led to the discovery of the Masa Valverde 
massive sulphide deposit in 1986 (Ruiz et al., 2002).  

These historical geophysical campaigns, completed in different phases and grids, are summarised in an NI43-
101 Technical Report prepared by CSA Global (Trinder et al., 2017) , to which the reader is referred.  

6.3.2 Adaro-Peñarroya Drilling (1986 to 1992) 

Between 1986 and 1992, Adaro-Peñarroya completed a total of 25 vertical diamond drillholes in the Masa 
Valverde deposit area (Table 6-3, Figure 6-1). It is still possible to see some surface concrete structures 
remaining in the footprint area of the Masa Valverde Resource such as sumps and drainage channels used 
by Adaro during drilling. 

Table 6-3:  Historical Adaro-Peñarroya diamond drillholes completed at Masa Valverde deposit area (1986–1992) 

Hole ID Easting (m) Northing (m) Elevation (m) Length (m) Dip Azimuth Drillhole completed 

A-01 689356 4157191 71 582 -90 180 31 Jul 1986 

A-02 689678 4157290 89 1015 -90 180 23 Feb 1987 

A-03 689289 4157294 101 672 -90 180 18 May 1987 

A-04 689041 4157406 126 892 -90 180 19 Nov 1987 

A-05 689689 4157010 143 965 -90 180 26 Oct 1987 

A-06 689965 4157328 144 900 -90 180 20 Sep 1987 

A-07 690084 4156845 145 756 -90 180 11 Jan 1988 

A-08 689473 4157106 87 598 -90 180 10 Dec 1987 

A-09 689239 4156642 142 697 -90 180 19 Oct 1988 

A-10 690255 4156097 94 703 -90 180 5 Oct 1988 

A-11 689232 4157610 101 859 -90 180 12 Jan 1989 

A-12 689050 4157772 95 930 -90 180 29 Jun 1988 

A-13 688370 4157144 122 691 -90 180 28 Jun 1988 

A-14 689410 4157383 74 682 -90 180 28 Nov 1988 

A-15 689283 4157430 107 747 -90 180 21 Mar 1989 

A-16 689592 4157548 118 672 -90 180 19 Jul 1989 
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Hole ID Easting (m) Northing (m) Elevation (m) Length (m) Dip Azimuth Drillhole completed 

A-17 689173 4157493 110 758 -90 180 23 May 1989 

A-18 689378 4157320 89 784 -90 180 26 Sep 1989 

A-19 689090 4157580 114 870 -90 180 17 Jul 1989 

A-20 689471 4157219 100 759 -90 180 21 Sep 1989 

A-21 689514 4157357 70 803 -90 180 24 Nov 1989 

A-22 689133 4157406 108 743 -90 180 10 Nov 1989 

A-23 688844 4157875 120 996 -90 180 18 Oct 1991 

A-24 689047 4157193 154 911 -90 180 15 Jan 1992 

A-25 688881 4158196 112 937 -90 180 20 May 1992 

Notes: Coordinates – UTM Zone 29N, ETRS89 Datum. 

 
Figure 6-1:  Location of historical drillhole collars within the Masa Valverde Project area (ATM, 2021) 

Of the 25 drillholes, 19 tested the main gravity anomaly and six tested satellite anomalies. Thirteen of the 19 
holes testing the main gravity anomaly intersected massive sulphide and well developed semi-
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massive/stockwork mineralisation. Grade ranges of mineralized sample intervals within the Masa Valverde 
deposit massive sulphide and stockwork domain wireframes are presented in Table 6-4.  

Table 6-4:  Grade ranges for mineralised Adaro diamond drill core samples 

Assay 
Massive sulphide mineralisation Stockwork mineralisation 

Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) 

Samples 436 521 487 

Minimum 0.03 0.02 0.01 4.14 0.01 0.01 0 0 1 0.01 

Maximum 1.82 5.74 10.75 215 2.2 3.91 7.82 13.25 172.9 1.39 

Mean 0.51 0.64 1.32 38.9 0.75 0.48 0.2 0.6 8.2 0.14 

Standard deviation 0.23 0.91 2.22 25.63 0.47 0.63 0.6 1.14 12.81 0.17 

Significant intercepts included: 

Table 6-5:  Adaro-Peñarroya diamond drillholes – significant intercepts 

Mineralisation Drillhole From (m) To (m) 
Intercept 

(m)* 
Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) 

Massive Sulphides 

A-01 442.00 481.00 39 0.60 1.78 4.87 54 0.80 

A-03 513.00 523.00 10 0.21 4.05 5.45 73 1.23 

A-18 503.00 548.00 45 0.52 0.76 4.26 42 1.41 

A-18 683.00 721.00 14 0.41 2.85 5.81 58 0.83 

Stockwork Zone 

A-14 534.00 592.00 58 1.32 0.13 1.10 16 0.00 

A-15 635.00 681.00 46 1.05 0.28 1.25 8 0.10 

A-17 683.00 714.00 31 1.71 0.07 1.35 8 0.06 

A-21 505.00 538.00 33 1.15 0.05 0.14 6 0.03 

*Intercepts are downhole core lengths not true thicknesses. The relationship between true thickness and intersection length is not 
accurately known but to say that the intersection angle is relatively high 

Approximately 2,045 drill core samples from the Adaro-Peñarroya Masa Valverde diamond drillholes, 
generally 1 m in length and comprising massive sulphides and stockwork sulphides, were systematically 
analysed for: copper, lead, zinc, sulphur, silver, and iron. Some samples were also analysed for: arsenic, 
magnesium, silica, bismuth, manganese, cadmium, nickel, cobalt, antimony, calcium, tin, and gold. An 
undated, internal CME report entitled “the Geology of the Masa Valverde Project” states that massive 
sulphide intervals were assayed at 1 m intervals with gold reported for 5 m composite samples. Tin assays 
were for 1 m intervals in some holes and 5 m composite samples others. Stockwork mineralisation was 
typically sampled and assayed over 1 m or 2 m intervals, with gold reported as composites of variable width 
ranging typically from 4 m to 10 m. All individual and composite samples were analysed by the Almagrera 
Laboratory at Sotiel. 

Detailed descriptions of sample preparation, analytical methods and security protocols and procedures 
utilised by Adaro-Peñarroya for the 1986–1992 diamond drillhole programs were not available to the authors. 
Furthermore, the authors were unable to confirm certification of the assay lab used nor its relationship to 
Adaro-Peñarroya for assay results disclosed herein. CSA Global is therefore unable to determine whether the 
sample preparation and analytical techniques employed by those companies were appropriate for the 
sample media and mineralisation type and whether they conform to current industry standards. However, 
given the samples were reportedly done at the Almagrera Laboratory at the Sotiel massive sulphide mine, it 
is reasonable to assume that the techniques were to industry standards considered appropriate at the time 
of completion. 
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6.3.3 1993 - 2019 

No work was reported over the Project area between 1993 and 2005.  

CMR’s Spanish subsidiary, Recursos Metalicos, completed review, digitisation, compilation and reprocessing 
of Adaro historical data when it held the ground from 2005 to 2009 but no new exploration work was 
completed during this period. 

The Project was returned to the State in 2009, and in 2013 CME, a subsidiary of Cambridge Mineria Resources 
received the exploration rights to the contiguous P.I. Valverde and P.I. Beas properties. 

In 2013, CME was granted the P.I. Valverde and P.I. Beas permits. Upon granting of the permit, CME entered 
into a joint venture agreement with Glencore. Between 2014 and 2017, CME-Glencore exploration work 
included geophysics (gravity EM) and drilling at Masa Valverde (that latter set out in Section 6.4). 

Exploration works completed by CME since 2013 on the P.I. Valverde and P.I. Beas investigation permits are 
presented in Section 9 (Exploration) and Section 10 (Drilling).  

CME-Glencore entered into a contract agreement with ATM in 2018. Under CME management, ATM-funded 
exploration drilling in PI Valverde totalled 28 diamond drillholes for 13,754 m: 

• The MVE* series consist of six drillholes (MVE-1, MVE-1-BIS, MVE-2, MVE-3, MVE-4, MVE-4-BIS), May to 
October 2018 (CME/ATM) (3238.85m) 

• The MJ* series (from MJ1 to MJ19), November 2018 to April 2019 (CME/Atalaya) (9,241.7 m). 

• The CA* series consist of three drillholes (CA-1, CA-2, CA-3), April to May 2019 (CME/ATM) (1,274 m) 

This led to the discovery in 2019 of Majadales, a new deposit located 1km southeast of Masa Valverde.  

Misse a la Masse in the Majadales discovery hole BHEM in 13 holes was completed in 2018. In April–May 
2019, ATM conducted geophysical airborne VTEM over a selected block covering the eastern end of Masa 
Valverde and Majadales for a total of 5,600 km lines. The VTEM picked up a conductive trend in between 
Masa Valverde and Majadales, closely parallel to Majadales deposit, but displaced about 200 m to the north. 
Between September and December 2019, ATM conducted exploration drilling in P.I. Valverde, at Majadales, 
east and west ends of Masa Valverde, Campanario and other VTEM anomalies for a total of 14 diamond 
drillholes (MJ20–MJ33 for 8,164 m). This drilling better outlined the Majadales deposit.  

Drilling completed between Masa Valverde and Majadales indicates that the two deposits are not 
connected.  At Masa Valverde it does not appear that mineralization extends as far to the northwest as MJ-
30 but more drilling in this area is warranted before any firm conclusions can be made.   It does appear that 
previous drilling has defined the southeast limit of the Masa Valverde deposit. 

6.3.4 Mina del Campanario Deposit 

Mina del Campanario is an area of historical workings on the Valverde permit area described by Pinedo Vara 
(1963) and summarised in Figure 6-2. The mineralisation is hosted in silic metavolcanics rocks deeper in the 
VS Complex – see Section 7.1 – which has been upthrown (600 m in a horst structure closer to the surface 
and gossanized – see in Section 6.3.3, NI 43-101 Report, Trinder et al., 2017). 

The Mina del Campanario historical mining area was worked intermittently from the late 1800s to 1916 with 
periodic, though unspecified exploration activity between the 1950s and 1980s. Pinedo Vara (1963) reports a 
total of 228,767 tonnes of mineralisation was produced at Mina del Campanario from 1901 to 1916 with an 
average grade of approximately 1.5% Cu (CME, 2013). The reader is cautioned that a Qualified Person has not 
done sufficient work to confirm the reported production and grade and, as such, they should not be relied 
upon. There is no historical or current MRE at the Mina del Campanario deposit. 

6.3.5 Geophysics 

While awaiting work and environmental permits from provincial and municipal (Beas and Valverde del 
Camino) authorities for its 2014–2015 diamond drill program, CME elected to continue and build on the 
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geophysical programs conducted by the Adaro-Peñarroya consortium in the 1980s. CME geophysical work 
included:  

• 2014 to 2015: Digitisation and reinterpretation of the data of the Adaro-Peñarroya gravimetry surveys 
carried out between 1986 and 1990 in the Masa Valverde deposit area 

• 2014: Borehole electromagnetic (BHEM) surveys in historical Adaro-Peñarroya drillholes at the Masa 
Valverde deposit area 

• 2014: Audio magnetotelluric (AMT) survey in the Masa Valverde deposit area. 

Following the 2014–2015 diamond drill program, CME conducted more geophysical surveys, primarily within 
the P.I. Valverde no. 14920 concession, but also with minor geophysical programs within P.I. Beas no. 14982, 
including: 

• 2016: Gravity survey, east-southeast Masa Valverde area. 

• 2017: Gravity survey, west Odiel area. 

• 2017: IGT gravity compilation. 

• 2017: Electrical tomography and IP. 

• 2017: TEM with Superconducting Quantum Interference Device (SQUID) sensor. 

• 2018: Mise a la masse, EM and IP surveys. 

• 2019: VTEM survey. 

• 2020: Geophysical compilation, reprocessing and interpretation. 

• 2021: TEM SQUID survey 

6.3.6 Additional Exploration Work 

2016 Geological Model 

Using data from the historical Adaro drill programs and from the CME drill program, CME interpreted 20 
geological cross-sections through the Masa Valverde deposit. A wireframe geological model of massive 
sulphide and stockwork sulphide domains was then constructed including interpreted fault planes. This work 
was reviewed as part of Mineral Resource evaluation by CSA Global in 2017 and subsequently refined as part 
of evaluation in 2021 (see Section 14). 

2016 Geochemistry 

An ionic leach geochemistry survey was completed over the Masa Valverde deposit and vicinity in September 
2016. A total of 49 samples were collected. The consultant that conducted the survey did not file a final report 
and limited information is available in relation to this work.  

2016 Pre-Conceptual Ramp Study 

A conceptual study for access to the Masa Valverde deposit from public-owned land was completed by 
Spanish mining consultants SADIM (Grupo Hunosa). Three options were designed including a shaft access 
and two different decline layouts. 

2016 Metallurgical Study 

In 2016, a metallurgical test program was initiated by Glencore to investigate floatability of five samples from 
the Masa Valverde deposit (SGS Canada, 2016). This testwork is discussed in Section 13 of this Report.  
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Figure 6-2:  Cross section through Campanario and Masa Valverde/Majadales showing EM conductances (ATM, 

2021) 

6.3.7 Historical Mineral Resource Estimates 

Adaro (1990) 

In 1990, Adaro used a 1.3% equivalent copper (EqCu) cut-off to estimate a resource of 12 Mt grading 1.9% Cu, 
1.5% Zn, 0.13% Pb and 0.1 g/t Au. EqCu values were calculated as: 

EqCu (%) = 0.530 Cu + 0.484 Zn + 0.139 Pb + 0.373 Au 

Average metal prices for first quarter 1990, and metallurgical recoveries of 53% copper, 83% zinc, 40% lead, 
and 70% gold were used to generate this formula. The above formula almost implied an equivalence in the 
price of copper and zinc. The recoveries were derived from nearby Sotiel mine’s 1989 production data, except 
for gold recovery which was arbitrarily assigned. Gold recoveries can be as low as 30% in VMS systems. Silver 
grades were considered low and not included in the EqCu calculation.  

Resources were estimated using area of influences from 17 drillholes of in Adaro’s campaigns, of which 11 
were considered within the mineralised area and only nine of which were considered mineralised. The total 
mineralised area was 101,200 m2 or 0.1 km2. The minimum “ore” thickness included was 4 m with a 1.3% EqCu 
cut-off (including internal “waste”). Thickness was corrected with a sterile coefficient equal to 11/14 and a 
density of 4.5 t/m3 was used to calculate tonnage. 
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Adaro’s 1990 resource is uncategorised and does not meet the current criteria for resource categories set 
out in CIM Definitions and Standards on Mineral Resources and Mineral Reserves (10 May 2014) and NI 43-101 
(24 June 2011). 

The reader is cautioned that a Qualified Person has not done sufficient work to classify the 1990 Adaro 
historical resource estimate as a current Mineral Resource estimate. The authors, CSA Global and the Issuers 
are not treating the historical estimate as current Mineral Resources and, as such, they should not be relied 
upon. 

No work will be completed to upgrade or verify the 1990 Adaro historical estimate as current mineral 
resources since it was superseded by the Mineral Resource estimate prepared by CSA Global in 2017. 
Majadales was discovered in 2018 and this mineralised zone is included in this updated Mineral Resource 
estimate for the Project in Section 14. 

Cambridge Mineral Resources Plc (2006) 

In a 17 January 2006 press release, CMR reported that its technical staff had developed a preliminary resource 
model and estimated an Inferred Resource (massive sulphide and stockwork) presented in Table 6-6. 

Table 6-6:  Historical 2006 Masa Valverde Inferred Mineral Resource estimate – CMR 

Cut-off  Tonnage (Mt) Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) S (%) 

Zn 3%  12  0.57 1.28 4.30 41.9 0.86 46.47 

Cu 0.5%  80 0.76 0.38 1.28 22.4 0.43 35.44 

Au 1 g/t  16 0.45 0.86 1.49 46.1 1.26 47.38 

CMR reported that the zinc and copper mineralisation are generally separated from each other with zinc 
largely being within massive sulphides and the copper within the stockwork zone. As such, these resources 
can be considered as separate zones. 

The 2006 CMR historical estimate was superseded by the 2017 Mineral Resource estimate completed by 
CSA Global, which included the results of the 2014–2015 CME but ATM-funded diamond drilling program, and 
as summarised below. 

Cambridge Mineral Resources Plc (2017) 

CSA Global Canada Geosciences Ltd (CSA Global Canada) was commissioned to prepare a Mineral Resource 
estimate and technical report for CMR (Trinder, 2017).  

The Mineral Resource estimate was prepared in accordance with CIM Definitions and Standards on Mineral 
Resources and Mineral Reserves (10 May 2014) and reported in accordance with NI 43-101, companion policy 
NI 43-101 CP and Form 43-101F1 (Standards of Disclosure for Mineral Projects – 24 June 2011). 

Mineral Resources estimated for the Masa Valverde Project are shown in Table 6-7 below. It should be noted 
that the focus of CMR was zinc as the primary project driver. The Mineral Resource estimate was reported 
above a cut-off of 3% zinc equivalent (EqZn). 

Table 6-7:  Masa Valverde Mineral Resource estimate above a reporting cut-off of 3% EqZn (CSA Global Canada, 
2017) 

Zone Classification Tonnage (Mt) EqZn (%) Cu (%) Zn (%) Pb (%) Ag (g/t) Au (g/t) 

Massive Sulphide Cu Zone Inferred 19 4.07 0.68 0.88 0.87 41.71 0.81 

Stockwork Cu Zone Inferred 13 4.08 1.08 0.71 0.22 10.9 0.16 

Massive Sulphide Zn Zone Inferred 31 6.07 0.52 3.03 1.23 40.43 0.75 

Stockwork Zn Zone Inferred 3 4.39 0.43 2.29 0.75 18.83 0.33 
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6.4 CME 2014–2015 Diamond Drill Program 

CME conducted a diamond drilling campaign at the Masa Valverde deposit area within the P.I. Valverde 
concession from 24 October 2014 to 19 November 2015. A total of 40 diamond drillholes, prefixed MV, were 
completed totalling 28,162.45 m (Table 6-8). Four of the holes (MV-16, MV-18 MV-30 and MV-36) were 
terminated prior to reaching their targeted depths because the holes were either deviating too far from their 
target or because of hole collapse and loss of drill bit. Three of these four holes were re-drilled as MV-16BIS, 
MV-18BIS and MV-30BIS (Table 6-8). Two additional holes were terminated before reaching their target 
depth because of seepage of drill cutting fluids from the bedrock into local streams (MV-08 and MV-10). 

The drill campaign was completed in two phases (Figure 6-3):  

• Phase 1 was completed at a drillhole spacing of 100 m x 100 m and tested for the extensions of Masa 
Valverde deposit at depth and towards the west 

• Phase 2 tested the distribution and homogeneity of the Masa Valverde deposit at a closer spacing grid 
spacing to obtain greater confidence in the continuity of grades of the sulphide mineralisation. 

CME twinned the following Adaro historical drillholes: MV-2/A-19, MV17/A-15, MV-14/A-03, and MV-1/A-18. 
The latter two “twins” were inspected on site by Qualified Person Mr John Barry during his site visit in August 
2021. The distance between MV-14 and A-03 was paced at about 20 m. Atalaya did not twin any historical 
drillholes. CME personnel designed and supervised the drill program with input from Glencore. The diamond 
drill program was conducted under the supervision CME’s Chief Geologist and Technical Director, Victor 
Guerrero. The diamond drill contract was awarded to INSERSA, a local mining and exploration services 
company based in the town of Minas de Riotinto and with extensive experience in drilling campaigns in the 
IPB. Drilling was conducted with two to three diamond drills, seven days a week, 24 hours a day. The drills 
included a truck-mounted Atlas Copco Christensen CT-14, a wheel-mounted Atlas Copco Christensen CS-14-C 
and a crawler-mounted Sandvik DE-710. All drills have depth capacities of approximately 1,200 m using NQ 
drill rods. The drillholes were started with PQ diameter drill rods (core diameter 85 mm) stepping down to 
HQ (core diameter 63.5 mm) at depths of approximately 24–78 m and finally to NQ (core diameter of 
47.6 mm) at depths of 365–467.7 m. Given the depth of the Masa Valverde deposit, the mineralised drill core 
intervals extracted were NQ diameter. Drillhole lengths varied from 155 m to 995.6 m. 

CME constructed drill access trails and drill pads for each setup. To minimise the environmental impact, 
previous drill pads constructed by Adaro in the 1980s were reused by CME for the 2014–2015 drill campaign 
where possible. Water was supplied by pump and hose from the Campanario Dam (Embalse de Campanario) 
located southeast of Masa Valverde. 

Prior to setup of each drillhole, the collar location was initially located with a Garmin MAP 64S handheld 
global positioning system (GPS) instrument in UTM coordinates (Zone 29N, ETRS89) with an approximate 
accuracy of 3 m. Upon completion of drillholes, the collar coordinates and elevations were surveyed by 
personnel from IPH, a surveyor and environmental contractor, in UTM coordinates (Zone 29N, ETRS89) 
utilising a sub-metre LEICA GS 14 GPS survey instrument with a positional accuracy of 2 cm. The drill 
contractor used Reflex EZ-TRAC and DeviShot downhole survey tools to survey the holes; dip and azimuth 
readings were taken at 50 m intervals in the upper part and at 25 m intervals in the lower part of the holes. 
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Table 6-8:  Summary of CME 2014–2015 diamond drillholes 

BHID Easting (m) Northing (m) Elevation (m) Length (m) Dip Azimuth Start date Finish date Comments 

MV-01 689377.97 4157323.48 88.49 904.95 -90 180 24 Oct 2014 24 Nov 2014 Twin to Adaro A-18. 

MV-02 689085.34 4157583.11 113.87 818.70 -90 180 21 Nov 2014 20 Dec 2014 Twin to Adaro A-19. 

MV-03 689012.14 4157694.78 114.48 995.60 -90 180 25 Nov 2014 8 Jan 2015 
Hole cemented to 660.15 m depth, to remedy hole 
collapse after crossing a fault. 

MV-04 689145.56 4157697.02 100.74 853.20 -90 180 21 Dec 2014 19 Jan 2015  

MV-05 689041.84 4157495.49 114.44 703.30 -90 180 10 Jan 2015 28 Jan 2015 63 m of HQ drill rod left in hole. 

MV-06 688915.63 4157718.06 117.19 995.10 -90 180 21 Jan 2015 17 Feb 2015  

MV-07 689044.29 4157494.85 114.37 642.05 -85 200 30 Jan 2015 15 Feb 2015 Same drill pad as MV-05. 

MV-08 689448.05 4157543.21 74.88 163.55 -85 200 16 Feb 2015 19 Feb 2015 
Drillhole terminated due to seepage of drilling water 
into the Pajarón stream. 

MV-09 688855.46 4157634.54 127.36 779.30 -90 180 19 Feb 2015 13 Mar 2015  

MV-10 689311.10 4157526.90 94.14 623.70 -82.5 200 20 Feb 2015 5 Mar 2015 
Drillhole terminated due to seepage of drilling water 
into the Pajarón stream. 

MV-11 689278.79 4157292.39 100.45 624.15 -85 190 6 Mar 2015 22 Mar 2015 
Same drill pad as Adaro A-03. 8.9 m of HQ Drill rod left 
in hole. 

MV-12 688960.70 4157829.78 103.35 909.75 -90 0 16 Mar 2015 14 Apr 2015  

MV-13 689442.50 4157192.13 95.71 663.85 -90 0 20 Mar 2015 14 Apr 2015  

MV-14 689278.51 4157291.53 100.76 552.80 -87 190 23 Mar 2015 9 Apr 2015 Same drill pad as MV-11. 

MV-15 688937.82 4157553.57 122.71 739.65 -90 0 13 Apr 2015 7 May 2015  

MV-16 689442.00 4157189.00 95.71 233.55 -87 180 15 Apr 2015 21 Apr 2015 

Same drill pad as MV-13.  

Drillhole terminated due to excessive steepening such 
that target would not be intersected. 

MV-16BIS 689441.00 4157190.00 95.71 627.80 -84 180 21 Apr 2015 7 May 2015 
Same drill pad as MV-13/MV-16.  

Replacement hole for MV-16. 

MV-17 689285.78 4157429.18 107.09 852.20 -85 180 16 Apr 2015 19 May 2015 Same drill pad as Adaro A-15. 

MV-18 689420.54 4157373.82 72.75 155.10 -84 0 7 May 2015 11 May 2015 

Same drill pad as Adaro A-21.  

Drillhole terminated due to excessive steepening such 
that target would not be intersected. 

MV-18BIS 689420.54 4157374.17 72.84 591.00 -74 0 11 May 2015 27 May 2015 
Same drill pad as Adaro A-21/MV-18. Replacement 
hole for MV-18. 

MV-19 689552.30 4157191.27 111.82 755.70 -90 0 9 May 2015 31 May 2015  

MV-20 689191.51 4157399.86 101.04 742.10 -88 180 21 May 2015 10 Jun 2015  

MV-21 689491.89 4157328.31 78.58 758.45 -87 200 28 May 2015 14 Jun 2015  
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BHID Easting (m) Northing (m) Elevation (m) Length (m) Dip Azimuth Start date Finish date Comments 

MV-22 689556.40 4157192.39 111.85 631.55 -86 200 1 Jun 2015 20 Jun 2015  

MV-23 689193.96 4157395.63 100.93 697.05 -88 230 11 Jun 2015 29 Jun 2015  

MV-24 689305.33 4157326.75 89.03 763.55 -90 180 15 Jun 2015 3 Jul 2015  

MV-25 689558.60 4157185.91 111.94 620.60 -88 15 22 Jun 2015 12 Jul 2015  

MV-26 689322.79 4157433.39 111.75 757.30 -90 180 30 Jun 2015 22 Jul 2015  

MV-27 689389.99 4157139.86 73.25 573.70 -90 180 6 Jul 2015 27 Jul 2015  

MV-28 689666.17 4157210.52 116.11 614.35 -90 180 14 Jul 2015 4 Aug 2015  

MV-29 689323.01 4157433.55 111.80 782.25 -86 190 23 Jul 2015 15 Aug 2015  

MV-30 689684.00 4157074.00 125.00 430.00 -85 320 14 Aug 2015 30 Aug 2015 

Hole collapse and loss of drill bit at bottom of hole 
making it impossible to continue. 

Wedge (MV-30W) attempted at 424.90 m, abandoned 
after 4.15 m due drillhole collapse. 

Another wedge was attempted but was abandoned 
due to squeezing of the hole around 70–90 m. 

Drillhole terminated. 

MV-30BIS 689683.49 4157067.76 125.45 608.60 -85 310 14 Aug 2015 30 Aug 2015 Same drill pad as MV-30. Replacement hole for same. 

MV-31 689664.82 4157214.83 115.66 588.55 -70 10 5 Aug 2015 21 Aug 2015  

MV-32 689321.97 4157431.14 111.98 631.35 -75 15 17 Aug 2015 2 Sep 2015 
Same drill pad as MV-26 and MV-29. 122 m of HQ drill 
rod left in hole. 

MV-33 689321.57 4157171.38 73.91 489.35 -85 190 24 Aug 2015 8 Sep 2015  

MV-34 689682.78 4157068.80 125.38 634.00 -85 15 31 Aug 2015 14 Sep 2015 Same drill pad as MV-30BIS. 

MV-35 688984.53 4157644.03 121.20 883.30 -90 180 21 Sep 2015 7 Oct 2015 
Located about 60 m south of MV-03. 43.75 m of HQ 
drill rod left in hole. 

MV-36 689682.93 4157073.72 125.05 274.60 -88 200 14 Sep 2015 21 Sep 2015 

Same drill pad as MV-30BIS and MV-34. 

Drillhole terminated due to excessive steepening such 
that target would not be intersected. 

MV-37 689746.14 4157047.45 138.30 594.55 -90 180 21 Sep 2015 8 Oct 2015  

MV-38 689746.77 4157047.40 138.22 600.00 -80 15 9 Oct 2015 22 Oct 2015 Same drill pad as MV-37. 

MV-39 689746.84 4157047.48 138.24 581.25 -72 15 23 Oct 2015 4 Nov 2015 Same drill pad as MV-37 and MV-38. 

MV-40 689792.86 4157039.76 133.38 659.30 -85 15 5 Nov 2015 19 Nov 2015 
Located 60-70 m east of the MV-37, MV-38 and MV-39 
drill pad. 
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Figure 6-3:  Masa Valverde deposit diamond drillhole collar location map  

Note: CME 2014–2015 drillholes – red; Adaro 1986–1992 drillholes – green. 

During the 2018-2019 drilling campaign, drillholes were surveyed by drilling contractor INSERSA every 50 m 
downhole using a Reflex tool. Subsequently, Stockholm Precision Tools (SPT) resurveyed the drillholes MJ221 
to MJ27 and later drillholes up to MJ33 every 25 m downhole using a Gyromaster Numero Serie 1962. 

A significant deviation occurred when drilling MJ34 and MJ35. Since then INSERSA surveys every 25 m 
downhole and the SPT resurvey is every 10 m downhole using the Gyromaster instrument. 

In February 2021, IPH was contracted to survey the historical Adaro drillholes. IPH could not locate drillholes 
A-01, A-13, A-21 and A-25 or the general location was not accessible because of heavy vegetation. Five 
historical Adaro C-series drillholes in the area around the small historic mines at Campanario. 

During the 2014–2015 drilling campaign, drilling muds with significant sulphur content were collected and 
the sludge was transferred, via a tank mounted on a tractor, into intermediate bulk containers located in an 
easily accessible area for later removal and treatment by an authorised waste manager (BEFESA). 
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At the completion of the drillhole, casing and rods were removed from holes except where some rods became 
stuck in the hole while trying to extract the rod string (Table 6-8). PVC pipe was inserted into holes MV-09, 
15, 18BIS, 28, 31, 32, 33, 37 and 39 to facilitate future downhole geophysical testing. After the drilling 
campaign, the drill sumps were infilled, and all the drill pads restored with a bulldozer or backhoe, leaving 
only the collar of each drillhole visible.  

At the diamond drill rig the drill contractor retrieved core from the drill string using conventional wireline 
techniques. Drill core was removed from the core tube by drilling personnel and carefully placed wooden 
core boxes in the order drilled, with downhole depths marked at the end of each core run. Drillhole name, 
box number and downhole interval was marked on each core box. The drill contractor provided daily logs 
which documented any drilling incidents, drilling factors, water loss, changes in drillhole coring diameters 
etc. 

CME personnel transported the drill core in sealed core boxes from the drill rig to CME’s core logging, 
sampling and storage facility in Valverde del Camino. The cargo box of the transport vehicle was covered to 
prevent possible contamination of the core with the road and trail dust between the drill and the core facility. 
The facility is a large warehouse with office, core logging and core cutting room and space for storage of drill 
core and sample pulps and rejects. The facility is locked, and access limited to CME personnel and contractors 
only. 

When the core boxes arrived at the core shack from the drill, the meterage in each box was recorded and 
verified by a technician/geologist and drillhole number and meterage interval labels were stapled to the end 
of each box. The core was photographed and core recovery (%) and Rock Quality Designation was measured 
and calculated by a CME geologist for each hole. Overall, core recovery was excellent, averaging 97% in 
mineralised core intervals.  

CME geologists logged the drill core in a digital spreadsheet log. Information logged included: 

• Lithological group (Culm, VS Complex or PQ) 

• Type of rock 

• Lithology – composition, grain size, texture, color 

• Weathering and alteration 

• Foliation and banding 

• Hardness 

• Structural discontinuities (joints, fractures, etc. including infilling minerals) and contacts between 
formations 

• Water levels, if possible. 

From the descriptive logging, mineralisation intervals were defined and marked by the logging geologist 
either as massive sulphides or mineralised stockwork. Twenty-nine of the 40 drillholes intersected massive 
sulphide and/or stockwork mineralisation. 

Following core logging, the core was sampled as detailed in Section 11.1.  

6.4.1 2014–2015 CME Diamond Drill Core Assay Results 

Approximately 3,614 core samples (excluding quality assurance/quality control (QAQC) samples) were 
collected from the 2014–2015 drill core and sent to the ALS laboratory in Sevilla Spain. Grade ranges from 
mineralised sample intervals within the Masa Valverde deposit massive sulphide and stockwork domain 
wireframes are presented in Table 6-9. 
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Table 6-9:  Grade ranges for CME diamond drill core samples 

 Massive sulphide mineralisation Stockwork mineralisation 

Assay Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) 

Samples 1111 1111 1111 1110 1094 793 793 793 793 103 

Minimum 0.01 0.01 0.01 1 0.01 0.01 0.01 0.01 1 0.01 

Maximum 3.63 9.21 16.06 295.23 2.93 7.19 2.81 7.76 87.95 1.55 

Mean 0.51 0.89 1.54 35.53 0.73 0.43 0.11 0.37 5.49 0.26 

Standard deviation 0.31 1.14 2.35 26.22 0.46 0.65 0.23 0.78 7.91 0.26 

Significant intercepts included: 

Table 6-10:  CME diamond drillholes – significant intercepts 

Mineralisation Drillhole 
From 
(m) 

To 
(m) 

Intercept 
(m)* 

Cu 
(%) 

Pb 
(%) 

Zn 
(%) 

Ag 
(g/t) 

Au 
(g/t) 

Massive 
sulphides 

MV-01 495.50 511.45 15.95 0.98 2.12 0.53 28.40 0.73 

MV-01 512.45 550.45 38.00 0.52 2.10 5.82 62.75 1.83 

MV-01 694.95 760.90 64.95 0.59 1.47 4.36 31.18 0.54 

MV-03 851.60 862.60 11.00 0.18 0.35 4.85 38.73 0.74 

MV-10 563.80 574.60 10.80 0.73 0.87 3.35 38.06 0.43 

MV-13 454.60 463.60 9.00 1.07 0.88 1.53 51.76 0.59 

MV-13 623.30 630.25 6.95 1.77 0.20 0.05 29.88 0.44 

MV-16BIS 476.20 488.20 12.00 0.44 2.65 5.89 39.30 0.72 

including 479.20 487.20 8.00 0.39 3.55 7.67 40.63 0.86 

MV-16BIS 506.35 518.20 11.85 0.47 1.16 5.96 37.70 0.70 

including 509.20 515.20 6.00 0.48 1.74 8.25 48.02 0.96 

MV-17 547.00 637.40 90.40 0.54 1.32 4.14 27.20 0.44 

including 547.00 554.00 7.00 0.30 4.43 7.45 59.71 0.93 

and 563.40 586.50 23.10 0.51 1.59 6.00 35.82 0.69 

MV-19 495.30 501.35 6.00 5.08 0.43 1.10 33.50 0.27 

MV-19 608.05 633.00 24.95 0.49 1.44 2.61 36.41 0.81 

MV-20 561.60 607.45 45.60 0.57 1.85 2.64 29.70 0.48 

MV-21 423.80 451.80 28.00 1.36 1.97 2.58 91.97 0.75 

MV-21 459.85 489.80 28.95 0.62 1.04 3.33 34.99 1.04 

including 473.80 476.8 3.00 0.53 1.99 8.05 45.02 1.20 

and 484.80 487.8 3.00 0.39 2.63 6.50 50.67 1.27 

MV-21 495.60 503.75 8.15 0.63 1.58 3.22 42.52 1.17 

MV-22 448.50 466.65 18.15 0.33 1.84 6.73 33.04 0.72 

MV-22 573.25 589.40 16.15 0.35 1.61 3.23 35.89 0.79 

MV-23 582.20 601.30 19.10 0.29 1.98 3.25 39.32 0.64 

including 596.30 601.30 5.00 0.36 3.60 6.25 47.40 0.62 

MV-24 473.10 525.10 52.00 0.31 2.03 5.62 54.26 0.79 

including 474.10 489.10 15.00 0.20 2.10 8.60 52.20 0.69 

and 514.10 524.10 10.00 0.33 3.15 7.75 60.48 0.84 

MV-25 472.00 478.00 6.00 1.41 0.71 0.05 72.33 1.40 

MV-26 510.50 519.5 9.00 1.12 0.13 0.05 17.79 1.59 

MV-26 544.50 562.50 18.00 1.00 0.81 4.99 36.22 0.74 

including 551.50 557.50 6.00 0.93 1.43 9.15 52.17 1.07 

MV-27 460.85 480.85 20.00 0.62 3.59 0.97 43.95 0.71 

MV-27 484.85 495.95 11.10 0.38 4.03 7.00 67.05 1.24 
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Mineralisation Drillhole 
From 
(m) 

To 
(m) 

Intercept 
(m)* 

Cu 
(%) 

Pb 
(%) 

Zn 
(%) 

Ag 
(g/t) 

Au 
(g/t) 

MV-27 508.20 516.15 7.95 0.56 3.10 2.17 46.74 0.70 

MV-29 531.50 536.65 5.15 0.38 2.84 4.00 36.55 0.94 

MV-29 562.25 636.70 74.45 0.59 1.55 4.38 38.72 0.54 

including 584.35 610.45 26.10 0.51 2.60 6.29 50.86 0.43 

MV-29 758.45 765.30 6.85 0.97 0.07 0.02 21.28 0.59 

MV-30BIS 463.95 468.05 4.10 1.08 3.10 0.45 62.12 2.45 

MV-30BIS 478.20 487.25 9.05 0.64 2.41 2.30 60.98 1.17 

MV-30BIS 546.05 563.70 17.65 0.56 1.69 3.31 54.58 1.04 

MV-30BIS 565.70 576.70 11.00 1.08 1.13 1.91 29.73 0.58 

MV-35 629.15 667.20 38.05 0.37 2.08 4.36 42.96 0.68 

including 642.00 648.00 6.00 0.32 4.01 6.85 70.50 1.02 

and 656.00 664.20 8.20 0.24 2.75 5.69 43.45 0.80 

MV-38 403.80 413.20 7.40 1.49 1.56 0.27 96.45 1.65 

MV-38 498.30 509.90 11.60 0.31 1.34 3.17 32.63 0.46 

MV-40 512.00 528.60 16.60 0.37 1.50 3.73 56.32 0.89 

Stockwork Zone 

MV-05 587.00 611.20 24.20 1.30 0.08 0.02 10.54 0.15 

MV-10 535.80 555.80 20.00 0.08 0.69 2.78 16.60 0.49 

MV-20 621.40 629.30 7.90 1.19 0.07 1.07 7.27 0.02 

MV-23 617.25 627.30 10.05 1.23 0.15 0.45 7.25  

MV-23 651.20 663.20 12.00 1.37 0.01 0.13 5.04  

MV-24 576.40 582.70 6.30 2.15 0.08 0.91 21.67  

MV-25 522.80 536.80 14.00 1.78 0.01 0.03 8.14  

MV-26 650.00 660.00 10.00 2.37 0.03 1.69 10.20  

MV-26 668.00 674.00 6.00 1.75 0.02 1.18 8.00  

MV-29 636.70 656.45 19.75 0.96 0.32 3.15 12.28 0.14 

MV-35 667.20 731.20 64.00 1.50 0.01 0.08 4.15  

including 667.20 693.20 26.00 2.17 0.01 0.16 5.84  

*Intercepts are downhole core lengths not true thicknesses. 

ATM (name changed from EMED in 2016) used the drillhole name prefix “MVE” for a few holes prior to the 
discovery of Majadales when the prefix name changed to “MJ”. This prefix “MJ” was retained going forward 
for drilling at both Majadales and Masa Valverde. 

6.5 Historical Sample Analysis 

Detailed descriptions of sample preparation, analytical methods and security protocols and procedures 
utilised by Adaro-Peñarroya for the 1986–1992 diamond drillhole programs were not available to the authors. 
Furthermore, the authors were unable to confirm certification of the assay lab used nor its relationship to 
Adaro-Peñarroya for assay results disclosed herein. CSA Global is therefore unable to determine whether the 
sample preparation and analytical techniques employed by those companies were appropriate for the 
sample media and mineralisation type and conform to current industry standards. However, given the 
samples were reportedly completed at the Almagrera Laboratory at the Sotiel massive sulphide mine, it is 
probable that the techniques were to industry standards considered appropriate at the time of completion. 

The archived core remaining from the Adaro drill campaigns is available at the Geological Survey of Spain’s 
(IGME) La Litoteca located in Córdoba. Most samples of massive sulphide and stockwork sulphide have been 
oxidised (Figure 6-4), however, sample verification and lithology log comparison are possible and 
recommended by the authors of this report. 
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Figure 6-4:  Photo of diamond drillhole A-3 sample intervals from the Adaro campaign archived at La Litoteca 

located in Córdoba, Spain 

Source CME 
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7 Geological Setting and Mineralisation  

7.1 Regional Geology 

The IPB in south Portugal and southwest Spain is one of the largest mining districts in the world, with 
approximately 90 massive sulphide deposits totalling more than 1,700 Mt pre-production (Leistel et al., 
1998a). The bulk of this tonnage, however, correspond to massive pyrite deposits with low concentrations of 
base metals or precious metals (Ruiz et al., 2002) 

The Masa Valverde-Majadales copper and zinc enriched volcanic-hosted massive sulphide (VHMS). The 
Project is situated in the IPB. The IPB is a Variscan-Age (250 MYA) metallogenic province in Spain and 
southwest Portugal arguably hosting the largest concentration of massive sulphide deposits in the world 
(Iverno, et al., 2015). It extends over 250 km from near Sevilla in south Spain to the Atlantic Ocean coast in 
south Portugal. The IPB varies from 25 km to 70 km wide and comprises Paleozoic (Late Devonian to Middle 
Carboniferous) submarine volcanic and sedimentary rocks covered in places by Tertiary-Quaternary terrace 
and alluvial deposits (Leistel et al., 1998) Geologically, the IPB is located within the South Portuguese Zone 
which is the southernmost tectono-stratigraphic unit of the Hercynian Iberian Massif (Julivert et al., 1972). 

 

Figure 7-1:  Regional geology of the IPB 

Source: AMV, 2022 

The IPB contains over 90 VHMS deposits. The estimated mineral endowment of the IPB before erosion is 
greater than 1,700 Mt with 14.6 Mt of copper, 35 Mt of zinc, 13 Mt of lead, 46,000 tonnes of silver and 
880 tonnes of gold, and many other metals, particularly tin (Iverno, 2015). Eight of these VHMS deposits are 
considered giant (>100 Mt), including Atalaya’s Rio Tinto mine and Masa Valverde, Tharsis, Aznalcóllar-Los 
Frailes, Sotiel-Migollas and La Zarza all in Spain and Neves Corvo and Aljustrel in Portugal (Iverno et al., 2015). 
The deposits range in thickness from 1 m to tens of metres locally increased by tectonic stacking. They extend 
along strike for up to a few kilometres and many are underlain as at Masa Valverde and Majadales with large 
stockwork zones. 

According to Oliveira (1990), the IPB can be divided into a southern parautochthonous (or rooted) branch 
and a northern, essentially allochthonous branch. The lithostratigraphic successions are relatively well 
established for the southern branch, but correlation of these with the northern branch are more difficult 
(Leistel et al., 1998). 

Lithostratigraphic succession in the IPB is complicated due to lateral facies variations and tectonic 
deformation (Leistel et al., 1998). The stratigraphic sequence of the IPB is generally divided into three main 
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groups distinguished from bottom (oldest) to top (youngest): the Phyllitic Quartzite (PQ) Group; the Volcano-
Sedimentary (VS) Complex and; the Culm Group as described below (Figure 7-2, Figure 7-3). 

 

Figure 7-2:  Geology of the IPB  

Source: Tornos, 2006 

 

Figure 7-3:  General stratigraphic column of the IPB 

Source: Tornos, 2006 
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The massive sulphide deposits of the IPB are hosted by the VS Complex, either directly in the black shale, 
which is the most common situation (e.g. at Tharsis, Sotiel) and at Masa Valverde-Majadales, or resting on 
acidic volcanic facies (e.g. at Rio Tinto, La Zarza), albeit commonly separated from the acidic volcanics by a 
thin pelitic layer (Figure 7-3). No massive sulphides are found lying directly on the basic rocks, although these 
facies are in places cut by feeder stockworks (e.g. at Rio Tinto). The exact position of the sulphide 
mineralisation is still debated because of different interpretations by various workers of tectonic structures 
affecting the IPB stratigraphic column and whether some of the magmatic emplacement was intrusive or 
volcanic (Leistel et al., 1998). It is generally accepted however, that there are two mineralised horizons 
equivalent to the tops of the two lower volcanic units (VA1 and VA2) (Ruiz et al., 2002). 

• PQ Group: The basal PQ Group is a Late Devonian (middle to late Famennian reaching Middle Tournaisian 
age in the SW Portugal Domain) more than 2,000 m thick sequence of shale and quartz sandstone 
siliciclastic shelf facies, rare conglomerate (shallow-water deposition, probably in an epicontinental sea), 
and a 30 m thick top sequence containing bioclastic carbonate lenses and nodules (shelf deposition) 
(Leistel et al., 1998; Tornos et al., 2009) 

• VS Complex: The VS Complex contains three principal dacitic to rhyolitic volcanic (pyroclastic and lavas) 
sequences which are interbedded with mafic lavas and sedimentary rocks. Black shale, sandstone and 
jasper layers occur within the two lower felsic volcanic sequences; a marker bed of purple slate separates 
these from the upper rhyolitic volcanic sequence (Ruiz et al., 2002). The estimated thickness of the late 
Famennian to early late Visean VS Complex varies by author: Leistal (1998) estimates 100–600 m thick; 
Ruiz et al. (2002) between 50 m and 800 m; and Tornos et al. (2009) up to 1,300 m thick. The VS Complex 
is interpreted to have been deposited in an intracontinental basin during the oblique collision of the 
South Portuguese Zone (Avalonia?) against the Iberian Massif (Gondwana) (Tornos, 2009).  

• Culm Group: The Culm Group (also known as the Baixo Alentejo Flysch Group) is a thick synorogenic 
turbidite formation (flysch) with an Early Carboniferous age (late Visean in the IPB, to Westphalian in the 
SW Portugal domain). The “Culm” postdates mineralization in the IPB and masks geochemical signatures 
and presents a challenge for detection of VMS deposits using geophysics. The flysch forms a south-
westward pro-grading detrital cover, diachronically overlying the VS Complex. Several basin formations 
are distinguished on the basis of sedimentological and palaeontological criteria. At the base of the Culm 
Formation, shaly and ash layer deposits (0 ±200 m) constitute the Basal Shaly Formation, intercalated 
between the VS sequence and the first turbidite facies (Leistel et al., 1998). 

The IPB and its massive sulphide deposits were subject to at least three phases of Hercynian age deformation 
(Ribeiro and Silva, 1983). The first phase led to asymmetric isoclinal folding verging to the south and 
southwest and development of west-northwest striking and north-dipping slaty cleavage. During this phase, 
shearing of the overturned limbs of the asymmetric folds resulted in stacking of normal fold limbs. The second 
phase of deformation led to undulation of some of the main fold axes and local development of crenulation 
cleavage. Quesada (1998) documented a third phase of deformation in the IPB: duplex-geometry thrusting 
with mylonitic foliation associated with flats and ramps (Ruiz et al., 2002). 

Quesada (1996) distinguished three IPB domains, Northern, Intermediate and Southern, on the basis of litho-
structural interpretation (Figure 7-2). In the Northern Domain, the VS sequence consists mainly of massive, 
submarine, acidic, intermediate and basic lavas interbedded with fine-grained sediments. Significantly, no 
quartz-rich sandstone has been recognised among the VS rocks of the Northern Domain, which is interpreted 
as evidence that this part of the IPB basin was isolated from the continental source of terrigenous clastics by 
an intermediate topographic high (the Intermediate Domain) (Leistal et al., 1998). This Northern Domain has 
the highest number of deposits, along a 26 km long and 5–10 km wide band (Figure 7-2). It includes small to 
medium size deposits, although it also includes the giant deposit of Aguas Teñidas. Base metal and gold 
contents in this domain make it the most attractive for exploration. From west to east, the most important 
mines are: San Telmo, Lomero-Poyatos, east Aguas Teñidas, Cueva de la Mora, Monte Romero, Concepción, 
San Platón, and San Miguel (Tornos et al., 2009). The most recent deposit discovered is the Magdalena 
deposit (2013). 
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The Intermediate Domain represents a topographic high that was eventually exposed and where significant 
explosive volcanic activity took place. This middle zone of the IPB has the smallest number of massive 
sulphide deposits. There are only two, although they are two of the most important ones: La Zarza and Rio 
Tinto (Figure 7-2). The massive sulphides in Rio Tinto display intermediate characteristics between those 
located in the northern and those in the southern zones of the IPB (Tornos et al., 2009). 

Conversely, the Southern Domain was supplied by continental sources and relatively minor, local volcanic 
activity (Leistel et al., 1998). It includes most of the giant deposits: Aznalcollar–Los Frailes, Sotiel-Migollas, 
Masa Valverde, Tharsis, and several tens of other smaller deposits (Figure 7-2). They share a series of common 
features such as slate host-rock, stratabound mineralisation, presence of a well-defined underlying 
“stockwork”, lack of strong zonation of metal contents, and high pyrite content (Tornos et al., 2009). Its 
formation corresponds to a single event of Late Famennian (Devonian) age, close to the boundary with the 
Carboniferous (Tornos et al., 2009). 

7.2 Property Geology 

The Masa Valverde and Majadales VMS deposits are both wholly within the P.I. Valverde Concession. 

The P.I. Beas concession is contiguous to the south and at a relatively early exploration stage. Both VMS 
deposits are “blind” hosted in the VSC beneath hundreds of metres of Culm. The Culm underlies over 50% of 
the P.I. Valverde concession and 76% of the P.I. Beas concession.  

Minor exposures of the lowermost PQ Group are present in the eastern extents of the two concessions. VS 
Complex rocks outcrop approximately 1,500 m east of the Masa Valverde massive sulphide deposit which is 
hosted by VS Complex rocks but underlying 400–800 m of Culm Group sediments (Figure 7-4).  

 
Figure 7-4:  Culm sediments at Masa Valverde  

Source: CSA Global, 2021 
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As discussed in Section 7.1, the PQ Group, VS Complex and Culm Group rocks were deformed during the 
Hercinian orogeny, giving rise to diverse multi-stage structures defined by the development of: (1) large scale 
complex folds verging south, with associated axial planar schistosity; (2) multiple fault sets, with a 
predominantly inverse component, predominantly east-west trends and southern vergence; and (3) vertical 
faults with northwest-southeast and northeast-southwest traces. The Valverde del Camino Syncline extends 
north towards Sotiel Coronada and is a significant structure northeast of the Project area. It is a complex fold 
of kilometre-scale magnitude with an average plunge of 20° to the west-northwest. Generated during the 
Hercynian ductile deformation phase it is cored by PQ Group rocks. 

The PQ Group rocks outcrop to the immediate east of the Project, and core the northwest trending Los 
Christos anticline which parallels the Valverde del Camino Syncline to the northeast. The PQ Group extends 
to the west beneath the VS Complex rocks on the western limb of the anticline into the Project area 
(Figure 7-4). It is typically a monotonous sequence of shale with alternating fine-grained sandstone and 
siltstone beds generally 10–20 cm but locally up to 1 m thick. No marker horizons are present in the sequence. 

The VS Complex is a heterogeneous sequence of felsic to mafic, intrusive and volcanic rocks intercalated with 
marine sediments lying beneath the underlying PQ Group sediments and the overlying Culm Group 
sediments. A shale unit within the VS Complex hosts the Masa Valverde and Majadales VMS deposits and the 
smaller Mina del Campanario, Madroño and Cibeles-Cruz Infante deposits and showings are hosted in silicic 
meta-volcanics within the Project area. 

The Campanario thrust fault superimposes VS Complex acidic volcanic rocks over contemporaneous and 
younger VS Complex slates and volcaniclastics. Good outcrops of this thrust are in the vicinity of the 
Campanario farmhouse, where a 15 m band of acid rocks (62) with very pronounced structure, is 
superimposed on top of a younger series of purple slates. 

The Culm Group sediments comprise a synorogenic turbidite mega-sequence conformably overlying the VS 
Complex in the western portion of P.I. Valverde and much of P.I. Beas. The total thickness of the group within 
the Project concessions is more than 500 m. Thrust faulting locally thrusts VS Complex and PQ Group rocks 
over the Culm Group sediments. 

Upper Miocene-age, flat-lying, ferruginous calcarenites of continental origin, totalling up to 250 m thick, 
unconformably overly the PQ Group and VS Complex in the southern portion of P.I. Beas. 

7.3 Masa Valverde–Majadales Deposit Complex 

The Masa Valverde and Majadales mineralised zones are hosted in black shale and felsic volcanics within VS 
Complex rocks on the southwestern flank of the Los Christos anticline . The two mineralised zones are 
elongated along a north-westerly strike and are just 1 km apart. The deposits are at a depth of 300–400 m 
and blind beneath thick Culm sedimentary rocks. The Masa Valverde and Majadales mineralised zones are 
about 1 km south of the four old mine workings at Mina del Campanario. Both mineralised zones at Masa 
Valverde comprises massive and stockwork sulphides. Masa Valverde covers an area of at least 1,200 m x 
200 m and the known footprint of the Majadales mineralisation is currently some 750 m long with a 
maximum width of 200 m. The Masa Valverde deposit plunges 30º northwest from a depth of approximately 
430 m to at least 800 m below surface. It is made up of two massive and semi-massive sulphide bodies 
separated by what is described as “stockwork” mineralisation (Figure 7-5). Note that the mineralisation 
described as stockwork” at Masa Valverde is very different from the classic stockworks described ta the Rio 
Tinto mine (A,Farci personal communication to John Barry, 2021).  
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Figure 7-5:  Very sharp footwall contact to “stockwork” style mineralisation in drillhole MJ-11 

The Majadales deposit is slightly shallower starting at a depth of about 300 m (reference drillhole MJ11) and 
extends to a depth of 450 m. The footprint of the Majadales deposit is about 600 m x 200 m and averages 
around 8 m in thickness. Majadales is marginally richer in copper and contains only one Sulfido Massivo lens 
compared to two at Masa Valverde. Majadales is effectively closed in all directions and latest drilling has 
failed to connect it with the larger Masa Valverde deposit. 

At Masa Valverde, the thickness of the upper body varies between a few metres and 70 m, and it consists of 
a single lens of Sulfuro Massivo massive sulphides with interbedded tuff and shale and an underlying 
stockwork zone. The lower Sulfuro Massivo body at Masa Valverde is smaller and thinner than the upper one. 
Overall, the details of the internal structure of the two deposits are poorly understood. The stockwork zones 
have been intersected mainly beneath the upper one (Figure 7-6) where it locally exceeds 100 m in thickness. 
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Figure 7-6:  Photo taken from higher ground down toward collar of MV-40 29S 0689793/4157044 where the three 

geologists are standing over the mineralised body footprint 

At the larger scale, an example of the abrupt closure to mineralisation is at the southeast end of Masa 
Valverde where drillhole MV40 (29S0689793/4157044) which cut 40 m of massive sulphide whereas MJ34 
bis (29S0689829/4157040) just 40 paces away was barren. 

At the drill-core scale, there can be a sharp footwall contact between mineralised stockwork and the barren 
shales. 

Drilling indicates that the VS Complex in the Masa Valverde area is more than 425 m thick and consists of 
alternating shales, tuffites, tuffs and siliceous exhalites (see below). The main footwall lithologies are black 
and calcareous grey shale and felsic tuffs, the main hangingwall lithologies are shale and, occasionally, tuffite. 
Lenses of siliceous exhalites are also found both in the footwall and hangingwall of the Masa Valverde 
massive sulphides, typically a few metres away from them. The siliceous exhalites form stratiform, lens-
shaped bodies of chert in sharp contact with their host rocks. These chert lenses vary from 1 cm to 3 m thick 
but are typically only a few centimetres thick.  
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Figure 7-7:  Type geological cross-section (Section 14) at Masa Valverde ATM, 2021) 
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The presence of numerous layers of shale and tuffite in the Masa Valverde area is consistent with its location 
within the Southern Domain of the IPB, which is characterised by the abundance of sedimentary facies rocks 
(Quesada, 1996; Leistel et al., 1998a).  

The stratigraphic column in the Masa Valverde area is characterised by rapid lateral variations of facies and 
thickness, both with respect to host rocks and the massive sulphides (Figure 7-4). The upper section of the 
VS Complex in the Masa Valverde area is missing, and the Culm Group rocks directly overlie the VS rocks 
hosting the massive sulphides.  

Within the southeast IBP, dolerite (diabase) intrusive rocks, including sills, are common close to the Devonian 
contact. However, these like the basic volcanics, appear to die out towards the Masa Valverde area. Thin 
dolerite dykes and late diabase dykes have been previously reported in Adaro drill core logs as well as in 
recent ATM logs. 

The general stratigraphy of the VS Complex host rocks has been established based on diamond drill core and 
outcrop exposure about 1,500 m east of the deposit. Drilling at Masa Valverde has intersected rock units 
from the Culm Group down to the Distal VS rock of the VS Complex (Figure 7-4). The general stratigraphy 
from top to base is: 

• Overlying Culm sediments: 

o The Culm Group varies from 400 m to greater than 800 m vertical thickness in the deposit area and 
consists of a sequence of alternating grey and black shale, occasionally containing goniatites, 
sandstone and greywacke (Ruiz et al., 2002). Green-grey banded fine-grained sericitic tuff bands 
(referred to as “cineritas”) occur locally and narrow dolerite dykes are present (CME, undated 
memo). 

o In some drillholes, cineritas (volcanic ash) and shaley tuffs are logged in the Culm Group within 200 m 
of surface. It is uncertain whether these volcanic rocks are a conformable part of the Culm sequence 
or thrust repeats of the VSC Acid and Intermediate Volcanics rocks. Resolving these issues has major 
significance for drill targeting. 

• VSC Acid to Intermediate Volcanics: 

o Acid to Intermediate Volcanics, both associated with purple sediments (see below) and overlying 
them have been logged as distal fine-grained tuffs, shaley tuffs and cineritas. These are reported to 
be indistinguishable from the Distal VS rocks discussed below. In some drillholes, the entire volcanic 
sequence was logged as a sequence of alternating fine-grained tuffs, shaley tuffs and cineritas in 
varying proportions and varying degrees of banding. Within the Acid to Intermediate Volcanics 
however, a more proximal volcanic package was logged in many drillholes, generally described as a 
grey to grey-green acid porphyritic tuff with occasionally lavas. These rocks are commonly chloritic 
and, in some zones silicified, with a schistose nature and grain-size varying from medium grained to 
agglomeratic or brecciated, sometimes with cineritas clasts. 

o Adaro logging suggests that the more proximal rocks typically make up from 20% to 60% of the 
defined Acid to Intermediate Volcanics intervals. Proximal volcanic intervals logged by Adaro ranged 
from a few metres to over 50 m. Clasts up to 7 cm in diameter have been logged in drill core.  

o A very similar sequence of volcanics is seen at the Campanario mine area some 2 km to the east 
where they host VMS mineralisation. This suggests that there is general continuity of the host 
volcanic sequence between the Masa Valverde and Campanario deposits and that the sequence has 
widespread potential to host massive sulphide mineralisation. 

• VSC Purple Sediments: 

o Purple sediments, where present, are always a striking feature of the IPB stratigraphy. They can be a 
valuable stratigraphic marker both locally and regionally. They are intersected in a number of holes 
at Masa Valverde and are described as purple shales with green cineritas bands, fine radiolaria and 
locally ferruginous oolites and jasper. In general, these sediments provide a useful constraint in 
geological modelling. 
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• VS Complex Distal VS Rocks: 

o The lowermost distal volcanosediments that have been logged are principally composed of two 
lithologies: (1) grey fine-grained tuffs and shaley tuffs; and (2) green-grey banded sericitic fine-
grained tuffs (cineritas). This is the lowest part of the VS Complex intersected in the Adaro and CME 
drillholes. 

• VSC Basic Volcanics (surface exposures to the east – dying out at depth towards Masa Valverde VMS 
deposit). 

• Basal PQ Group Sediments with minor volcanics and sub-volcanic rocks (surface exposures east of 
deposit). 

All lithologies within the Masa Valverde area, including the Culm and the massive sulphide deposits, 
underwent tectonic deformation and very low to low grade metamorphism during the Hercynian orogeny 
(Ruiz et al., 2002). The effect of the Hercynian metamorphism in the deposits is limited to local 
recrystallisation of the sulphides. Multistage tectonic deformation led to tight isoclinal folds verging to the 
south-southwest and reverse faults. The massive sulphide deposits show evidence of faulting and tectonic 
brecciation, but the evidence available from drill data is limited. The deposit follows the N120E trend of the 
IPB and is divided into various blocks by late north-northeast faults. These blocks are generally downthrown 
toward the west. Consequently, the western limit of the deposit, which is still open, occurs at a depth of 
more than 800 m. 

 
Figure 7-8:  Generalised stratigraphic column in the Masa Valverde deposit at the contact between the VS Complex 

and the Culm sequence 

Source: Ruiz, 2002 
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7.3.1 Hydrothermal Alteration 

Hydrothermal alteration of the host rocks associated with mineralisation at Masa Valverde is similar to other 
VMS deposits of the IPB and includes chloritization, sericitization, carbonatization and silicification (Ruiz et 
al., 2002). Silicification represents the most intense alteration type and is found mainly within the sulphide 
zones; the intensity of silicification is highly variable. Chloritization is observed both within the mineralised 
zones and their surrounding host rocks. Sericitization is pervasive and typically better developed within the 
surrounding host rocks, where it extends beyond the reach of chloritic alteration. Carbonatization is less 
common and accompanies chlorite. Hydrothermal alteration appears to be more extensive in the footwall 
zone of the deposit, where it exhibits a roughly concentric zonation, with an inner silicic and chloritic zone 
and an external sericitic zone. Chloritization has not been observed in the hangingwall VS Complex rocks. 

7.3.2 Massive Sulphides 

The immediate host rocks of the massive sulphide bodies are black carbonaceous shales. The massive 
sulphide is fine to medium grained. The mineralogy of the Masa Valverde and Majadales massive sulphide 
mineralisation is simple and similar to other massive sulphide deposits in the IPB (Ruiz et al., 2002). It consists 
of pyrite and, to a lesser degree and in order of decreasing abundance, sphalerite, galena, chalcopyrite, 
tetrahedrite and arsenopyrite. There is coarsening of the pyrite in some parts of the deposit, but pyrite more 
than 1 mm diameter is rare. Accessory minerals include bournonite, stannite, pyrrhotite, cassiterite, cubanite, 
native bismuth, cosalite and electrum. Pyrite occurs in aggregates of subhedral and euhedral crystals, 
occasionally zoned and corroded by later chalcopyrite. Framboidal, colloform and oolitic textures as well as 
concentric alternations with chalcopyrite and tetrahedrite are also common; as it is at other VMS deposits of 
the southern zone of the IPB (Tharsis, Sotiel y Aznalco llar) (Velasco et al., 1998). Sphalerite is found within 
the massive pyrite or filling micro-cavities or micro-fissures. Sometimes it forms isolated zoned crystals and 
layers alternating with other sulphides, more rarely it is colloformic in texture. Galena and chalcopyrite occur 
within and between pyrite crystals, occasionally forming colloform textures, micro-veinlets and sometimes 
replacing pyrite. Tetrahedrite appears between pyrite crystals, forms micro-veinlets which crosscut 
chalcopyrite and galena, and is occasionally colloform.  

Gangue minerals, which make up to 0.5% to 12% of the massive sulphide deposits, are mainly quartz and 
carbonates (Ruiz et al., 2002). They occur within the sulphides, or form veinlets or fill cavities in brecciated 
sulphides. Ankeritic and sideritic carbonates were deposited after the quartz and are replaced by iron-poor 
sphalerite along the carbonate cleavage. Sericite and chamosite, which form flakes and radial aggregates 
between the sulphides, are scarce. 

Two types of massive sulphide are recognised at Masa Valverde and Majadales ore deposits: (1) massive 
pyrite, devoid of clear lamination, with >90% pyrite; and (2) banded with 50% to 65% pyrite. The massive 
pyrite type represents about 75% of the massive sulphide mineralisation and makes up the bulk of the lower 
massive sulphide body, where the banded type is rare. The banded-type mineralisation occurs mainly at the 
top of the upper massive sulphide body, and its thickness ranges from several decimetres to 38 m apparent 
thickness (core length). 

The massive pyrite type of mineralisation is formed almost entirely by euhedral or subheudral pyrite 
aggregates. Occasionally, the pyrite is framboidal, colloform and oolitic, and when this pyrite is located at the 
base of the upper zone, it can be accompanied by chalcopyrite and some sphalerite. 

The banded type of massive sulphide shows a layered texture due to: (a) alternating layers of pyrite with 
sphalerite, galena and chalcopyrite, occasionally tetrahedrite; (b) disseminated pyrite within silicate- and 
carbonate-rich layers intercalated in the massive pyrite type or in the country rocks; (c) graded bedding of 
pyrite grains, which range from 3 µm to 1 mm across, in layers intercalated with the massive pyrite type. 
Slumping and breccia textures are also frequent in the massive sulphides of Masa Valverde; slumping due to 
syn-sedimentary debris flow and breccia interpreted to be the result of tectonic deformation. 

The Masa Valverde and Majadales massive sulphide bodies show chemical zoning similar to that observed in 
other VHMS deposits; copper content is higher in the lower part of the upper massive sulphide body, while 
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the zinc and lead contents are higher towards the upper part of this zone. In the lower massive sulphide 
body, however, the zoning for copper and lead is reversed (Ruiz et al., 2002). Majadales appears to be more 
enriched in copper compared to Masa Valverde. 

7.3.3 Stockwork Sulphides 

The stockwork sulphides, which typically occur directly below the massive sulphide lenses, are formed by 
anastomosing veinlets and irregular blebs and sometimes crosscutting, clearly defined veins measuring 
several millimetres up to 15 cm in thickness. The stockworks are normally hosted by chloritites, locally they 
occur within altered felsic tuffs and, exceptionally, black shales. These stockwork sulphides are quite different 
form the stockwork feeder zones at the Rio Tinto mine (A. Farci personal communication to John Barry, 2021). 
In the typical stockwork of Cerro Colorado, Riotinto the host rock is acid volcanic, most commonly is 
rhyodacite but dacite. The stockwork is made by sulphides, mainly pyrite and chalcopyrite with locally some 
areas are also enriched in sphalerite and galena. The thickness of anastomosing veinlets is variable from 
millimetres up to decimetres. The mineralisation is always associated with hydrothermal alteration: 
chloritization, sericitization and silicification. If the alteration is chloritic, usually the mineralogy is “cleaner” 
with only pyrite and chalcopyrite. At Masa Valverde and Majadales, the host rocks are black shales; 
exclusively at Majadales but also acid volcanics in places at Masa Valverde. The shales vary from black to dark 
grey and the sulphide mineralisation consists mostly of pyrite and chalcopyrite. The hydrothermal alteration 
is generally weak or absent.  

The stockworks at both Masa Valverde and Majadales seem to be relatively enriched in copper compared to 
sulfuro masivo. 

Pyrite in the stockwork veinlets is euhedral to subhedral, with crystals 5 μm to approximately 1 mm across, 
alone or in aggregates. Among the pyrite crystals there are lesser quantities of chalcopyrite, which sometimes 
forms thin anastomosing veinlets together with traces of sphalerite and tetrahedrite. Sphalerite frequently 
exhibits chalcopyrite disease texture, where small blebs and flakes of chalcopyrite are arranged along the 
crystallographic planes. Pyrrhotite, which forms rounded crystals 4 µm across, and arsenopyrite are very 
scarce in the stockwork sulphides and are present as inclusions in pyrite. CME notes that late chalcopyrite-
dominant veins associated with silicification and quartz are associated with highest stockwork copper grades. 

Non-metallic minerals in the stockwork are chlorite, carbonates and quartz. Chlorite appears as micro- to 
crypto-crystalline aggregates and occasionally as well developed isolated crystals with shredded borders. 
Carbonates (ankerite or siderite occur interstitially between the sulphides which they sometimes traverse in 
veinlets, and their texture varies from micro to macro-crystalline with well developed, sometimes euhedral 
crystals. Quartz is frequently feathery and sometimes forms pressure shadows on the sulphide crystals. 

The term chloritite(s) is used to describe IPB rocks essentially made up of chlorite and directly related to 
massive sulphides mineralisation (Ruiz et al., 2002). In Masa Valverde, the chloritites are common beneath 
the massive sulphide bodies and are typically spatially associated with the stockworks. They vary in colour 
from greyish-green to dark green and consist of chlorite, minor quartz and small euhedral zircon, with rutile 
and apatite as accessory minerals. Based on electron microprobe analyses of chlorites, the chloritites closer 
to the sulphide lenses are enriched in iron and manganese, and depleted in magnesium, relative to chloritites 
at lower stratigraphic levels. 

The chloritites, whose development was fracture controlled and preceded formation of the stockwork, are 
interpreted to represent the channel-ways for the mineralising fluids. The stockwork was formed in two 
stages: the first included chloritization, incipient carbonatization and sulphide deposition, while the second, 
which took place after hydrothermal brecciation of the early-stage stockwork, involved the formation of new 
quartz, chlorite and carbonate veinlets. Furthermore, as a consequence of the tectonic processes affecting 
the deposit after its formation, the chloritites exhibit tectonic banding and, like the stockwork, may be 
refolded, brecciated and sheared. 
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8 Deposit Types  

The exploration target at the Masa Valverde Project is a VHMS deposit typical of the IPB. 

The VHMS deposits are of the felsic-siliclastic type and mostly of the zinc-lead-copper and zinc-copper-lead 
metal content types (Iverno et al., 2015). 

8.1 Physical Model – Volcanic Hosted Massive Sulphide Deposits 

The following summary description of the VMS deposit model is extracted from Shanks et al. (2010). 

“Volcanogenic massive sulfide deposits are stratabound concentrations of sulfide minerals precipitated from 
hydrothermal fluids in extensional seafloor environments. The term volcanogenic implies a genetic link 
between mineralization and volcanic activity, but siliciclastic rocks dominate the stratigraphic assemblage in 
some settings. The principal tectonic settings for VMS deposits include mid-oceanic ridges, volcanic arcs 
(intraoceanic and continental margin), backarc basins, rifted continental margins, and pull-apart basins. The 
composition of volcanic rocks hosting individual sulfide deposits range from felsic to mafic, but bimodal 
mixtures are not uncommon. The volcanic strata consist of massive and pillow lavas, sheet flows, 
hyaloclastites, lava breccias, pyroclastic deposits, and volcaniclastic sediment. Deposits range in age from 
Early Archean (3.55 Ga) to Holocene; deposits are currently forming at numerous localities in modern oceanic 
settings. 

Deposits are characterized by abundant Fe sulfides (pyrite or pyrrhotite) and variable but subordinate 
amounts of chalcopyrite and sphalerite; bornite, tetrahedrite, galena, barite, and other mineral phases are 
concentrated in some deposits. Massive sulfide bodies typically have lensoidal or sheetlike forms. 

Many, but not all, deposits overlie discordant sulfide-bearing vein systems (stringer or stockwork zones) that 
represent fluid flow conduits below the seafloor. Pervasive alteration zones characterized by secondary quartz 
and phyllosilicate minerals also reflect hydrothermal circulation through footwall volcanic rocks. A zonation 
of metals within the massive sulfide body from Fe+Cu at the base to Zn+Fe±Pb±Ba at the top and margins 
characterizes many deposits. Other features spatially associated with VMS deposits are exhalative (chemical) 
sedimentary rocks, subvolcanic intrusions, and semi-conformable alteration zones.” 

Based on the host-rock types, the IBP VMS deposits have been placed in Galley’s (2007) Felsic-Siliciclastic 
VMS deposit category (Figure 8-1).  

 

Figure 8-1:  The Felsic-Siliciclastic-hosted VMS model includes the IPB VMS deposits 

Source: Galley, 2007 
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8.2 Genetic Model – Volcanic Hosted Massive Sulphide Deposits  

In the IPB, most of the massive sulphide deposits are hosted by the VS Complex rocks (Tornos, 2009). The 
mineral paragenesis is dominated by pyrite, with more accessory proportions of sphalerite, galena and 
chalcopyrite, together with a wide variety of minerals. There are two main types of mineralisation. In the 
southern zone, where Masa Valverde lies, large pyrite-rich slate-hosted deposits prevail and are considered 
exhalative deposits formed in third order marine basins by brine accumulation and biogenic activity 
processes. The second mineralisation type prevails in the northern zone and is characterised by massive 
sulphides hosted in pumice-rich volcanoclastic rocks in the marginal areas of domes. These deposits are richer 
in base metals than the southern ones and are considered to form by replacement of the volcanic rocks 
(Tornos, 2006). Stratabound deposits of manganese are spatially associated with the massive sulphide 
deposits. 

Broadly speaking, the massive sulphides are interpreted as precipitates from circulation of deep fluids 
balanced with the PQ Group, which is also the source of the metals and part of the sulphur (Figure 8-2). The 
massive sulphides would have precipitated by mixing these fluids with modified sea water, with most of the 
sulphate biogenically reduced to sulphur (Tornos, 2009). 

 
Figure 8-2:  Conceptual model for the formation of massive sulphide deposits in the IPB 

Source: Tornos, 2006 

Based on mineralogical and chlorite-thermometry studies carried out at Masa Valverde, Ruiz et al. (2002) 
propose that the massive sulphide lenses and underlying stockwork originated during at least two main 
stages of hydrothermal activity. The earlier mineralising fluids would have discharged onto the sea floor 
resulting in the deposition of pyrite with sphalerite and galena. Later, with continued input of high 
temperature fluids, chalcopyrite precipitated in an ascending copper-front, especially in the stockworks and 
at the base of the sulphide lenses. 
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The depth of sub-marine emplacement of the VS sequence and of the sulphide mineralisation is still open to 
debate (Leistel et al., 1998). The presence of subaerial volcanism, of sedimentary facies and structures typical 
of littoral environment, of a neritic fauna in the Upper Devonian pelites in the hangingwall of some massive 
sulphide deposits, and the mechanical constraints on generation of stockwork fractures favour the 
interpretation of genesis in a shallow-water environment (Leistel et al., 1998). Conversely, it is well known 
that a great water column is necessary to prevent the boiling of metalliferous fluids at greater depth 
underground and the correlative phases separation between metals and fluids. Part of this contradiction can 
be solved by invoking the role played by cherts and some sediments acting as a mechanical barrier for fluids 
(Leistel et al., 1998). 

At a regional scale, the formation of massive sulphides was determined by the Hercynian transpressive 
tectonics (Tornos, 2009). Crustal thinning and fault development facilitated the intrusion of basic magmas 
into the crust, increasing the geothermal gradient and generating acid magmas. These processes also 
favoured the diagenetic and metamorphic accelerated evolution of the PQ Group with the expulsion of saline 
water basin fluids rich in metals, which joined the convective cells generated by the intrusion of acid magmas 
(Figure 8-2). The time overlap of these processes suited the founding of huge hydrothermal networks capable 
of leaching out large amounts of metals and depositing them in specific environments, normally by mixing 
them with biogenically-reduced sulphur. Supergene alteration of these massive sulphides created cap-rocks 
or large gossan outcrops, usually enriched in gold-silver. These gossans covered the massive sulphides and 
have been systematically mined since ancient times. They are massive and do not show any obvious zoning 
except for a metre-thick bed at the base, enriched with jarosite, where gold and silver concentrated. 

8.3 Exploration Guides – Volcanic Hosted Massive Sulphide Deposits  

Based on studies at Masa Valverde to date, selection of VMS exploration targets at the Project where tuffs 
and sedimentary rocks are the dominant host lithologies, should consider (Ruiz et al., 2002): 

• The existence of a close relationship between the massive sulphide lenses and some characteristic 
pyroclastic and sedimentary horizons, namely tuffs in the footwall of the deposit and black shales in the 
hangingwall 

• Light rare earth element (REE) enrichment of the altered host rocks 

• A roughly zoned hydrothermal alteration of the chloritites hosting the copper-rich stockwork, where 
there is a significant remobilization of zinc and REE, and a strongly negative europium anomaly. 
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9 Exploration  

AMV holds the P.I. “Valverde” and “Beas” exploration concessions, which cover the Masa Valverde and 
adjacent Majadales massive sulphide deposits. Masa Valverde was discovered by Adaro-Peñarroya in 1986 
by diamond drill testing of a gravimetric anomaly. Geophysics has been an effective exploration tool given 
the high density and high electrical conductivity contrast of the massive metal-sulphide mineralisation with 
the surrounding rocks. 

During the second year of Atalaya’s Option-JV extension (2018–2019), an exploration program was carried 
out to further interrogate and drill-test the geophysical anomalies selected outside the known footprint of 
the Masa Valverde deposit. Completed work includes: 

• New terrestrial geophysics campaigns, TEM (moving-loop) EM measurements within boreholes and a 
VTEM airborne geophysics campaign 

• A drilling campaign was conducted with a total of 27 drillholes “MVE” series six drillholes for 3,283.85 m 
followed by three drillholes, “CA” series, for 1,274 m around the old Campanario workings and then 18 
drillholes “MJ” series for 9,241.7 m. 

Majadales was discovered 1 km east of Masa Valverde testing a coincident gravimetric (B2) and TEM-SQUID 
anomaly (TEM-4) with step out drilling (Figure 9.1). 

 

 

 

Figure 9-1:  Gravimetric and TEM-SQUID (moving-loops) anomalies reported in April 2017 over the Majadales area. 

Source: IGT report “P.I. “Valverde” y “Beas”. Reconocimiento geofísico mediante el método TEM, empleando un 
sensor SQUID. April 2017.” 
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During 2020 a soil geochemistry survey was completed by AMV at Campanario and north-eastern of PI 
Valverde (511 soil samples). Six zones with anomalous soil values were outlined, four of them along the known 
Campanario-Descamisada trend, two of them out of the known prospective trend. 

9.1.1 AMV Geophysics  

AMV completed some limited downhole EM surveys and surveyed 3 profiles with TEM-SQUID (moving-loops) 
before exercising an option to buy the Project in 2019. 

After the initial waves of the COVID-19 pandemic, between April and late August 2021 AMV commenced fixed-
loop EM SQUID surveys along the Masa Valverde–Majadales corridor. The survey was very effective and 
showed up Masa Valverde as a strong anomaly and generated several other strong “loop” EM anomalies (see 
Figure 9-2). Curiously, Majadales was not detected by the airborne EM survey. This may be related to the 
overall much smaller size and lower intensity of the mineralisation at the latter with a single massive sulphide 
body only 2 Mt to 5 Mt compared to two stacked massive sulphide bodies at Masa Valverde on the order of 
70 Mt to 80 Mt. 

When a high conductivity anomaly spatially coincides with a positive gravimetric anomaly there is a higher 
probability that it is due to the response of a massive sulphide metal deposit. Consequently, ground 
exploration programs for buried VMS deposits currently carried out in the IPB typically start with gravimetric 
surveys followed by ground electromagnetic surveys. EM is a good way to cover a lot of ground quickly. The 
search depths of EM systems have been gradually increasing through the decades as the instruments become 
more sensitive using superconducting devices instead of conventional inductive coils. This increasing 
sensitivity is particularly relevant to exploration in the Valverde and Beas exploration areas where the fixed-
loop EM SQUID has been highly effective in identifying massive sulphide deposits deep beneath the post-
mineralisation Culm Formation. 

Most recently, MATSA discovered the blind Magdalena deposit in 2013, which it attributes to the use of 
recently developed deep penetrating geophysical methods including the airborne VTEM method and 
Downhole EM. 

The Loop 5 anomaly is being prioritised for drill testing and has a similar size and response intensity to Masa 
Valverde. The depth estimation of the “Loop 5” sulphide body is approximately 250–450 m below surface 
but resolution is likely ±150 m. The Loop 9 anomaly is smaller and lies between Masa Valverde Loop 5 at a 
similar depth. Loop 14 along the parallel Campanario Trend about a kilometre north-northeast of Masa 
Valverde looks particularly compelling from an exploration perspective. There appears to be two stacked 
anomalies on section, between 400 m and 1 km depth. Loop 6 about 3 km further along strike to the 
northwest from Loop 14 is at a depth range of between 600 m and 800 m (see Figure 9-2). 
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Figure 9-2:  SQUID Survey main anomalies at 1 and 5 Ohm-meter resistivity overlaying Masa Valverde and Majadales drilling locations and regional geology 

Source: Atalaya, 2021 
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In summary, there are several compelling geophysical anomalies with similar signatures to Masa Valverde 
which have not been drilled. Masa Valverde is a very large, massive volcanic massive sulphide and there 
appears to be abundant discovery potential in the camp for new polymetallic resources. The discovery 
threshold for economic deposits in the camp would be established once a Preliminary Economic Assessment 
is completed on Masa Valverde. A development plan would involve trucking ore from mines exploited in this 
camp a distance of 39 km by road (28 km straight line) to a concentrator and solvent extraction-
electrowinning plant at Atalaya’s Cerro Colorado (Rio Tinto) mine. 
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10 Drilling 

10.1.1 ATM Drilling 

Since the 2017 Mineral Resource estimate, ATM focused on the southeast extension of the main Masa 
Valverde Zone. Four drillholes within the MV footprint and one drillhole MJ-30 in the northwest edge of the 
MV-Zone. Three drillholes (MJ-36, MJ-24, MJ-38) to incrementally extend to the southeast toward Majadales. 
There was no drilling during the COVID-19 period in 2020.  

The latest drilling campaign commenced in May 2021 commencing with diamond drillhole MJ34. In August 
2021 during the time of the Qualified Person’s visit, seven new drillholes had been completed with another 
five drillholes to be completed. 

At the end of the project (2021 and 2022), a total of 17,130 m was drilled at Majadales project area and a total 
of 11,294 m at Masa Valverde project area. Table 10-4, 10-2 and 10-3 show the collar information and 
significant intercepts for Masa Valverde and Majadales respectively. 

Drilling, logging and sampling protocols and procedures are identical to those described in Section 6.4. 

Table 10-1: Summary of ATM drillholes for the most recent campaign (2021-2022) 

Project Hole ID 
Easting  

(m) 

Northing 

(m) 

Elevation 

(m) 

Length  

(m) 
Dip Azimuth 

Drillhole 
started 

Drillhole 
completed 

Majadales MJ35 691180.88 4156222.35 163.01 452.8 -90.00 180 30-May-21 28-Jun-21 

Majadales MJ37 691257.59 4156134.49 166.34 582.0 -90.00 180 29-Jun-21 25-Jul-21 

Majadales MJ39 691034.01 4156321.63 165.92 458.0 -89.00 180 26-Jul-21 11-Aug-21 

Majadales MJ41 690984.36 4156389.65 164.26 476.7 -80.00 330 12-Aug-21 26-Aug-21 

Majadales MJ48 691196.78 4156362.12 152.74 546.0 -82.00 320 30-Nov-21 09-Jan-22 

Majadales MJ49 690973.35 4156390.75 164.11 516.0 -87.00 250 10-Jan-22 22-Jan-22 

Majadales MJ50 690971.69 4156388.58 164.18 426.0 -90.00 180 24-Jan-22 03-Feb-22 

Majadales MJ51 691067.70 4156268.59 169.57 405.2 -85.00 15 24-Jan-22 08-Feb-22 

Majadales MJ52 691019.86 4156315.93 165.56 448.2 -80.00 205 08-Feb-22 17-Feb-22 

Masa 
Valverde 

MJ34BIS 689827.18 4157039.07 131.95 622.1 -84.00 210 16-May-21 17-Jun-21 

Masa 
Valverde 

MJ36 689578.70 4157140.76 97.88 632.0 -45.00 215 20-Jun-21 07-Jul-21 

Masa 
Valverde 

MJ38 689502.13 4157165.99 88.48 739.5 -60.00 215 08-Jul-21 04-Aug-21 

Masa 
Valverde 

MJ40 689344.41 4157330.93 90.84 831.5 -45.00 215 08-Aug-21 07-Sep-21 

Masa 
Valverde 

MJ42 689246.81 4157387.51 102.53 794.8 -85.00 200 27-Aug-21 18-Oct-21 

Masa 
Valverde 

MJ43 689266.70 4157304.23 98.88 803.1 -72.00 215 08-Sep-21 03-Oct-21 

Masa 
Valverde 

MJ44 689139.64 4157493.04 110.25 854.2 -60.00 215 05-Oct-21 04-Nov-22 
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Project Hole ID 
Easting  

(m) 

Northing 

(m) 

Elevation 

(m) 

Length  

(m) 
Dip Azimuth 

Drillhole 
started 

Drillhole 
completed 

Masa 
Valverde 

MJ45BIS 689378.20 4157331.70 90.00 757.2 -90.00 180 19-Oct-21 19-Nov-21 

Masa 
Valverde 

MJ46 689543.00 4157190.00 112.00 779.7 -72.00 215 19-Oct-21 29-Nov-21 

Masa 
Valverde 

MJ47 688546.00 4157890.00 98.51 1170.4 -90.00 180 22-Oct-21 18-Feb-22 

 

Table 10-2:  ATM diamond drillholes – significant intercepts Masa Valverde 

Mineralization Drillhole From (m) To (m) 
Intercept 

(m)* 
Cu (%) Pb (%) Zn (%) 

Ag 
(g/t) 

Au 
(g/t) 

Massive sulphides 

MJ36 412.00 466.90 54.90 0.37 1.60 2.75 37 0.62 

including 423.00 440.00 17.00 0.25 2.73 3.94 56 0.68 

MJ36 519.20 531.00 11.80 1.24 0.54 0.40 28 0.42 

MJ36 566.00 573.00 7.00 1.02 0.17 0.02 25 1.13 

MJ38 423.00 467.00 44.00 0.54 1.08 3.11 28 0.52 

including 423.00 428.00 5.00 0.21 4.45 10.11 57 1.07 

and 432.00 444.00 12.00 0.51 0.82 4.79 26 0.63 

and 478.00 497.00 19.00 1.13 0.08 0.33 9 0.06 

MJ38 537.00 563.00 26.00 0.42 2.30 4.57 50 0.90 

MJ38 579.00 596.00 17.00 0.18 2.68 2.67 80 0.80 

MJ40 506.00 554.00 48.00 0.49 1.23 4.31 48 1.00 

MJ40 710.00 789.00 79.00 0.69 0.68 2.78 26 0.42 

MJ42 508.00 559.00 51.00 0.43 2.53 3.48 66 1.44 

including 524.00 548.00 24.00 0.37 3.18 5.36 65 1.29 

MJ43 506.00 526.00 20.00 0.15 1.81 0.44 87 0.80 

MJ43 554.00 568.00 14.00 2.04 1.16 1.06 17 0.16 

MJ45BIS 469.30 492.00 22.70 0.80 2.25 2.28 60 2.04 

MJ45BIS 551.00 576.00 25.00 0.87 0.11 0.75 11 0.31 

including 551.00 558.00 7.00 0.71 0.13 1.40 15 0.45 

Stockwork Zone 

MJ38 513.00 524.00 11.00 0.71 0.04 0.21 5 0.25 

MJ40 554.00 569.00 15.00 0.10 0.77 2.37 16 0.27 

MJ42 614.00 618.00 4.00 0.89 0.16 1.19 14 0.32 

MJ43 570.00 652.00 82.00 1.34 0.06 0.16 7 0.13 

MJ44 692.00 710.00 18.00 0.98 0.04 0.53 5 0.04 

MJ45BIS 600.00 657.00 57.00 1.14 0.03 1.18 6 0.33 

*Intercepts are downhole core lengths not true thicknesses. The relationship between true thickness and intercept thickness is not 
accurately known, except to say that the intercept angle is at a relatively high angle. 
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Table 10-3:  ATM diamond drillholes – significant intercepts Majadales 

Mineralization Drillhole From (m) To (m) 
Intercept 

(m)* 
Cu (%) Pb (%) Zn (%) 

Ag 
(g/t) 

Au 
(g/t) 

Massive sulphides 

MVE4BIS 350.20 355.50 5.30 1.82 0.92 2.18 78 0.32 

MJ1 349.90 354.10 4.20 1.81 1.78 4.23 64 0.65 

MJ2 323.15 327.15 4.00 1.17 2.31 3.86 111 0.39 

MJ6 354.90 378.40 23.50 1.01 1.40 3.01 53 0.22 

MJ7 377.65 385.15 7.50 0.81 2.70 5.04 85 0.14 

MJ8 383.90 401.60 17.70 1.16 1.89 4.66 53 0.40 

MJ9 397.50 418.20 20.70 1.25 0.62 1.71 32 0.38 

MJ11 337.55 349.65 12.10 0.95 2.21 5.26 63 0.43 

MJ13 392.10 404.90 12.80 0.89 2.51 4.38 76 0.30 

MJ18 376.20 385.15 8.95 0.72 1.75 3.52 51 0.21 

MJ19 403.80 410.80 7.00 0.99 1.70 2.58 51 0.19 

MJ35 336.20 341.00 4.80 0.91 0.14 0.07 29 0.17 

MJ39 351.80 364.00 12.20 1.20 2.83 4.91 77 0.27 

Semi-Massive 
sulphides 

MJ7 385.15 392.70 7.55 0.39 0.40 1.24 8.9 0.10 

MJ8 401.60 407.80 6.20 1.01 0.62 1.23 19 0.07 

*Intercepts are downhole core lengths, not true thicknesses.
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Figure 10-1:  Masa Valverde and Majadales drillhole collar plan (2022) 
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11 Sample Preparation, Analyses and 
Security 

11.1 CME 2014–2015 Core Sampling Procedures 

After the core was logged at CME’s warehouse facility in Valverde del Camino, the geologist marked and 
recorded sample intervals for assaying. Samples were a maximum of 1 m in length for massive sulphide 
intervals and a maximum of 2 m in length for stockwork sulphide mineralisation and other rock types. Sample 
lengths were adjusted as necessary to reflect geological and/or mineralisation contacts. Samples were taken 
2–4 m into the “unmineralised” hangingwall and footwall rock in order to determine a dilution grade for 
potential future mining operations. Sample assay tags were placed in the box by the geologist.  

A geologist marked a cutting line with an indelible marker or wax on the core intervals designated for 
sampling prior to handover to a technician for splitting using a using a circular saw with a diamond cutting 
blade. Decanted, recycled water was utilised for cooling/lubrication of the saw blade. The core was cut in 
half longitudinally with one half of the core from each sample interval placed in a sample bag for shipping 
and analysis, and the remaining half was placed back into the core box and archived for verification or future 
analysis. Sample tags were placed in the bags and the sample number was also written on the bag using a 
black permanent marker pen. Samples were then sealed in the plastic sample bags using zip-ties, placed in 
sealed and numbered rice bags and transported by CME personnel to the ALS laboratory in Sevilla, Spain 
using a vehicle with a covered and locked cargo box. Chain of custody was documented with each sample 
logged with sample number and corresponding drillhole number, sample interval downhole start and finish 
depth, sample batch shipping number, shipping date from the core facility, receipt date at the laboratory and 
the lot number assigned by the laboratory. 

Core boxes containing the archived core are in long-term storage in the CME warehouse/core facility in 
Valverde del Camino along with sample pulps and coarse crush rejects returned from the laboratory. 

Sample cutting, preparation and shipping was conducted by CME personnel under the supervision CME’s 
Chief Geologist and Technical Director, Victor Guerrero. 

11.2 CME 2014–2015 Sample Preparation and Analysis 

The ALS analytical lab in Ireland found that core pulps prepared at the core sample preparation facility at Rio 
Tinto were too coarse and therefore sample preparation was done from ALS Seville. 

Samples analysed at the laboratory at Rio Tinto are for 17 elements by Aqua Regia-ICP. All samples from 
drillhole MJ35 onwards had duplicate analyses done through ALS in Seville and Ireland. 

Upon delivery to ALS’s preparation lab in Camas (Sevilla), Spain, the drill core samples were prepared using 
procedures presented in Table 11-1. 

Table 11-1:  ALS Sevilla sample preparation procedures 

Code Description 

LOG22 Barcode, weigh raw sample, and log into global tracking system 

DRY22 Drying of wet samples in drying ovens that are controlled to a maximum temperature of 60ºC 

CRU31 Fine crushing of rock chip and drill samples to 70% nominal -2 mm 

SPL-22Y Split sample using a Boyd crusher/rotary splitter combination 

PUL-32 Pulverise a 1 kg split to 85% passing 75 microns 

ALS Sevilla then sent a split of the pulps to the ALS HUB analytical laboratory in Loughrea, Ireland for gold fire 
assay and multi-acid digestion with multi-element analysis (inductively coupled plasma optical emission 
spectrometry (ICP-OES) finish).  
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The ALS Sevilla preparation laboratory is individually certified to standards within ISO 9001:2008. The ALS 
HUB analytical laboratory in Loughrea is individually certified to standards within ISO 9001:2008 and has 
received accreditation to ISO 17025 from the Irish National Accreditation Board for the analytical procedures 
described below. Sample preparation and analytical methods are routine and follow industry best practices 
and procedures. 

Gold analysis was done by a fire assay – atomic absorption spectrometry (AAS) finish (ALS method Au-AA23) 
on a nominal 30 g charge split from the 1 kg pulp. Only samples with massive sulphides and samples of the 
stockwork with visibly high copper content were analysed for gold. The lower and upper analytical limits of 
the method are 0.005 ppm Au and 10 ppm Au respectively. 

ALS’s ME-ICPORE analysis is applicable to base metal mineralisation and particularly suitable for massive 
sulphides. Refractory constituents may remain un-attacked. The sample pulp is subjected to a highly oxidizing 
digestion with HNO3, KClO3 and HBr and a final solution of dilute aqua regia. The sample is cooled to room 
temperature and transferred to a volumetric flask (100 mL). The resulting solution is diluted to volume with 
de-ionized water, homogenized and the solution is analysed by inductively coupled plasma atomic emission 
spectroscopy (ICP-AES) using the Varian Vista inductively coupled plasma spectrometer. Results are corrected 
for spectral interelement interferences. 

Nineteen analyses are reported by the ME-ICPORE method, and their lower and upper analytical limits are as 
follows: 

Table 11-2:  ALS ME-ICPORE analytes and analytical ranges 

Element Symbol Units Lower limit Upper limit 

Silver Ag ppm 1 1,500 

Arsenic As % .005 30 

Bismuth Bi % .005 30 

Calcium Ca % 0.01 50 

Cadmium Cd % 0.001 10 

Cobalt Co % 0.001 20 

Copper Cu % 0.005 40 

Iron Fe % 0.01 100 

Mercury Hg ppm 8 10,000 

Magnesium Mg % 0.01 50 

Manganese Mn % 0.005 50 

Molybdenum Mo % 0.001 10 

Nickel Ni % 0.001 30 

Phosphorus P % 0.01 20 

Lead Pb % 0.01 30 

Sulphur S % 0.05 50 

Antimony Sb % 0.005 100 

Thallium Tl % 0.005 1 

Zinc Zn % 0.01 100 

A total of 3,959 samples were analysed for multi-elements by the ME-ICPORE method, of which 3,614 were 
primary core samples and the remaining 345 were CME quality control samples comprising blanks, duplicates 
and certified reference material (standards). A total of 2,354 samples were analysed for gold by the Au-AA23 
method. 

Of the mineralised drill core analysed, 2,266.85 m (56.14%) was massive sulphide and 1,770 m (43.86%) was 
mineralised stockwork. 

Digital assay files provided by the laboratories were merged into a Microsoft Access digital database. This 
methodology limits data entry errors to sample numbering; assay data re-entry errors are therefore avoided. 
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Sample numbering errors are identified during the merging process. Various mining and exploration software 
programs identify overlapping sample intervals. 

ALS and its employees are independent from CME. CME personnel, contractors and consultants were not 
involved in sample preparation and analysis.  

It is the authors’ opinion that security, sample collection, preparation and analytical procedures undertaken 
on the Masa Valverde Project during the 2014–2015 diamond drill program are appropriate for the sample 
media and mineralisation type and conform to industry standards. 

CSA Global  integrated the 2014–2015 drilling data with the historical Adaro drillhole data for the CSA Global 
2017 MRE. 

11.3 CME 2014–2015 Bulk Density 

Bulk density data are used directly in the estimation of mineral resources and can be useful in providing 
baseline values for various mineralised zones. Bulk density data can also be used in the interpretation of 
geophysical gravity data where differences in the values for mineralized target lithologies and country rocks 
are important. 

During the 2014–2015 diamond drill campaign, CME conducted bulk density measurements on generally 
unweathered and uncoated drill core samples using a water immersion method. Some near surface 
unmineralised Culm sediment cores may have been variably weathered. Prior to shipment of the samples to 
the ALS preparation laboratory, CME personnel weighed approximately three pieces of core from each half-
core sample both dry in air and immersed in water in order to calculate the bulk density of the sample using 
the following formula where A represents the dry weight and B the immersed (wet) weight of the sample:  

Random tests were also conducted on various none mineralized hangingwall and footwall host rocks. 

CME utilised an OHAUS brand Defender3000 D30VR model balance for weighing of the samples. The balance 
allowed the use of a suspension basket to hold and weigh the sample submerged in water. The balance has 
a minimum precision of 5 g and was calibrated on a weekly basis using a certified 500 g weight to ensure the 
accuracy of the bulk density calculations. 

All density measurements were completed by CME. No duplicate check density measurements have been 
completed at an independent laboratory. 

Bulk density measurements were completed on a total of 7,750 core samples. Summary results are presented 
in Table 11-3. 

Table 11-3:  Summary of bulk density data collected 

Lithology/Mineralisation %S Average bulk density (g/cm3) 

Culm 0.55 2.76 

VS Complex 3.26 2.79 

Massive Sulphide (MS) 47.56 4.59 

Stockwork 10.66 3.15 

11.4 CME 2014–2015 Sample Security 

CME personnel and contractors collected and transported the diamond drill core from the diamond drill rig 
to CME’s secure facility in Valverde del Camino daily. Security of drill core and cut samples prior to dispatch 
to the analytical laboratory was maintained by limiting access of unauthorised persons to the facility. The 
drill core samples were in the possession of CME personnel and its contractors until they were delivered to 
the ALS sample preparation facility in Sevilla, Spain. The individual labelled sample bags were packed as 
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multiples in polypropylene rice bags and sealed for delivery of each analytical batch. The assay preparation 
laboratory completed sample preparation operations and employed bar coding and scanning technologies 
that provide complete chain of custody records for every sample.  

Following analysis, the laboratory pulps and coarse crush rejects from the 2014–2015 diamond drill program 
were returned to CME and are currently stored with archived drill core in the secure facility in Valverde del 
Camino. Prior to storage, CME vacuum sealed the sample pulps and rejects to minimise oxidation of the 
sulphide-bearing samples. 

The authors believe the security and integrity of the samples submitted for analyses is uncompromised, given 
the adequate record keeping, storage locations, sample transport methods, and the analytical laboratory’s 
chain of custody procedures. 

11.5 ATM Quality Assurance and Quality Control  

A review by CSA Global of sampling, sample preparation and analysis methods and quality control data for 
recent (2018–2021) drilling over the Project was completed for gold, silver, lead, zinc, copper, arsenic, 
mercury, antimony, and sulphur (from 3 October 2018 to 15 December 2021). Cross contamination (blanks), 
assay accuracy (certified reference material – CRM) and sampling and assay precision (laboratory duplicates) 
were reviewed, and conclusions drawn; 

Assay accuracy and precision are acceptable, but no field duplicates data were provided. 

• The ATM on-site laboratory completes sample preparation before sending samples as pulps to ALS 
Chemex (an accredited laboratory). The on-site laboratory also analyses for copper and can be used to 
compare results. 

• No fatal flaws were noted with the accuracy results although bias and failures were noted in individual 
CRMs, but this is not systematic (i.e. some bias is positive and some negative).  

• Only lab duplicate pairs were available for review. Overall precision was acceptable. The copper values 
analysed at the on-site laboratory and the ALS Chemex results shows good correlation. 

• The Masa Valverde and Majadales samples were analysed by ALS Chemex with gold being analysed by 
fire assay method and the other elements by intermediate level oxidising digestion with an ICP-AES finish.  

It is the authors’ opinion that the QAQC results support the use of ATM generated sampling analytical data 
in downstream resource evaluation work, this data exhibiting acceptable levels of accuracy and precision and 
without significant bias. 

Additional information can be found in Section 24. 
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12 Data Verification  

12.1 CSA Global 2021 Site Visit 

CSA Global’s representative and Qualified Person, Mr John Barry , completed a two-day site visit to the Masa 
Valverde property and ATM facilities in Valverde del Camino, Spain on 4–5 August 2021 as part of CSA Global’s 
due diligence in the preparation of this Report. Confirmation of the existence of infrastructure, accessibility 
to the property, of historic mining, sample storage and security, ATM diamond drilling was conducted by Mr 
Barry. 

Mr Angelo Farci, CME’s Chief Geologist and Technical Director and senior exploration geologist José Manuel 
Macías Montes , accompanied and guided Mr Barry during the site visit, providing valuable insight into the 
history, permitting, geology, accessibility, and sample collection, among other relevant aspects of the Masa 
Valverde Project presented in this Report. Francisco Tovar Carrasco acted as field assistant and core cutting 
technician. Twelve verification check quarter-core samples were collected. 

12.1.1 Collar Locations 

In 2017, location of the drillholes MV-40, MV-33, A-01, MV-20, A-19, MV-02, A18 and MV-01 were verified 
using a handheld GPS, as shown in Figure 12-1. All drillhole collars are protected with metal boxes and drillhole 
pads were restored (except for the Adaro drillhole A-01).  

  
Figure 12-1:  Verification of the location of drillhole A-18 

Collar locations checked by CSA Global were within instrument error of the CME’s documented drillhole 
locations.  

In August 2021, Mr Barry checked the location of drillholes on site and located MJ-14, MV-01 and MJ-06 – 29S 
0691036/4156324 and MJ-08 which were drilled only 90 cm apart but in different directions. The location of 
MJ-18 (29S069841/ 4156416) was checked and located MJ19 drilled 6 m away. These holes were drilled by 
CME when Glencore were involved. The drill pad for MJ-18 and MJ-19 is a small area at the end of a narrow 
spur surrounded on all sides by steep sides with access from only one side. Hence the drilling of holes in 
different directions from the same drill-pad. Collar locations checked by Mr Barry were with a Garmin 
GPSmap 76CSx. The location coordination system used was ETRS 89/29 Zone N. 
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Figure 12-2:  MJ-39 drill site 

12.1.2 CSA Global 2021 Verification Sampling 

During the site visit to Masa Valverde in early August 2021, Qualified Person Mr John Barry randomly selected 
12 duplicate quarter drill-core check samples from the core of the two mineralises systems: three from Masa 
Valverde and three from Majadales. Samples were taken from the two primary mineralisation styles: sulfido 
massive and stockwork-style. Twelve samples are not statistically significant, but results do confirm the range 
of metal concentration grades through the heart of the mineralising systems. On 4 August, the drill-core 
intervals were flagged for sampling and transported to ATM’s drill core cutting sample preparation facility at 
the Rio Tinto mine. Samples were bagged and sealed on 5 August under the supervision of Mr Barry. The 
samples were then flown to the ALS labs in Loughrea in Ireland. 
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Figure 12-3:  MV-24 sample 4012/584.7–586.7 m from stockwork zone, 1.135% Cu, 21.3% S, 0.05% Pb, 0.75% Zn, 

16 ppm Ag 

Following is a list of check quarter drill-core duplicate samples taken: 

Table 12-1:  Quarter-core drill samples selected for check assaying 

Hole 
number 

Sample 
number 

From (m) To (m) Length (m) Mineralised zone Remarks 

MV24 4007 576.40 578.50 2.10 Masa Valverde Stockwork 

MV24 4012 584.70 586.70 2.00 Masa Valverde Stockwork 

MV24 3904 476.10 477.10 1.00 Masa Valverde Sulfido massivo polimetalico 

MJ16 5553 387.70 388.50 0.08 Majadales Sulfuris masivos 

MJ16 5561 400.50 402.40 1.90 Majadales 
Stockwork cloritico menos 
intense 

MJ16 5565 406.20 408.10 1.90 Majadales Stock clorticio menos intense 

MJ11 5478 340.50 341.50 1.00 Majadales Sulfuros masivos 

MJ11 5496 361.50 363.50 2.00 Majadales Stockwork 

MJ11 5499 367.50 369.50 2.00 Majadales Stockwork 

MV24 3904 476.10 477.10 1.00 Masa Valverde Sulfido massivo polimetalico 

MV24 4007 576.40 578.50 2.10 Masa Valverde Stockwork 

MV24 4012 584.70 586.70 2.00 Masa Valverde Stockwork 
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Figure 12-4:  Check sampling assay comparison for Cu, Zn, Pb and Ag 
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12.2 General 

Qualified Person, Mr Barry has reviewed available CME reports and related historical third-party technical 
reports provided by AMV, and various publicly available geological publications and industry technical reports 
pertinent to the current Project area. 

In 2017, CME provided CSA Global with CME and historical Adaro drillhole information including assay data 
in digital format. CSA Global completed a spot check comparison of approximately 10% of CME assay data 
against available digital scans/PDF files of laboratory certificates to verify accuracy and completeness. 
Laboratory assay certificates are not available for the Adaro assays. No errors were detected.  

The authors have not independently conducted any title or other searches but have relied upon AMV for 
information on the status of the claims, property title, agreements, and other pertinent permitting and 
environmental conditions (see Section 4). 

It is CSA Global’s and the authors’ opinion that the CME and Adaro historical information and data available, 
along with that recently collected by AMV are a reasonable and accurate representation of the Masa Valverde 
Project and are of sufficient quality for Mineral Resource estimation and to support the conclusions and 
recommendations of this Report.  
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13 Mineral Processing and Metallurgical 
Testing 

13.1 2016 Testwork 

In 2016, a metallurgical test program was initiated by Glencore to investigate the floatability of five composite 
samples representing five resource zones from the Masa Valverde deposit. This testwork was completed by 
SGS’ Burnaby BC Mineral Testing Facility. As one of SGS International’s metallurgical facilities, this laboratory 
is considered an appropriately certified testing facility. SGS and their employees are independent from 
Glencore and CME. Glencore and CME personnel, contractors and consultants were not involved in sample 
preparation, testing and analysis. 

The testwork was conducted on 105 kg of crushed core assay reject samples from several of the 2014–2015 
drillholes. The individual samples were received as approximately -2 mm material in vacuum sealed in plastic 
bags. The samples were inventoried and given an internal SGS ID for testing purposes. Since the samples 
appeared crushed to an appropriate size and to minimise handling and potential oxidation, no further 
crushing was attempted. The as-received samples were blended and composited into one of five resource 
zones as noted in Table 13-1. The composites were then rotary split into 2 kg testwork charges and subsamples 
for assay and mineralogy. 

Table 13-1:  Sample ID summary 

Client sample name Client ID SGS ID Sample weight (kg) 

Upper Polymetallic MS Zn 1º Lense MS Zn-1 51.08 

Lower Polymetallic MS Zn 2º Lense MS Zn-2 24.94 

Copper Ore MS Cu MS Cu 25.72 

Copper Stockwork STW Cu STW Cu 28.15 

Zinc Stockwork STW Zn STW Zn 25.96 

The head mineralogy supported the head assays. Although the samples had different grade characteristics, 
the overall mineralogical trends were similar. Copper, lead, and zinc were present exclusively as chalcopyrite, 
galena and sphalerite, respectively. The average grain size of these minerals is 7–13 μm, which is finer than 
the major gangue minerals: pyrite and quartz (average grain size of 16–26 μm). 

An extensive batch rougher and cleaner flotation study (15 batch tests) followed by a locked cycle test was 
conducted on MS-Zn-1 to determine a baseline flowsheet for polymetallic recovery: copper, lead, and zinc. 
Reagents were based on general polymetallic flotation knowledge and experience. A primary grind size for 
rougher flotation of 80% passing (K80) ~45 μm and a regrind size for cleaner flotation of 80% passing ~15 μm 
were used throughout most of the testwork.  

The other four samples were tested minimally (nine batch tests in total) at conditions derived from the results 
the zinc circuit. 

Testwork was moderately successful with the major difficulty being the finely divided nature of the 
mineralisation, consistent with the mineralogical reports, and confirmed by the fine grind sizes required in 
cleaning of the flotation concentrates, to achieve acceptable grades and recovery of copper, zinc, and lead. 

13.1.1 Head Grade 

Based on historical testwork, a simple unweighted arithmetic average of the zinc grade in the Massive (MS) 
and Stockwork (STW) of 6.03% is reasonable as is the average lead grade of 1.76. And ignoring the STW Cu 
outlier, the average silver grade of 43.05 g/t. 
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Table 13-2:  Head assay summary 

Sample ID Au (g/t) Ag (g/t) Cu (%) Fe (%) Pb (%) Zn (%) S (%) 

MS Zn-1 0.92 41.3 0.45 39.1 2.31 6.43 40.0 

Ms Zn-2 0.79 44.1 0.44 39.4 1.74 6.49 47.7 

MS Cu 0.74 63.9 1.60 39.2 0.38 0.51 43.7 

STW Cu 0.15 7.4 1.46 21.6 0.04 0.13 16.0 

STW Zn 0.53 22.9 0.50 26.5 1.23 5.17 26.5 

Averages 0.63 35.92 0.89 33.16 1.14 3.75 34.78 

13.1.2 Flotation Testwork 

Table 13-3 presents the best performing flotation testwork as summarised by SGS. 

Table 13-3:  Summary of best performing tests by composite 

Sample ID Test ID 

Bulk Cu/Pb cleaner Zn cleaner 

Grade Recovery Grade Recovery 

Cu (%) Pb (%) Cu (%) Pb (%) Zn (%) Zn (%) 

MS Zn-1 C4 0.67 43.2 3.4 48.6 52.4 51.7 

MS Zn-2 C1-MSZ-2 3.57 25.9 23.5 48.0 49.3 48.9 

MS Cu C1-MSC 22.6 2.18 63.5 26.2 6.9 29.0 

STW Cu C1-STWC 23.0 0.23 84.3 25.7 3.1 19.1 

STW Zn C1-STWZ 8.19 44.5 25.9 59.8 55.2 64.5 

From this testwork summary, the following was noted: 

• Acceptable concentrate grades for zinc were achieved from MS and STW zinc samples. 

• Acceptable concentrate grades for lead were achieved from MS Zn-1 but not from MS Zn-2.  

• An acceptable concentrate grade for lead was achieved from STW Zn. 

• Acceptable concentrate grades for copper were achieved from both MS Cu and STW Cu. 

• Although the copper grade in the mineralisation for MS Zn-1, MS Zn-2 and STW Zn averaged 0.46%, 
average copper flotation recovery was unacceptably low at 17.6%. 

• Apart from copper recoveries of 63.5% and 84.3%, for MS Cu and STW Cu respectively, other recoveries 
were only marginal.  

• Additional QEMSCAN work indicates potential recoveries for copper of 74–90%, 74–94% for zinc and 79–
90% for lead, strongly suggesting that a more comprehensive testwork program is likely to improve these 
recoveries considerably. The results of recent (and pending) metallurgical testwork should aim to validate 
this assumption. 

• The primary grind requirement to 45 µm, is at the finer end of the scale, and indicates high power 
demand.  

• Concentrate re-grind to 15 µm, at mass pulls of 30–40%, also indicate higher power consumption rates.  

• The mineralised samples tested returned up to 0.92 g/t gold, with an average of 0.63 g/t Au, but did not 
beneficiate significantly, with the concentrate grade only improving 22% to an average grade of 0.77 g/t 
Au (Table 13-4). This is a surprising result as gold will normally beneficiate to a much higher degree from 
such primary sulphide lithologies.  

• Silver beneficiated more reasonably and could provide significant credits.  
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Table 13-4:  Gold and silver head grades and concentrate grades 

Sample ID 
Ore head grade Concentrate grade 

Au (g/t) Ag (g/t) Au (g/t) Ag (g/t) 

MS Zn-1 0.92 41.3 0.91 281 

Ms Zn-2 0.79 44.1 0.47 43.3 

MS Cu 0.74 63.9 1.08 180 

STW Cu 0.15 7.4 0.95 38.8 

STW Zn 0.53 22.9 0.42 56.3 

Average 0.63 35.92 0.77 119.88 

13.2 Conclusions from Testwork 

Based on the preliminary metallurgical testwork results, CSA Global concluded in 2017 that; 

• Testwork conducted to date is positive. 

• The MS Zn-1, MSZn-2 and STW Zn zinc domains can only be relied on to give saleable zinc and lead 
concentrates 

• The MS Cu and STW Cu copper domains can only be relied on to give a saleable copper concentrate 

• The metallurgical testwork program can only be considered as indicative and additional testwork was 
recommended to improve results 

• The QEMSCAN results indicate a substantial improvement in grades and recovery is possible. 

13.2.1 Presence of Mercury 

High mercury levels were noted in the concentrates as can be clearly seen in Table 13-5 below. 

Table 13-5:  Bismuth and mercury grades in concentrates 

Concentrates Bi (ppm) Hg (ppm) 

MSZ-2 Cu 2nd Cln Con 214 196 

MSZ-2 Zn 3rd Cln Con 7 1150 

STWZ Cu/Pb 3rd Cln Con 338 119 

STWZ Zn 4th Cln Con 20 896 

MSC Cu 3rd Cln Con 59 172 

MSC Zn 3rd Cln Con 65 185 

Average 117 453 

Mercury can attract significant penalties at the smelter head, and this will need to be accounted for in any 
financial modelling or Preliminary Economic Assessment. 

13.3 2017 Recommendations 

CSA Global recommended a variability testwork program. A detailed review of current drillhole data and/or 
mineralisation modelling with respect to metallurgy was not completed but it was suggested that this 
program include a comparison of flotation performance from different holes for each of the five mineralised 
domains in order to give support to the assumption that the composites tested are fully representative.  

The flotation reagent suite selected for this initial scoping program has used the most commonly effective 
reagents and has produced reasonable results. However, there is now a very large range of specialised 
flotation activators, collectors, depressants and frothers available, thus a more extensive testwork program 
is recommended that is likely to further improve both grade and recovery.  

The use of sodium metabisulphite (that precludes dissolution of silver and gold credits) may assist in further 
improving suppression of pyrite while simultaneously avoiding soluble gold and silver losses.  
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This more comprehensive program should also allow the building of grade/recovery curves that may provide 
information useful for financial modelling purposes.  

13.4 AMV Testwork 

At the time of reporting ATM have current metallurgical studies underway comprising the following; 

• Composite sample testwork at Base Metallurgical Labs, Kamloops, BC, Canada 

• Composite sample flotation testwork at the ATM Riotinto plant 

• Composite testwork relating to hydrometallurgy at LainTech 

No results are currently available. A summary of the testwork is provided in the sections below. All composite 
samples contain variable concentrations of pyrite, chalcopyrite, sphalerite, tetrahedrite, galena and 
arsenopyrite mineralogy. 

13.4.1 Base Metallurgical Labs testwork 

A preliminary metallurgical test program on 2 composite samples (one from Masa Valverde and one from 
Majadales) is currently underway. The objective of the program is to assess the metallurgical performance 
of these polymetallic samples using conventional flotation processes to recover copper, lead, and zinc into 
concentrates.   

The program is intended to generate scoping level metallurgical data to provide an initial indication of 
possible metallurgical performance.   

Approximately 50kg of core samples comprise each composite. The composite is coarse crushed in 
preparation for comminution testing.  An SMC test is conducted to determine the breakage characteristic in 
SAG milling.  After SMC testing, the sample is further crushed to <3.35mm.  A Bond ball mill work index test 
would be conducted, and the remaining material would be split into 2kg charges in preparation of 
metallurgical testing.  Duplicate head assay cuts would also be removed and assayed for Cu, Pb, Zn, Fe, S, Au, 
Ag, TOC, CuOX CuCN, and a single ICP multi element scan. 

The work program includes 3 grind calibrations, targeting a range of primary grind sizes.  A feed sample 
ground to a nominal 75µm K80, or other sizing as specified, will be screened and prepared for quantitative 
mineralogical analysis.  The sample will be subjected to QEMSCAN PMA analysis to determine the mineral 
content and the size by size liberation characteristics for the sulphide minerals of interest.  This data will be 
used to help guide the selection of the flotation feed size and regrind targets for the test program, as well as 
consideration for choosing between bulk and selective processing, and depressants required. 

To assess the rougher metallurgical performance of the composites, 8 rougher tests are planned to 
investigate the effect of grind size and reagent schemes. An allowance of 8 products per test have been 
planned. 4 cleaner tests per composite has been allowed for to investigate regrind size and the appropriate 
cleaner conditions for each composite, as well as comparison between bulk Cu/PB and Selective Cu + Pb 
circuits. A total of 15 products have been allowed for in each of the cleaner tests.  

A single locked cycle test would be conducted on each composite using the best test conditions as 
determined by the batch cleaner tests. Concentrates from a locked cycle test would be subjected to a multi-
element scan to determine payable and deleterious minor element contents.   

The work program includes assaying all test products for Cu, Pb, Zn, Fe, S, Au, and Ag. Regrind sizing is  
conducted via laser sizing.   

Details of the composite samples are set out in the table below. 
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Table 13-6:  Metallurgical testwork sample information for composite samples sent to Base Metallurgical Lab, 
Kamloops, BC, Canada 

 

Deposit 
Composite 

Sample 
Source 

Weight 
(kg) 

Average Grade 

   Cu (%) S (%) Pb (%) Zn (%) As (%) 
Hg 

(ppm) 
Fe (%) 

Ag 
(ppm) 

Au 
(ppm) 

Masa Valverde – 
Massive 
Sulphide 

46m total 
from MV1, 

MV10, 
MV13, 

MV16Bis, 
MV17, 
MV19, 
MV21, 
MV23, 
MV27, 
MV29, 
MV34, 
MV35, 

MV40, MV6 

50.32 0.61 47 1.24 1.70 - 51 42 36 1 

Majadales – 
Massive 
Sulphide 

54m from 

MJ1, MJ2, 

MJ6, MJ7, 

MJ8, MJ9, 

MJ11, MJ13, 

MJ18, MJ19, 

MJ20, 

MVE4BIS 

51.35 1.16 45 1.26 2.7 1 57 40 55 0.32 

 

13.4.2 Flotation testwork at the Riotinto processing plant 

A program of work is currently underway to assess conventional flotation performance of a bulk sample from 
Masa Valverde through the ATM’s Riotinto processing plant. Details of this composite sample are set out in 
the table below. 

Table 13-7:  Composite sample for flotation testwork at Riotinto plant (Cu/Zn>4) 

 

Deposit 
Composite 

Sample 
Source 

Weight 
(kg) 

Average Grade 

   Cu (%) S (%) Pb (%) Zn (%) As (%) 
Hg 

(ppm) 
Fe (%) 

Ag 
(ppm) 

Au 
(ppm) 

Masa Valverde 
Massive -
Sulphide 

29m total 
from MJ36 
MJ38 MJ40 
MJ43 MJ42 

MJ44 
MJ45BIS 

MJ46 

20 1.84 31 0.12 0.19 - 6.5 33.50 - - 
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13.4.3 Lain Technologies E-Lixtm Process  

Following its announcement on 28 October 2020,  ATM has concluded a feasibility study that evaluated the 
technical and economic viability of producing cathodes from complex sulphide concentrates by applying E-
LIX, a new electrochemical extraction process developed and owned by Lain Technologies Ltd (“Lain Tech”) 
with the financial support of ATM. E-LIX is patented by Lain Tech (www.laintechnologies.com). 

The Company communicates that relative to conventional flotation techniques, the value creation potential 
of E-LIX offers a unique opportunity for ATM. As a result, as disclosed in the ATM 28 October 2020 
announcement, the Company secured certain terms of exclusivity with Lain Tech for the use of E-LIX within 
the Iberian Pyrite Belt. 

The E-LIX plant will dissolve the valuable metals contained within the concentrates. The testwork and system 
design allows for the dissolution of chalcopyrite while avoiding the passivation of particles. After copper or 
other metals are brought into solution, they can be recovered by conventional precipitation or solvent 
extraction followed by electrowinning (“SX-EW”). 

Phase I plant capacity has been designed to produce between 3,000 to 10,000 tonnes of copper or zinc metal 
per year depending on the ratio of copper to zinc in the concentrate feed. 

The estimated capex for Phase I is €12 million and the design allows for unlimited capacity expansion through 
the addition of multiple lines in parallel. ATM have started construction of the plant and it is expected that 
the plant will be operational in 2022, including commissioning. 

The decision to approve and construct the Phase I industrial-sized plant follows over six years of evaluation 
and de-risking work including continuous tests at the laboratory, a small pilot plant and finally a semi-
industrial pilot plant. 

A semi-industrial E-LIX pilot plant was constructed in late 2019 and has operated during 2020 and 2021 
despite the challenges of the COVID-19 outbreak. The results of the pilot tests were included in the feasibility 
study and successive optimisation work. The long run continuous tests demonstrated the feasibility of 
leaching complex polymetallic concentrates with global recoveries of over 95% for copper and zinc while 
producing clean metal precipitates and/or high purity metals. 

The Company communicates that the use of the E-LIX System has shown the potential to unlock the 
significant value from the polymetallic sulphides contained within ATM’s Mineral Resources, including those 
of Masa Valverde and Majadales. 

AMV currently has 6 composite samples of 26kg, sourced from massive sulphide, semi-massive sulphide and 
stockwork domain material at Masa Valverde and Majadales undergoing testwork via the E-Lix System. 
Information relating to these composites is set out in the table below. 

At the time of reporting no results are available. Given this is the case, recovery assumptions underpinning 
reasonable chances of eventual economic extraction with respect to Mineral Resource disclosure are 
informed by historical testwork and recovery data available in the public domain from other comparable 
deposits within the IPB (see Section 14).  
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Table 13-8:  Metallurgical testwork sample information for composite samples investigated via the E-Lix system 

 

Deposit 
Composite 

Sample 
Source 

Weight 
(kg) 

Average Grade 

   Cu (%) S (%) Pb (%) Zn (%) As (%) 
Hg 

(ppm) 
Fe (%) 

Ag 
(ppm) 

Au 
(ppm) 

Majadales – 
Stockwork 

40m total 

from MJ1 

MJ8 MJ9 

MJ10 MJ11 

MJ13 MJ15 

MJ16 MJ18 

MJ23 MJ26 

MVE4BIS 

MJ41 

26 0.50 11 0.30 0.86 - - 18 8.45 0.12 

Majadales – 
Semi Massive 
Sulphide 

34m from 

MJ6 MJ7 

MJ8 MJ9 

MJ10 MJ11 

MJ13 MJ16 

MJ18 MJ41 

26 0.68 24 0.38 0.82 - 14 28 16.72 0.15 

Majadales – 
Massive 
Sulphide 

22m from 
MJ1 MJ2 
MJ6 MJ7 
MJ8 MJ9 

MJ11 MJ13 
MJ18 MJ19 

MJ20 

26 1.18 43 2.67 5.35 - 37 37 80 0.38 

Masa Valverde - 
Stockwork 

38m from 

MV23 MV24 

MV25 MV26 

MV30Bis 

MV4 MV19 

MV20 MV22 

MV17 MV5 

MV12 MV13 

MV35 MV38 

MV40 MJ36 

MJ40 MJ43 

MJ42 MJ44 

26 0.55 7.42 0.09 0.29 - 0.29 15 5.32 - 

Masa Valverde – 
Semi Massive 
Sulphide 

35m from 

MV24 MV25 

MV26 MV29 

MV30Bis 

MV2 MV22 

MV10 MV19 

MV20 MV17 

MV6 MV13 

MV35 MV40 

MJ36 MJ40 

MJ43 MJ42 

MJ44 

26 1.03 23 0.28 0.71 - - 26 12.71 - 
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Masa Valverde – 
Massive 
Sulphide 

26m from 

MV23 MV24 

MV26 MV27 

MV29 

MV30Bis 

MV34 MV21 

MV22 MV19 

MV1 MV20 

MV17 MV3 

MV6 MV13 

MV35 MV38 

MV40 

MVE4BIS 

MJ36 MJ40 

MJ43 MJ42 

MJ44 

26 0.58 48 1.63 3.63 - 103 41 38.02 0.67 
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14 Mineral Resource Estimate  

14.1 Introduction 

From December 2021 to March 2022, CSA Global completed a Mineral Resource evaluation study for the 
Project which included the preparation of Mineral Resources estimates for Masa Valverde (updated from 
previous CSA Global evaluation in 2017) and for the recently delineated Majadales deposit.  

The Mineral Resource estimates are prepared in accordance to CIM Definitions and Standards on Mineral 
Resources and Mineral Reserves (10 May 2014) and reported in accordance with NI 43-101 technical 
disclosure requirements, companion policy NI 43-101CP and Form 43-101F1 (Standards of Disclosure for 
Mineral Projects – 24 June 2011). 

The Majadales and Masa Valverde Mineral Resource estimate work has been based on interpretations from 
assaying, and geological logging. Apart from the initial sample data preparation and intermediate 
spreadsheet processing, all the Mineral Resource interpretation, modelling, and estimation work was 
conducted using Leapfrog™ and Datamine StudioRM™ software packages. Snowden Supervisor™ software 
packages were used for statistical analysis and Mineral Resource estimate validations. 

14.2 Mineral Resource Estimation – Masa Valverde 

The Masa Valverde Mineral Resource estimate is prepared in accordance with CIM Definitions and Standards 
on Mineral Resources and Mineral Reserves (10 May 2014) and reported in accordance with NI 43-101, 
companion policy NI 43-101CP and Form 43-101F1 (Standards of Disclosure for Mineral Projects – 24 June 
2011). 

The Masa Valverde Mineral Resources were estimated using all assays available to 4 March 2022. This 
Mineral Resource estimate update was based on additional infill and step-out drilling since the previous 
Mineral Resource estimate in December 2017. 

ATM provided CSA Global with an interpretation of the mineralisation and a drillhole database containing 
lithology logs, chemical assays, and density measurements. CSA Global reviewed all the informing data 
provided and considers that the quality and quantity of the information is appropriate for Mineral Resource 
estimation. 

The Mineral Resource estimate workflow was as follows: 

• Data validation and preparation 

• Interpretation of the geology and mineralisation domains 

• Coding, compositing, and capping of sample data 

• Exploratory data analysis and statistical analysis 

• Variogram analysis 

• Block modelling 

• Interpolation parameters, interpolation and validation 

• Classification and Mineral Resource reporting. 

14.2.1 Informing Data and Database Validation 

Drillhole Data 

CSA Global was provided with Microsoft Excel files for the Masa Valverde property data. The drillhole 
database included the holes drilled by CME and Adaro that was validated, and the quality of the informing 
data verified by CSA Global in 2017. 
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A working drillhole database was compiled that included 83 drillholes. Atalaya drilled 15 holes, of which nine 
infill and six step-out drillholes and added to the database. These holes were validated and verified. Some 
minor validation issues such as sample overlaps, duplicates and typos were detected and corrected.  

The database compiled contains: 

• 2,419 downhole survey measurements 

• 29 holes had no mineralised intersection, these holes are either outside of the mineralised zone or 
abandoned before reaching mineralisation 

• 8,683 density determinations were available (inside and outside of the mineralised zone)  

• 58,993 m of core lithology logs. 

Chemical assays of 20 elements were available for the mineralised zone with copper, zinc, lead, silver, gold 
as the main elements and arsenic, mercury, antimony and tin as penalty elements as part of the mineral 
estimation. A sum of 898 mineralised intersections do not have gold values, of which all are historical holes 
(about 14% of all intersections analysed). Missing assays where there was an existing interval within the file 
were treated as absent values and ignored for estimation. 

The infill drilling, at the closest grid, was roughly drilled at a 40 m x 40 m and extended out to 120 m. The 
drillholes tend to deviate towards the southwest direction (see Figure 13-1). 

 
Figure 14-1:  Masa Valverde drillholes, showing the new drillhole collars in red and the drillholes traces in grey 

14.2.2 Geological Interpretation and Estimation Domains 

In 2017, CSA Global with the client created two solids for the mineralised zone, Massive Sulphide and 
Stockwork. Given the relative sparseness of new drill data, CSA Global has not significantly departed from 
the original interpretation. The geological interpretation is based on drillhole core logging which defined the 
two major styles of mineralisation, each with geological and statistical differences. The solids were re-created 
in Leapfrog and updated with the new drilling information.  
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In Leapfrog, the two geological zones were grouped to form one mineralised zone and was modelled. The 
model was then refined to the two geological zones within the one mineralised zone. The solids were 
constructed to best represent the lithological intersections. The Massive Sulphide has two parts, upper and 
lower. The Stockwork is bound by the upper and lower Massive Sulphide.  

Within the Massive Sulphide zone (upper and lower) there are two grade populations within the lead and 
zinc grade. To split the domains within the Massive Sulphide for lead and zinc, a high-grade zone for lead and 
a high-grade zone for zinc were created. The threshold for zinc is 0.40% and lead is 0.35% for the higher-
grade zones respectively. The high-grade zones were modelled in Leapfrog using an indicator radial basis 
function. 

The area has three known faults, two of which intersect the mineralised zone. The faults were not updated 
since 2017. Within the Leapfrog model, the two faults that intersect the mineralised zone were included in 
the creation of the two mineralised zones and split the mineralised zone into three fault blocks (Figure 14-2). 
The geological model and the subsequent refined ore domains generated by CSA Global were used as an 
input to the Mineral Resource estimate. 

 
Figure 14-2:  Geological interpretation of the mineralisation showing Massive Sulphides (red), Stockwork (blue), 

faults (in grey) 

14.2.3 Sample Coding, Compositing, Densities and Capping 

All samples within Massive Sulphide (MS) solid were flagged with estimation domain code (DOMAIN) 100 for 
the upper and 300 for the lower MS, samples in Stockwork (STW) solid were labelled with code 200 and 
everything else was labelled with code 500. The estimation domains where split into sub-domains in the zone 
field as follows: 

• MS upper zone:  

o MS upper – high-grade Zn zone: 11 

o MS upper – low-grade Zn zone: 12 

o MS upper – high-grade Pb zone: 13 

o MS upper – low-grade Pb zone: 14. 

• MS lower zone:  
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o MS lower – high-grade Zn zone: 21 

o MS lower – low-grade Zn zone: 22 

o MS lower – high-grade Pb zone: 23 

o MS lower – low-grade Pb zone: 24. 

• STW zone: 3. 

Only samples within mineralised domains were used for resource estimation. Drillhole samples were 
composited to 2 m intervals. During the compositing process in Datamine, the MODE parameter was set to 
1. This allows the process to force all samples to be included in one of the composites by adjusting the 
composite length, while keeping it as close as possible to the interval (2 m). The maximum possible composite 
length will then be 1.5*INTERVAL (3 m). The MODE parameter reduces the proportion of residual samples 
that would have been excluded from the estimate if forced to a single rigid interval composite length. 

Grade cutting (top cutting) is generally applied to data used for grade estimation to reduce the local high 
grading effect of anomalous high-grade samples in the grade estimate. In cases where individual samples 
would unduly influence the values of surrounding model cells, without the support of other high-grade 
samples, top cuts are applied. These top cuts are quantified according to the statistical distribution of the 
sample population. Histograms and probability plots were reviewed for the major elements (copper, lead, 
zinc, silver, and gold) within each individual estimation domain to determine the top cut. 

Extreme grade values in MS were capped at 7.5% Pb, 4.00% Cu, and 200 ppm Ag, and 0.87 ppm Au and 
values in STW were capped 100 ppm for Ag. Capping was used only where an abrupt increment in grade was 
identified. The capping is deemed to be reasonable for the data. 

Samples without density measurement but with sulphur assay values were assigned with a density calculated 
with the regression formulas in the Massive Sulphide, DENSITY(MS)=S*.04+2.75, and in the Stockwork, 
DENSITY(STW)=S*.04+2.78 (Figure 14-3). 

 
Figure 14-3:  Relation between density and sulphur 

14.2.4 Statistical Analysis and Variography 

The univariate statistical analysis showed there is significant differences in grade distribution between 
massive sulphides and stockwork domains. And within the Massive Sulphide zone (upper and lower) there 
are two grade populations within the lead and zinc grade (Table 14-1 and Table 14-2). 
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The low coefficient of variation allows for traditional linear interpolation techniques such as inverse of the 
power of the distance and ordinary kriging.  

Table 14-1:  Univariate statistics of the raw and composite main variables in the Massive Sulphide zone 

Domain Massive Sulphides 

Assay 
Cu 
(%) 

Cu 
comp. 

(%) 

Zn 
(%) 

Zn 
comp. 

(%) 

Pb 
(%) 

Pb 
comp. 

(%) 

Ag 
(g/t) 

Ag 
comp. 
(g/t) 

Au 
(g/t) 

Au 
comp. 
(g/t) 

Density 
(t/m3) 

Density 
comp. 
(t/m3) 

Samples 3 820 2 035 3 820 2 035 3 820 2 035 3 819 2 035 3 740 1 969 1 306 2 036 

Minimum 0.002 0.002 0.001 0.001 0.003 0.00 0.50 0.75 0.003 0.003 2.33 2.64 

Maximum 11.70 9.37 21.90 16.01 10.25 7.87 397 310 4.99 3.37 6.67 5.52 

Mean 0.53 0.51 1.47 1.40 0.80 0.76 35 34 0.72 0.71 4.55 4.57 

Standard 
deviation 

0.42 0.40 2.46 2.23 1.20 1.06 29 26 0.49 0.46 0.44 0.38 

CV 0.80 0.78 1.68 1.59 1.50 1.39 0.82 0.77 0.69 0.65 0.10 0.08 

10% 0.18 0.14 0.02 0.02 0.08 0.08 11 11 0.16 0.17 4.13 4.23 

30% 0.35 0.34 0.05 0.05 0.14 0.15 19 20 0.43 0.43 4.51 4.61 

50% 0.48 0.47 0.14 0.16 0.22 0.22 28 27 0.63 0.64 4.66 4.69 

70% 0.61 0.61 1.40 1.40 0.70 0.73 40 39 0.86 0.88 4.77 4.74 

90% 0.86 0.84 4.83 4.62 2.42 2.25 69 65 1.39 1.32 4.88 4.80 

95% 1.03 0.99 6.85 6.31 3.33 3.14 91 85 1.70 1.62 4.94 4.84 

97.50% 1.27 1.25 8.78 7.89 4.38 3.90 110 105 1.89 1.82 5.00 4.88 

99% 1.86 1.85 10.74 9.52 5.67 4.60 145 125 2.23 2.21 5.23 4.92 

Table 14-2:  Univariate statistics of the raw and composite main variables in the Stockwork zone 

Domain Stockwork 

Assay 
Cu 
(%) 

Cu 
comp. 

(%) 

Zn 
(%) 

Zn 
comp. 

(%) 

Pb 
(%) 

Pb 
comp. 

(%) 

Ag 
(g/t) 

Ag 
comp. 
(g/t) 

Au 
(g/t) 

Au 
comp. 
(g/t) 

Density 
(t/m3) 

Density 
comp. 
(t/m3) 

Samples 2 151 1 545 2 151 1 545 2 151 1 545 2 151 1 545 1 333 850 586 1 611 

Minimum 0.005 0.010 0.002 0.002 0.003 0.003 0.50 0.50 0.003 0.010 2.45 2.49 

Maximum 8.44 8.07 13.41 13.25 9.84 7.81 207 173 1.95 1.55 4.73 4.73 

Mean 0.45 0.44 0.45 0.38 0.14 0.12 7 6 0.15 0.17 3.07 3.13 

Standard 
deviation 

0.72 0.66 1.03 0.82 0.49 0.37 12 10 0.19 0.22 0.35 0.38 

CV 1.59 1.50 2.30 2.15 3.60 3.19 1.74 1.57 1.31 1.28 0.11 0.12 

10% 0.01 0.01 0.01 0.01 0.01 0.01 1 1 0.02 0.02 2.77 2.81 

30% 0.07 0.09 0.02 0.02 0.01 0.01 1 1 0.05 0.05 2.85 2.91 

50% 0.19 0.20 0.06 0.06 0.02 0.02 3 3 0.10 0.10 2.95 3.01 

70% 0.48 0.47 0.27 0.25 0.05 0.06 6 6 0.14 0.18 3.16 3.18 

90% 1.13 1.05 1.31 1.15 0.24 0.20 15 15 0.30 0.40 3.56 3.60 

95% 1.63 1.58 2.20 1.91 0.58 0.50 24 21 0.47 0.88 3.82 3.97 

97.50% 2.58 2.36 3.36 2.73 1.09 0.89 35 29 0.58 0.88 4.11 4.40 

99% 3.70 3.37 4.87 3.82 2.20 1.90 53 49 1.21 0.97 4.29 4.48 

There is positive correlation between Density and Sulphur. There was low correlation between silver and 
lead, and lead and zinc. 
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Table 14-3: Correlation coefficient calculated  

Independent/Dependent Cu Pb Zn Ag Au 

Massive Sulphides 

Cu  1.00  -0.05  -0.02   0.00  -0.05  

Pb -0.05   1.00   0.59   0.44   0.24  

Zn -0.02   0.59   1.00   0.19   0.10  

Ag  0.00   0.44   0.19   1.00   0.44  

Au -0.05   0.24   0.10   0.44   1.00  

Stockwork 

Cu  1.00  -0.03   0.13   0.20  -0.02  

Zn -0.03   1.00   0.65   0.61   0.32  

Pb  0.13   0.65   1.00   0.51   0.29  

Ag  0.20   0.61   0.51   1.00   0.52  

Au -0.02   0.32   0.29   0.52   1.00  

Variography (spatial analysis) is carried out to understand how sample values relate to each other in space, 
and thus reflects the average spatial continuity for a local variable. The variogram is used to determine the 
weight to apply to each sample during kriging estimation and takes into consideration the average spatial 
characteristics of the underlying grade distribution. It can help to infer possible similarities between known 
samples and points that have not been sampled.  

Experimental variograms were calculated along dip and dip directions and fitted to a variogram model. Due 
to the limited number of samples, the variograms didn’t show preferred orientations, and were impacted by 
the data configuration. 

Omni-directional variograms were investigated. The omni-directional variograms were fairly stable and could 
be modelled with reasonable confidence. Omni-directional variograms were modelled for copper, lead, zinc, 
silver, gold, sulphur, arsenic, mercury and density for each domain. The omni-directional variograms were 
used for ordinary kriging (Figure 14-4, Figure 14-5, Table 14-4). Nuggets were obtained from the downhole 
variograms. 
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Figure 14-4:  Example of variograms calculated and fitted for the Massive Sulphide 
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Figure 14-5:  Example of variograms calculated and fitted for the Stockwork Sulphide 

Table 14-4:  Omni-directional model used for interpolating with ordinary kriging 

Estimation domain Variable Nugget 
Exponential 

Sill Range 

Massive Sulphide 
Upper 

Cu 0.32 1 60 

Zn 0.2 1 65 

Zn (high-grade zone) 0.6 1 75 

Pb 0.2 1 65 

Pb (high-grade zone) 0.5 1 65 

Ag 0.28 1 100 

Au 0.08 1 75 

Massive Sulphide 
Lower 

Cu 0.2 1 100 

Zn 0.3 1 64 

Zn (high-grade zone) 0.3 1 64 

Pb 0.17 1 110 

Pb (high-grade zone) 0.17 1 110 

Ag 0.14 1 40 

Au 0.1 1 60 
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Estimation domain Variable Nugget 
Exponential 

Sill Range 

Stockwork 

Cu 0.39 1 110 

Zn 0.11 1 94 

Pb 0.12 1 94 

Ag 0.64 1 70 

Au 0.13 1 75 

14.2.5 Block Model 

A model prototype with parent cells and sub-celling was created. A parent cell of 30 m x 30 m x 10 m was 
used, allowing for sub-cells splits to 3 m x 3 m x 1 m to correctly adjust the model to the mineralised wireframe 
boundaries. 

The model definition is shown in Table 14-5. Only blocks within mineralised domains were populated and 
used for Mineral Resource estimation. 

Table 14-5:  Block model definition 

Model definition parameter Value 

Parent block width 30 

Parent block length 30 

Parent block height 10 

Lower left corner, east coordinate 688700 

Lower left corner, north coordinate 4157000 

Lower left corner, RL coordinate -900 

Number of panels along east direction 58 

Number of panels along north direction 50 

Number of panels along RL direction 75 

This block model definition is considered appropriate for interpolation since the block dimensions are 
proportional to half or to a fourth of the drillhole spacing, which is reasonable given the reasonably good 
continuity of the mineralisation.  

14.2.6 Interpolation Methods and Parameters 

The ordinary kriging method was used to interpolate density values, copper, zinc, silver, gold and lead grades 
and to report Mineral Resources. Mercury, sulphur and arsenic were estimated with ordinary kriging for 
internal use.  

Estimation of Density, copper, lead, zinc, silver and gold (ppm) was carried out into parent cell panels. Zonal 
control with a hard boundary between mineralisation domains (Massive Sulphide Upper, Massive Sulphide 
Lower and Stockwork domains) was used during the grade estimation. The lead and zinc high-grade zones 
were estimated using soft boundaries within the Massive Sulphide zone. 

A three-phased search pass was applied. This process involves the estimation being performed three times, 
where two expansion factors are used. During each individual estimation run this factor increases the size of 
the search ellipse used to select samples. This method ensures that blocks which are not estimated and 
populated with a grade value in the first run, are populated during one of the subsequent runs, such that the 
entire mineralised volume was estimated. 

Ordinary kriging estimation was carried out with an Inverse Distance raised to the second power (ID2) 
estimator used as a cross check value during grade validations. 

Search distances were selected considering variogram ranges and distances between drillholes. The 
estimation was on the parent block, using a 3 x 3 x 3 discretization. Composites used was a minimum of eight 
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and a maximum of 24. Only four samples per drillhole can be used in the estimation. Search parameters are 
summarised in Table 14-6. 

Table 14-6:  Search parameters used for interpolation 

Parameter Value  

Minimum number of samples 8 

Maximum number of samples 24 

Maximum number of samples per drillhole 4 

Size factor for second pass 2 

Size factor for third pass 6 

14.2.7 Model Validation 

Estimated density values, copper, zinc, lead, silver and gold grades were validated per estimation domain. 

Validations consisted of:  

• Visual comparison of drillhole data with variables interpolated in blocks to verify that local trends and 
grades were reproduced 

• Comparison of mean grades on composites with block mean grades 

• Swath plots to identify local overestimation and over-smoothing 

• Comparison with alternative estimation methods, in this case, ID2. 

Visual Validation 

The block models were visually reviewed section by section and in 3D to ensure that the grade of the input 
data was represented in the block model (example shown in Figure 14-6). Generally, the grades in the 
composites align with the corresponding grades in the block models.  
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Figure 14-6:  Examples of visual validations 

Statistical Validation 

The statistical difference between the naïve and composites against the block grades were assessed on 
individual domains as well as globally. All estimated block grades are included. The mean grades in the 
estimated model block parent cells were compared to the composite data. Generally, the model validates 
well between the global composites and the global block estimate which is within expected parameters (as 
shown in Table 14-7).  
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Table 14-7:  Mean grades in the estimated blocks vs the composite data 

Estimation domain Variable Sample average Block average 

Massive Sulphide 
Upper 

Cu 0.52 0.48 

Zn 1.21 0.96 

Pb 0.57 0.43 

Ag 31 28 

Au 0.64 0.60 

Density 4.61 4.57 

Massive Sulphide 
Lower 

Cu 0.54 0.52 

Zn 1.34 1.27 

Pb 0.74 0.76 

Ag 36 36 

Au 0.71 0.74 

Density 4.55 4.55 

Stockwork 

Cu 0.44 0.45 

Zn 0.38 0.40 

Pb 0.12 0.14 

Ag 6.0 6.6 

Au 0.16 0.20 

Density 3.12 3.16 

Swath Plots 

Swath plots were created as part of the validation process, by comparing the model parent block grades and 
input composites in spatial increments. These plots display northing, easting and elevation slices throughout 
the deposit (Figure 14-7 to Figure 14-12).  

The plots show that the distribution of block grades honour the distribution of input composite grades. There 
is a minor degree of smoothing evident, which is to be expected from the estimation method used, with block 
grades showing lower overall variance. The general trend of the composite grades is reflected in the block 
model. 
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Figure 14-7:  Swath plots for Cu in Massive Sulphide Lower in X, Y and Z direction 

 
Figure 14-8:  Swath plots for Pb in Massive Sulphide Lower in X, Y and Z direction 
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Figure 14-9:  Swath plots for Ag in Massive Sulphide upper in X, Y and Z direction 

 

Figure 14-10:  Swath plots for Zn in Massive Sulphide upper in X, Y and Z direction 
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Figure 14-11:  Swath plots for Cu in STW Upper in X, Y and Z direction 

 
Figure 14-12:  Swath plots for Zn in STW Upper in X, Y and Z direction 
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Comparison with Alternative Estimation Methods 

The validation results support the use of ordinary kriging for the Mineral Resource estimation and reporting. 
Table 14-8 shows the average of all the blocks for using ordinary kriging and ID2. 

Table 14-8:  Comparison of all blocks grade average for ordinary kriging and ID2 

Estimation domain Variable Block average (OK) Block average (ID2) 

All blocks 

Cu 0.5 0.49 

Zn 0.9 0.91 

Pb 0.47 0.46 

Ag 26 26 

Au 0.56 0.56 

Density 4.21 4.22 

14.2.8 Equivalent Grade Calculation, and Definition of Mineralisation Style Sub-Zones 

An EqCu grade was calculated with the formula: 

EqCu =  Cu (%)  
+ Zn (%)*(VZn($/t)/VCu($/t)) * (rZn/rCu)  
+ Pb (%)*(VPb($/t)/VCu($/t)) * (rPb/rCu)  
+ Ag (%)*(VAg($/t)/Vcu($/t)) * (rAg/rCu) 
+ Au (%)*(VAu($/t)/Vcu($/t)) * (rAu/rCu) 

where the VX are metal prices and rX are metallurgical recoveries. Ag (%) and Au (%) is Ag (g/t)/10,000 and 
Au(g/t)/10,000 respectively. It uses recoveries for metal equivalent ratios but do not imply metallurgical 
recovery in the EqCu values. The metal prices for the Mineral Resource reporting are based on current spot 
prices as at the effective date of this Technical Report (31 March 2022). 

A recovery of 80% was assumed for zinc and copper. A recovery of 60% was assumed for lead and 35% was 
assumed for silver. These recoveries are common in other deposits of the IPB, such as nearby Sandfire mines 
(Aguas Teñidas, Magdalena and Sotiel). The gold recovery was assumed at 20%. The gold recovery is a 
conservative assumption based on testwork completed by Atalaya for gold recoveries for Masa Valverde 
material. 

Table 14-9 contains the metal prices and recoveries used in the EqCu calculation and Figure 14-13 shows block 
model sections with CuEq legend.  

Table 14-9:  Metal prices and metal recoveries used in the EqCu grade calculation 

Metal Unit Metal price (US$) Metal recovery (%) 

Zn $/t 3,500 80 

Pb $/t 2,300 60 

Cu $/t 9,600 80 

Ag 

$/oz 23.00 35 

$/g 0.74 35 

$/t 740,000 35 

Au 

$/oz 1,800 20 

$/g 57.87 20 

$/t 57,870,000 20 
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Figure 14-13: Masa Valverde sections showing the block model with CuEq grades 

Blocks were regrouped in two extra subzones: a zinc-rich sub-zone (Zn > Cu*2.80) and copper-rich sub-zone 
(Zn <Cu*2.80), as shown in. The zinc-rich sub-zones account for most of the resources in the massive 
sulphides and copper-rich sub-zones account for most of the resources in the stockwork.  
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Figure 14-14:  Masa Valverde sections showing Zn-type mineralisation (in blue) and Cu-type mineralisation (in 
orange) 

14.2.9 Reasonable Prospects of Economic Extraction 

CIM Definition Standards for Mineral Resources and Mineral Reserves (May 2014) require that resources have 
“reasonable prospects for economic extraction”. This generally implies that the quantity and grade estimates 
meet certain economic thresholds and that the mineral resources are reported at an appropriate cut-off 
grade considering possible extraction scenarios and processing recoveries.  
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The Masa Valverde deposit would require extraction using an underground mining method if proven to be 
economic. 

To apply a reasonable prospect for economic extraction to the Masa Valverde Mineral Resource estimate, an 
EqCu cut-off of 0.78% was used based on the parameters set out in Table 13-9. The 0.78% EqCu was 
determined using a production cost of US$60/t. The US$60/t production cost consist of assumed costs of 
US$40/t mining cost and US$15/t processing cost and US$5/t transport cost assuming processing at ATM’s 
processing plant at Proyecto Riotinto. This is similar cut-off as the nearby Sandfire mines. Additional factors 
such as dilution, mining losses and smelter costs have not been considered at this point. 

14.2.10 Mineral Resource Classification 

The Masa Valverde Mineral Resource has been classified as Indicated Mineral Resources and Inferred Mineral 
Resources under the guidelines of the CIM Standards on Mineral Resources and Reserves, Definitions and 
Guidelines prepared by the CIM Standing Committee on Reserve Definitions and adopted by CIM Council 
(2014), and procedures for classifying the reported Mineral Resources were undertaken within the context 
of the Canadian Securities Administrators NI 43-101.  

The classification category is based upon an assessment of geological understanding of the deposit, 
geological and mineralisation continuity, drillhole spacing, quality control results, search and interpolation 
parameters (kriging variance, kriging efficiency and slope of regression), and an analysis of available density 
information. 

The drill spacing is sufficient to allow the mineralisation zones to be modelled into coherent wireframes for 
each domain. Reasonable consistency is evident in the orientations, thickness and grades of the mineralised 
zones. An Indicated Mineral Resource volume was identified taking the criteria above into consideration 
(Figure 14-15). No Measured Mineral Resources are reported. 
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Figure 14-15: Masa Valverde Classification in plan view and section view 

14.2.11 Mineral Resource Reporting 

Mineral Resources 

Mineral Resources estimated for the Masa Valverde Project are shown in Table 14-10. These Mineral 
Resources have a 31 March 2022 effective date and were calculated above a reporting cut-off of 0.78% EqCu.  

Table 14-10:  Mineral Resource estimate for the Masa Valverde Project (with an effective date of 31 March 2022) 
above a reporting cut-off of 0.78% EqCu 

Cut-off Domain Class 
Tonnage 

(Mt) 
EqCu (%) Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) 

EqCu at 
0.78% 

Massive Sulphide, 
Cu zone 

Indicated 6.6 1.21 0.68 0.47 0.62 33 0.70 

Inferred 33.5 1.14 0.62 0.56 0.50 36 0.76 

Stockwork, Cu 
zone 

Indicated 3.6 1.15 0.86 0.12 0.60 8.1 0.18 

Inferred 14.5 1.16 0.87 0.15 0.56 8.8 0.18 

Massive Sulphide, 
Zn zone 

Indicated 6.2 2.04 0.53 1.11 3.02 33 0.62 

Inferred 22.6 1.86 0.46 0.98 2.69 37 0.74 

Stockwork, Zn 
zone 

Indicated 0.5 1.56 0.46 0.86 2.28 16 0.45 

Inferred 2.8 1.25 0.37 0.53 1.90 15 0.31 

Notes: 

• Tabulated data have been rounded, to reflect this an estimate and as a result minor computational errors may occur. 

• The effective date of the Mineral Resource statement is 31 March 2022. 

• EqCu was determined using the following metal prices and recoveries: US$3,500/t zinc, US$2,300/t lead, US$9,600/t copper, 
US$0.74/g silver, US$58/g gold, and recoveries of 80% was assumed for zinc and copper, 60% was assumed for lead, 35% was 
assumed for silver and 20% was assumed for gold. 

• The 0.78% EqCu cut-off is based on a US$60/t production cost. 

• The ordinary kriging method was used to interpolate density values into the block model from sampling data. 

• The Mineral Resource has been classified under the guidelines defined by the CIM in their document “CIM Definition Standards for 
Mineral Resources and Mineral Reserves” of May 2014. 
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• The metal content estimates reflect are in situ, and do not include factors such as external dilution, mining losses and process 
recovery losses. 

Grade-Tonnage Data 

Grade-tonnage at different cut-off values for the Masa Valverde deposit are shown in Table 14-11. 

Table 14-11:  Masa Valverde total resources at a range of cut-offs 

Cut-off (EqCu) Tonnage (t) EqCu (%) Cu (%) Pb (%) Zn (%) Ag (ppm) Au (ppm) 

- 165,747,683 0.994 0.481 0.402 0.795 22 0.50 

0.20 161,609,149 1.016 0.491 0.412 0.814 23 0.50 

0.40 145,511,962 1.094 0.526 0.448 0.883 25 0.54 

0.60 117,887,357 1.230 0.577 0.517 1.043 28 0.58 

0.70 102,251,402 1.318 0.601 0.569 1.173 29 0.60 

0.78 90,342,213 1.395 0.620 0.613 1.298 30 0.61 

0.90 75,845,343 1.501 0.641 0.672 1.488 30 0.62 

1.00 64,830,675 1.595 0.655 0.717 1.677 31 0.63 

1.20 48,354,801 1.766 0.665 0.811 2.057 32 0.63 

1.40 35,164,142 1.941 0.668 0.926 2.441 35 0.66 

1.60 25,994,355 2.097 0.664 1.049 2.783 37 0.70 

1.80 18,381,978 2.265 0.659 1.162 3.173 39 0.73 

2.00 12,986,770 2.417 0.646 1.325 3.513 41 0.76 

Comparison with Previous Estimates 

The previous Mineral Resource estimation for the Masa Valverde deposit was completed by CSA Global, 
effective 15 December 2017. The Mineral Resource statement from December 2017 and March 2022 are 
presented in Table 14-12. 
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Table 14-12:  2022 vs 2017 Mineral Resource estimate 

2022 vs 2017 Masa Valverde Mineral Resource estimates 

Zone 

2022 2017 2022 2017 2022 2017 2022 2017 2022 2017 2022 2017 2022 2017 2022 2017 

Cut-off Cut-off 
Tonnage 

(Mt) 
Tonnage 

(Mt) 
EqCu 
(%) 

EqZn 
(%) 

Cu (%) Cu (%) Zn (%) Zn (%) Pb (%) Pb (%) 
Ag 

(ppm) 
Ag 

(ppm) 
Au 

(ppm) 
Au 

(ppm) 

Massive sulphide, 
Cu zone 

EqCu 
0.78  

EqZn 
3.00 

40 19 1.15 4.07 0.63 0.68 0.52 0.88 0.54 0.87 35.2 41.7 0.75 0.81 

Stockwork, Cu 
zone 

18 13 1.16 4.08 0.87 1.08 0.56 0.71 0.15 0.22 8.6 10.9 0.18 0.16 

Massive sulphide, 
Zn zone 

29 31 1.90 6.07 0.48 0.52 2.76 3.03 1.01 1.23 36.4 40.4 0.72 0.75 

Stockwork, Zn 
zone 

3 3 1.30 4.39 0.38 0.43 1.96 2.29 0.58 0.75 15.3 18.8 0.33 0.33 

TOTAL 90 66 1.39 5.03 0.62 0.67 1.30 1.92 0.61 0.91 29.5 34.0 0.61 0.63 

*Tabulated data have been rounded, to reflect this an estimate and as a result minor computational errors may occur. 
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The reasons for changes, subject to the limitations and assumptions, are outlined below: 

• Infill and step-out drilling has resulted in remodelling of the mineralisation wireframes (volume changes 
are small) 

• The addition of infill drilling data has resulted in more stable variograms and the use of omni-directional 
models with ordinary kriging. In 2017 the Inverse Distance raised to the third power (ID3) was used. 

• The creation of the high-grade zinc and high-grade lead zones within the Massive Sulphide zones 
restricted the high grade to be smeared across the Massive Sulphide Zone.  

• Economic assumptions on metal prices changed from 2017 to 2022 (Table 14-13). Introduction of a EqCu 
calculation instead of a EqZn calculation, reflecting the consideration by AMV of copper being the main 
value driver for the project. The EqCu calculation includes gold grade, absent from consideration in 2017. 
The cut-off was determined using a production cost of US$53/t in 2017 to US$50/t in 2022. 

Table 14-13:  Comparison of input metal prices between 2022 and 2017 

Metal 2022 Metal price 
2022 Metal price 
(for comparison) 

2017 Metal price 

Zinc $3,500/t $1.75/lb $1.00/lb 

Lead $2,300/t $1.15/lb $0.90/lb 

Copper $9,600/t $4.80/lb $2.80/lb 

Silver $23.00/oz $23.00/oz $18.89/oz 

Gold $1,800/oz $1,800/oz none 

14.3 Mineral Resource Estimation – Majadales  

The Majadales Mineral Resource estimate was prepared using data available up to 28 February 2022.  

ATM provided CSA Global with an interpretation of the mineralisation and a drillhole database containing 
lithology logs, chemical assays, and density measurements. CSA Global reviewed all the informing data 
provided, held discussion with site geological staff as regards the geological interpretation, reviewed data 
and information received and completed a data QAQC review (Section 11.5, page 55).  

CSA Global and considers that the quality and quantity of the information presented is appropriate for 
consideration in Mineral Resource evaluation. 

The Mineral Resource estimate workflow adopted can broadly be summarised as: 

• Data validation and preparation 

• Interpretation of the geology and mineralisation domains 

• Coding, compositing, and capping of sample data 

• Exploratory data analysis and statistical analysis 

• Variogram analysis 

• Block modelling 

• Derivation of interpolation parameters, interpolation, and validation 

• Classification and Mineral Resource reporting. 

14.3.1 Informing Data and Database Validation 

Drillhole Data 

ATM provided CSA Global with its drillhole database including the holes drilled by CME and recent drilling by 
ATM. A working drillhole database was compiled that included 39 drillholes. The integrity of the database 
was validated, and the quality of the informing data verified. Some minor validation issues such as sample 
overlaps, duplicates and typos were detected and corrected.  
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The database compiled contains: 

• 776 downhole survey measurements. 

• 11 holes had no mineralised intersection. 

• Only 36 density determinations were available. 

• 17,130 m of core lithology logs. 

• Chemical assays of 20 elements were available for the mineralised zone with copper, zinc, lead, silver, 
gold as the main elements, and arsenic, mercury, antimony and sulphur as penalty elements as part of 
the mineral estimation. 

• Four holes were added later in the project (end February 2022). These holes are MJ49 MJ50, MJ51 and 
MJ52. MJ49, MJ50 and MJ52 were infill drilling. MJ51 extended the solids out towards the southwest. 
These holes were analysed by the onsite laboratory not ALS Chemex (awaiting results). The statistics and 
variograms in the report exclude these holes, but the holes were incorporated within the estimation. 
Figure 14-16 shows the location of these holes. 

 

Figure 14-16:  MJ49, MJ50, MJ51 and MJ52 collars in blue, other drillhole collars in green; mineralised zones in red 
(massive sulphide) and blue (stockwork) 

14.3.2 Geological Interpretation and Estimation Domains 

ATM provided CSA Global with an interpretation of the mineralization consisting of three triangulated solids 
representing the massive sulphides, semi-massive sulphide and the stockwork. The solids were validated in 
Leapfrog and found that the solids were optimistic in size compared to the drillhole intersections of the 
mineralised zones. New solids were constructed in Leapfrog. The geological interpretation is based on 
drillhole core logging which defined three major styles of mineralisation, massive sulphide, semi-massive 
sulphide and stockwork, each with geological and statistical differences. 

ATM also provided CSA Global with interpreted fault planes. The influence of the faults is limited and does 
not intersect the mineralised zones. The faults were ignored until further information is available.  
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Figure 14-17:  Left: Geological interpretation of the mineralisation showing massive sulphides (red), semi-massive 
sulphide(pink), stockwork (blue). Right shows the semi-massive sulphide between the massive sulphide 
and stockwork (Massive sulphide removed). 

14.3.3 Sample Coding, Compositing, Densities and Capping 

All samples within massive sulphide (MS) wireframes were flagged with estimation domain code (ZONE) 1, 
samples in semi-massive (SMS) wireframes were flagged with code 2 samples in stockwork (STW) wireframes 
were labelled with code 3 and everything else was labelled with code 500. Only samples within mineralised 
domains were used for resource estimation.  

Drillhole samples were composited to 2 m intervals. Compositing process was weighting by interval length.  

Extreme grade values in MS were capped at 9.38% Zn, 2.05% Cu, 4.64% Pb, 0.87 ppm Au and 191 ppm Hg. In 
SMS to 5.05% Zn, 0.98% Cu, 1.77% Pb, 22 ppm Ag and 100 ppm Hg. In STW, 1.89% Zn, 0.78% Pb and 52% Hg. 
Capping was used only where an abrupt increment in grade was identified. The capping is deemed to be 
reasonable for the data. 

Samples without density measurement but with sulphur assay values were assigned with a density calculated 
with the regression formulas DENSITY(MS)=S*.041+2.69 (Figure 14-18). 

 
Figure 14-18: Relation between density and sulphur 
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14.3.4 Statistical Analysis and Variography 

The univariate statistical analysis showed there is significant differences in grade distribution between 
massive sulphides, semi-massive and stockwork domains. The domaining is deemed to be well constrained. 

The low coefficient of variation allows for traditional linear interpolation techniques such as inverse of the 
power of the distance and ordinary kriging.  

Table 14-14:  Univariate statistics of the raw and composite main variables in the Massive Sulphide zone 

Domain Massive Sulphides 

Assay 
Cu 
(%) 

Cu 
comp. 

(%) 

Zn 
(%) 

Zn 
comp. 

(%) 

Pb 
(%) 

Pb 
comp. 

(%) 

Ag 
(g/t) 

Ag 
comp. 
(g/t) 

Au 
(g/t) 

Au 
comp. 
(g/t) 

Density 
(t/m3) 

Density 
comp. 
(t/m3) 

Samples 168 76 168 76 168 76 168 76 168 76 15 76 

Minimum 0.019 0.02 0.011 0.01 0.006 0.01 0.5 0.5 0.003 0.00 2.65 2.83 

Maximum 3.69 2.99 22 15.66 10.4 8.23 385 164.65 1.13 1.02 4.82 4.64 

Mean 1.02 1.04 3.05 3.40 1.49 1.65 54.35 55.68 0.33 0.32 3.92 4.35 

Standard 
deviation 

0.65 0.56 3.36 3.08 1.55 1.42 46.44 36.96 0.23 0.21 0.71 0.38 

CV 0.64 0.54 1.20 1.01 1.15 0.95 0.86 0.66 0.72 0.66 0.18 0.09 

10% 0.11 0.26 0.05 0.07 0.11 0.13 7.00 7.98 0.08 0.10 2.68 4.04 

30% 0.64 0.74 0.34 0.83 0.30 0.46 27.00 29.03 0.18 0.18 3.28 4.37 

50% 0.91 0.99 1.81 2.45 0.86 1.32 50.00 53.17 0.25 0.25 4.01 4.47 

70% 1.31 1.29 3.87 3.74 1.68 2.04 69.00 76.47 0.41 0.39 4.47 4.52 

90% 1.73 1.74 6.11 5.60 3.01 2.66 95.20 98.43 0.64 0.64 4.63 4.57 

95% 2.01 2.00 8.62 8.65 3.94 3.75 127.20 108.78 0.78 0.74 4.72 4.61 

97.50% 2.64 2.08 11.29 10.00 5.37 4.82 158.00 157.93 0.95 0.76 4.77 4.62 

99% 2.97 2.49 15.57 15.59 7.09 6.90 189.48 160.69 1.08 0.91 4.80 4.63 

*Excluding MJ49 MJ50, MJ51 and MJ52. 

Table 14-15:  Univariate statistics of the raw and composite main variables in the Semi-Massive Sulphide zone 

Domain Semi-Massive Sulphides 

Assay 
Cu 
(%) 

Cu 
comp. 

(%) 

Zn 
(%) 

Zn 
comp. 

(%) 

Pb 
(%) 

Pb 
comp. 

(%) 

Ag 
(g/t) 

Ag 
comp. 
(g/t) 

Au 
(g/t) 

Au 
comp. 
(g/t) 

Density 
(t/m3) 

Density 
comp. 
(t/m3) 

Samples 39 27 39 27 39 27 39 27 39 27  27 

Minimum 0.068 0.07 0.022 0.03 0.05 0.05 3 3 0.02 0.03  3.11 

Maximum 1.455 1.22 14.95 10.72 9.91 6.73 133 122.73 0.844 0.84  4.59 

Mean 0.53 0.54 1.97 1.54 0.93 0.69 27.72 22.61 0.16 0.16  3.79 

Standard 
deviation 

0.33 0.30 3.19 2.31 1.85 1.29 32.01 25.71 0.15 0.16  0.41 

CV 0.62 0.55 1.62 1.50 2.00 1.86 1.16 1.14 0.95 1.01  0.11 

10% 0.11 0.13 0.04 0.04 0.06 0.06 5.00 5.02 0.03 0.03  3.22 

30% 0.34 0.35 0.16 0.17 0.13 0.11 7.00 7.00 0.07 0.07  3.48 

50% 0.43 0.50 0.73 0.25 0.29 0.19 17.00 15.08 0.12 0.11  3.81 

70% 0.67 0.71 1.92 1.75 0.61 0.44 24.90 23.45 0.18 0.18  3.94 

90% 0.86 0.88 4.42 4.12 1.48 1.53 67.30 41.32 0.28 0.26  4.37 

95% 1.20 0.98 10.17 4.83 4.34 1.77 100.60 70.26 0.34 0.36  4.48 

97.50% 1.24 1.06 10.61 6.89 6.05 3.38 131.05 90.94 0.48 0.53  4.53 

99% 1.37 1.16 13.22 9.19 8.37 5.39 132.22 110.01 0.70 0.72  4.57 

*Excluding MJ49 MJ50, MJ51 and MJ52. 
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Table 14-16:  Univariate statistics of the raw and composite main variables in the Stockwork Sulphide zone 

Domain Stockwork Sulphides 

Assay 
Cu 
(%) 

Cu 
comp. 

(%) 

Zn 
(%) 

Zn 
comp. 

(%) 

Pb 
(%) 

Pb 
comp. 

(%) 

Ag 
(g/t) 

Ag 
comp. 
(g/t) 

Au 
(g/t) 

Au 
comp. 
(g/t) 

Density 
(t/m3) 

Density 
comp. 
(t/m3) 

Samples 179 146 179 146 179 146 179 146 179 146 18 146 

Minimum 0.003 0.00 0.012 0.01 0.003 0.00 0.500 0.500 0.003 0.00 2.706 2.69 

Maximum 2.6 2.55 2.51 2.51 1.3 1.3 75 53.07 0.77 0.74 2.977 4.01 

Mean 0.15 0.16 0.35 0.33 0.14 0.13 4.15 4.20 0.07 0.08 2.83 2.97 

Standard 
deviation 

0.29 0.29 0.49 0.40 0.22 0.19 6.96 6.14 0.09 0.09 0.06 0.25 

CV 1.93 1.87 1.38 1.21 1.51 1.48 1.68 1.46 1.31 1.26 0.02 0.08 

10% 0.01 0.01 0.03 0.03 0.01 0.01 0.50 0.52 0.01 0.01 2.73 2.74 

30% 0.04 0.05 0.08 0.08 0.03 0.03 1.00 1.09 0.02 0.02 2.80 2.80 

50% 0.07 0.07 0.17 0.19 0.07 0.06 2.00 2.44 0.04 0.04 2.82 2.89 

70% 0.14 0.16 0.32 0.32 0.12 0.13 4.00 4.22 0.07 0.08 2.86 2.99 

90% 0.28 0.28 0.88 0.82 0.31 0.27 10.00 9.34 0.17 0.19 2.91 3.31 

95% 0.37 0.45 1.50 1.19 0.75 0.52 11.00 10.98 0.26 0.25 2.94 3.44 

97.50% 0.74 0.67 2.05 1.39 0.84 0.74 14.53 15.26 0.30 0.31 2.96 3.58 

99% 1.69 1.58 2.05 1.79 0.84 0.78 23.04 30.44 0.37 0.39 2.97 3.88 

*Excluding MJ49 MJ50, MJ51 and MJ52. 

There is positive correlation between lead, and zinc (and mercury) is common of all domains, and copper and 
gold are not strongly correlated with the other metals.  

In the MS and SMS, there is a positive correlation between silver and lead, but not in the STW. 

Table 14-17:  Correlation coefficient calculated 

Independent/Dependent Cu Zn Pb Ag Au 

Massive sulphides 

Cu 1 0.09 0.15 0.34 0.37 

Zn 0.09 1 0.91 0.64 -0.01 

Pb 0.15 0.91 1 0.80 0.05 

Ag 0.34 0.64 0.80 1 0.08 

Au 0.37 -0.01 0.05 0.22 1 

Semi-Massive Sulphides 

Cu 1 0.09 0.09 0.21 -0.09 

Zn 0.09 1 0.96 0.91 -0.04 

Pb 0.09 0.96 1 0.94 -0.03 

Ag 0.21 0.91 0.94 1 0.00 

Au -0.09 -0.04 -0.03 0.00 1 

Stockwork 

Cu 1 0.10 0.04 0.32 0.13 

Zn 0.10 1 0.89 0.36 -0.01 

Pb 0.04 0.89 1 0.53 0.04 

Ag 0.57 0.53 0.58 1.00 0 

Au 0.35 -0.01 0.04 0.25 1 

*Excluding MJ49 MJ50, MJ51 and MJ52. 

Experimental variograms were calculated along dip and dip directions and fitted to a variogram model. Due 
to the limited number of samples, the variograms did not show preferred orientations, and were impacted 
by the data configuration. Omni-directional variograms were investigated.  
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The model shown in Table 14-18 was used to fit the experimental variograms of all variables. This model was 
used to interpolate with ordinary kriging, to define search parameters and to validate estimates with global 
change of support.  

 
Figure 14-19:  Example of variograms calculated in massive sulphide domain 

 
Figure 14-20:  Example of variogram calculated in stockwork domain 
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Table 14-18:  Variogram model used to interpolate with ordinary kriging and for global change of support validation 
(the same data was used for inverse distance) 

Estimation domain Variable Nugget R1 R2 R3 S1 

Massive sulphide 

Cu 0.34 30 40 0 1 

Zn 0.22 30 40 10 1 

Pb 0.17 30 40 0 1 

Ag 0.05 40 40 20 1 

Au 0.42 20 40 0 1 

Semi-Massive sulphide 

Cu 0.34 30 40 0 1 

Zn 0.22 30 40 0 1 

Pb 0.17 30 40 10 1 

Ag 0.05 40 40 20 1 

Au 0.42 20 40 0 1 

Stockwork 

Cu 0.22 30 30 0 1 

Zn 0.31 20 30 0 1 

Pb 0.26 20 40 0 1 

Ag 0.27 30 20 10 1 

Au 0.53 10 40 0 1 

*Excluding MJ49 MJ50, MJ51 and MJ52. 

Due to the sparse data of Majadales creating variograms without a preferred orientation, Masa Valverde 
variograms can be consider as proxy for Majadales. Majadales and Masa Valverde are similar in deposit style 
and proximal to each other, which support the ‘borrowing’ of Masa Valverde variograms as input for 
Majadales.  

The Masa Valverde upper massive sulphide variograms were used to interpolate the Massive Sulphide (Masa 
Valverde Massive Sulphide omni-directional variograms examples: Figure 14-4) and Semi-Massive sulphide 
domains in Majadales. The Stockwork domain from Masa Valverde (Masa Valverde Stockwork omni-
directional variograms example: Figure 14-5) were used for the Stockwork domain in Majadales. Table 14-19 
summarise the input parameters borrowed from Masa Valverde for Majadales interpolation. 

Table 14-19:  Masa Valverde Omni-directional model used for interpolating with ordinary kriging for input for 
Majadales interpolation 

Estimation domain Variable Nugget 
Exponential 

Sill Range 

Massive Sulphide and 
Semi-Massive sulphide 

Cu 0.32 1 60 

Zn 0.2 1 65 

Zn (high-grade zone) 0.6 1 75 

Pb 0.2 1 65 

Pb (high-grade zone) 0.5 1 65 

Ag 0.28 1 100 

Au 0.08 1 75 

Stockwork 

Cu 0.39 1 110 

Zn 0.11 1 94 

Pb 0.12 1 94 

Ag 0.64 1 70 

Au 0.13 1 75 

14.3.5 Block Model 

A block model with 30 m x 30 m x 10 m blocks was used, allowing for sub-cells splits to 3 m x 3 m x 1 m to 
correctly adjust the model to the mineralised wireframe boundaries. 
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The model definition is shown in Table 14-20. Only blocks within mineralized domains were populated and 
used for Mineral Resource estimation.  

Table 14-20:  Block model definition 

Model definition parameter Value 

Parent block width 30 

Parent block length 30 

Parent block height 10 

Lower left corner, east coordinate 690700 

Lower left corner, north coordinate 4156100 

Lower left corner, RL coordinate -350 

Number of panels along east direction 20 

Number of panels along north direction 16 

Number of panels along RL direction 55 

This block model definition is considered appropriate for interpolation since the block dimensions are 
proportional to half or to a fourth of the drillhole spacing, which is reasonable given the reasonably good 
continuity of the mineralisation.  

14.3.6 Interpolation Methods and Parameters 

The ordinary kriging method, with omni-directional variograms from Masa Valverde, was used to interpolate 
density values, copper, zinc, silver, gold and lead grades and to report Mineral Resources. Mercury, sulphur 
and arsenic were estimated with ordinary kriging for internal use.  

Estimation of Density, copper, lead, zinc, silver and gold (ppm) was carried out into parent cell panels. Zonal 
control with a hard boundary between mineralisation domains (Massive Sulphide, Semi-Massive Sulphide 
and Stockwork domains) was used during the grade estimation. 

Table 14-21 shows the parameters used for interpolation. Search distances were selected from variogram 
ranges (based on Masa Valverde search ranges). The estimation was on the parent block, using a 3 x 3 x 3 
discretization. Grades were interpolated in three passes, at one, two and four times the variogram range. 
This method ensures that blocks which are not estimated and populated with a grade value in the first run, 
are populated during one of the subsequent runs, such that the entire mineralised volume was estimated. 

Samples used was a minimum of eight and a maximum of 24. Only four samples per drillhole can be used in 
the estimation. 

Table 14-21:  Search parameters used for interpolation 

Parameter Value  

Minimum number of samples 8 

Maximum number of samples 24 

Maximum number of samples per drillhole 4 

Size factor for second pass 2 

Size factor for third pass 4 

Ordinary kriging estimation was carried out with an Inverse Distance raised to the second power (ID2) 
estimator used as a cross check value during grade validations. 

14.3.7 Model Validation 

Estimated density values, copper, zinc, lead, silver and gold grades were validated per estimation domain. 

Validations consisted of:  

• Visual comparison of drillhole data with variables interpolated in blocks to verify that local trends and 
grades were reproduced 
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• Comparison of mean grades on composites with block mean grades 

• Swath plots to identify local overestimation and over-smoothing 

• Comparison with alternative estimation methods, in this case ordinary kriging with directional variograms 
and ordinary kriging with omni-directional variograms.  

Average density values, copper, zinc, silver, gold and lead grades corresponding to each estimation domain 
were validated with statistical comparison of means, visual validation of model sections, swath plots, and 
global change of support.  

Swath plots were created as part of the validation process, by comparing the model parent block grades and 
input composites in spatial increments. These plots display northing, easting and elevation slices throughout 
the deposit (Figure 14-21 to Figure 14-26).  

The plots show that the distribution of block grades honour the distribution of input composite grades. There 
is a minor degree of smoothing evident, which is to be expected from the estimation method used, with block 
grades showing lower overall variance. The general trend of the composite grades is reflected in the block 
model. 

 
Figure 14-21:  Swath plots for Cu in X, Y and Z direction (Massive Sulphide domain) 
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Figure 14-22: Swath plots for Zn in X, Y and Z direction (Massive Sulphide domain) 

 
Figure 14-23:  Swath plots for Zn in X, Y and Z direction (Semi-Massive Sulphide) 
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Figure 14-24: Swath plots for Density in X, Y and Z direction (Semi-Massive Sulphide) 

 

Figure 14-25: Swath plots for Cu in X, Y and Z direction (Stockwork) 
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Figure 14-26:  Swath plots for Pb in X, Y and Z direction (Stockwork) 

The validation results support the use of ordinary kriging (with variogram input from Masa Valverde) for the 
Mineral Resource estimation and reporting (Table 14-22). 

Table 14-22:  Comparison of average base and precious metal grades at drillholes and blocks 

Variable Sample data 

Ordinary kriging 
with Masa 

Valverde input 
(omni-directional) 

ID2 
Ordinary kriging 

(directional) 
Ordinary kriging 

(omni-directional) 

All blocks 

Cu 0.46 0.47 0.38 0.39 0.37 

Zn 1.32 1.40 1.03 0.94 0.98 

Pb 0.61 0.64 0.45 0.44 0.45 

Ag 22 24 17 17 17 

Au 0.16 0.17 0.13 0.14 0.15 

Density 3.47 3.43 3.33 3.33 3.35 

The ordinary kriging method was compared with the sample input data from each domain. The estimated 
zinc grade within the massive sulphide and semi-massive sulphide zone was marginally higher than the input 
data (Table 14-23). In the massive sulphide and semi-massive sulphide, the higher grades are extrapolated to 
areas with no data, creating a higher average. 
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Table 14-23: Comparison of average base and precious metal grades at drillholes and blocks per domain 

Variable 

Massive 
Sulphide  

Sample data 

Ordinary kriging 
with Masa 

Valverde input 
(omni-

directional) 

Semi-Massive 
Sulphide 

Sample data 

Ordinary kriging 
with Masa 

Valverde input 
(omni-

directional) 

Stockwork 
Sample data 

Ordinary kriging 
with Masa 

Valverde input 
(omni-

directional) 

Cu  0.98   0.94   0.41   0.43   0.17   0.18  

Zn  3.17   3.29   0.50   0.63   0.30   0.29  

Pb  1.50   1.53   0.24   0.27   0.12   0.12  

Ag  56  58  10  11  4.4  4.4 

Au  0.31   0.34   0.13   0.12   0.07   0.08  

Density  4.37   4.35   3.52   3.57   2.97   2.99  

14.3.8 Equivalent Grade Calculation, and Definition of Mineralisation Style Sub-Zones 

An equivalent copper grade (EqCu) was calculated with the formula: 

EqCu =  Cu (%)  
+ Zn (%)*(VZn($/t)/VCu($/t)) * (rZn/rCu)  
+ Pb (%)*(VPb($/t)/VCu($/t)) * (rPb/rCu)  
+ Ag (%)*(VAg($/t)/Vcu($/t)) * (rAg/rCu) 
+ Au (%)*(VAu($/t)/Vcu($/t)) * (rAu/rCu) 

where the VX are metal prices and rX are metallurgical recoveries. Ag (%) and Au (%) is Ag (g/t)/10,000 and 
Au(g/t)/10,000 respectively. It uses recoveries for metal equivalent ratios but do not imply metallurgical 
recovery in the EqCu values. The metal prices for the Mineral Resource reporting are based on current spot 
prices. 

A recovery of 80% was assumed for zinc and copper. A recovery of 60% was assumed for lead and 35% was 
assumed for silver. These recoveries are common in other deposits of the IPB, such as nearby Sandfire mines 
(Aguas Teñidas, Magdalena and Sotiel). The gold recovery was assumed at 20%. The gold recovery is a 
conservative assumption based on testwork completed by Atalaya for gold recoveries for Masa Valverde and 
Majadales material. Table 14-24 contains the metal prices and recoveries used in the equivalent Cu 
calculation and Figure 14-27 shows the blockmodel coded with CuEq.  

Table 14-24:  Metal prices and metal recoveries used in the EqCu grade calculation 

Metal Unit Metal price (US$) Metal recovery (%) 

Zn $/t 3500 80 

Pb $/t 2300 60 

Cu $/t 9600 80 

Ag 

$/oz 23.00 35 

$/g 0.74 35 

$/t 740 000 35 

Au 

$/oz 1800 20 

$/g 57.87 20 

$/t 57 870 000 20 

 



ATALAYA MINING 
NI 43-101 TECHNICAL REPORT 
 

 

CSA Global Report No. R396.2021 Page 104 

 

 

Figure 14-27: Majadales sections showing the CuEq in the blockmodel 

14.3.9 Reasonable Prospects of Economic Extraction 

CIM Definition Standards for Mineral Resources and Mineral Reserves (May 2014) require that resources have 
“reasonable prospects for economic extraction”. This generally implies that the quantity and grade estimates 
meet certain economic thresholds and that the mineral resources are reported at an appropriate cut-off 
grade considering possible extraction scenarios and processing recoveries.  

The Majadales deposit would require extraction using an underground mining method if proven to be 
economic. 

To apply a reasonable prospect for economic extraction to the Masa Valverde Mineral Resource estimate, an 
EqCu cut-off of 0.78% was used, using the parameters set out in Table 13-9. The 0.78% EqCu was determined 
using a production cost of US$60/t. The US$60/t production cost consist of assumed costs of US$40/t mining 
cost and US$15/t processing cost and US$5/t transport cost, assuming processing at ATM’s processing plant 
at Proyecto Riotinto. This is a similar cut-off as the nearby Sandfire mines. Additional factors such as dilution, 
mining losses and smelter costs have not been considered at this point. 
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14.3.10 Mineral Resource Classification 

The Majadales Mineral Resource has been classified as an Inferred Mineral Resource under the guidelines of 
the CIM Standards on Mineral Resources and Reserves, Definitions and Guidelines prepared by the CIM 
Standing Committee on Reserve Definitions and adopted by CIM Council (2014), and procedures for 
classifying the reported Mineral Resources were undertaken within the context of the Canadian Securities 
Administrators NI 43-101.  

The classification category is based upon an assessment of geological understanding of the deposit, 
geological and mineralisation continuity, drillhole spacing, quality control results, search and interpolation 
parameters (kriging variance, kriging efficiency and slope of regression), and an analysis of available density 
information. 

The drill spacing is adequate to allow the mineralisation zones to be modelled into coherent wireframes for 
each domain. The resources are classified to inferred due to the lack of confidence in the spatial variability 
of the grade (Figure 14-28). Infill drilling is required to increase the confidence. 

 

Figure 14-28: Majadales plan view with all blocks classified as Inferred Mineral Resources 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



ATALAYA MINING 
NI 43-101 TECHNICAL REPORT 
 

 

CSA Global Report No. R396.2021 Page 106 

14.3.11 Mineral Resource Reporting 

Mineral Resources estimated for the Majadales Project are shown in Table 14-25. These Mineral Resources 
have a 31 March 2022 effective date and were calculated above a reporting cut-off of 0.78% EqCu.  

Table 14-25:  Mineral Resource estimate for the Majadales project (with an effective date of 31 March 2022) above a 
reporting cut-off of 0.78% EqCu 

Cut-off Zone 
Tonnage 

(Mt) 
EqCu (%) Cu (%) Pb (%) Zn (%) Ag (g/t) Au (g/t) 

EqCu at 
0.78 % 

Massive Sulphide  2.7   2.67   0.94   1.53   3.30   58   0.34  

Semi-Massive Sulphide  0.2   1.19   0.73   0.39   0.87   16   0.16  

Stockwork  0.1   1.08   0.87   0.11   0.43   6.6   0.06  

Notes: 

• Tabulated data have been rounded, to reflect this an estimate and as a result minor computational errors may occur. 

• The effective date of the Mineral Resource statement is 31 March 2022. 

• EqCu was determined using the following metal prices and recoveries: US$3,500/t zinc, US$2,300/t lead, US$9,600/t copper, 
US$0.74/g silver, US$58/g gold, and recoveries of 80% were assumed for zinc and copper, 60% was assumed for lead, 35% was 
assumed for silver and 20% was assumed for gold. 

• The 0.78% EqCu cut-off is based on a US$60/t production cost. 

• The ordinary kriging method was used to interpolate density values into the block model from sampling data. 

• The Mineral Resource has been classified under the guidelines defined by the CIM in their document “CIM Definition Standards for 
Mineral Resources and Mineral Reserves” of May 2014. 

• The metal content estimates reflect are in situ, and do not include factors such as external dilution, mining losses and process 
recovery losses. 

14.3.12 Comparison to Previous Mineral Resources Estimates 

There are no previous Mineral Resources estimates prepared for Majadales. 
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14.4 Mineral Resource Summary, Risks and Opportunities  

Table 14-26 shows the combined Mineral Resource for Majadales and Masa Valverde. 

Table 14-26:  Combined Mineral Resource for Majadales and Masa Valverde 

2022 Cut-off Tonnage (Mt) EqCu (%) Cu (%) Pb (%) Zn (%) Ag (ppm) Au (ppm) 

Masa Valverde Massive Sulphide 

Indicated EqCu 
0.78% 

12.8 1.61 0.61 0.78 1.79 33 0.66 

Inferred 56.1 1.43 0.56 0.73 1.38 36 0.75 

Masa Valverde Stockwork 

Indicated EqCu 
0.78% 

4.1 1.20 0.81 0.21 0.81 9.0 0.21 

Inferred 17.3 1.18 0.79 0.22 0.77 9.8 0.20 

Majadales Massive Sulphide (Including Semi-Massive Sulphide) 

Indicated EqCu 
0.78% 

- - - - - - - 

Inferred 2.9  2.56   0.93   1.45   3.13   54.99   0.33  

Majadales Stockwork 

Indicated EqCu 
0.78% 

- - - - - - - 

Inferred 0.1  1.08   0.87   0.11   0.43   6.6   0.06  

MASA VALVERDE TOTALS 

Indicated EqCu 
0.78% 

16.9 1.51 0.66 0.65 1.55 27 0.55 

Inferred 73.4 1.37 0.61 0.61 1.24 30 0.62 

MAJADALES TOTALS 

Indicated EqCu 
0.78% 

- - - - - - - 

Inferred  3.1  2.55   0.94   1.43   3.08   54   0.32  

MASA VALVERDE AND MAJADALES TOTALS 

Massive Sulphide Indicated 

EqCu 
0.78% 

 12.8   1.61   0.61   0.78   1.79   33   0.66  

Massive Sulphide Inferred  59.1   1.48   0.57   0.76   1.47   37   0.73  

Stockwork Indicated  4.1   1.20   0.81   0.21   0.81   9.0   0.21  

Stockwork Inferred  17.4   1.17   0.79   0.21   0.77   10   0.20  

14.4.1 Risks and Opportunities 

As is evident in the grade-tonnage sensitivity table for Masa Valverde (Table 14-11) given the relatively low 
grades of the polymetallic Masa Valverde deposit, the deposit size is very sensitive to small changes in cut-
off grades which are dependent on multiple commodities. The authors note that the greatest risk to the 
Mineral Resource estimate relates to sensitivities in processing recoveries and commodity prices. The same 
comment may be made in relation to Majadales but the grade-tonnage tabulation is not presented since to 
do so for an Inferred level of confidence may be misleading (i.e. assumption of tonnages and grades above 
any given cut-off being assumed). 

Although reasonable prospects of economic extraction can be justified, improved confidence with respect to 
recoveries should come from the replacing of proxy assumptions with project-specific data, from 
metallurgical testwork currently underway.  

A significant portion of the combined Masa Valverde and Majadales Mineral Resource tonnage 
(approximately 80% for Masa Valverde and 83% in total) is classified as Inferred Mineral Resources. Whilst 
progression to including these Mineral Resources  in a Preliminary Economic is warranted, further infill drilling 
should be completed over both deposits to improve confidence in the Mineral Resource estimate and to 
better define geometallurgical domains for subsequent mine planning and economic evaluation. 

The drill data for the Project is not stored in a Structured Query Language (SQL) database. Exports used in 
the Mineral Resource estimate were provided in spreadsheet format and errors were identified during the 
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data loading process in Datamine software. A detailed report of outstanding validation issues was sent to the 
Company. ATM should consider an industry standard SQL database solution to host their data.  
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15 Mineral Reserves  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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16 Mining Methods  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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17 Recovery Methods  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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18 Project Infrastructure  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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19 Market Studies and Contracts  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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20 Environmental Studies, Permitting and 
Social or Community Impact  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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21 Capital and Operating Costs  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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22 Economic Analysis  

The Project is not an Advanced Property as defined under NI43-101. No Mineral Reserves have been 
estimated and no assessment of potential economic viability has been undertaken on the project to date. 
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23 Adjacent Properties  

Masa Valverde is surrounded by active and former mines in the centre of the Iberian Pyrite Belt (Figure 6.1).   
Most importantly the Masa Valverde deposit is only 65 kilometres by road from Atalaya Mining’s Cerro 
Colorado Mine (Rio Tinto), mill and processing plant which has the potential to provide Company operational 
synergies.  Masa Valverde is 25 straight-line kilometres east of the old Tharsis Mine and 50 straight-line 
kilometres west of the Azalcollar Mine.  

In September 2021 Sandfire Resources Ltd (ASX:SFR) announced that it had acquired Minas Aguas Tenidas 
S.A (MATSA) which includes Mina Sotiel only 6 kilometres from Masa Valverde.   

The MATSA complex consists of the Aguas Teñidas, Magdalena and Sotiel underground mines, and a 4.7Mtpa 
central processing facility at Aguas Teñidas. Ore Reserves are stated at 36 Mt at 1.8% Cu at a CuEq of 3.1% 
and Mineral Resources of 122Mt at 1.5% Cu at a Cu Eq of 3.3% (Sandfire ASX news release, 23 September 
2021). 

Mina Sotiel is a VMS deposit of polymetallic sulphides (copper, zinc, lead, silver and gold), located in the 
municipality of Calañas and has published Mineral Resources of 47 Mt averaging 1% Cu, 3.4% Zn, 1.5% Pb 
and 43 ppm Ag classified as Measured, Indicated and Inferred Mineral Resources (Sandfire ASX news release, 
23 September 2021).  

The Sotiel mine was previously operated by Minas de Almagrera SA, then NAVAN Resources from 1984 to 
2001. MATSA reopened the mine in January 2015 to provide feed to its expanded mill at Aguas Teñidas while 
production was ramped up at its new Magdalena mine which began production in 2016.  MATSA produced 
more than 300,000 tonnes of copper concentrate - partially processed copper ore - in 2020. The mines also 
produce zinc and lead concentrate (https://www.reuters.com/article/matsa-ma-mining-idUSL2N2O017U). 

There are currently no other significant exploration or development properties in the immediate area of the 
Masa Valverde Project. 

The authors have not verified MATSA’s Mina Sotiel information and the information is not necessarily 
indicative of the mineralisation on the Masa Valverde Project. 
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24 Other Relevant Data and Information  

24.1 Summary of Spanish Mining Law 

Under Spanish Civil Code the surface rights holder also owns what is in the subsoil, except regarding the 
restrictions imposed by mining laws. Mineral resources are in the public domain and therefore belong to the 
State, which can exploit them or assign their exploitation to third parties. 

Mineral resources are divided into the following four categories or sections: 

• Section A is composed of: 

o Minerals with limited economic value, with less than 10 workers employed in exploitation and are 
locally traded 

o Minerals obtained to be used directly in construction and other activities, which only require previous 
simple actions to raw material. 

• Section B is composed of the following: 

o Thermal and mineral waters 

o Underground deposits of material created by an activity governed by the Law on Mines 

o Exploitable deposits of mining waste. 

• Section C is composed of other resources not included in the other sections. 

• Section D is composed of the following with special attention to mineral energy resources: 

o Coal minerals 

o Radioactive minerals 

o Geothermal resources 

o Bituminous stones 

o Other resources with an energy interest. 

As mineral resources are in the public domain, a permit (such as an authorisation or a concession) is required 
for their exploitation. The requirements to obtain these permits depend on the type of mineral resource 
(Section A, B, C or D), the nature of the petitioner and other conditions related to the exploitation site, such 
as whether there have been previous mining activities on the site. The holder of mining rights can exploit the 
land required for mining activities. Section C applies to the Masa Valverde Project therefore only 
requirements for Section C permits are discussed below. 

Exploration for minerals under Sections C prior to the granting of an exploitation/operation concession 
(Concesión de explotación) for their extraction and use require either: 

• Exploration permits (permisos de exploración) – for the study of unknown areas with techniques that do 
not substantially modify the terrain; or 

• Investigation permits (permisos de investigación) – to carry out the studies and works necessary to reveal 
the resources. 

For minerals under Section C, the procedure for an exploration permit consists of the filing of an application, 
an internal report and a resolution leading to the awarding of the permit. The procedure for an investigation 
permit involves filing of an application and an internal report but also involves the publication of the 
application in the official gazette and a public information period prior to a resolution leading to the awarding 
of the permit. The exploitation concession can be granted directly (that is, without a previous investigation 
permit) or after having investigated under the corresponding investigation permit. 

For minerals under Section C, exploration permits have a maximum duration of one year, which can be 
extended for an additional year. Investigation permits have a maximum duration of three years, which can 
be extended for up to another three years, and in special cases for subsequent terms, if a previous 
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assessment of the characteristics of the petitioner, the mining works (expected and already carried out) and 
the site has been carried out. Exploitation concessions for minerals under Section C have a maximum duration 
of 30 years, which can be extended for equal periods up to 90 years. 

Typically, the holder of a mining right must have a legal personality and the sufficient financial and technical 
solvency to develop the mining activity. According to Article 18 of the Treaty on the Functioning of the 
European Union, there are no restrictions on the nationality of the person requesting the award of a mining 
right. There are no restrictions concerning the foreign investment in and ownership of companies engaged 
in the exploitation and extraction of mineral resources in Spain. Mining rights can be transferred, leased and 
levied wholly or partially, on behalf of persons complying with the general requirements to hold mining 
rights. This transfer, lease or levy must be previously authorised by the authorities. 

Exploration and investigation permits, mining authorisations and concessions are subject to the payment of 
tax fees to the competent regional authorities. The amount of these fees varies depending on the 
autonomous community. In addition, the transfer, lease or levy of a mining right is also subject to the 
payment of an applicable tax fee. 

Holders of rights related to Section C minerals (such as, exploration and investigation permits, and 
exploitation concessions) are subject to the payment of royalties on an annual basis. For example, the 
royalties for exploitation concession is EUR45 per mining grid and year (Law 6/1977, of 4 January, on mining 
promotion). 

The awarding of mining rights may be subject to transfer tax (ranging from a rate of between 6% and 10%). 
The transfer, lease or levy of mining rights and in general, mining activity may be subject to VAT (at a rate of 
21%). The transfer or mortgaging of mining rights that can be registered in the real estate registry can also 
trigger stamp duty. In addition, some mining products may be subject to specific taxes (like special taxes on 
coal). 

Mining activity in Spain is subject to corporate tax regime under Law 27/2014 on the Corporate Income Tax, 
under a special regime for mining activities providing for specific tax reliefs. 

24.2 Detailed QA/QC analysis (2021-2022) 

The purpose of a quality assurance and quality control (QAQC) program is to provide assurance that the data 
underlying any downstream work accurately reflect reality and to define the uncertainties associated with 
sampling, sample preparation and analysis. 

Quality assurance (QA) is the process used to measure and assure the quality of the data produced and 
quality control (QC) refers to the data that are generated by the QA process. QAQC is monitored in three 
ways: 

• Contamination – Blanks  

• Accuracy – Certified reference material (CRM) 

• Precision – Duplicates. 

Blanks are usually a type of CRM with very low concentrations of the element of interest (usually below the 
lower detection limit (LDL)). Coarse blanks (preparation blanks) undergo the same sample preparation 
process as the primary samples and are used to monitor contamination in the sample preparation process. 
Pulp blanks, where used by the laboratory, are used to monitor contamination in reagents, glassware, etc.  

CRMs have known concentrations of the element/s of interest as well as the expected uncertainties. They 
are certified by the issuing company and are used to monitor assay accuracy (and bias). Mean assay grades 
of CRM were compared against the expected values and any biases greater than 5% were highlighted in red, 
or less than -5% were highlighted in orange. 

Duplicates are repeat samples of various types which are used to measure precision (repeatability). 
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• Field Duplicates – consist of replicate of primary sampled material, namely second half of split core or ¼ 
core and contain all sources of error (original in situ sampling error, sample preparation errors and 
analytical errors).  

• Preparation Duplicates – consist of a second split (or coarse crush duplicate) taken after crushing, but 
before pulverising. They have the same sample size and contain similar analytical errors to field 
duplicates. 

• Pulp Duplicates – are made when the laboratory produces two separate splits from the same sample pulp 
to provide a check on the analytical error (including subsampling, weighing and analytical errors) 
introduced by splitting in the laboratory.  

• External Check Assays (Umpires) – these test the relative bias of the principal laboratory relative to the 
check laboratory.  

The duplicate data were assessed using average coefficients of variation (CVAVR% = standard 
deviation/average presented as a percentage – also known as relative standard deviation) calculated from 
individual duplicate pairs and averaged using the RMS (root mean squared) approach. This approach is 
recommended by Stanley and Lawie (2007a) and Abzalov (2008) as a way of defining a fundamental measure 
of data precision using duplicate paired data. This approach is known to generate precision estimates slightly 
higher than those obtained using a modified Thompson-Howarth approach (Abzalov, 2008) but it allows for 
the non-normal distribution of errors (Stanley and Lawie, 2007b).  

Abzalov’s (2008) best and acceptable CVAVR% values were used to benchmark precision. Average mean bias 
was calculated by comparing the mean grades of the original and duplicate pairs. For both precision and bias, 
only pairs with values greater than or equal to 10 times the LDL were included in the calculations. CVAVR% 
values greater than Abzalov’s expected values and mean biases greater than 5% or less than -5% are 
highlighted in red in the precision tables if there is a minimum of 10 samples greater than the LDL.  

Contamination (Blank Samples) 

AMV’s Blank samples were obtained from an aggregate quarry or gravel-pit. The blank material is a non-
mineralised rock and was inserted to monitor the possible contamination of samples during the crushing, 
pulverising and/or analysis process.  

Blanks were inserted in every batch of samples sent to the laboratory such that they accounted for one third 
of the total number of QAQC samples contained in the batch. The blank samples were inserted randomly in 
the sample sequence using the same sample number sequence and sample bags as used for the drill core 
samples. A total of 50 blanks were submitted during the drill program. 

The analytical values of the blank samples should be close to the detection limit of the analytical method. If 
the value is higher than expected, it will be due to contamination of the samples during crushing, pulverising, 
or analysis. The laboratory is informed so that they review the sample preparation procedures, take the 
appropriate corrective actions, and thus isolate and eliminate the cause of the contamination. 

Most blank analyses were well within acceptable limits. Fifteen copper analyses, five zinc analyses and three 
lead analyses exceeded the failing limit at three times the element detection limit. The other elements 
performed well within the limits. The elevated copper analyses within the blanks can be a problem and should 
be monitored closely in following drilling campaigns. If a trend develops, an investigation should determine 
where in the process there might be a contamination. Table B1 is a summary of the blank results. Figure B1 
to Figure B9 shows the blank control charts per element. 

Table B1:  Summary of Blank results 

Lab used 
Analytical 
method 

Standard 
code 

Element 
No. of 

samples  
Mean  

Blanks 
>10 x LDL 

Failure % 

ALS Chemex 

ICP_AES 

Blank 

Cu 50 0.085 15 30% 

ICP_AES Zn 50 0.005 5 10% 

ICP_AES Pb 50 0.023 3 6% 
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ICP_AES Ag 50 1.200 0 0% 

FA Au 50 0.007 0 0% 

ICP_AES As 50 0.005 0 0% 

ICP_AES Hg 50 1.245 0 0% 

ICP_AES Sb 50 0.004 0 0% 

ICP_AES S 50 0.088 0 0% 

 
Figure B1:  Control chart Blank Cu (%), showing the 17 outliers 

Table B2:  Blank Cu failures 

Lab used 
Analytical 
method 

Standard 
code 

Element Sample ID Cu value Failure limit Comment 

ALS Chemex ICP_AES Blank Cu 

5413 0.006 0.003 

Failure 

5 557 0.005 0.003 

MJ35350BLE 0.340 0.003 

MJ35400BLE 0.250 0.003 

MJ36450BLE 0.320 0.003 

MJ43600BLE 0.006 0.003 

MJ43650BLE 0.011 0.003 

MJ42550BLE 0.270 0.003 

MJ42575BLE 0.290 0.003 

MJ42600BLE 0.270 0.003 

MJ42625BLE 0.270 0.003 

MJ42650BLE 0.370 0.003 

MJ42700BLE 0.300 0.003 

MJ42500BLE 0.230 0.003 

MJ42525BLE 0.260 0.003 
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Figure B2:  Control chart Blank Zn (%), showing the five outliers 

Table B3:  Blank Zn failures 

Lab used 
Analytical 
method 

Standard 
code 

Element Sample ID Cu value Failure limit Comment 

ALS Chemex ICP_AES Blank Zn 

5292 0.010 0.006 

Failure 

5 309 0.010 0.006 

5 476 0.010 0.006 

MJ40500BLE 0.012 0.006 

MJ42500BLE 0.007 0.006 

 

Figure B3:  Control chart Blank Pb (%), showing the three outliers 
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Table B4:  Blank Pb failures 

Lab used 
Analytical 
method 

Standard 
code 

Element Sample ID Cu value Failure limit Comment 

ALS Chemex ICP_AES Blank Pb 

MJ35350BLE 0.070 0.015 

Failure MJ36450BLE 0.050 0.015 

MJ43525BLE 0.024 0.015 

 
Figure B4:  Control chart Blank Ag (ppm) 

 
Figure B5:  Control chart Blank Au (ppm) 



ATALAYA MINING 
NI 43-101 TECHNICAL REPORT 
 

 

CSA Global Report No. R396.2021 Page 124 

 
Figure B6:  Control chart Blank As (%) 

 
Figure B7:  Control chart Blank Hg (%) 
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Figure B8:  Control chart Blank Sb (%) 

 
Figure B9:  Control chart Blank S (%) 

Certified Reference Materials 

The main purpose of CRMs (or “Standards”) is to determine the accuracy of the laboratory analyses.  

AMV inherited the following CRMs:  

• Standard 1 – high-grade zinc – 15.37% ± 0.54% Zn 

• Standard 2 – medium-grade zinc – 3.03% ± 0.12% Zn 

• Standard 3 – low-grade zinc – 0.29% ± 0.025% Zn 

• Standard 4 – high-grade copper – 6.07% ± 0.29% Cu. 
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The previous company selected and used four different CRMs based on the zinc and copper content; the 
CRMs were purchased from AMIS (African Mineral Standards) in South Africa. 

Since AMV took over the project, it used a selection of CRMs based on the copper, zinc and gold content with 
other additional elements certified. The standards were purchased from Geostats Pty Ltd (Australia) and Ore 
Research & Exploration (Australia). The following standards were selected: 

• GBM316-10 – medium-grade copper – 4.554% ± 0.333% Cu 

• GBM910-5 – high-grade copper – 7.952% ± 0.668% Cu 

• GBM910-6 – high-grade copper – 10.084% ± 0.662% Cu 

• GBM914-5 – high-grade copper – 12.920% ± 0.824% Cu 

• OREAS-620 – medium-grade zinc – 3.12% Zn, low-grade gold – 0.685ppm Au 

• OREAS-623 – low-grade copper – 1.72% Cu, low-grade zinc – 1.01% Zn, low-grade lead – 0.252% Pb, low-
grade gold – 0.827ppm Au 

• OREAS-922 – low to medium-grade copper – 2.176% Cu  

• OREAS-923– medium-grade copper – 4.248% Cu.  

CRM samples were inserted in every batch of samples sent to the laboratory such that they accounted for 
one-third of the total number of QAQC samples contained in the batch. The CRM samples were inserted 
randomly in the sample sequence using the same sample number sequence used for the drill core samples. 
A total of 65 CRMs were submitted during the drill program. Table B5 summarise the number of samples per 
CRM.  

Table B5:  Summary of standards 

Lab Used Standard code Number of samples 

ALS Chemex Standard 1 6 

ALS Chemex Standard 2 3 

ALS Chemex Standard 3 5 

ALS Chemex Standard 4 9 

ALS Chemex GBM316-10 2 

ALS Chemex GBM910-6 6 

ALS Chemex GBM914-5 8 

ALS Chemex OREAS-922 12 

ALS Chemex OREAS-620 1 

ALS Chemex OREAS-623 2 

ALS Chemex OREAS-923 11 

Total  65 

Assays results of the CRMs are acceptable with some scattered failures or sample swops. Most of the failures 
are where the certified value is low, and the actual values has small differences (Figure B1 to Figure B61). 

The charts below show the Shewhart control charts for each CRM with one, two and three standard deviation 
(SD) control lines. Results exceeding three SD from the mean are deemed to have failed. Tables Table B6 to 
Table B17 summarise the results for each CRM. The results included are certified values per CRM that is above 
the element detection limit. 
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Figure B10:  Control Chart Standard 1: Zn % 

 
Figure B11:  Control Chart Standard 1: Cu % 
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Figure B12: Control Chart Standard 1: Ag ppm 

 

Figure B13:  Control Chart Standard 1: Pb % 
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Figure B14:  Control Chart Standard 1: As % 

Table B6:  Standard 1 summary of results 

Lab used 
Analytical 
method 

Std code Element 
No. of 

samples 
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures  

Failure % 

ALS 
Chemex 

ICP_AES 
Standard 

1 

Cu % 6 0.37 0.38 0.0103 0.005 0.01 -0.02 0 0% 

Zn % 6 15.26 15.37 0.2700 0.213 0.01 -0.01 0 0% 

Pb % 6 1.67 1.71 0.0383 0.013 0.01 -0.02 0 0% 

Ag ppm 6 29.83 30.10 1.1400 0.898 0.03 -0.01 0 0% 

As % 6 0.02 0.02 0.0217 0.002 0.10 0.01 1 17% 

 
Figure B15:  Control Chart Standard 2: Cu % 
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Figure B16:  Control Chart Standard 2: Zn % 

 

Figure B17:  Control Chart Standard 2: Pb % 
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Figure B18:  Control Chart Standard 2: Ag ppm 

 
Figure B19:  Control Chart Standard 2: As % 

Table B7:  Standard 2 summary of results 

Lab used 
Analytical 
method 

Std code Element 
No. of 

samples 
Mean  

Exp. 
value 

SD SD calculated CV 
Mean 
bias 

No. of 
failures  

Failure 
% 

ALS 
Chemex 

ICP_AES 
Standard 

2 

Cu % 3 0.07 0.07 0.00 0.01 0.09 -0.06 1 33% 

Zn % 3 3.04 3.03 0.06 0.05 0.02 0.00 0 0% 

Pb % 3 0.34 0.34 0.01 0.00 0.01 0.00 0 0% 

Ag ppm 3 3.35 6.70 0.62 2.47 0.74 -0.50 2 67% 

As % 3 0.16 0.00 0.00 0.21 1.36 38.39 3 100% 
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Figure B20:  Control Chart Standard 3: Cu % 

 
Figure B21: Control Chart Standard 3: Zn % 
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Figure B22:  Control Chart Standard 3: Pb % 

 
Figure B23:  Control Chart Standard 3: Ag ppm 

Table B8:  Standard 3 summary of results 

Lab used 
Analytical 
method 

Std code Element 
No. of 

samples 
Mean  

Exp. 
value 

SD SD calculated CV 
Mean 
bias 

No. of 
failures  

Failure % 

ALS 
Chemex 

ICP_AES 
Standard 

3 

Cu % 5 0.01 0.01 0.00 0.00 0.20 0.09 5 100% 

Zn % 5 0.29 0.30 0.00 0.01 0.02 -0.03 4 80% 

Pb % 5 0.14 0.14 0.00 0.00 0.03 0.00 1 20% 

Ag ppm 5 3.40 3.35 0.05 0.80 0.24 0.01 5 100% 
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Figure B24:  Control Chart Standard 4: Cu % 

Table B9:  Standard 4 summary of results 

Lab used 
Analytical 
method 

Std code Element 
No. of 

samples  
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures  

Failure 
% 

ALS 
Chemex 

ICP_AES 
Standard 

3 
Cu % 9 5.97 6.07 0.15 0.11 0.02 -0.02 0 0% 

 

Figure B25:  Control Chart Standard GBM316-10: Cu % 
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Figure B26:  Control Chart Standard GBM316-10: Zn % 

 

Figure B27:  Control Chart Standard GBM316-10: Pb % 



ATALAYA MINING 
NI 43-101 TECHNICAL REPORT 
 

 

CSA Global Report No. R396.2021 Page 136 

 
Figure B28:  Control Chart Standard GBM316-10: Ag ppm 

 

Figure B29: Control Chart Standard GBM316-10: As % 

Table B10:  Standard GBM316-10 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples  
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures  

Failure 
% 

ALS 
Chemex 

ICP_AES 
GBM
316-
10 

Cu % 2 0.46 0.46 0.019 0.010 0.02 0.00 0 0% 

Zn % 2 0.03 0.01 0.001 0.010 0.35 1.12 2 100% 

Pb % 2 0.01 0.02 0.001 0.002 0.17 -0.46 2 100% 

Ag ppm 2 1.50 1.30 0.200 0.500 0.33 0.15 1 50% 

As % 2 0.02 0.02 0.001 0.000 0.00 0.06 1 50% 
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Figure B30: Control Chart Standard GBM910-5: Cu % 

 

Figure B31:  Control Chart Standard GBM910-5: Zn % 
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Figure B32: Control Chart Standard GBM910-5: Pb % 

 

Figure B33:  Control Chart Standard GBM910-5: Ag ppm 
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Figure B34:  Control Chart Standard GBM910-5: As % 

Table B11:  Standard GBM910-5 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples 
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures  

Failure 
% 

ALS 
Chemex 

ICP_AES 
GBM
910-5 

Cu % 12 0.80 0.80 0.032 0.024 0.03 0.00 0 0% 

Zn % 12 0.05 0.05 0.003 0.002 0.04 0.01 0 0% 

Pb % 12 0.02 0.02 0.001 0.001 0.07 0.00 0 0% 

Ag ppm 12 2.33 2.70 0.300 0.943 0.40 -0.14 4 33% 

As % 12 0.01 0.01 0.001 0.002 0.28 0.25 3 25% 

 
Figure B35:  Control Chart Standard GBM910-6: Cu % 



ATALAYA MINING 
NI 43-101 TECHNICAL REPORT 
 

 

CSA Global Report No. R396.2021 Page 140 

 
Figure B36: Control Chart Standard GBM910-6: Zn % 

 

Figure B37:  Control Chart Standard GBM910-6: Pb % 
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Figure B38: Control Chart Standard GBM910-6: Ag ppm 

 

Figure B39: Control Chart Standard GBM910-6: As % 

Table B12:  Standard GBM910-6 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples  
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures  

Failure 
% 

ALS 
Chemex 

ICP_AES 
GBM
910-6 

Cu % 6 0.98 1.01 0.03 0.03 0.03 -0.03 0 0% 

Zn % 6 0.09 0.09 0.01 0.00 0.05 0.02 0 0% 

Pb % 6 0.02 0.02 0.00 0.00 0.09 0.03 0 0% 

Ag ppm 6 3.00 3.60 0.40 0.58 0.19 -0.17 1 17% 

As % 6 0.01 0.01 0.00 0.00 0.10 0.10 0 0% 
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Figure B40:  Control Chart Standard GBM914-5: Cu % 

 

Figure B41:  Control Chart Standard GBM914-5: Zn % 
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Figure B42: Control Chart Standard GBM914-5: Pb % 

 

Figure B43:  Control Chart Standard GBM914-5: Ag ppm 
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Figure B44: Control Chart Standard GBM914-5: As % 

Table B13: Standard GBM914-5 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples  
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures  

Failure 
% 

ALS 
Chemex 

ICP_AES 
GBM
914-5 

Cu % 8 1.30 1.30 0.06 0.03 0.02 0.00 0 0% 

Zn % 8 0.06 0.06 0.00 0.00 0.04 0.06 0 0% 

Pb % 8 0.01 0.01 0.00 0.00 0.20 0.03 1 13% 

Ag ppm 8 3.13 4.10 0.50 0.93 0.30 -0.24 1 13% 

As % 8 0.01 0.00 0.00 0.00 0.12 0.46 4 50% 

Table B14:  Standard OREAS-620 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples  
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures  

Failure 
% 

ALS 
Chemex 

ICP_AES 

OREA
S-620 

Cu % 1 0.18 0.18 0.01 0.00 0.00 0.03 0 0% 

ICP_AES Zn % 1 3.10 3.12 0.09 0.00 0.00 -0.01 0 0% 

ICP_AES Pb % 1 0.77 0.77 0.02 0.00 0.00 -0.01 0 0% 

ICP_AES Ag ppm 1 39.00 38.40 1.31 0.00 0.00 0.02 0 0% 

FA Au ppm 1 0.69 0.69 0.02 0.00 0.00 0.01 0 0% 

ICP_AES S % 1 2.51 2.47 0.09 0.00 0.00 0.02 0 0% 



ATALAYA MINING 
NI 43-101 TECHNICAL REPORT 
 

 

CSA Global Report No. R396.2021 Page 145 

 
Figure B 45: Control Chart Standard OREAS-623: Cu % 

 
Figure B46:  Control Chart Standard OREAS-623: Zn % 
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Figure B47:  Control Chart Standard OREAS-623: Pb % 

 
Figure B48:  Control Chart Standard OREAS-623: Ag ppm 
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Figure B49:  Control Chart Standard OREAS-623: Au ppm 

 

Figure B50:  Control Chart Standard OREAS-623: As % 
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Figure B51: Control Chart Standard OREAS-623: S % 

Table B15:  Standard OREAS-623 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples  
Mean  

Exp. 
Value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures 

Failure 
% 

ALS 
Chemex 

ICP_AES 

OREAS-
623 

Cu % 2 1.75 1.72 0.07 0.04 0.02 0.02 0 0% 

ICP_AES Zn % 2 1.03 1.01 0.04 0.01 0.01 0.02 0 0% 

ICP_AES Pb % 2 0.25 0.25 0.01 0.00 0.02 -0.01 0 0% 

ICP_AES Ag ppm 2 19.50 20.10 1.15 0.50 0.03 -0.03 0 0% 

FA Au ppm 2 0.83 0.83 0.04 0.02 0.02 0.00 0 0% 

ICP_AES As % 2 0.01 0.01 0.00 0.00 0.11 0.18 1 50% 

ICP_AES S % 2 9.35 8.75 0.63 0.10 0.01 0.07 0 0% 

 
Figure B52:  Control Chart Standard OREAS-922: Cu % 
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Figure B53:  Control Chart Standard OREAS-922: Zn % 

 
Figure B54:  Control Chart Standard OREAS-922: Pb % 
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Figure B55:  Control Chart Standard OREAS-922: Ag ppm 

 

Figure B56:  Control Chart Standard OREAS-922: S % 

Table B16:  Standard OREAS-922 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples  
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures 

Failure 
% 

ALS 
Chemex 

ICP_AES 
OREAS-

922 

Cu % 12 0.22 0.22 0.01 0.00 0.02 0.03 0 0% 

Zn % 12 0.03 0.03 0.00 0.00 0.09 0.08 2 17% 

Pb % 12 0.01 0.01 0.00 0.00 0.13 0.08 2 17% 

Ag ppm 12 1.30 0.85 0.08 0.46 0.35 0.53 4 33% 

S % 12 0.42 0.39 0.03 0.02 0.05 0.08 0 0% 
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Figure B57:  Control Chart Standard OREAS-923: Cu % 

 
Figure B58:  Control Chart Standard OREAS-923: Zn % 
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Figure B59:  Control Chart Standard OREAS-923: Pb % 

 
Figure B60:  Control Chart Standard OREAS-923: Ag ppm 
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Figure B61:  Control Chart Standard OREAS-923: S % 

Table B17:  Standard OREAS-923 summary of results 

Lab used 
Analytical 
method 

Std 
code 

Element 
No. of 

samples  
Mean  

Exp. 
value 

SD 
SD 

calculated 
CV 

Mean 
bias 

No. of 
failures 

Failure 
% 

ALS 
Chemex 

ICP_AES 
OREAS-

923 

Cu % 11 0.44 0.42 0.039 0.009 0.02 0.04 0 0% 

Zn % 11 0.04 0.03 0.001 0.002 0.05 0.04 0 0% 

Pb % 11 0.01 0.01 0.000 0.001 0.15 0.11 5 45% 

Ag ppm 11 3.13 1.62 0.180 3.407 1.09 0.93 7 64% 

S % 11 0.76 0.68 0.035 0.026 0.03 0.11 3 27% 

Duplicates 

Only laboratory or pulp duplicate pairs were available for review. Overall precision was acceptable. 

Precision error can be estimated by measuring the precision error at each stage of the sampling and assay 
process. Field duplicates contain all sources of error (sampling error, sample reduction error and analytical 
error), preparation (coarse) duplicates contain sample reduction error and analytical error, pulp duplicates 
contain analytical error only. External duplicates (umpires) are used to check for between laboratory bias. 

The pulp duplicates show good precision with respect to the original sample as would be expected.  

The authors recommend the inclusion of core, coarse reject and additional pulp duplicates to test precision 
at all levels in future sampling programs. 

Table B18 summarises the results for the laboratory pulp duplicate data for all pairs as well as for the different 
laboratories and analytical methods. Overall precision was good for a massive sulphide deposit with low bias 
to the original samples for all elements. 
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Table B18:  Summary of the laboratory pulp duplicate data 

Laboratory 
Duplicate 

type 
Element 

Pairs 
(total) 

CV(AVR) % Acceptable Best 
Mean 

Original 
(ppm) 

Mean 
Duplicate 

(ppm) 
Bias 

ALS Chemex Pulp 

Cu % 92 22 10% 5% 0.39 0.40 0.01 

Zn % 86 26     1.72 1.58 -0.08 

Pb % 81 27     0.94 0.96 0.02 

Ag ppm 74 31     34.15 34.34 0.01 

Au ppm 76 12 15% 8% 0.31 0.31 0.01 

As % 79 11     0.41 0.41 0.00 

Hg ppm 40 15     76.08 76.80 0.01 

Sb % 53 10     0.05 0.05 0.01 

S % 83 20     25.10 25.66 0.02 

Figure B62 to Figure B71 below show the scatterplots for the duplicate pairs from the laboratory. 

 
Figure B62:  Scatterplot of Cu pulp duplicates – lab 
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Figure B63:  Scatterplot of Au core field duplicates - SGS 

 
Figure B64:  Scatterplot of Zn pulp duplicates – lab 
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Figure B65:  Scatterplot of Pb pulp duplicates – lab 

 
Figure B66:  Scatterplot of Ag pulp duplicates – lab 
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Figure B67:  Scatterplot of Au pulp duplicates – lab 

 
Figure B68:  Scatterplot of As pulp duplicates – lab 
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Figure B69:  Scatterplot of Hg pulp duplicates – lab 

 
Figure B70:  Scatterplot of Sb pulp duplicates – lab 
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Figure B71:  Scatterplot of S pulp duplicates – lab 

Check Assays at Another Laboratory 

Duplicate pulps were sent ALS Chemex for analyses after the on-site lab completed the sample preparation. 
The on-site lab then also analysed the same sample for Cu %. Table B19 summarise the results. 

Table B19:  ALS Chemex vs the on-site lab for Cu % 

Duplicate type Element Pairs (total) 
Mean Original 

(ppm) ALS Chemex 
Mean Duplicate 

(ppm) On-site lab 
Bias 

Pulp Cu % 1203 0.48 0.48 0.01 

Laboratory Internal QAQC 

Internal laboratory QC samples including CRMs, blanks, and duplicates are inserted within each analytical 
run. The minimum number of QC samples required to be inserted are based on the rack size specific to the 
method.  
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25 Interpretation and Conclusions  

The authors have reviewed and utilised Proyecto Masa Valverde data and information provided by AMV, 
including the drilling and sampling database, company information and disclosures and current work 
programs, augmented by previous CSA Global review of project data in 2017, and visited the site and reviewed 
sampling procedures and security as integral to the preparation of updated Mineral Resources for the project. 
The authors believe the data presented by AMV to be an accurate and reasonable representation of the Masa 
Valverde Project mineralisation.  

CSA Global and the authors consider the Project to have both early-stage VMS exploration potential with its 
undrilled geophysical anomalies and more advanced stage exploration potential (resource expansion) over 
the Masa Valverde and Majadales deposits.  

Historic and current drilling has outlined the Masa Valverde and Majadales VMS deposits that comprises 
massive and stockwork sulphides covering an area of at least 1,200 m x 200 m (Masa Valverde) and 600 m x 
200 m (Majadales), currently intersected by 126 diamond drill holes in total.  

The Masa Valverde deposit plunges 30º northwest from a depth of approximately 430 m to at least 800 m 
below surface. It is made up of two massive sulphide bodies separated by a stockwork zone that can exceed 
100 m in thickness. The thickness of the upper body varies between a few metres and 70 m, and it consists 
of lenses and blankets of massive sulphides with interbedded tuff and shale and occasionally stockwork 
zones. The lower body appears smaller and thinner than the upper one. Overall, the details of the internal 
structure of the two deposits are poorly understood.  

The Majadales deposit is slightly shallower starting at a depth of about 300 m and extends to a depth of 
450 m. The 600 m x 200 m footprint of the Majadales deposit averages around 8 m in thickness. Majadales 
is marginally richer in copper and contains only one Sulfuro Massivo lens compared to two at Masa Valverde. 
Majadales is effectively closed in all directions and latest drilling has failed to connect it with the larger Masa 
Valverde deposit. 

Work by ATM at the Masa Valverde Project has resulted in further definition and improved confidence over 
the Masa Valverde Mineral Resource and facilitated both an update to the Masa Valverde estimate and the 
estimation of a maiden Mineral Resource estimate at Majadales in accordance with CIM Definitions and 
Standards on Mineral Resources and Mineral Reserves (10 May 2014) and reported in accordance with NI 43-
101, companion policy NI 43-101CP and Form 43-101F1 (24 June 2011) in Section 14 of the Report. Mineral 
Resources are reported in the Inferred and Indicated Mineral Resource categories. There are no Measured 
Mineral Resources, nor Mineral Reserves of any kind identified. 

Given the depth of the deposit below surface, underground mining methods are the most appropriate 
method for potential economic extraction of the VMS mineralisation. 

Based on results to date and pending metallurgical testwork results (a program currently underway at the 
time of reporting) Preliminary Economic Assessment of the deposit is warranted. 

Coincident gravity and TEM geophysical anomalies southeast of the Masa Valverde VMS deposit warrant 
further geophysical definition where required and diamond drill testing. 

25.1 Risks, Uncertainties and Opportunities 

As is evident in the grade-tonnage sensitivity tables (Table 14-11), given the relatively low grades of the 
polymetallic Masa Valverde deposit, the deposit size is very sensitive to small changes in cut-off grades which 
are dependent on multiple metals. The authors note that the greatest risk to the Mineral Resource estimate 
relates to processing recoveries and  prices of several metals which make up this polymetallic deposit. 

Consideration of potential economics with respect to the Mineral Resource base should be informed by 
continued metallurgical study and it is noted that testwork results of three programs are pending at the time 
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of reporting. Blending of mined material or concentrates might also be considered to achieve a sellable 
product.  

The QP’s note that if gold recovery to the concentrate can be established in current testwork and improved 
to a saleable grade this could improve the potential mineral resource value per tonne. Metallurgical studies 
should also further evaluate potential smelter penalty elements such as mercury to assess their risks to the 
Mineral Resource.  
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26 Recommendations  

The authors recommend: 

• CSA Global agrees with the Company that several compelling FLEM-SQUID airborne geophysical 
anomalies with similar signatures to Masa Valverde have been identified over the project area as a 
result of recent exploration. Target depths indicated by these geophysical anomalies should be used 
to model what minimum tonnage and grades could be potentially economic at various depths as a 
way to prioritise drill-testing.  The Loop 5 anomaly is at a depth of approximately 400 metres and the 
two Loop 14 anomalies are between 400 metres and 1,000 metres below surface.  Shallower targets 
should be  drill tested as part of continuing exploration activity. 

• Additional work is required to improve the geological model for Masa Valverde, including the 
assessment of sub-vertical structural controls on mineralisation. Of note is the presence of two 
stacked massive sulphide bodies at Masa Valverde whilst only one appears to be present at 
Majadales. Some inclined drillholes with orientated core could help in understanding the role of sub-
vertical feeder structures controlling mineralisation. 

• A deviant hole like MJ46 that wandered off course could provide very important structural 
information if the core was oriented.  If the core is not oriented and there is a persistent bedding 
orientation or fabric in the black shales to orient the core then it might be possible to estimate the 
strike and orientation of potential feeder zones.  

• Mapping metal ratios with copper and silver distribution might reveal higher temperature zones 
proximal to feeders moving outwards from the core-zone toward distal lower temperature zinc-rich 
zones. CSA Global notes that the massive sulphide body at Majadales appears to be richer in copper 
than at Masa Valverde. 

• CSA Global recommends drilling some specifically targeted inclined drill-holes in key areas as part of 
future resource development drilling, and ensuring (if possible) that drill core is orientated. This 
would add major value in understanding these deposits.   

• Additional nominal step-out drilling may be warranted northwest of Masa Valverde in proximity to 
MJ-30 to assess possible resource extensions in this direction. 

• Although somewhat speculative, there may be a strengthening vector in mineralization intensity  
west-northwest  from Majadales through Masa Valverde and on through Loop 5 toward Tharsis.  If 
this is the case it should guide the focus of regional exploration. 

• Addition resource development drilling should be completed at Masa Valverde and Majadales to 
improve confidence levels, aid in improvement to the geological model and to improve the definition 
of geometallurgical domain definition. 

• Results from the current metallurgical testwork should be reviewed and used as inputs in to 
conceptual economic study. 

• CSA Global recommends completion of a Preliminary Economic Assessment incorporating Masa 
Valverde and Majadales. 

AMV have planned or are in the process of planning the following work programs for 2022 and beyond; 

• 25,000 meters of diamond drilling over P.I. Valverde. Budget provision is €3.5 M. 

• 8,000 meters drilling in the P.I. Beas. Budget provision is €1.2 M  

• Continual update and improvement of the geological model of the Masa Valverde and Majadales 
deposits, as new drilling is completed. 

• Development of a geological model of Campanario basis on the drilling completed. 

• A petrological characterization of the different lithologies presents in Campanario, Majadales and 
Masa Valverde.  
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• Plan further geophysics survey over P.I. Mojarra once a decision has been granted. 

• Interpretation of metallurgical testwork results, as they are received. 

• Preparation of a Preliminary Economic Study for the Project. 

CSA Global believes the exploration and resource expansion works planned by ATM are appropriate. 
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28 Abbreviations and Units of Measurement  

° degrees 

°C degrees Celsius 

AAS atomic absorption spectrometry 

Adaro Empresa Nacional Adaro de Investigaciones Mineras S.A. (or “ENADIMSA”) 

Ag silver 

AMT Atalaya Mining 

AMT audio-magnetotelluric 

AMV Atalaya Masa Valverde 

As arsenic 

Au gold 

BHEM borehole electromagnetic 

CIM Canadian Institute of Mining, Metallurgy and Petroleum 

cm centimetres 

CME Cambridge Mineria Espana S.L.U. 

CMR Cambridge Mineral Resources Plc 

CRM certified reference material 

CSA Global CSA Global (UK) Limited 

Cu copper 

ED European Datum 

EM electromagnetic 

EqCu equivalent copper 

EqZn equivalent zinc 

ETRS European Terrestrial Reference System 

g grams 

g/t grams per tonne 

Glencore Glencore International AG 

GPS global positioning system 

ha hectares 

Hg mercury 

ICP-AES inductively coupled plasma atomic emission spectroscopy 

ICP-OES inductively coupled plasma optical emission spectrometry 

ID2 inverse distance raised to the second power 

ID3 inverse distance raised to the third power 

IGME Instituto Geológico y Minero de España 

IP induced polarisation 

IPB Iberian Pyrite Belt 

kg kilograms 

km kilometres 

km2 square kilometres 

lb pounds 

m metres 
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MATSA Minas de Aguas Teñidas SAU 

mm millimetres 

Moz million ounces 

MS Massive Sulphide 

Mt million tonnes 

MYA Millions of years ago 

NAD North American Datum 

NI 43-101 National Instrument 43-101 

NSR net smelter return 

Pb lead 

Peñarroya la Sociedad Minero-Metalúrgica Peñarroya (or “SMMP”) 

PL Plan de Labores 

ppb parts per billion 

ppm parts per million 

PQ Phyllitic Quartzite (Group) 

QAQC quality assurance/quality control 

REE rare earth elements 

S sulphur 

Sb antimony 

SEPI Sociedad Estatal de Participaciones Industriales 

SPT Stockholm Precision Tools 

SQL structured query language 

SQUID Superconducting Quantum Interference Device 

STW Stockwork 

t tonnes 

TEM time domain electromagnetic 

the Company Atalaya Mining 

the Project Proyecto Masa Valverde 

UTM Universal Transverse Mercator 

VMS volcanogenic massive sulphide 

VS Volcano-Sedimentary (Complex) 

VTEM versatile time domain electromagnetic 

WGS World Geodetic System 

Zn zinc 
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Appendix A Summary of Spanish Mining Law 

Under Spanish Civil Code the surface rights holder also owns what is in the subsoil, except regarding the 
restrictions imposed by mining laws. Mineral resources are in the public domain and therefore belong to the 
State, which can exploit them or assign their exploitation to third parties. 

Mineral resources are divided into the following four categories or sections: 

• Section A is composed of: 

o Minerals with limited economic value, with less than 10 workers employed in exploitation and are 
locally traded 

o Minerals obtained to be used directly in construction and other activities, which only require previous 
simple actions to raw material. 

• Section B is composed of the following: 

o Thermal and mineral waters 

o Underground deposits of material created by an activity governed by the Law on Mines 

o Exploitable deposits of mining waste. 

• Section C is composed of other resources not included in the other sections. 

• Section D is composed of the following with special attention to mineral energy resources: 

o Coal minerals 

o Radioactive minerals 

o Geothermal resources 

o Bituminous stones 

o Other resources with an energy interest. 

As mineral resources are in the public domain, a permit (such as an authorisation or a concession) is required 
for their exploitation. The requirements to obtain these permits depend on the type of mineral resource 
(Section A, B, C or D), the nature of the petitioner and other conditions related to the exploitation site, such 
as whether there have been previous mining activities on the site. The holder of mining rights can exploit the 
land required for mining activities. Section C applies to the Masa Valverde Project therefore only 
requirements for Section C permits are discussed below. 

Exploration for minerals under Sections C prior to the granting of an exploitation/operation concession 
(Concesión de explotación) for their extraction and use require either: 

• Exploration permits (permisos de exploración) – for the study of unknown areas with techniques that do 
not substantially modify the terrain; or 

• Investigation permits (permisos de investigación) – to carry out the studies and works necessary to reveal 
the resources. 

For minerals under Section C, the procedure for an exploration permit consists of the filing of an application, 
an internal report and a resolution leading to the awarding of the permit. The procedure for an investigation 
permit involves filing of an application and an internal report but also involves the publication of the 
application in the official gazette and a public information period prior to a resolution leading to the awarding 
of the permit. The exploitation concession can be granted directly (that is, without a previous investigation 
permit) or after having investigated under the corresponding investigation permit. 

For minerals under Section C, exploration permits have a maximum duration of one year, which can be 
extended for an additional year. Investigation permits have a maximum duration of three years, which can 
be extended for up to another three years, and in special cases for subsequent terms, if a previous 
assessment of the characteristics of the petitioner, the mining works (expected and already carried out) and 
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the site has been carried out. Exploitation concessions for minerals under Section C have a maximum duration 
of 30 years, which can be extended for equal periods up to 90 years. 

Typically, the holder of a mining right must have a legal personality and the sufficient financial and technical 
solvency to develop the mining activity. According to Article 18 of the Treaty on the Functioning of the 
European Union, there are no restrictions on the nationality of the person requesting the award of a mining 
right. There are no restrictions concerning the foreign investment in and ownership of companies engaged 
in the exploitation and extraction of mineral resources in Spain. Mining rights can be transferred, leased and 
levied wholly or partially, on behalf of persons complying with the general requirements to hold mining 
rights. This transfer, lease or levy must be previously authorised by the authorities. 

Exploration and investigation permits, mining authorisations and concessions are subject to the payment of 
tax fees to the competent regional authorities. The amount of these fees varies depending on the 
autonomous community. In addition, the transfer, lease or levy of a mining right is also subject to the 
payment of an applicable tax fee. 

Holders of rights related to Section C minerals (such as, exploration and investigation permits, and 
exploitation concessions) are subject to the payment of royalties on an annual basis. For example, the 
royalties for exploitation concession is EUR45 per mining grid and year (Law 6/1977, of 4 January, on mining 
promotion). 

The awarding of mining rights may be subject to transfer tax (ranging from a rate of between 6% and 10%). 
The transfer, lease or levy of mining rights and in general, mining activity may be subject to VAT (at a rate of 
21%). The transfer or mortgaging of mining rights that can be registered in the real estate registry can also 
trigger stamp duty. In addition, some mining products may be subject to specific taxes (like special taxes on 
coal). 

Mining activity in Spain is subject to corporate tax regime under Law 27/2014 on the Corporate Income Tax, 
under a special regime for mining activities providing for specific tax reliefs. 
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