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1 SUMMARY 

1.1 Introduction 

The Cangrejos Gold-Copper Project (Cangrejos Project or Project) is a gold-copper project 
located within the historic El Oro province in southwestern Ecuador.  The Cangrejos concessions 
are fully owned by Lumina Gold Corp. (Lumina or the Company), based in Vancouver, British 
Columbia, Canada, through its 100% owned Ecuadorian subsidiary, Odin Mining del Ecuador 
S.A. (Odin). This technical report has been prepared in support of the results of a Preliminary 
Economic Assessment (PEA) for the Cangrejos Project.  The report was generated for Lumina 
by, or under the supervision of, Qualified Persons (QPs) within the meaning of National Instrument 
43-101 Standards of Disclosure for Mineral Projects (NI 43-101) and as described in Section 28 
(Date and Signature Page) of this report.   

Lumina contracted MTB Project Management Professionals, Inc. (MTB) to compile and prepare 
a technical report for the Cangrejos Project, with contributions by other consultants with extensive 
expertise in their respective fields.  The QPs for this technical report are:  Robert Sim, P.Geo. 
(Mineral Resource), of SIM Geological Inc. (Sim Geological); Bruce M. Davis, Ph.D., FAusIMM 
(Mineral Resource), of BD Resource Consulting Inc. (BDRC); Nelson King, SME Registered 
Member (Metallurgy and Process), of ND King Consulting, LLC, (ND King); William L. Rose, P.E. 
(Mining and Mineral Reserves), of WLR Consulting Inc. (WLRC); Robert Michel, SME Registered 
Member (Economic Analysis and Infrastructure), of Robert Michel Enterprises (RME); Norman I. 
Norrish, P.E. (Mine Geotechnical), of Wyllie & Norrish Rock Engineers Inc. (W&N); Larry 
Breckenridge, P.E. (Hydrology, Hydrogeology, Geochemistry, and Infrastructure), of Global 
Resource Engineering, Ltd. (GRE); and, Scott C. Elfen, P.E. (Tailings and Waste Rock Storage; 
Roads), of  Ausenco Peru SAC (Ausenco).   MTB’s work was completed under the supervision of 
Robert Michel, a QP within the meaning of NI 43-101.  All the QPs are independent of Lumina. 

Personal inspections of the Cangrejos Project were made by Robert Sim, William Rose, Nelson 
King, Larry Breckenridge, and Scott Elfen.  Bruce Davis, Norman Norrish, and Robert Michel did 
not visit the Project.   

1.2 Property Description, Location, and Access 

The Project is located 30 km southeast of the provincial capital of Machala, which is located on 
the Pan-American Highway, and 40 km from the commercial deep-water port of Puerto Bolivar 
(Figure 1.1).  The UTM coordinates for the Cangrejos Project are 9614300 North and 633200 
East (geographic projection: Provisional South American 1956, Zone 17S).   
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Source: Lumina, 2017 

Figure 1.1: Location Map 

Access is via paved and gravel roads (Figure 1.2). Driving time from Machala to the Cangrejos 
Project camp via the small city of Santa Rosa and the road to the town of Piñas is typically three 
hours. A trail from the village of Valle Hermoso to the Cangrejos Project camp offers a more direct 
route, but this is currently only a foot trail. 

During construction and operations, access to the Project will be via a sealed asphalt public road 
network from Santa Rosa to Valle Hermoso that is approximately 19.5 km long.  The site access 
from Santa Rosa to Valle Hermoso passes through 4 small towns: Medina, El Recreo, Bellamaria, 
and San Carlos.   Gravel road bypasses will be constructed around the towns of Bellamaria and 
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San Carlos to reduce potential conflicts with mine and local traffic since the roads are narrow with 
sharp turns.  The public network will continue to be maintained by the relevant authority.  The 
bypasses around the small towns will be maintained by mine operations. 

The mine will be accessed by a private gravel road which will be approximately two km long and 
starts west of the town of Valle Hermoso and passes around the town to the Project area. 

Cangrejos Project is outlined in blue.  Source: Lumina, 2017 

Figure 1.2: Access to the Cangrejos Project 
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1.3 Property Ownership and Land Tenure 

The Cangrejos Project consists of six mining concessions totaling 6,374 ha, which are described 
in Table 1.1 and shown in Figure 1.3.  All concessions are held by Lumina through its 100% 
owned Ecuadorian subsidiary, Odin.  

Lumina was named Odin Mining and Exploration Ltd. (Odin Mining) prior to its name change on 
November 1, 2016.  

The Cangrejos 20 concession was awarded to Lumina on November 15, 2016, in the course of 
the Ecuadorian government’s mining auction process. 

Table 1.1: Mining Concessions – Cangrejos 

File 
Number 

Concession 
Name 

Date of 
Concession 

Date of 
Registration Area 

(ha) 
Regime / 

Phase 

Date of 
Expiration 

(dd/mm/yyyy) (dd/mm/yyyy) (dd/mm/yyyy) 

2847 Los Cangrejos 6/8/2001 21/08/2001 4,781 Small Mining ** 21/08/2022 * 

300972 Cangrejos 10 2/7/2004 1/7/2004 70 
Advanced 

Exploration 
01/11/2028* 

300971 Cangrejos 11 2/7/2004 1/7/2004 21 
Advanced 

Exploration 
02/11/2028* 

5114 Casique 17/10/2001 7/11/2001 342 Small Mining 20/12/2022* 

2649.1 Las Canarias 11/10/2001 5/11/2001 380 Small Mining 12/05/2022* 

30000203 Cangrejos 20 29/11/2016 13/12/2016 780 
Early 

Exploration 
13/12/2041 

* Mining titles are valid for 25 years from the date of registration and can be renewed for an additional 25 years. 
**The Medium and Large Mining regime includes three phases: Early Exploration, Advanced Exploration and Economic 
Evaluation of the Deposit. The Small Mining regime allows for simultaneous exploration and exploitation activities, limited to an 
installed capacity and production of up to 300 ton/day. Concessions in the Small Mining regime may be migrated to Medium 
and Large Mining. 
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Cangrejos concessions in blue area. Source: Lumina, 2017 

Figure 1.3: Claim Map 

The maintenance of each mining concession requires an annual conservation patent payment 
that is due before the 31st of March.  For 2018, this amounts to $59,293.46 for the six mining 
concessions. All fees have been paid, and all concessions are in good standing.  

Lumina also owns the surface rights shown in Table 1.2 and Figure 1.4. 

Of the land required for Project facilities, Lumina controls (owns or has existing easement) 
approximately 50% of the total required. 
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Table 1.2: Land Tenure – Surface Rights 

Source: Lumina, 2017 
 

 
Source: Lumina, 2017 

Figure 1.4: Surface Rights 

No. Previous Owner Hectares Location 
Date of Registration 

(dd-mm-yy) 

1 Víctor Manuel Ramírez Román 54 Santa Rosa 10-Apr-07 

2 Manuel Abad Ruiz 66.38 Atahualpa 21-Sep-07 

3 Carlos Porfirio Tituana 81.2 Santa Rosa 27-Dec-07 

4 Juan Antonio Tituana Torres 76 Atahualpa 2-Apr-08 

5 Víctor Manuel Ramírez Román 58.75 Santa Rosa 23-May-08 

6 
Juan Eduardo Venegas / 
Francisco Soria Venegas 

95 Atahualpa 23-Feb-17 

7 Francisco Castro Sanchez 46.5 Santa Rosa 28-Dec-16 

8 Francisco Castro Sanchez 122 Atahualpa 22-Aug-16 

Total Purchased 599.83   
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The Cangrejos 20 concession requires a mining easement over a significant portion of the surface 
of the concession to proceed with exploration.  On May 11, 2017, the Company filed an easement 
request before the Mining Regulation and Control Agency (ARCOM) for 359.94 ha of private 
surface rights over Cangrejos 20 in order to access the area and conduct exploration work. On 
August 9, 2017, the ARCOM performed the technical “onsite” inspection of the area and on 
September 7, 2017 it issued a technical report in which it concluded that it is technically possible 
to proceed with the easement over the property and defined a compensation value payable by the 
Company to the owner during the advanced exploration phase of the Project, which includes drilling.  
The report also provided values for a future payment to cover life of the mining title, including mine 
construction, exploitation, and closure. In December 2017, the Company was granted a surface 
access easement to the 359.94 ha over the Cangrejos 20 concession, which facilitates exploration 
and drilling for the next four years. Terms for the construction and operation periods would be 
established by ARCOM at the appropriate time. 

The PEA contemplates a 5% net smelter return (NSR) royalty on production payable to the 
Government of Ecuador.  The Cangrejos Project land and mining concessions have no other 
royalties, back-in rights, or any other encumbrances that could affect title. There are also no other 
known impediments that may affect the ability to perform work on the property. There are no 
significant risks affecting the normal course of business and exploration efforts on the Project. 

1.4 Climate and Local Resources and Infrastructure 

Climate 

The Project is located in the El Oro Metamorphic Belt Zone of the Cordillera Real, in high-relief 
terrain near the northeastern rim of an ancient caldera at the eastern edge of the coastal plain.  
Elevations range from approximately 100 – 1,370 meters above sea level (masl) and 
temperatures are relatively constant ranging between 18 and 22 C.   

There is a wet season from January to April and a dry season from May to December. The 
average annual rainfall for the Project area ranges between 800 and 1,500 mm, with the majority 
occurring from January through April.   

Local Resources and Infrastructure 

Machala (population approximately 250,000) is the closest major urban center and it is located 
along the Pan-American Highway linking Guayaquil, Ecuador with Lima, Peru. Santa Rosa with 
a population of about 50,000 is the closest city to the Project and it also sits on the Pan-American 
Highway.  There are regular daily flights from Ecuador’s capital, Quito, to Santa Rosa airport, 
which also serves Machala. Puerto Bolivar, located nine km west of Machala, is a major deep-
water port that is primarily used to export bananas. Both Santa Rosa and Machala can provide 
basic goods and services for the early stages of exploration and mining.  Skilled and unskilled 
labor are available from both cities, as well as from various small towns and villages in closer 
proximity to the Project. 

A field camp and core-logging and storage facility are located on the property. Power at the camp 
is supplied from the national grid. Internet and phone service to the camp are provided by satellite. 
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1.5 Geology, Mineralization, and Deposit Type 

The Cangrejos Project is underlain by a Miocene intrusion of dioritic to granodioritic composition. 
Several breccia zones and pipes occur within this intrusion and many have associated magnetic 
highs and gold +/- copper soil anomalies. The Cangrejos Zone is a northeasterly trending zone 
of porphyry-style mineralization which has been defined by widely spaced drill holes. It extends 
for approximately 1,000 m in a northeasterly direction, has widths ranging from 70 m to 600 m, 
and has been defined to a depth of at least 600 m. The zone is open to the north, south, west, 
and at depth.  

Mineralization is associated with porphyritic quartz diorite intrusions and hydrothermal breccias. 
High metal values are due to finely disseminated chalcopyrite, pyrite, and minor bornite, 
molybdenite, and pyrrhotite. The host rocks exhibit patchy secondary biotite (potassic) and strong 
silica-chlorite (propylitic) alteration. Mineralization is associated with a late-stage, calcic-sodic 
alteration which is characterized by actinolite, chlorite, and albite. 

At the westerly Gran Bestia mineralized zone, porphyry-style mineralization is associated with 
hydrothermal breccias of diorite and quartz diorite. 

The Cangrejos deposit is a gold-copper, silica-saturated, alkalic porphyry-style deposit.  This type 
of deposit is typically found along paleo-subduction margins (Carter, 1981; Cox et al., 1987).  

Other deposits of note within this family include Cadia, Australia; Bingham Canyon, USA; 
Andacollo, Chile; and Red Chris, Canada.  All of these deposits have the following similar 
chemical affinities and host-rock provenance: 

 They are associated with porphyry intrusive rocks that intrude volcanic and 
sedimentary packages as stocks, plugs, dykes, and dyke swarms.  

 Mineralization results from late-stage hydrothermal activity driven by remnant heat 
from the porphyry intrusion.  Thermal gradients within these systems give rise to 
broadly concentric, although often complexly intermingled, zones of alteration and 
mineralization.  Mineralization is generally low grade and consists of disseminated, 
fractured, veinlet and quartz stockwork-controlled sulphide mineralization.  Deposit 
boundaries are determined by economic factors that outline the mineralized 
material zones. 

 The distribution of alteration and mineral facies are influenced by breccias, dykes, 
veins, and fracture systems which concentrate and control fluid flow.   

 Weathering from percolation of meteoric water can result in the oxidation of 
hypogene sulphides causing generation of sulphuric acid and dissolution of 
hypogene chalcopyrite and bornite in the upper portions of the deposit and 
subsequent reprecipitation of chalcocite and native copper. 

1.6 Exploration 

The Project has seen extensive geochemical surveys including stream sediment sampling, soil 
sampling, top of bedrock soil sampling, and rock sampling, as well as geological mapping and 
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airborne and ground geophysics that were completed by Odin Mining and the joint venture 
between Odin Mining and Newmont Overseas Exploration Limited (Newmont) during the period 
between 1992 to 2010. 

Survey procedures, sampling methodology, and analysis of these samples are described in detail 
by Mayor and Soria (2000) and Potter (2004, 2010).  Detailed information on the geological 
mapping and airborne and ground geophysics programs are also discussed in the above-
mentioned reports.  

From these exploration programs, well-defined gold and/or copper soil anomalies have been 
delineated.  A sub-circular, gold-copper soil anomaly with a diameter of approximately 2,700 m 
occurs in the center of the property.  The Cangrejos and Gran Bestia mineralized zones occur 
within this area of anomalous gold and copper soil values.  

Other mineralized showings on the property also have anomalous gold and copper soil values, 
albeit somewhat less extensive. 

1.7 Drilling 

Potter (2004, 2010) provides a detailed review of the drilling completed by the joint venture 
between Odin Mining and Newmont in 1999 and early 2000 on all concessions except for 
Cangrejos 20. This program discovered porphyry-style, gold-copper mineralization associated 
with the Cangrejos Zone.  

Initial drilling was carried out in 1999 and 2000 by the joint venture between Odin Mining and 
Newmont. These programs, consisting of 29 holes totalling 7,509.2 m, discovered the porphyry-
style, gold-copper mineralization associated with the Cangrejos and Gran Bestia Zones. One hole 
tested a gold soil anomaly at Casique.   

In 2011–2012, Odin Mining completed a 17-hole (4,698.13 m) program that tested the extent of 
the Cangrejos Zone and a gold soil anomaly at Casique. 

In 2014–2015, Odin Mining completed another eight holes (3,188.5 m) on the Cangrejos Zone. 
This program was designed to test the down-dip and lateral extent of the mineralization and 
confirm the work previously performed by Newmont. One hole (319.65 m) tested a copper-
molybdenum soil anomaly at El Capitán. 

In 2017, Lumina completed 15 holes (7,186.1m) on the Cangrejos Zone. These holes were part 
of an infill drill program designed to upgrade the Cangrejos mineral resource from inferred to 
indicated and to test the depth extent of the mineralized zone. 

The 2018 core drilling program is ongoing.  The program is designed to further upgrade the 
Cangrejos mineral resource from inferred to indicated and to test for strike and width extensions 
to the significant mineralization discovered in 2017. Renewed exploration drilling of the Gran 
Bestia zone is also planned. 

All drill core from the Cangrejos Project is stored in a dry, secure building at Lumina’s Cangrejos 
field camp.  The drill core from the Cangrejos 20 claim is stored in Machala at a warehouse owned 
by the previous concession owner. 
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1.8 Sample Database and Validation 

A review of the sample collection and analysis practices used during the various drilling 
campaigns indicates that this work was conducted using generally accepted industry procedures. 

Portions of the data have been validated using several methods, including visual observations 
and comparisons with the assay results, and direct comparisons with assay certificates. Only the 
sampling programs conducted by Lumina and its predecessor company, Odin Mining (2011–
2012; 2014–2015, and 2017) were monitored using a quality assurance/quality control (QA/QC) 
program that is typically accepted in the industry.  Newmont's drill core and sample pulps were 
resampled to confirm the results from this older campaign of drilling. The similarities between data 
from all the drilling campaigns (location, style, and tenor) suggest that there is no reason to 
question the results from the earlier drill programs.  

A sample bias in the gold assays was identified by the QPs during the review of the drill data and 
assays for the 2014–2015 drill program.  This bias was corrected.  There were no significant 
issues with the assays from the other drill programs.  

Observation of the drill core during the site visit inspection and validation of the collected data 
indicate that the drill data are adequate for interpretation. 

In the QP’s opinion, the analytical procedures are appropriate and consistent with common 
industry practices. The laboratories are recognized, accredited commercial assayers which are 
independent from Lumina and previous operators. Lumina analyzed their samples at ALS 
Chemex in Peru which has ISO/IEC 17025:2005 accreditation. Odin Mining (2011-2012) used 
Acme Labs (now Bureau Veritas) in Santiago, Chile which had an ISO 9001:2000 accreditation 
at the time the work was done. Newmont/Odin Mining (1999-2000) used Bondar Clegg (now ALS 
Chemex) which has an ISO/IEC 17025:2017 accreditation.  

The sampling has been carried out by trained technical staff under the supervision of a QP and 
in a manner that meets or exceeds common industry standards. Samples are properly identified 
and transported in a secure manner from site to the lab. 

Database management, validation, and assay QA/QC protocols are consistent with common 
industry practices and the database is acceptable for use in this report. 

1.9 Metallurgy and Metallurgical Testing 

Metallurgical testing was performed by Newmont Metallurgical Services (NMS) of Englewood, 
Colorado, USA during 1999 and by C.H. Plenge & CIA. S.A. (Plenge) of Lima, Peru from 2015 to 
June 2018. 

Samples for the Plenge metallurgical test programs were obtained from 26 drill holes 
representative of various rock types, alterations, lithologies, metal content, and locations 
throughout the Cangrejos Project.  The samples are also representative of the materials planned 
for mining.   
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Metallurgical investigations completed by Plenge included assaying, material characterization, 
mineralogy, physical properties and comminution studies, gravity concentration, cyanidation, 
flotation, solid-liquid separation, and tailings characterization. 

Based on the results of these test programs the selected and optimum mineralized material 
processing scheme is crushing, grinding, gravity concentration, flotation of gravity tailings, and 
deposition of filtered flotation tailings in a storage facility.  The plan is to produce gold-silver gravity 
concentrate, copper-gold flotation concentrate, and molybdenum flotation concentrate that will be 
shipped offsite for further processing. 

The cyanidation process was not selected even though gold recoveries would be higher.  Since 
copper is also recovered in the gravity/flotation process there is a higher overall recovered value.   

The projected plant metallurgical performance is based on assessment of Plenge test results 
while utilizing the selected processing scheme. 

The overall projected recoveries for fresh rock of gold, silver, copper, and molybdenum are 82%, 
78%, 82%, and 50%, respectively.   

Projected metallurgical recoveries for partially oxidized material are 65%, 50%, 50%, and 50% for 
Au, Ag, Cu, and Mo respectively. 

The projected average metal contents for each concentrate produced from fresh rock are listed 
below: 

Gravity concentrates - 

 155 gpt Au  

 32 gpt Ag 

Copper concentrates – 

 21% Cu grade  

 64 gpt Au 

 87 gpt Ag 

Molybdenum concentrates – 

 45% Mo  

For this study, the average metal contents of the concentrates from oxide material are assumed 
to be: 

Gravity concentrates – none 

Copper concentrates – 

 16% Cu  

 134 gpt Au 

 93 gpt Ag 

Molybdenum concentrates – 
 45% Mo 
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1.10 Mineral Resource Estimate 

The mineral resource estimate was prepared under the direction of Robert Sim, P.Geo, with the 
assistance of Bruce Davis, PhD, FAusIMM.  This is the third estimate of mineral resources for the 
Cangrejos deposit which was previously presented in the technical report titled Cangrejos Gold-
Copper Project, Ecuador, NI 43-101 dated December 15, 2017, with an effective date of 
November 6, 2017 by Robert Sim, and Bruce M. Davis (the 2017 Technical Report).  The mineral 
resources presented in this report are derived from the same resource block model that was 
created in November 2017 but there have been adjustments to the estimate of mineral resources 
in response to new metallurgical results that have been received since that time and also some 
minor changes to the metal prices used to calculate gold equivalent grades.  The effective date 
of the block model used to generate the estimate of mineral resources remains November 6, 
2017.  Lumina continues to conduct in-fill delineation drilling on the Cangrejos deposit and a 
review of the ten drill holes completed since the effective date of this resource estimate indicate 
that they support the current understanding of the geology and mineralization and there are no 
indications that the new drill holes would result in material or significant changes to the current 
estimate of mineral resources at Cangrejos.  The results of these ten drill holes were disclosed 
by Lumina in the following news releases: 

 Lumina Gold Announces Cangrejos Drill Results, May 23, 2018; NR: 18-6 

 Lumina Gold Announces Cangrejos Drill Results, June 28, 2018; NR: 18-7 

The estimate of inferred mineral resources, contained within a pit shell that is generated using a 
gold price of $1,400/oz, is presented in Table 1.3.  Metallurgical test work to date indicates that 
saprolite and saprock cannot be treated using the planned processing scheme and, as a result, 
these material types are excluded from the estimate of mineral resources.    

Table 1.3: Estimate of Inferred Mineral Resources 

Type Mtonnes 

Average Grade Contained Metal 

AuEq Au Cu Ag Mo Au Cu Ag Mo 

(g/t) (g/t) (%) (g/t) (ppm) (Moz) (Mlbs) (Moz) (Mlbs) 

Oxidized 17.7 0.77 0.61 0.09 0.6 21.9 0.3 35 0.4 0.9 

Sulphide 390.2 0.86 0.65 0.12 0.6 25.1 8.2 998 7.4 21.6 
Total 408.0 0.85 0.65 0.11 0.6 25.0 8.5 1,033 7.8 22.5 

Note: The estimates in the above table are limited inside the $1,400/oz Au pit shell. The base case cutoff grade is 0.35 
g/t gold equivalent. Mineral resources are not mineral reserves because the economic viability has not been 
demonstrated. 

Based on the current level of exploration, the Cangrejos deposit contains an inferred mineral 
resource of 408.0 Mt of mineralized material at a grade of 0.65 g/t Au, 0.11% Cu, 0.6 g/t Ag, and 
25 ppm Mo containing 8.5 Moz Au, 1,033 Mlbs Cu, 7.8 Moz Ag, and 22.5 Mlbs Mo.   

The Cangrejos deposit remains open to the north, south, west, and at depth. 
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Comparison with Previous Estimate of Mineral Resources 

Table 1.4: Comparison of Inferred Mineral Resources 

Date Mtonnes 

Average Grade Contained Metal 

AuEq Au Cu Ag Mo Au Cu Ag Mo 

(g/t) (g/t) (%) (g/t) (ppm) (Moz) (Mlbs) (Moz) (Mlbs) 

Jun-18 408.0 0.85 0.65 0.11 0.6 25.0 8.5 1,033 7.8 22.5 
Dec-17 422.7 0.85 0.65 0.11 0.6 24.8 8.8 1,053 8.2 23.0 

Note: The base case cutoff grade used is 0.35 g/t gold equivalent. Mineral resources are not mineral reserves because 
the economic viability has not been demonstrated. 

There is little change in the estimate of mineral resources compared to the previous estimate that 
was presented in the 2017 Technical Report.  Both of these mineral resource estimates were 
derived using the same block model with an effective date of November 6, 2017.  Since the 2017 
Technical Report, there have been minor changes to the metal prices used to generate the 
mineral resource limiting pit shell and the calculation of AuEq grades. (current: $1,400/oz Au, 
$17.00/oz Ag, $3.25/lb Cu, and $10.00/lb Mo vs. December 2017: $1,300/oz Au, $18.00/oz Ag, 
$3.00/lb Cu, and $8.00/lb Mo).  There have also been some minor changes to the projected 
metallurgical recoveries and, based on metallurgical testing, saprolite and saprock material have 
been segregated and removed from the mineral resource estimate. 

There are no known factors related to environmental, permitting, legal, title, taxation, socio-
economic, marketing, political, or other relevant factors which could materially affect the mineral 
resource.  Mineral resources in the inferred category have a lower level of confidence than that 
applied to indicated mineral resources, and, although there is sufficient evidence to imply geologic 
grade and continuity, these characteristics cannot be verified based on the current data.  It is 
reasonably expected that the majority of inferred mineral resources could be upgraded to 
indicated mineral resources with continued exploration.  

In the opinion of the QP, the mineral resource estimate reported herein is a reasonable 
representation of the mineralization found at the Cangrejos Project at the current level of 
sampling.  The mineral resource has been estimated in conformity with generally accepted CIM 
Estimation of Mineral Resources and Mineral Reserves Best Practices Guidelines (November 23, 
2003) and is reported in accordance with NI 43-101.  

Mineral resources are not mineral reserves and they do not have demonstrated economic viability.  
There is no certainty that all or any part of the mineral resource will be converted into a mineral 
reserve upon application of modifying factors. 

1.11 Mineral Reserves 

No mineral reserves have been estimated for this Preliminary Economic Assessment.  This 
Preliminary Economic Assessment is preliminary in nature and includes inferred mineral 
resources that are considered too speculative geologically to have the economic considerations 
applied to them that would enable them to be categorized as mineral reserves.  Inferred mineral 
resources have a great amount of uncertainty as to their existence and as to whether they can be 
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mined legally or economically.  There is no certainty that the Preliminary Economic Assessment 
will be realized. 

1.12 Mining  

The Cangrejos deposit is amenable to conventional, large-scale, open pit mining methods.  
Floating cone (FC) evaluations were conducted to determine potentially economic pit limits and 
the mining phase (pushback) development sequence.  Four mining phases were designed and 
used to estimate contained inferred mineral resources, from which a mine production schedule 
was developed using a declining cutoff grade policy to maximize project present values.  The 
basic parameters used in the design of the four mining phases, or pushbacks, are summarized in 
Table 1.5. 

Table 1.5: Basic Pit Design Parameters 

Parameter Unit Value 

Bench height m 10 

Saprolith (saprolite + saprock) bench face angle degrees 60 

Saprolith inter-ramp angle degrees 45 

Saprolith vertical interval between catch benches m 10 

Saprolith catch bench width m 4.23 

Hard rock (part oxidized + fresh) bench face angle degrees 71 

Hard rock inter-ramp angle degrees 52 

Hard rock vertical interval between catch benches m 20 

Hard rock catch bench width m 8.7 

Haul road width (including ditch & safety berm) m 31 

Internal ramp gradient % 10 

Minimum pushback width m 55-60 

 
Mine Production Schedule 

The mine production schedule was based on an initial concentrator feed rate of 40,000 tpd for the 
first five years of operation, with the addition of a second grinding line commencing production at 
the start of Year 6 that increases total mineralized material processing capacity to 80,000 tpd.  
Only partially oxidized and fresh rock would be fed to the concentrator; all saprolite and saprock 
have been treated as waste in this PEA. 

Preproduction stripping is estimated at about 9.5 Mt during a 15-month period prior to the 
concentrator startup.  The stripping ratio during Years 1-8 would average nearly 1.5:1 (tonnes of 
waste and stockpiled material per tonne of mill feed).  Peak material handling rates in the mine, 
including waste, would be nearly 190,000 tpd, or 68.2 Mtpa during Years 7-8.  Concentrator feed 
rates would be reduced to 40,000 tpd in Year 14 and thereafter due to sinking rate limitations and 
anticipated congestion at the bottom of the open pit.  The life of mine (LOM) stripping ratio would 
average about 1.13:1.  Sulfide milling operations are projected to last nearly 16 years.  Table 1.6 
summarizes the mine production schedule based on inferred mineral resources and a declining 
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cutoff grade policy that improves Project present values.      The concentrator feed schedule is 
presented in Table 1.7.
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Table 1.6: Mine Production Schedule 

 

Plant feed and stockpiles are based on inferred mineral resources. 
NSR values are based on $1,250/oz Au, $17.00/oz Ag, $2.50/lb Cu, and $7.00/lb Mo 

 

 

 

Time NSR $/t Direct Plant Feed (above NSR cutoff) To ROM Stkp (above NSR cutoff) To LG Stkp (>= $15.00/t NSR) ROM Stkp Reclaim LG Stkp Reclaim Waste Total Strip
Period Cutoff Ktonnes NSR $/t Au g/t Cu% Ktonnes NSR $/t Au g/t Cu% Ktonnes NSR $/t Au g/t Cu% Ktonnes Au g/t Cu% Ktonnes Au g/t Cu% Ktonnes Ktonnes Ratio

PP 16.00 1,891 31.42 0.89 0.07 47 15.52 0.46 0.02 7,555 9,492 n/a  
1 16.00 8,329 30.34 0.82 0.11 298 15.49 0.42 0.05 1,891 0.89 0.07 17,202 27,720 1.71
2 16.00 14,600 29.61 0.79 0.12 484 15.51 0.40 0.07 18,516 33,600 1.30
3 16.00 14,600 29.49 0.78 0.11 525 15.49 0.40 0.06 18,475 33,600 1.30
4 17.00 14,600 29.39 0.79 0.11 1,195 15.96 0.42 0.07 22,805 38,600 1.64
5 15.00 14,600 29.61 0.78 0.12 28,000 42,600 1.92
6 14.00 26,280 24.73 0.64 0.11 39,000 65,280 1.48
7 13.00 29,200 25.81 0.65 0.13 39,000 68,200 1.34
8 12.50 29,200 24.90 0.65 0.11 39,000 68,200 1.34
9 12.50 29,200 23.12 0.60 0.10 30,300 59,500 1.04

10 12.50 29,200 22.59 0.59 0.09 30,300 59,500 1.04
11 12.50 29,200 21.92 0.56 0.10 30,300 59,500 1.04
12 12.50 29,200 22.69 0.58 0.11 29,137 58,337 1.00
13 12.50 29,200 23.12 0.57 0.13 20,509 49,709 0.70
14 12.50 14,600 41.50 1.06 0.20 6,140 20,740 0.42
15 12.50 14,600 48.11 1.22 0.24 2,138 16,738 0.15
16 12.50 7,454 33.62 0.84 0.17 2,548 0.41 0.06 1,324 11,327 0.13

 Total 334,063 26.88 0.69 0.12 1,891 31.42 0.89 0.07 2,548 15.72 0.41 0.06 1,891 0.89 0.07 2,548 0.41 0.06 379,701 722,643 1.13
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Table 1.7: Concentrator Feed Schedule 

 

Plant feed is based on inferred mineral resources. 
NSR values are based on $1,250/oz Au, $17.00/oz Ag, $2.50/lb Cu, and $7.00/lb Mo 

 

 

Time NSR $/t Total Plant Feed Contained Metal in Plant Feed
Period Cutoff Ktonnes NSR $/t AuEqv Au g/t Ag g/t Cu% MoPPM AuEqv Koz Au Koz Ag Koz Cu K-lb Mo K-lb

PP 16.00
1 16.00 10,220 30.54 0.96 0.83 0.44 0.10 36.1 316              274         143         22,531        813            
2 16.00 14,600 29.61 0.93 0.79 0.57 0.12 33.3 438              369         266         37,015        1,071        
3 16.00 14,600 29.49 0.93 0.78 0.59 0.11 34.0 437              368         278         36,693        1,093        
4 17.00 14,600 29.39 0.93 0.79 0.59 0.11 31.6 435              368         279         35,406        1,017        
5 15.00 14,600 29.61 0.93 0.78 0.62 0.12 32.6 438              365         289         38,946        1,049        
6 14.00 26,280 24.73 0.78 0.64 0.53 0.11 26.8 659              542         448         63,151        1,553        
7 13.00 29,200 25.81 0.81 0.65 0.59 0.13 28.8 764              612         556         82,399        1,853        
8 12.50 29,200 24.90 0.79 0.65 0.59 0.11 23.9 737              607         553         70,168        1,540        
9 12.50 29,200 23.12 0.73 0.60 0.51 0.10 24.9 684              564         481         64,374        1,602        
10 12.50 29,200 22.59 0.71 0.59 0.47 0.09 23.4 668              557         440         59,868        1,505        
11 12.50 29,200 21.92 0.69 0.56 0.48 0.10 25.7 649              528         450         65,018        1,652        
12 12.50 29,200 22.69 0.72 0.58 0.51 0.11 20.5 671              548         479         67,593        1,320        
13 12.50 29,200 23.12 0.73 0.57 0.55 0.13 22.1 684              535         512         81,755        1,422        
14 12.50 14,600 41.50 1.31 1.06 0.98 0.20 24.4 614              499         461         63,731        786            
15 12.50 14,600 48.11 1.52 1.22 1.17 0.24 25.8 712              572         548         77,571        832            
16 12.50 10,003 29.06 0.92 0.73 0.80 0.14 27.7 295              236         258         31,949        611            

 Total 338,503 26.82 0.85 0.69 0.59 0.12 26.4 9,203          7,544     6,441     898,170     19,718     
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Mine Workforce 

Mine workforce requirements were estimated on the basis of working two 12-hour shifts per day, 
7 days per week, 52 weeks per year.  A standard, four-crew rotating work schedule for craft labor 
and front-line supervision will be used for around-the-clock coverage.  Each person will average 
42 scheduled working hours per week, for a total of 2,184 hours per year.   

Mine personnel requirements are based on the Owner performing all mining functions except 
blasting.  The use of contractors for downhole explosives supply and shot services are included 
in the blasting agent prices. 

The projected mine workforce summary is presented for selected years (1, 4, 7, and 14) in Table 
1.8.  A peak mine workforce of 543 is projected in Year 6. 

Table 1.8: Mine Workforce for Selected Years 

 

 

 

 
 

Mine Equipment 

Mine equipment requirements were also estimated on the basis of working two 12-hour shifts per 
day, 7 days per week, 52 weeks per year.  Medium- to large-scale equipment was selected for 
Cangrejos mine development.  Open pit mining would be conducted from 10-m-high benches 
using conventional shovel-truck practices.  The mining fleet will consist entirely of diesel-powered 
machinery to provide maximum flexibility in pit operations. 

The mine equipment fleet is presented for selected years (1, 4, 7, and 14) in Table 1.9.   

 

 

 

 

 

 

 

 

 

 

Position Y1   Y4   Y7   Y14   

Operations, Craft Labor 214 235 282 140 
Maintenance, Craft Labor 98 116 142 72 

Supervision & Technical 86 92 96 69 

Total Mine Department 398 443 520 281 
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Table 1.9: Mine Equipment Fleet for Selected Years 

Equipment Y1  Y4  Y7  Y14  

Primary:  
    

Rotary blasthole drill, 200 mm dia 2 4 7 3 
Pioneering drill, hydraulic, crawler 2 2 2 2 
Hydraulic shovel, 15 m3 3 3 5 2 
Hydraulic shovel, 11 m3 1 1 2 1 
Front-end loader, 14 m3 1 1 1 0 
Front-end loader, 7 m3 1 1 1 1 
Haul truck, 133 t  18 31 36 20 
Haul truck, 91 t 11 7 4 0 
Lt. haul truck, 39 t 5 5 5 4 
Crawler dozer, 447 kW 4 4 5 3 
Crawler dozer, 325 kW 2 2 2 2 
Rubber-tired dozer, 370 kW 2 2 3 2 
Motor grader, 216 kW 4 4 6 4 
Motor grader, 178 kW 2 2 2 2 
Water truck, 30,000-liter (91 t) 2 2 2 2 
Vibratory compactor, 30 t 1 1 1 1 

Ancillary:  
    

Powder magazine, 14-t 1 1 2 2 
AN storage bin, 60-t 1 2 3 3 
Emulsion storage bin, 65-t 1 1 2 2 
Integrated tool carrier, 105 kW 2 2 3 2 
Hydraulic hammer 1 1 1 1 
Excavator, 6 m3 1 1 1 1 
Excavator, 3 m3 1 1 1 1 
Backhoe loader, 1.1 m3 1 1 1 1 
Aggregate plant, 500 tph 1 1 1 1 
All-terrain crane, 80 t 1 1 1 1 
Fuel/lube truck, large 1 1 1 1 
Fuel/lube truck, small 1 1 1 1 
Mechanic field service truck 3 3 3 3 
Medium-duty field truck with crane 1 1 1 1 
Off-road tire handling truck 1 1 1 1 
Tire handling forklift 1 1 1 1 
Shop forklift, 16 t 1 1 1 1 
Shop forklift, 5 t 2 2 2 2 
Light plant 12 12 12 12 
Pickup truck, 0.5 t, 4WD 15 15 15 15 
Crew van, 12-passenger 3 3 4 3 
Mine dispatch system 1 1 1 1 
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1.13 Recovery Methods 

The processing plant for the Cangrejos Project is a conventional copper-gold flotation 
concentrator.  It has been designed to treat 40,000 tpd (14.6 Mtpa) of mineralized material during 
the first 5 years of operation and then be expanded to process 80,000 tpd (29.2 Mtpa) thereafter.  
The plant feed contains 0.59 gpt silver, 0.69 gpt gold, 0.12% copper, and 26 ppm molybdenum.  
The plant is designed to treat fresh and partially oxidized material to produce gravity gold 
concentrates, copper-gold flotation concentrates, and molybdenum flotation concentrates that will 
be trucked to Puerto Bolivar and shipped to smelters and refiners for further processing.  Near-
surface saprolite and saprock materials are not included in the current processing plan as they 
respond poorly to the selected concentration processes. 

The metallurgical test program results were utilized to develop the process plant design and 
flowsheets. 

Process Plant Design and Flowsheets 

The plant will process the material via a primary crusher, an overland conveyor, a single SAG 
mill, two ball mills, gravity gold concentrators, bulk copper-molybdenum flotation and copper-
molybdenum separation flotation.  Flotation tailings will be filtered and then conveyed to a nearby 
storage area and stacked.  Filtrate water is recycled to the plant.  The primary crusher, overland 
conveyor and reagent systems are designed for the higher throughput rate; however, the grinding, 
flotation, thickening, concentrate handling, and tailings filtering systems will be duplicated for the 
expansion. 

A trade-off study was conducted that compared SAG/Ball mill grinding to High Pressure Grinding 
Rolls (HPGR)/Ball mill grinding.  For this study the SAG/Ball mill grinding circuit was selected 
primarily due to its lower capital cost.   

The key process plant design criteria for processing fresh rock are presented in Table 1.10. 
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Table 1.10: Key Process Design Criteria 

 
Criteria 

 
Units 

Design 
Value 

 
Source 

 
Plant Throughput Years 1 – 5 

 
tpd 

 
40,000 

 
mine plan 

Plant Throughput Years 1 – 5 Mtpa 14.6 mine plan 
Plant Throughput Years 6 – 13 tpd 80,000 mine plan 
Plant Throughput Years 6 – 13 Mtpa 29.2 mine plan 
Plant Throughput Years 1 – 5 tph 1,800 Calc for Design 
Plant Throughput Years 6 – 13 tph 3,600 Calc for Design 
Head Grade gpt Au 0.69 mine plan 
Head Grade gpt Ag 0.59 mine plan 
Head Grade % Cu 0.12 mine plan 
Head Grade ppm Mo 26 mine plan 
Mineralized Material Specific Gravity (SG) g/cc 2.7 Testwork 
Gravity Gold Recovery % 37 Calc from Testwork 
Gold Flotation Recovery % 45 Calc from Testwork 
Gravity and Float Silver Recovery % 79 Calc from Testwork 
Copper Flotation Recovery % 82 Calc from Testwork 
Molybdenum Flotation Recovery % 50 Calc from Testwork 
Crushing and Conveying Availability % 70 ONIX Engr 
Grind/Float Plant Availability % 92 ONIX Engr 
Uniform Compressive Strength (UCS) Mpa 99 Testwork – Average 

  JKDWT A X b 25.8 Testwork – Average 
Bond Ball Mill Work Index (BWi) kWh/t 15.5 Testwork – Average 
Bond Abrasion Index (Ai) g 0.252 Testwork – Average 
Primary Grind Size (p80) microns 91 Testwork 
Concentrate Regrind Size (p80) microns 34 Testwork 
Rougher Float Time minutes 22 Testwork – Factored 
Tails Thickener sizing sq m/tpd 0.08 Testwork 

 

The process flowsheets are presented in Figure 1.5 and Figure 1.6 and were developed from 
metallurgical testwork and the design criteria.   
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Figure 1.5: Process Flowsheet 
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Figure 1.6: Tailings Filtration Flowsheet
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Process Power Requirements 
 
Estimates of connected power requirements for Phase 1, construction, Phase 2, initial operation 
Years 1-5 at 40,000 tpd, and Phase 3, expansion operation Years 6-15 at 80,000 tpd are 10 MW, 
80 MW, and 155 MW, respectively.  Actual power draw, or demand, is approximately 70% of the 
connected load, which in this case results in 56 MW and 108 MW for Phase 2 and 3 operations, 
respectively.   

Process Water Requirements 

The process plant will require makeup water to offset losses due to entrainment in the filtered 
tailings, minor evaporation, and some moisture in concentrate shipments.  Filtered tailings will be 
the major point of water losses and will contain approximately 15% moisture by weight.  Copper 
and gravity concentrate shipments will contain about 9% moisture by weight.  The total makeup 
water requirements are estimated at 244 m3 per hour for the 40,000 tpd case and 488 m3 per hour 
for the 80,000 tpd case.  This equals about 0.15 t of makeup water per tonne of material 
processed. 

Process plant raw water requirements include water for pump gland seals, water for mixing 
reagents, and miscellaneous plant laboratory and analytical needs.  The estimated raw water 
requirements which are included in the above estimates of total makeup water requirements are 
projected at 70 m3 per hour for the 40,000 tpd case and 140 m3 per hour for the 80,000 tpd case. 

Plant Organization and Manpower 

The process plant will require 157 persons during the initial operation of 40,000 tpd then a total 
of 233 persons for the expanded operation.  The plant manpower includes salaried and hourly 
personnel in the areas of Management, Technical, Laboratory, Production, and Maintenance.   

The plant will operate 3 shifts per day, 8 hours per shift, 365 days per year. 

Table 1.11 is the summary manpower list showing total manpower requirements for the full initial 
and expanded plant operations.  The cash flow reflects the manpower ramp-ups during the two 
years of construction and preproduction and also the ramp-up of personnel during the expansion 
construction period in Year 5. 

Table 1.11: Process Manpower (Full Operations) 

 

 

 

 

 

 

Position Year 1  Year 6  

Management 5 5 

Mill Technical 6 9 

Assay Lab 11 12 

Mill Production 86 142 

Mill Maintenance 49 65 

Total Process Manpower 157 233 
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1.14 Project Infrastructure 

Power Supply 

Estimated power requirements for initial and expansion Project operations were provided to a 
leading Ecuadorian power supply consultant to determine the current and future predicted 
capacity of the Ecuadorian National Electric Transmission System (NTS) to meet the 
requirements of the Cangrejos Project, both from power generation and transmission 
perspectives.  

The power supply consultant, EPTEC Cia. Ltda. (EPTEC), confirmed that there is sufficient 
capacity of the NTS to meet the requirements of the Cangrejos Project.  

The recommended connection point to the NTS is the new Avanzada Substation planned for 
completion in 2021.  Transmission to the Project’s main substation will consist of a new single 
circuit 230 kV transmission line at a distance of 18.9 km.  

Modification to an existing substation, the transmission line construction, and construction of the 
Cangrejos Project main substation are estimated to cost $14,683,000, all of which must be borne 
by the Company as an initial investment cost.  

Based on several examples provided by EPTEC, a 7.5% discount of the published regulated all-
inclusive average rate was assumed, resulting in the $0.063/kWh rate used in this Technical 
Report for power costs.  The discount would result from Lumina’s entry into a power supply 
agreement with a private power generator. 

According to a preliminary schedule provided by EPTEC, engineering, permitting, final contract 
negotiations, satisfaction of all regulatory requirements, procurement, construction, and 
commissioning of a 230 kV power supply for Cangrejos could be completed in approximately 21 
months following Project approval to proceed.  Preliminary negotiations and certain studies would 
need to be completed prior to Project approval to proceed. 

Water Supply 

The Cangrejos Project will employ a state-of-the-art tailings dewatering system that will allow for 
the maximum-possible water recycling.  This will result in a water consumption rate of 0.15 t of 
water per tonne of mineralized material processed.  After recycling, the Project will require 244 
m3/hour of makeup water at 40,000 tpd, and 488 m3/hour of process makeup water at 80,000 tpd.   

Although the contribution of mine dewatering to the water balance is currently undefined, during 
average and drought precipitation conditions the Project will likely require an offsite water source.  
Any such water use will be arranged in accordance with Ecuadorian regulations and will mitigate 
impacts to downstream water users.  Recycling/reuse of water which has come into contact with 
the mineral process or the mine will be maximized to the extent possible. 

Raw Water 

The process requires clean water for reagent mixing, gland seals, and miscellaneous laboratory 
and analytical needs.  This requirement is estimated to be 70 m3/hour at 40,000 tpd, and 140 
m3/hour at 80,000 tpd.   This water can be supplied from the nearby offsite water sources.   
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Potable Water 

The quantity of required potable water is estimated to be 20 m3/hour at 40,000 tpd production and 
40 m3/hour at 80,000 tpd.  Potable water will be supplied by a water treatment system which will 
treat water supplied from nearby sources. 

Waste Rock Storage Facility 

Non-economic waste rock and overburden produced by mining activities at the Project will either 
be used to construct site infrastructure such as platforms for the dry stack tailings facility (DSTF), 
road base, other required construction or maintenance products, or hauled and stockpiled south 
of the open pit.    

The WRSF is located within a short haul distance from the open pit; it will provide adequate 
capacity for waste rock over the LOM.   

The overburden consists of both saprolite soil and rock.  Table 1.12 provides quantities of the 
various material types removed from the pit by year and the destination of each material (waste 
rock to the lower and upper WRSF and overburden to the upper WRSF).  The preproduction 
stripping material (approx. 7.55 Mt of waste rock and approximately 2 Mt of mineralized material) 
is included in preproduction Year -1 quantities and the ultimate WRSF has a design capacity of 
379.7 Mt. 

The annual amount of each waste material type mined was provided by WLRC.  The more 
competent material is planned to be sent to the lower portion of the WRSF to build the storage 
facility from the bottom up due to stability constraints caused by the foundation conditions of the 
facility.  The upper portion of the WRSF will consist primarily of overburden type material, which 
will eventually be encapsulated by waste rock.  This material may also be used for progressive 
closure as part of the cover system for the WRSF and DSTF. 
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Table 1.12: Waste Rock and Overburden Quantities 

 

The WRSF design criteria are shown in Table 1.13.   

Table 1.13: WRSF Design Criteria 

Criteria Description 

Overburden (Saprolite Soil and Rock) 44 Mt 

Waste Rock 335 Mt 
Avg. Bulk Density 1.78 t/m3 

Static Factor of Safety – short term (mine operations) 1.3 

Static Factor of Safety – long term (post-closure) 1.5 
Pseudo-static Factor of Safety (short and long term) 1.1 
Design Earthquake Return Period 1:475-year event 
Overall Slope Angle 3.0:1 (H:V) 
Lift Slope Angle 2.5:1 (H:V) 

 

Time Period 
(Years) 

Overburden Stockpile 
Waste Rock 

Stockpile  Total 
(Ktonnes) Saprolite Soil 

(Ktonnes) 
Saprolite Rock 

(Ktonnes) 
Waste Rock 

(ktonnes) 

PP-1                      2,505                       1,753                       3,296                7,555  

1                      4,337                       3,312                       9,553              17,202  

2                      3,149                       4,544                     10,823              18,516  

3                      2,022                       1,934                     14,519              18,475  

4                      1,882                       2,270                     18,653              22,805  

5                      1,882                       2,140                     23,978              28,000  

6                      2,208                       2,971                     33,821              39,000  

7                      1,961                       1,154                     35,885              39,000  

8                          659                       1,608                     36,733              39,000  

9                          951                           351                     28,998              30,300  

10                          428                             36                     29,836              30,300  

11                            88                                1                     30,211              30,300  

12                      29,137              29,137  

13                      20,509              20,509  

14                        6,140                6,140  

15                        2,138                2,138  

16                        1,324                1,324  

Total                    22,072                     22,074                   335,555            379,701  
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Based on preliminary geochemical testing of the waste rock, the waste rock will be non-potentially 
acid generating (Non-PAG).    

Dry Stack Tailings Storage Facility 

Technical challenges, environmental concerns, water supply concerns, social impacts, and 
capital and operating costs rendered the conventional slurry tails storage option less favorable 
when compared to a single DSTF located approximately 3 km from the pit on Lumina’s 
concessions.  Laboratory characterization of the tailings properties, favorable topography of the 
site, and advances in tailings filtration technology and performance favored filtration and dry 
stacking of the tailings for the Project design. 

Maximum recycling and reuse of process water, thereby minimizing the makeup water 
requirement, was an additional benefit. 

The DSTF has been designed for secure and permanent storage of approximately 338.5 Mt of 
tailings, diverting the non-contact water around the facility, capturing the contact water from 
precipitation up to and including the 1:100 year storm falling directly on the DSTF, and seepage.   

The DSTF is designed for phased expansions as the elevation of the stored tailings increases 
over the mine life.   Figure 1.7 shows the exterior slope configuration for the DSTF. 

An overland conveyor system will convey the filtered tailings from the filtration plant to the 
perimeter of the DSTF.  From the perimeter of the DSTF a string of mobile conveyors will transport 
the tailings to a mobile stacking system.  The stacker will advance stack the filtered tailings in 
sweeps.  

 

Source: Ausenco, 2018 

Figure 1.7: General Exterior Slope Configuration of DSTF 
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Logistics and Transportation 

During construction, most permanent plant equipment and materials will have to be imported and 
transported from Fertisa, the port located in Guayaquil, to the Cangrejos Project.  During operation 
of the mine and mineral processing plant, consumables and supplies, such as fuel, explosives, 
process reagents, and equipment spare parts will need to be transported to site.  Some of these 
materials may be available within Ecuador, in which case they would be transported to site over 
a network of Ecuadorian highways; others, such as certain reagents, equipment spare parts, and 
some consumables, e.g. mill and crusher liners and grinding media, would likely need to be 
imported.  The route and distance for road transport from Fertisa in Guayaquil to the Cangrejos 
Project is shown on Figure 1.8 below. 

 

 

Figure 1.8: Transport Route from Fertisa in Guayaquil to Cangrejos 
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Figure 1.9: Major Transportation Routes Used for Worker Transport & General Access 

Port 

Several port options were evaluated for the PEA, including: Fertisa in Guayaquil; a future port at 
Posorja reportedly to be completed by DP Ports; and, Puerto Bolivar.  The location, road transport 
distance, and time are shown for Puerto Bolivar on Figure 1.9 above. 

Due to its shorter distance from the Cangrejos Project, Puerto Bolivar was selected as the basis 
for the PEA. 

Based on discussions with port personnel, all of the ports evaluated are currently focused on 
handling containerized goods.  Port authorities and operators appear to be aware of the upcoming 
mining sector growth and the future need to handle bulk mineral products, but none indicated firm 
plans to develop the necessary port and loading facilities in the near future.  Nonetheless, they 
did express an interest and willingness to do so. 

The availability and suitability of ports, port facilities, port services, associated costs, and political 
and social factors will be more extensively evaluated during the preparation of a PFS. 
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1.15 Environmental Liabilities and Permitting 

At the time of this report, the Company is unaware of any illegal mining works currently active 
within the Cangrejos Project concessions; however, over the years informal miners have 
presented persistent challenges in the Project area.  When encountered, they are routinely 
reported to ARCOM for appropriate action.  There are several sites in the concessions that show 
traces of historic informal hard rock mining activity, some of which may date back over a decade.  
Physical damage and environmental degradation from informal alluvial mining at the Gran Bestia 
ravine has also been reported to ARCOM, as well as from underground mining at the Gran Bestia 
ravine, the Dos Bocas Sector in Vega Rivera, and the Las Pavas ravine. 

With respect to permitting and other regulatory requirements, the Project is being developed in 
accordance with the Ecuadorian Mining Law, the Environmental Organic Code (COA), the Mining 
Environmental Regulations, the Unified Text of Secondary Environmental Legislation and an array 
of other applicable norms, standards, laws, and regulations, as elaborated in Section 20.1.1.  
Under the Mining Law, there are several discrete phases of mining activity, namely: initial 
exploration; advanced exploration; economic evaluation; exploitation; and, mine 
decommissioning and closure.  The mineral resources of the Cangrejos Project are contained in 
the Cangrejos 20 concession and the Cangrejos, Las Canarias, and Casique concessions 
(referred to hereafter as the Cangrejos concessions).  According to the TOBAR ZVS SPINGARN 
title opinion, referenced in Section 3, Lumina holds the necessary licenses, permits, and 
registrations, including all necessary environmental licenses and water permits, to carry out 
advanced exploration activities for all of the Concessions, except for Cangrejos 20.  As of the 
effective date of this report, the Ministry of Environment (MAE) approval of the advanced 
exploration phase Environmental Impact Study (EIS) for the Cangrejos 20 concession is pending. 

Prior to commencement of mine construction and operation, the Project is required to obtain an 
Environmental License in accordance with MAE requirements. This includes submittal/approval 
of an exploitation-phase EIS and Environmental Management Plan (EMP), which incorporates 
the results of archaeological clearances and biodiversity studies and also includes a 
comprehensive water usage and management plan, as well as various other technical subplans. 

Lumina may choose to adopt additional international or industry best management practices 
(BMPs) applicable to certain aspects of mine design, construction, and operation.  However, in 
all cases, applicable Ecuadorian laws, regulations, norms, and standards will retain legal primacy. 

Conceptual Closure Plan 

Ecuadorian mining law requires that the land be returned to the pre-mining vegetation cover and 
land use if possible.  The closure plan includes the following elements, which are intended to meet 
all the regulatory obligations of the Project at closure: 

1. Demolition, salvage, and removal of the processing plant, including crushing & milling 
circuit, support buildings, conveyors, pipelines, tank farms, power transmission, and other 
infrastructure that is not of benefit to the community.  

2. Reclamation of haul roads and access roads that do not have a community benefit.  
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3. Mine Waste Management: physical and geochemical stabilization of the DSTF and WRSF. 

4. Treatment of mine site effluents in compliance with Ecuadorian Discharge Standards in 
perpetuity. 

5. Revegetation of impacted surfaces.  This includes erosion prevention.   

6. Post-closure monitoring to ensure compliance with the closure goals. 

Final Closure and Environmental Monitoring 

After closure, the mine will be responsible for long-duration surveillance and sampling at the site 
to ensure that the goals of the closure plan are met.  This closure cost estimate assumes an active 
monitoring and maintenance period of ten years after mine closure. 

Closure Cost 

Assuming a16-year mine life, two years of active construction during final closure, and ten years 
of post-closure monitoring, the preliminary estimate of closure cost is $49,950,000.   

1.16 Market Study 

H&H Metals Corp. (H&H) completed a marketing study for the Cangrejos Project.   

Following review of the H&H forecast values, current trading values, price forecasts from 
numerous financial institutions and discussions between Lumina and H&H, the following metal 
prices for the PEA cash flow model were selected: 

 Gold - $1,300/oz                 

 Copper - $3.25/lb 

 Silver - $19.00/oz               

 Molybdenum - $11.00/lb 

Both the copper and gold flotation concentrates and gravity gold concentrate are considered to 
be “clean concentrates”.  As a result, and due to significant available smelter capacities, H&H 
identified at least three smelters in China, two in Japan, and additional smelters in India and 
Europe which would be interested in receiving the Cangrejos concentrates.  

H&H’s forecasts for treatment charges (TCs), refining charges (RCs), and payfors have been 
incorporated in the Project cash flow.  

The destination ports for bulk copper and gold flotation concentrates, gravity gold concentrates, 
and molybdenum concentrates, for purposes of this PEA, are China, Europe, and Chile, 
respectively.  

Copper and gold flotation concentrates would be transported, stored, loaded, and shipped in bulk 
form.  

Gravity gold concentrates would be packaged in large 1-2 wet metric tonne (wmt) polypropylene 
and/or polyethylene bags and loaded into shipping containers for secure transport.  

Similarly, molybdenum concentrates would be packaged in polypropylene or polyethylene bags 
and loaded into containers for ocean transport.  
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Using a compilation of current freight rates, H&H selected average rates of $45.00/wmt for bulk 
copper and gold flotation concentrates to China, $60.00/wmt for gravity gold concentrates to 
Europe, and $400/container for molybdenum concentrates to Chile. 

1.17 Capital and Operating Costs 

1.17.1 Capital Cost Estimate 
The capital cost estimates (initial, sustaining, and expansion) were prepared for the PEA based 
on construction of an open pit mining operation, concentrator, and related infrastructure to 
produce bulk copper and gold flotation concentrates, gravity gold concentrates, molybdenum 
concentrates, and waste rock and tailings.   Concentrate products will be shipped offsite for further 
smelting and refining.  Tailings storage will be by filtration to remove water and then dry stacking. 

Table 1.14 summarizes the initial capital costs by major area.  Table 1.15 summarizes expansion 
capital costs.  Table 1.16 summarizes LOM sustaining capital costs.  

Total initial capital required to design, procure, construct, and commission the facilities described 
herein, including duties, freight, taxes, and contingency, but excluding working capital is 
approximately $828 M.  Total expansion capital is estimated to be approximately $367 M, 
including duties, freight, taxes, and contingency.  Total LOM sustaining capital is estimated to be 
approximately $229.5 M.  

Working Capital requirements are approximately $2.9 M and $3.5 M for the initial plant and 
expanded plant productions, respectively.  Initial fills, spare parts, and other required mine site 
inventory are included as part of the initial and expansion capital. 

All mine and process equipment are assumed to be purchased new, with the vast majority of the 
equipment to be imported from well-established international vendors as these items are currently 
unavailable in Ecuador.  Where economically and technically feasible, such as bulk materials and 
consumables, these items will be sourced in Ecuador.  
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Table 1.14: Initial Capital Costs by Major Area 

Area ID Description  Initial Capital   
 

Contingency 
%  

 Contingency $  

0100 Mine   $      56,951,752  11%  $       6,231,160  
0110 Mine Haul Roads          13,473,077  27%          3,637,731  
0120 Waste Rock Storage           2,675,055  10%             267,506  
0130 Truckshop, Warehouse, and Ready Line          36,525,473  5%          1,826,274  
0140 Fuel and Lube Storage and Dispensing           2,373,197  5%             118,660  
0150 Explosive Storage              139,414  20%               27,883  
0160 Pit Dewatering & Pit Depressurization Drilling           1,765,536  20%             353,107  

0200 Primary Crushing & Stockpile Reclaim  $      28,991,657  19%  $       5,508,415  
0300 Grinding and Gravity Concentration  $    115,266,993  19%  $     21,900,729  
0400 Flotation and Filtration  $      72,599,626  19%  $     13,793,929  
0500 Reagents Preparation  $        1,569,370  19%  $         298,180  
0600 Tailings Filtration  $      54,208,300  19%  $     10,299,577  
` Dry Stack Facility  $      10,337,015  11%  $       1,172,582  
` Conveyor Filtration to Dry Stack Facility  $      14,800,000  19%  $       2,812,000  
0700 Ancillary Facilities  $      12,220,150  15%  $         613,255  

0710 Administration Building           1,668,750  0%                        -  
0720 Plant Warehouse & Maintenance Shop           7,350,000  0%                        -  
0730 Laboratory, including equipment and met lab           1,691,400  18%             308,600  
0710 Clinic                97,980  20%               19,596  
0720 Reagent Storage           1,261,000  20%             252,200  
0740 Gatehouse                97,920  20%               19,584  

  Truck Scales                53,100  25%               13,275  
0800 Site and Offsite Infrastructure  $      17,071,941  3%  $         469,151  

0810 Power Supply, Transmission Line & Main Substation          14,683,000  0%                        -  
0820 Emergency Power Generation                84,200  19%               15,998  

0840 
Fresh Water Supply and Storage System (incl. 
gland water) 

          1,225,241  20%             245,048  

0850 Process Water Treatment, Storage, and Distribution              387,375  19%               73,601  

0860 Fire Water System                80,925  19%               15,376  
0870 Air Compressors and Blowers              311,200  19%               59,128  
0870 Sewage Treatment              300,000  20%               60,000  

0900 Site and Offsite Development  $      29,583,004  12%  $       3,585,507  

0910 
Site Development, Vegetation Suppression & 
Clearing & Grubbing 

         22,543,175  15%          3,381,476  

0930 Mine Access Road              559,995  15%               83,999  
0940 Site Security and Fencing           5,783,475  0%                        -  
0950 Sanitary Landfill              192,408  10%               19,241  
960 Surface water Management              503,951  20%             100,790  

  Subtotal Direct Costs  $    413,599,808  16%  $     66,684,484  
1000 Construction Indirect Costs  $      17,924,409     $       3,404,242  

1010 Contractor Indirects           6,750,919  20%          1,350,184  
1020 Construction Temporary Facilities                          -  
1030 Construction Equipment (cranes)           1,806,400  10%             180,640  
1040 Construction Camp, including catering           9,367,090  20%          1,873,418  

2000 Contracted Indirects  $      62,017,611  11%  $       6,724,947  
2010 EPCM Services          43,342,240  13%          5,634,491  
2020 Geotechnical Facilities E&CQA           1,748,800  14%             244,832  
2030 Third Party Inspections/Testing (QAQC)           1,396,200  10%             139,620  
2040 Surveying              150,000  10%               15,000  
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2050 Vendor Representatives            4,132,091  10%             413,209  
2060 Commissioning Assistance           1,396,200  10%             139,620  
2070 Initial Fills           2,763,500  5%             138,175  
2081 Mine Equipment Spare Parts           3,446,000  0%                        -  
2082 Plant Equipment Spare Parts           3,642,580  0%                        -  

  Total Indirect  $      79,942,020  13%  $     10,129,189  
4000 Owner's Direct Costs  $    130,576,336  4%  $       5,392,312  

4010 Preproduction Mine Development          30,247,691  0%                        -  
4020 Mine and Ancillary Equipment     
4021 Primary Mine Equipment          81,898,445  5%          4,094,922  
4022 Ancillary Equipment          13,113,600  5%             655,680  

4030 
Misc. Mining Support Items (shop equipment, 
software, radios, office &misc. equipment) 

          1,595,000  5%               79,750  

4050 Office/Engineering Equipment, Software, Furniture              625,000  20%             125,000  
4060 Plant Warehouse/ Shop Equipment           1,500,000  10%             150,000  
4065 Mobile Equipment & Light Vehicles           1,201,000  20%             240,200  
4070 Medical, Security, & Safety Equipment              323,600  10%               32,360  
4080 Communication Equipment                72,000  20%               14,400  

5000 Owner's Indirect Costs  $      36,277,508  19%  $       6,804,706  
5010 Preproduction Employment & Training          11,389,741  20%          2,277,948  
5020 Project & Construction Management           5,675,907  15%             851,386  
5030 Employee Mid-Shift Meals           1,571,400  10%             157,140  
5040 Preproduction Power            2,230,956  10%             223,096  
5050 Land Acquisition            1,280,000  20%             256,000  
5060 Legal, Permits, and Fees              300,000  20%               60,000  
5070 Communication Expenses              108,000  10%               10,800  
5080 Insurance           4,192,704  25%          1,048,176  
5090 Employee Travel & Transportation & Housing           3,264,800  20%             652,960  
5100 Corporate Travel & Services              720,000  10%               72,000  
5110 Environmental Services & Consumable           1,440,000  10%             144,000  
5120 Security & Medical Services & Consumables              684,000  30%             205,200  
5130 Community Development           2,700,000  30%             810,000  
5140 Outside Consultants              720,000  5%               36,000  

  Total Owner's Cost  $    166,853,844  7%  $     12,197,018  
Subtotal    $    660,395,672  13%  $     89,010,691  
10000 Other Costs                          -  

10050 Freight, Duties & Taxes          78,433,580                          -  
10060 Contingency           89,010,691                          -  

  Total Other Cost  $    167,444,271      
  Total Initial Capital Cost  $    827,839,943      



 

        
 

 
Effective Date: June 27, 2018  1-36 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

Table 1.15: Expansion Capital Costs 

 

 

 

 

 

Table 1.16: Sustaining Capital Costs 

Description  Estimate (000's)  

Plant Expansion Capital, Freight and Taxes (with 19% contingency) 315,995 

Mining Expansion (with a 5% contingency) 51,163 

 Total Expansion Capital Cost (000's)  $367,158  

AREA Total LOM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mining (205,059) (53,225) (14,951) (15,687) (88) (837) (865) (10,277) (11,437) (10,186) (18,831) (39,610) (25,732) (3,332) 0 0 0 

WRSF (9,675) 
  

(677) (677) (677) (871) (871) (871) (871) (871) (774) (677) (677) (677) (484) 0  

Dry Stack (8,265) 
  

(579) (579) (579) (744) (744) (744) (744) (744) (661) (579) (579) (579) (413) - 

Mine Haul 
Road 

(2,275) (2,275) 
                

Sanitary 
Landfill 

(531) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) 

Pit 
Dewatering 

(3,739) 
   

(2,899) 
   

(841) 
         

Total (229,545) (55,533) (14,984) (16,976) (4,276) (2,126) (2,513) (11,925) (13,925) (11,834) (20,479) (41,078) (27,021) (4,621) (1,289) (930) (33) 
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Exclusions and Clarifications 

The initial and expansion capital cost estimates are expressed in second quarter 2018 $US.  The 
following items are not included in the capital cost estimates: 

 Sunk costs which will have been incurred prior to project approval to proceed to 
the engineering, procurement, and construction phase; 

 All taxes which are included in the cash flow model, excluding value added tax 
(VAT), which is included in the capital cost estimate; 

 Reclamation and closure costs which are included in the cash flow model;  

 Working capital which is included in the cash flow model; 

 Interest and financing costs; 

 Equipment salvage value which is included in the cash flow model, and; 

 Risk due to political upheaval, government policy changes, labor disputes, 
permitting delays, prolonged delays due to unusually severe weather, and any 
other force majeure occurrences.  

Contingency 

Approximately $89 M contingency allowance, or a weighted average of 13% of the total initial 
capital cost, excluding duties, freight, and taxes, has been included in the Project initial capital 
cost estimate. 

Area contingency values (both $US and %’s) are shown on Table 1.14 for initial capital. 

The same methodology was applied to estimated expansion capital costs, resulting in a weighted 
average contingency allowance of 17%.  Table 1.15 shows the contingency percentages applied 
to the two major cost areas from the expansion. 

1.17.2 Operating Cost Estimate 
Costs have been estimated by operating areas of mining, processing, G&A, tailings management, 
and water management. 

Table 1.17 summarizes the LOM operating cost by area in total cost and in average LOM unit 
cost per tonne mineralized material processed.  
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Table 1.17: Operating Cost Summary 

Description 

 Total   Average Unit Operating Cost   
 Life of Mine      

 Cost  Years 1-5  LOM  
 $000's  $/T mineralized 

material 
$/T mineralized material 

Mining – Mined      1,511,357                2.50                          2.14  
Mining – Milled2      1,511,357                6.36                          4.46  
Processing      2,399,966                7.23                          7.09  
General and Administration         258,891                0.90                          0.76  
Tailings Management         253,877                0.75                          0.75  
Water Management1            7,606                            0.02  

Total Operating Cost  $  4,431,697   $         15.24   $                    13.09  
   LOM Kt mineralized material (Process Feed):          338,502  

Note 1: Includes mine pit dewatering and fresh water supply (power cost), as shown in Table 21.12.  Note 2: Mining unit 
cost/T mineralized material for LOM is $0.02/T mineralized material less than the $4.48/T mineralized material stated in 
the 6/28/18 News Release. The difference is due to the listing of the $0.02/t mineralized material water management 
cost separately. 
 

Labor for mining, processing, and G&A, including burden and benefits, constitutes a large 
component of operating costs.  Additionally, other costs within G&A, such as mid-shift meals, 
employee travel, transportation and housing, recruiting and relocation, and training are all 
functions of the labor component.  

A detailed labor study was completed with assistance from Lumina personnel, to determine the 
administrative organization and staffing levels, as well as understanding salary scales and 
bonuses, Ecuadorian labor laws, health and insurance costs, and social and other tax burdens. 
Burdened salary levels and benefits were calculated for all positions in mining, processing, and 
G&A. 

Budgetary quotations were obtained for major consumables. 

1.18 Economic Analysis 

A listing of select model inputs and key results is given in Table 1.18. 
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Table 1.18: Economic Model Inputs and Key Results 

 
Cangrejos Project – Model Inputs Unit Value 

Total Mineralized Material Produced ktonnes 338,502 

Gold Grade g/t 0.69 

Silver Grade g/t 0.59 

Copper Grade % 0.12% 

Molybdenum Grade ppm 26.4 

Gold Recovery (Fresh | Partially Oxidized) % 82% | 65% 

Silver Recovery (Fresh | Partially Oxidized) % 78% | 50% 

Copper Recovery (Fresh | Partially Oxidized) %     82% | 50%  

Molybdenum Recovery (Fresh | Partially Oxidized)) % 50% | 50% 

Gold Price US$/oz $1,300  

Silver Price  US$/oz $19.00  

Copper Price US$/lb $3.25  

Molybdenum Price US$/lb $11.00  

Gold Payable (Gravity Concentrate | Bulk Concentrate) % 98% | 97% 

Silver Payable (Gravity Concentrate | Bulk Concentrate) % 16.7% | 55.9% 

Copper Payable % 95.30% 

Molybdenum Payable % 95.50% 

Cangrejos Project – Key Results Unit Value 

Gold Revenue Split % 76.50% 

Silver Revenue Split % 0.50% 

Copper Revenue Split % 22.00% 

Molybdenum Revenue Split % 1.00% 

Gross Revenue US$(000) $10,157,088  

Initial Capital Cost Less Working Capital & Spare Parts/Initial Fills US$(000) $817,850  

Expansion Capital Cost (Plant + Mining + Freight + Tax + Cont.) US$(000) $367,157  

Sustaining Capital Cost US$(000) $229,545  

LOM Mine Operating Costs US$(000) $1,517,548  

LOM Process Operating Costs US$(000) $2,401,381  

LOM Tailings Operating Costs US$(000) $253,877  

LOM General and Administrative Operating Costs US$(000) $258,891  

LOM Total Operating Costs US$(000) $4,431,697  

Net Cash Cost US$/oz $523  

Cash Costs (Gold Equivalent)  US$/EQ-OZ $706  

After Tax Payback Time - Initial Capital Years 5.1 

After Tax Payback Time - Expansion Capital Years 3.1 

Cumulative Net Pre-Tax Cash Flow US$(000) $3,247,323  

Pre-Tax IRR % 19.20% 

Pre-Tax NPV (5% Annual Discount Rate) US$(000) $1,549,365  

Cumulative Net After-Tax Cash Flow US$(000) $2,100,194  

Post-Tax IRR % 15.0% 
Post-Tax NPV (5% Annual Discount Rate) US$(000) $920,065  
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All currencies are US dollars with no inflation applied. Cost estimates were not escalated, and all 
cash flow values were discounted using mid-year discounting to a net present value using a 5% 
annual discount rate starting one calendar year from the data date. Metal prices were selected 
based on discussions with Lumina and H&H, considering current trading values and consensus 
price forecasts based on estimates from numerous financial institutions. Taxation rates applied 
were 15% profit sharing tax (3% to workers, 12% to Government), 22% corporate income tax, 
and 5% royalty to the Ecuadorian Government on NSR. Depreciation was calculated using a five 
year straight line depreciation methodology. Value added tax (VAT or IVA) of 12% was applied to 
all goods and services, including operating costs less labor and power, and was recaptured at a 
maximum of 12% of exported goods value per year once mine production is exported.  

Benefits to the Ecuadorian Government were compared with Lumina’s profits using the prescribed 
method to determine whether a Sovereign Adjustment Tax would apply; no Sovereign Adjustment 
is required. Static metals prices were applied; therefore, no windfall profit tax was considered in 
the model. Miscellaneous taxes included business permit tax, gross asset tax, mining patent 
maintenance, superintendent tax, and local land and use taxes.  

Base Case Analysis 

This technical report estimates payback of the initial capital investment to occur in the sixth year 
of mine life, approximately 5.1 years after initial production.  The expansion capital payback 
occurs 3.1 years after the initial expansion production commences in Year 6. 

The Cangrejos Project is estimated to have an after-tax IRR of 15.0%.  Assuming a discount rate 
of five percent over an estimated mine life of 15.7 years, the after-tax net present value (NPV) is 
estimated to be approximately $920 M. 

No mineral reserves have been estimated for this Preliminary Economic Assessment.  This 
Preliminary Economic Assessment is preliminary in nature and includes inferred mineral 
resources that are considered too speculative geologically to have the economic considerations 
applied to them that would enable them to be categorized as mineral reserves.  Inferred mineral 
resources have a great amount of uncertainty as to their existence and as to whether they can be 
mined legally or economically.  There is no certainty that the Preliminary Economic Assessment 
will be realized. 

1.19 Interpretations, Conclusions, Risks, and Opportunities 

Interpretations and Conclusions 

Resource 

 Based on the current level of exploration, the Cangrejos deposit contains an 
inferred mineral resource of 408.0 Mt of mineralized material at a grade of 0.65 g/t 
Au, 0.11% Cu, 0.6 g/t Ag, and 25.0 ppm Mo containing 8.5 Moz Au, 1,033 Mlbs 
Cu, 7.8 Moz Ag, and 22.5 Mlbs Mo.   

 The Cangrejos deposit remains open to the north, south, west, and at depth. 
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 Lumina continues to conduct in-fill delineation drilling on the Cangrejos deposit and 
a review of the ten drill holes completed since the effective date of this mineral 
resource estimate indicate that they support the current understanding of the 
geology and mineralization and there are no indications that the new drill holes 
would result in material or significant changes to the current estimate of mineral 
resources at Cangrejos. 

 There are no known factors related to environmental, permitting, legal, title, 
taxation, socio-economic, marketing, political, or other relevant factors which could 
materially affect the mineral resource.  Mineral resources in the inferred category 
have a lower level of confidence than that applied to indicated mineral resources, 
and, although there is sufficient evidence to imply geologic grade and continuity, 
these characteristics cannot be verified based on the current data.  It is reasonably 
expected that the majority of inferred mineral resources could be upgraded to 
indicated mineral resources with continued exploration.  

 There is little change in the estimate of mineral resources compared to the previous 
estimate that was presented in the 2017 Technical Report.  Both of these mineral 
resource estimates were derived using the same block model with an effective date 
of November 6, 2017.  Since the 2017 Technical Report, there have been minor 
changes to the metal prices used to generate the resource limiting pit shell and the 
calculation of AuEq grades (current: $1,400/oz Au, $17.00/oz Ag, $3.25/lb Cu, and 
$10.00/lb Mo vs. December 2017: $1,300/oz Au, $18.00/oz Ag, $3.00 lb/Cu, and 
$8.00/lb Mo).  There have also been some minor changes to the projected 
metallurgical recoveries and, based on metallurgical testing, saprolite and saprock 
material have been segregated and removed from the resource estimate. 

Geochemistry 

 In general, the rock samples show that the Cangrejos rock is largely geochemically 
inert.  Low sulfide concentrations are offset by a neutralization potential that is 
more than adequate to ensure that acid rock drainage (ARD) risk is minimal.  

Additional sampling is required at the prefeasibility level, but based on the existing 
information, it does not appear that the waste rock or pit walls will create 
detrimental ARD or metal leaching conditions.   

 Based on the tailings testing performed, it appears that the Cangrejos tailings will 
be geochemically inert.  This is because the ore has low sulfides and because the 
beneficiation process (flotation) removes nearly all the sulfides to the concentrate.  
There is no risk of ARD from tailings.  Slightly-elevated molybdenum 
concentrations in the supernatant solution are expected for a project with enough 
molybdenum grade to consider it as a saleable product.  This will be assessed in 
future geochemical characterization programs.  However, it is reasonable to 
assume that the supernatant water could be direct-discharged to the environment 
after sediment control.   
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Mine Geotechnical 
 The site geology is dominated by the sub-vertical emplacement of igneous 

intrusives into a metamorphic complex.  Mineralization is hosted in intrusives, host 
rock, breccias, and dikes in the contact zone between the two primary rock 
assemblages.  Pervasive alteration is strength-enhancing to the rock mass and no 
strength-penalizing argillic or phyllic alteration is reported.  The structural fabric of 
the rock mass (foliation, jointing, minor faulting) is inferred to be predominantly 
steeply-dipping, consistent with the sub-vertical intrusions.  Major structural 
features (i.e. regional faults) have not been identified.  Therefore, and appropriate 
to the preliminary nature of this slope design study, simplifying assumptions to the 
geotechnical model were made: 

o The rock mass was assumed to be mono-lithologic (meta diorite). 

o Geomechanical properties (based on an empirical failure criterion that is 
standard for the rock engineering practice) indicated “Good Quality” rock 
which was assumed throughout. 

o No penalty to rock mass strength was applied for the possible adverse 
orientation of the structural fabric because it is, as yet, unquantified due to 
the lack of mappable surface exposures of fresh bedrock. 

o A mantle of variable thickness saprolith overlies the meta diorite bedrock. 

 In the absence of structural fault control for the ultimate slopes, slope design will 
be dependent on the strength of the rock mass, which in turn is dependent on many 
factors; intact strength of test-scale samples, alteration type and intensity, and the 
presence and nature of rock weakness planes (i.e., structural fabric).  Stability 
analyses were performed for the highest slope for the PEA pit design developed 
by WLRC.  Incorporating achievable assumptions for groundwater pressures, the 
analyses indicated feasible slope inclinations in the range of 47º (toe-to-crest) for 
nominal slope heights to 800 m, with greater than customary stability margins 
(Factor of Safety) under static conditions.  Bench geometry and rockfall catchment 
considerations will eventually dictate how the ultimate slopes will be configured but 
for the current study, bench face angles were maximized to equipment constraints.  
Saprolith (saprolite & saprock) horizons above the north and east planned pit walls 
are subject to natural landslides.  Analyses of cut slopes in these materials 
indicated marginal stability dependent on groundwater pressures, and hence 
warrant further study at prefeasibility. 

Mining 
 The Cangrejos Project is amenable to conventional, medium-scale, open pit mining 

methods.  FC evaluations were conducted to determine potentially economic pit 
limits and the mining phase (pushback) development sequence.  Four mining 
phases were designed according to pit slope angle guidance from W&N and then 
used to estimate contained inferred mineral resources, from which a declining-
cutoff-grade mine production schedule was developed.  This schedule was based 
on a concentrator processing rate of 40,000 tpd for the first five years of operation, 
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with a plant expansion that comes on-line at the start of Year 6 allowing a total 
mineralized material processing rate of up to 80,000 tpd through the end of Year 
13.  Thereafter, sinking rate limitations near the bottom of the open pit will constrain 
mineralized material processing rates to 40,000 tpd until the open pit and 
stockpiled low-grade material are depleted in Year 16.  Sulfide milling operations 
are projected to last 15.7 years. 

 Preproduction stripping over a 15-month period is estimated at nearly 9.5 Mt, 
consisting of about 1.9 Mt of mineralized material-grade resources and 7.6 Mt of 
waste rock.  Saprolite and saprock have been treated as waste in the mine 
production schedule; only partially oxidized and sulfide material was considered as 
potential plant feed.  The LOM stripping ratio will average about 1.13:1, although 
stripping rates during Years 1-5 will vary between 1.30:1 and 1.92:1 as production 
ramps up for the plant expansion. 

 The production schedule is based on approximately 339 Mt of inferred mineral 
resources grading 0.69 Au g/t, 0.12% Cu, 0.59 Ag g/t, and 26 ppm Mo.  Total 
contained metal is estimated at about 7.5 M troy ounces Au, 898 M lb Cu, 6.4 M 
troy ounces Ag, and nearly 20 M lb Mo.  No mineral reserves are estimated for this 
PEA as inferred resources were used for the concentrator feed projections. 

This PEA is preliminary in nature and includes inferred mineral resources that are 
considered too speculative geologically to have the economic considerations 
applied to them that would enable them to be categorized as mineral reserves.  
There is no certainty that the PEA will be realized. 

Geotechnical 
 A review of available seismic hazard literature was carried out for the Cangrejos 

Project area. The evaluation is based on published literature and recent seismic 
hazard assessments for Ecuador. This information was used to develop the 
seismic hazard for the Project. 

The seismicity in the Cangrejos Project area is controlled mainly by the crustal 
background seismicity within the coastal zone, as well as intra-slab seismicity. The 
maximum intensities recorded in the area of Cangrejos Project reach values 
between VII and VIII on the modified Mercalli scale. The maximum ground 
accelerations in the project area, based on published literature, vary between 0.16 
g and 0.40 g for the 1:475 return period. 

In accordance with the available technical literature reviewed and the ECN, design 
criteria for PGA of 0.40 g for 1:475 and 0.61 g for 1:2,475 year return periods 
measured in soils type C-D in accordance with NERHP have been selected for the 
Project.  

Geology 

 The Cangrejos deposit forms a relatively continuous zone of gold-copper-silver-
molybdenum, porphyry-style mineralization associated with a sequence of 
breccias and porphyritic quartz diorite intrusions. The zone extends for 
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approximately 1,000 m in a northeasterly direction, has widths ranging from 70 m 
to 600 m, and has been defined to a depth of at least 600 m below surface.  

 Historic drill testing (five holes) of the Gran Bestia gold-copper soil anomaly, 
located 1.2 km northwest of the Cangrejos Zone, discovered another zone of 
porphyry-style mineralization.  The Gran Bestia zone was not included in the 
Cangrejos resource estimate and represents potential exploration upside.  Lumina 
plans to drill Gran Bestia in 2018. 

Water Supply 

 Based on very limited surface and groundwater information, and a preliminary 
water balance which considers average and drought precipitation conditions, the 
PEA is based on use of an external surface water source at times, depending on 
precipitation conditions and the, as yet undefined quantity of mine dewatering.   

The extent and form (offsite pump stations, or onsite pond for capture and storage 
of more precipitation runoff during the wet season) will be determined during PFS 
detailed evaluations of mine dewatering production, area stream and river base 
flows, and consumption by downstream users on a sustained basis. 

Metallurgy/Process 

 Metallurgical testwork indicates that the mineralization can be processed using 
conventional methods.  

Risks and Opportunities 

The following risks and opportunities associated with development of the Cangrejos Project have 
been identified. 

During the next phase of development, prefeasibility, a number of risks will be investigated further 
and possibly reduced or eliminated.  Similarly, further investigation and evaluation of some 
opportunities may allow them to be incorporated in the Project. 

Risks 

Geotechnical Facilities 
 Excavation quantities could be inaccurate without Project-wide, high-quality 

topography, i.e., LIDAR coverage. 

 Earthworks costs could be either overstated or understated without site specific 
input from site field investigation and earthworks contractors’ pricing. 

 Construction materials, sources, quantities, and characteristics may be different 
than assumed without completion of field and laboratory investigations. 

Metallurgy and Process 
 The production of separate molybdenum concentrates may not be economic at 

varying commercial conditions than those considered in this PEA. 

 The predicted gold recovery in the gravity concentrates may be lower, thus 
requiring more gold to be recovered by flotation. 
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 The high hardness of the fresh rock may require higher connected grinding power 
than predicted or utilization of HPGR crushing. 

Water Supply 
 The requirement to use an offsite water source at times to maintain mine and plant 

operation during varying precipitation conditions, could result in added permitting 
activities.  Additional capital cost and operating cost could also result. 

Pit Dewatering & Pit Depressurization 
 Pit dewatering and pit slope depressurization may be more costly than anticipated.  

The hydrogeology study will ascertain if preliminary estimates for groundwater 
inflow, and horizontal boring spacing are correct.   

Mining 
 The amount of mineral resources contained within potentially economic pit limits 

are sensitive to commodity prices and operating costs.  FC analyses show that a 
12% decrease in metal prices would reduce potential economic mineral resource 
tonnages by about 13% (48 Mt) and a 15% increase in operating costs would 
negatively impact contained mineral resources by a similar 15% (nearly 54 Mt).  
Operating cost increases above 15% have a much higher effect. 

 At over 800 m high, the north wall of the ultimate pit will be a world-class slope.  
Ground water depressurization, controlled blasting, and careful mining procedures 
will be required to achieve the pit slope angles used in the mining phase and 
ultimate pit designs.  Unknown rock structures (faulting, jointing, etc.) and/or 
adverse groundwater conditions could potentially impact pit slope angles, with 
corresponding negative effects on contained mineral resources and project life.  
Moreover, the steep pit walls intersecting 20-30 m of saprolith cover on existing 
natural slopes may create instabilities that require additional protection measures 
– i.e., substantial catch benches at the saprolith/rock contacts, periodic removal of 
slumped material, diversion of surface runoff to minimize slope saturation, 
revegetation, etc. – to prevent saprolith from sliding into the open pit. 

 Diesel fuel is a significant component of the mine operating costs.  Higher fuel 
prices would increase mine operating costs and reduce project returns given the 
pit depth and some relatively long haulage profiles.  A 20% increase in the diesel 
fuel price to $0.70/L would increase average mine operating costs by nearly 5% 
(about $0.10/t mined). 

Port Storage, Handling, and Loading of Concentrates 
 Final selection of a port for handling, storage, and loading of concentrates, and 

negotiation of an agreement with the port operator could result in higher port 
charges and concentrate transport costs. 

Environmental  
 It is not expected that the geochemistry will pose a risk to the Project.  However, 

the PEA-level testing was not widespread.  There is a chance that waste blending 
will be required to manage potentially-acid generating waste.  Further variability 
testing will be completed during the PFS. 
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 Saprolitic soils are fine-grained, and it may be difficult to clarify water prior to 
discharge. This risk can be mitigated by larger ponds, flocculant, and other 
management tools.   

Social 

 As the Project advances towards exploitation and its profile grows, so will its base 
of interested stakeholders. This will require increasing investment in engagement 
with local communities and other stakeholders on important aspects of the Project, 
such as labor, benefits, and the environment, including water use. 

Political 

 Over the past several decades, Ecuador has had a reputation in the public markets 
for instability and changing public policies, in particular with regards to non-
renewable natural resources. While the recent evolution of norms has led to an 
improved investment climate for the mining sector, any substantial reversal could 
impact market sentiment. 

Opportunities 

Mineralized Material Processing  
 Installation of a cyanidation plant or heap leach operation for treating saprolite and 

saprock materials would increase metal production and possibly improve Project 
economics. 

 Results of Cangrejos mineralized material testing by HPGR vendors and a more 
detailed trade-off study may demonstrate favorable economics for an HPGR 
comminution circuit option resulting in reduced capital and process operating 
costs. 

Mining 

 Counter-balancing one of the risk factors, higher commodity prices and/or lower 
operating costs could increase the amount of potentially economic mineral 
resources.  FC analyses also show that a 12% increase in metal prices would 
increase potential economic resources by just over 12% (44 Mt) and a 15% 
decrease in operating costs would add about 16% to the mineral resource 
tonnages contained within an economic shell (57 Mt). 

 Increased bench heights and larger equipment may improve the economies of 
scale of mining operations.  While increasing bench heights to 12 or 15 m (from 
the current 10 m) would increase internal mining dilution and thus slightly lower the 
average mineralized material grades, operational considerations may outweigh the 
negative effects with:  larger diameter blastholes; wider blasthole spacing (with 
correspondingly fewer drills required); lower blasting accessory costs per tonne; 
larger loading and hauling equipment with lower unit operating costs per tonne, 
and; reduced sinking rates (i.e., the number benches mined in a phase each year). 
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Resource 

 Deep drilling in the center of the deposit defined a higher grade Au-Cu zone 
associated with magnetite-rich breccias and calcic-sodic alteration. The Cangrejos 
mineralization remains open to the north, south, west, and at depth.  The potential 
exists to add near surface resources at Gran Bestia. 

Ecuadorian Law 

 On June 21, 2018, the National Assembly of Ecuador approved the final draft of 
the Law for Production Development, Investment Attraction, Employment 
Generation and Fiscal Stability. This law is geared towards the economic sector 
and modifies various other pieces of legislation. 

 As written and if approved by the President, potential impacts could be: 

o Modifications of capital gains tax; 

o Elimination of the Windfall Profit Tax; and, 

o Most significantly, the possibility of a reduced royalty when negotiated with 
the Ecuadorian government as part of future exploitation contracts.   

 Irrespective of whether or not this specific legislation is approved by the President 
in its current form, it signals the possibility of improved regulatory conditions in the 
future. 

1.20 Recommendations 

The Cangrejos Project is estimated to have an after-tax IRR of 15.0%. Assuming a discount rate 
of five percent over an estimated mine life of 15.7 years, the after-tax NPV is estimated to be 
approximately $920 M. Based on these results, the QPs’ overall recommendation is to advance 
the Cangrejos Project to the prefeasibility level. 

The total expected cost to complete a PFS based on conclusions and recommendations 
presented herein is $12,798,100.   

Recommendations from Individual QPs 

Resource 

 Update mineral resource estimate including all economic metals, as has already 
been done in the current resource estimate but adding any other elements of 
interest (arsenic, antimony, sulphur, iron). 

 Conduct conditional simulation studies of the interpretation of the geology domain 
and the various grade items in the mineral resource model. 

 Update drill hole spacing studies to support classification of mineral resources in 
relation to the scale of mining determined in the PFS. 
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Mining 

 A bench height trade-off analysis should be conducted during the early stages of 
the PFS in which the additional costs from internal dilution associated with 12- and 
15-m bench heights are compared to potential cost savings from larger-scale 
mining equipment.  This would likely affect block widths as well.   

 The next deposit model should be expanded to the north as the current model 
restricts the expansion of economic pit shells above a gold price of $1,100 oz.  New 
exploration drilling will likely affect the model limits in other areas, but care should 
be taken so that sufficient peripheral distance around the drill holes exists to 
prevent pit shells from reaching the model edges. 

Mine Geotechnical 

 The geotechnical review highlighted both risks and opportunities to the scoping-
level design recommendations.  Future geotechnical work should seek to minimize 
risks while exploiting opportunities to optimize subsequent pit slope designs (at 
prefeasibility or feasibility).  The primary needs relate to subsurface 
characterization specific to each proposed wall, refinement of the geotechnical 
model to incorporate spatial variation of rock mass strength, a targeted 
investigation for the depth and areal distribution of saprolith, laboratory testing for 
rock and soil properties, and prediction of groundwater pressures within the slopes 
as excavation proceeds.   

Processing 

 Perform a more detailed SAG milling versus HPGR crushing trade-off study, 
including: 

o Sending samples to HPGR crusher manufacturers to perform crusher tests 
(a minimum of 600 kg sample material is required), and; 

o Expanding JKDWT testing for SAG mill sizing using more variability 
samples. 

 Perform whole-ore open circuit and lock cycle flotation testing to determine if 
gravity concentration process can be eliminated or reduced. 

 Expand concentrate and tailings sedimentation and filtering test programs. 

 Perform additional agitated cyanide leach testing of saprolite, saprock, and oxide 
materials. 

 Perform agglomeration and column leach testing of saprolite, saprock, and oxide 
materials. 

 Perform additional oxide material flotation tests including blending with fresh rock. 

 Perform more testing of materials at head grades equal to and less than the 
average deposit grade. 

 Perform additional copper-molybdenum flotation separation testing. 
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 Expand evaluations of agitated leach and heap leach cyanidation of saprolite, 
saprock, and oxide materials.  

 Perform a detailed economic evaluation of the production of molybdenum 
concentrates.  

Geotechnical 

 Topographical surveys should be completed early in the PFS to obtain better site 
topography data.  Due to the dense vegetation LIDAR is the best option to produce 
the best results. 

 Perform a prefeasibility geotechnical field and laboratory program to better 
understand foundation conditions for mine facilities and identify construction 
material sources along with their geotechnical properties. 

 Perform geotechnical laboratory program on waste materials, i.e. waste rock, 
saprolite soil and rock, and tailings, to better understand both their physical and 
mechanical properties. 

 Update the seismic risk assessment to a PFS level since the Project is located in 
a high seismic area. 

 Solicit contractor pricing bids to better define construction unit rates for the Project.  

Hydrology, Geochemistry, Surface Water Management, & Facility Design 

 It will be necessary to conduct a rigorous hydrogeologic investigation of the pit area 
to determine if there is going to be significant groundwater-related pit dewatering, 
and to improve the design of the pit depressurization borings.    It is recommended 
that the Project complete the following for the PFS:    

o A packer testing program should be conducted in half of the scheduled 
geotechnical borings.  Packer testing isolates a specific interval of the 
boring and injects water into the interval to quantify the hydraulic 
conductivity of the rock mass.      

o Vibrating wire piezometers (VWPs) should be installed in the open pit and 
under the future pit highwalls.  VWPs are sensors that measure pit water 
levels at a specific depth and location within the rock mass.  They can be 
used to determine the water level behind a pit high wall, or to help 
determine if a rock fracture carries artesian hydrostatic pressure.  

o A groundwater model should be created to determine pit dewatering 
volume and effectiveness.  The model should focus on the slope stability 
and must have sufficient detail to simulate the horizontal pit dewatering 
boreholes.  It can be used to determine groundwater impacts from the 
Project as well. 

 The geochemistry program should be expanded for the PFS. This expanded 
testing program will meet internationally-accepted standards for geochemical 
characterization.  The recommended geochemistry program may include:   
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o 100 static testing samples of representative waste rock. 

o Onsite kinetic cell testing for waste rock (12 cells, run for a year). 

o Humidity cell testing for tailings (two humidity cells, run for a year). 

 The stormwater management plan (SWMP) requires additional testing and 
analysis to meet PFS standards. In addition, the SWMP should be redesigned and 
calibrated against field measurements of surface water flows.  The following is 
recommended:   

o Sedimentation sampling.  

o Sedimentation pond design based on sedimentology and testing. 

o Geotechnical drilling, sampling, and laboratory testing at sediment pond 
locations. 

Environmental Monitoring, Water Balance, and Closure Planning 

 Additional water monitoring is required to support permit efforts, provide data (in 
PFS design), and to meet international practices and guidelines for the PFS.  This 
monitoring and data collection includes:   

o Flumes and flow meters to measure surface water near the site.   These 
will not only measure the quantity of water that flows during the year, but 
also the response of the flows to particular storm events which are a 
necessary input to the SWMP.  Stream flows are also required to assess 
potential impacts to downstream waterways, and to incorporate mitigation 
measures to the extent feasible. 

o Groundwater monitoring wells (with aquifer testing). 

o Meteorological stations:  stations with evaporation pans are required at the 
pit and at the toe of the DSTF.   

 After collection of more surface and groundwater data, as well as meteorological 
data, the site-wide water balance should be revised.  
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2 INTRODUCTION 

2.1 Purpose of the Technical Report 

Lumina is a Vancouver, Canada based precious metals exploration company focused on the 
development of the Cangrejos Project located in Ecuador. 

Lumina engaged MTB to commence a PEA for the Cangrejos Project in November 2017. This 
technical report has been prepared in support of the results of the PEA and defines the current 
overall scope of the Cangrejos Project and provides information necessary to make decisions 
regarding the development of an open pit mine and processing facilities. 

2.2 Sources of Information 

This technical report has been prepared for Lumina by MTB under the supervision of QPs within 
the meaning of National Instrument 43-101 Standards of Disclosure for Mineral Projects (NI 43-
101) in support of Lumina’s disclosure of scientific and technical information for the Cangrejos 
Project. 

In preparing this technical report, the QPs relied on geological reports, maps, and miscellaneous 
technical papers listed in Section 27 (References) of this technical report.  The authors have relied 
on published and unpublished reports and literature for information that is provided in this 
technical report. 

This technical report is based on information known to the QPs as of June 27, 2018. 

The below-listed QPs are responsible for the information provided in the indicated items. 

MTB is responsible for the preparation of this technical report. MTB assisted in completing this 
report under the supervision of the QPs who are responsible for the information provided in the 
indicated items: 

 William L. Rose, P.E. of WLRC, is responsible for the information provided in Items 15 
and 16, and portions of 1, 21, 24, 25, 26, and 27.  

 Larry Breckenridge, P.E. of GRE, is responsible for the information provided in Items 2, 3, 
4, 5, 6, 20, 23, and portions of 1, 16,18, 21, 24, 25, 26, and 27. 

 Robert Sim, P. Geo. of SIM Geological, is responsible for the information provided in Items 
7, 8, 9, 10, 14, and portions of 1, 24, 25, 26, and 27.  

 Bruce M. Davis, FAusIMM of BDRC, is responsible for the information provided in Items 
11 and 12, and portions of 1, 14, 24, 25, 26, and 27.  

 Scott C. Elfen, P.E., of Ausenco, is responsible for the information provided in portions of 
Items 1, 18, 21, 24, 25, 26, and 27. 

 Nelson King, SME Registered Member, of ND King, is responsible for the information 
provided in Items 13 and 17 and portions of 1, 21, 24, 25, 26, and 27. 
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 Norman Norrish, P.E., of W&N, is responsible for the information provided in portions of 
Items 1, 16, 24, 25, 26, and 27. 

 Robert S. Michel, Registered Member SME, of RME, is responsible for the information 
provided in Items 19, 22, and portions of 1, 21, 24, 25, 26, and 27. 

All measurement units used in this report are metric, and currency is expressed in US dollars, 
unless stated otherwise.  The currency used in Ecuador is the US dollar. 

2.3 Personal Inspection of the Cangrejos Project 

Robert Sim visited the Cangrejos Project from November 28 - 29, 2017. He inspected drill core 
from numerous holes and visited a number of drill sites and the core storage facility.  

William L. Rose visited the Cangrejos Project from January 16-17, 2018.  The purpose of the site 
visit was to review the area geology, examine core, and inspect topography to commence mine 
design.  

Nelson King visited the Cangrejos Project from January 16-17, 2018.  The purpose of the site visit 
was to observe site conditions, examine core, and inspect topography for process facility siting. 

Larry Breckenridge visited the Cangrejos Project from April 8-13, 2018.  The purpose of the site 
visit was to inspect and evaluate the environmental network and sampling plan onsite together 
with the Lumina/Odin team, select geochemical samples for analysis, evaluate core drilling results 
for waste rock storage and handling, and present hydrological and hydrogeological issues to other 
consultants that were visiting the site in that period. 

Scott Elfen completed a site visit January 15-18, 2018.  The purpose of the site visit was to gain 
an understanding of the local conditions as they relate to tailings and waste rock storage, roads, 
and project infrastructure development.  

Bruce Davis, Norman Norrish, and Robert S. Michel have not conducted personal inspections of 
the Cangrejos Project as it was not required to complete the scope of work for which they were 
retained.  MTB representatives accompanied the above-listed QPs on each of their respective 
visits, with the exception of Robert Sim’s visit.
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2.4 Abbreviations and Acronyms 

Abbreviations and acronyms used throughout this report are shown in Table 2.1. 

Table 2.1: Abbreviations and Acronyms 

Description   Abbreviation or Acronym 
Cangrejos Gold-Copper Project  Cangrejos Project or Project 

2017 Cangrejos Gold-Copper Project Technical Report  2017 Technical Report 

copper  Cu 
degrees centigrade  oC 
digital elevation model  DEM 
drill core size (diameter 63.5 mm)  HQ (HTW) 
east  E 
Environmental Impact Assessment  EIA 
Environmental Management Plan  EMP 
exploratory data analysis  EDA 
Fellow of the Australasian Institute of Mining and 
Metallurgy 

 FAusIMM 

general and administrative  G&A 
Global Positioning System  GPS 
gold  Au 
gold equivalent  AuEq 
gram  g 
grams per liter  g/L 
grams per tonne  g/t 
hectare  ha 
inductively coupled plasma  ICP 
inverse distance weighted  IDW 
kilogram  kg 
kilometer  km 
kilowatt hours per tonne  kWh/t 
length x width x height  L x W x H 
liter  L 
Lumina Gold Corp.  Lumina or the Company 
management discussion and analysis  MD&A 
meter  m 
meters above sea level  masl 
millimeter  mm 
million ounces  Moz 
million pounds  Mlbs 
million tonnes  Mt 
million years  Ma 
molybdenum  Mo 
National Instrument 43-101  NI 43-101 
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nearest neighbour  NN 
Newmont Overseas Exploration Limited  Newmont 
north  N 
Odin Mining & Exploration Ltd.  Odin Mining 
Odin Mining del Ecuador S.A.  Odin  
ordinary kriging  OK 
ounce  oz 
parts per million  ppm 
percent  % 
potassium-argon  K-Ar 
pound  lb 
preliminary economic assessment  PEA 
primary environmental license  PEL 
Professional Engineer  P.Eng (Canada); P.E. (US) 
Professional Geoscientist   P.Geo 
qualified person  QP 
quality assurance/quality control  QA/QC 
recoverable gold equivalent  AuEqR 
reduced to pole  RTP 
rock quality designation  RQD 
selective mining unit  SMU 
silver  Ag 
sodium cyanide  NaCN 
south  S 
specific gravity  SG 
three-dimensional  3D 
tonne  t 
tonnes per cubic meter  t/m3 
United States dollar  $US 
United States dollar - million  $M 
United States dollar - billion  $B 
Universal Transverse Mercator  UTM 
west   W 
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3 RELIANCE ON OTHER EXPERTS 

For the purpose of disclosure relating to ownership of data and information (mineral, surface, and 
access rights) in this technical report, the authors have relied exclusively on information provided 
by Lumina and on the title opinion referenced below. 

The law firm, TOBAR ZVS SPINGARN, completed a title opinion on the Cangrejos Project dated 
July 27, 2018.  The results are listed below: 

 As of the date of this Opinion, Odin is a corporation duly incorporated and validly 
existing under the laws of Ecuador. It is in good standing with respect to all 
applicable filing and regulatory requirements and has all the legal capacity to 
conduct its business in Ecuador. 

 Each of the Concessions is duly registered and in good standing and there are no 
liens or encumbrances registered on any of the Concessions. There is neither any 
indication of any potential issue that could result in the termination or caducity of 
the Concessions, nor any evidence of grounds for the nullification of the ownership 
of any of the Concessions held by Odin. 

 Odin, in accordance with the Mining Law, has complied on a timely basis with its 
obligations to pay the conservation patent fees and to file annual exploration 
reports with respect to each of the Concessions. 

 Odin holds the necessary licenses, permits and registrations, including all 
necessary environmental licenses and water permits, to carry out advanced 
exploration activities for all of the Concessions, except for C20. Such licenses and 
permits are ongoing. All such licenses, permits and registrations have been duly 
granted to and are validly held by Odin. There are no outstanding agreements or 
operations that may limit the right of Odin to carry out mining activities. There are 
no agreements for operations with artisanal miners. 

 We have been informed that there are no permanent illegal mining activities within 
the Concessions. However, there is sporadic entry of artisanal miners panning 
alluvial gold and, according to the information provided by Odin, when the 
presence of such miners is detected, they are asked to leave. In case they do not 
respond to this petition, there are recourses under Ecuadorian legislation in order 
to shield Odin from legal liability in the unlikely event of any environmental impacts. 

 There are no outstanding operations or any other kind of agreements that may limit 
Odin´s right to carry out mining activities. There are no operation agreements with 
artisanal miners. 

 No administrative, legal, or other form of claim or complaint has been made against 
Odin by communities and/or indigenous groups regarding the Concessions. 
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The QPs for this technical report have not researched the property title or mineral rights for the 
Cangrejos Project and express no legal opinion as to the ownership status of the property. 

All other conclusions and recommendations contained herein are based on: 

 The field observations of the QPs 

 Data, reports, and other information supplied by Lumina and other third parties 

 Data, reports, and other information prepared by the QPs for their respective areas 
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4 PROPERTY DESCRIPTION AND LOCATION 

4.1 Property Location 

The Cangrejos Project is located in southwestern Ecuador (Figure 4.1), 30 km southeast of the 
provincial capital of Machala.  Access to the property is provided by paved highways and eight 
km of gravel roads.  The UTM coordinates for the Cangrejos Zone are 9614300 North and 633200 
East (geographic projection: Provisional South American 1956, UTM Zone 17S). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Source: Lumina, 2017 
Figure 4.1: Location Map 
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4.2 Property Ownership and Agreements  

The Cangrejos Project consists of six mining concessions totaling 6,374 ha, which are described 
in Table 4.1 and shown in Figure 4.2.  All concessions are held by Lumina through its 100% 
owned Ecuadorian subsidiary, Odin.  

Lumina was named Odin Mining prior to its name change on November 1, 2016.  

The Cangrejos 20 concession was awarded to Lumina on November 15, 2016, in the course of 
the Ecuadorian government’s mining auction process. 

Table 4.1: Mining Concessions  

File 
Number 

Concession 
Name 

Date of 
Concession 

Date of 
Registration Area 

(ha) 
Regime / 

Phase 

Date of 
Expiration 

(dd/mm/yyyy) (dd/mm/yyyy) (dd/mm/yyyy) 

2847 Los Cangrejos 6/8/2001 21/08/2001 4,781 Small Mining ** 21/08/2022 * 

300972 Cangrejos 10 2/7/2004 1/7/2004 70 
Advanced 

Exploration 
01/11/2028* 

300971 Cangrejos 11 2/7/2004 1/7/2004 21 
Advanced 

Exploration 
02/11/2028* 

5114 Casique 17/10/2001 7/11/2001 342 Small Mining 20/12/2022* 

2649.1 Las Canarias 11/10/2001 5/11/2001 380 Small Mining 12/05/2022* 

30000203 Cangrejos 20 29/11/2016 13/12/2016 780 
Early 

Exploration 
13/12/2041 

* Mining titles are valid for 25 years from the date of registration and can be renewed for an additional 25 years. 
 
** “The Medium and Large Mining regime includes three phases: Early Exploration, Advanced Exploration and Economic 
Evaluation of the Deposit. The Small Mining regime allows for simultaneous exploration and exploitation activities, limited 
to an installed capacity and production of up to 300 ton/day. Concessions in the Small Mining regime may be migrated to 
Medium and Large Mining.” 
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Cangrejos concessions in blue lined area. Source: Lumina, 2017 

Figure 4.2: Claim Map 

The maintenance of each mining concession requires an annual conservation patent payment 
that is due before the 31st of March.  For 2018, this amounts to $59,293.46 for the six mining 
concessions. All fees have been paid, and all concessions are in good standing.  

Lumina also owns the surface rights shown in Table 4.2 and Figure 4.3. 

Of the land required for Project facilities, Lumina controls (owns or has existing easement) 
approximately 50% of the total required. 
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Table 4.2: Land Tenure Surface Rights 

 

Source: Lumina, 2017 
 
 

Source: Lumina, 2017 
 

Figure 4.3: Surface Rights 

 

No. Previous Owner Hectares Location 
Date of Registration 

(dd-mm-yy) 

1 Víctor Manuel Ramírez Román 54 Santa Rosa 10-Apr-07 

2 Manuel Abad Ruiz 66.38 Atahualpa 21-Sep-07 

3 Carlos Porfirio Tituana 81.2 Santa Rosa 27-Dec-07 

4 Juan Antonio Tituana Torres 76 Atahualpa 2-Apr-08 

5 Víctor Manuel Ramírez Román 58.75 Santa Rosa 23-May-08 

6 
Juan Eduardo Venegas / 
Francisco Soria Venegas 

95 Atahualpa 23-Feb-17 

7 Francisco Castro Sanchez 46.5 Santa Rosa 28-Dec-16 

8 Francisco Castro Sanchez 122 Atahualpa 22-Aug-16 

Total Purchased 599.83   
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The PEA contemplates a 5% NSR royalty on production payable to the Government of Ecuador.  
The Cangrejos Project land and mining concessions have no other royalties, back-in rights, or 
any other encumbrances that could affect title. There are also no other known impediments that 
may affect the ability to perform work on the property. There are no significant risks affecting the 
normal course of business and exploration efforts on the Project. 

The Cangrejos 20 concession requires a mining easement over a significant portion of the surface 
of the concession to proceed with exploration. Accordingly, on May 11, 2017, Lumina filed an 
easement request before the ARCOM for 359.94 ha of private surface rights over Cangrejos 20 in 
order to access the area and conduct exploration work. On August 9, 2017, the ARCOM 
performed the technical “onsite” inspection of the area and on September 7, 2017 it issued a 
technical report in which it concluded that it is technically possible to proceed with the easement 
over the property and defined a compensation value payable by Lumina to the owner during the 
advanced exploration phase of the Project, which includes drilling.  The report also provided values 
for a future payment to cover life of the mining title, including mine construction, exploitation, and 
closure. In December 2017, Lumina was granted a surface access easement to the 359.94 ha 
over the Cangrejos 20 concession, which facilitates exploration and drilling for the next four years. 
Terms for the construction and operation periods would be established by ARCOM at the 
appropriate time. 

4.3 Environmental Liabilities and Permitting 

At the time of this report, the Company is unaware of any illegal mining works currently active 
within the Cangrejos Project concessions; however, over the years informal miners have 
presented persistent challenges in the Project area.  When encountered, they are routinely 
reported to ARCOM for appropriate action.  There are several sites in the concessions that show 
traces of historic informal hard rock mining activity, some of which may date back over a decade.  
Physical damage and environmental degradation from informal alluvial mining at the Gran Bestia 
ravine has also been reported to ARCOM, as well as from underground mining at the Gran Bestia 
ravine, the Dos Bocas Sector in Vega Rivera, and the Las Pavas ravine. 

With respect to permitting and other regulatory requirements, the Project is being developed in 
accordance with the Mining Law, COA, the Mining Environmental Regulations, the Unified Text 
of Secondary Environmental Legislation, and an array of other applicable norms, standards, laws, 
and regulations, as elaborated in Section 20.1.1.  Under the Mining Law there are several discrete 
phases of mining activity, namely: initial exploration, advanced exploration, economic evaluation, 
exploitation, and mine decommissioning and closure.  The mineral resources of the Cangrejos 
Project are contained in the Cangrejos 20 concession and the Cangrejos, Las Canarias, and 
Casique concessions (referred to hereafter as the Cangrejos concessions). According to the 
TOBAR ZVS SPINGARN title opinion, referenced in Section 3, Lumina holds the necessary 
licenses, permits, and registrations, including all necessary environmental licenses and water 
permits, to carry out advanced exploration activities for all of the concessions, except for 
Cangrejos 20.  As of the publication date of this report, MAE approval of the advanced exploration 
phase EIS for the Cangrejos 20 concession is pending. 
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On June 28, 2018 the Minister of Mines of Ecuador signed a Ministerial Agreement (MA), which 
is a decree that permits “non-systematic” drilling to be performed at concessions that are in the 
initial exploration phase.  Pursuant to the MA, test or reconnaissance boreholes can be drilled 
using a maximum of 40 platforms within each mining concession; these are understood as 
exploratory wells drilled at various angles and depths, with no limitation on meters drilled, using 
man-portable or helicopter-transportable rigs.  The platforms must be of maximum ten meters per 
side and use efficient water systems and biodegradable drilling fluids.  Lumina is analyzing the 
regulatory and technical actions needed to commence non-systematic drilling at Cangrejos 20 as 
soon as reasonably possible, with a view to drilling previously untested areas on the west side of 
the deposit, as well as the Gran Bestia satellite deposit located further to the west.  These tests 
will help to determine whether Gran Bestia contains mineral resources that would add to the 
existing Cangrejos deposit and the mine plan as described in this PEA, as well as test whether 
mineralization at Gran Bestia connects to the existing Cangrejos deposit. 

Prior to commencement of mine construction and operation, the Project is required to obtain an 
Environmental License in accordance with MAE requirements. This includes submittal/approval 
of an exploitation-phase EIS and EMP, which incorporates the results of archaeological 
clearances and biodiversity studies and includes a comprehensive water usage and management 
plan and various other technical subplans. 

Lumina may also choose to adopt additional international or industry BMPs applicable to certain 
aspects of mine design, construction, and operation, but in all cases, applicable Ecuadorian laws, 
regulations, norms, and standards will retain legal primacy. 
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5 ACCESSIBILITY, CLIMATE, INFRASTRUCTURE, AND 
PHYSIOGRAPHY 

5.1 Accessibility 

The Cangrejos Project is located in southwestern Ecuador, approximately 30 km southeast of the 
port city of Machala.  Access is via paved and gravel roads (Figure 5.1). Driving time from Machala 
to the Cangrejos Project camp via the small city of Santa Rosa and the road to the town of Piñas 
is typically three hours. A trail from the village of Valle Hermoso to the Cangrejos Project camp 
offers a more direct route, but this is currently only a foot trail. 

Note: Cangrejos Project is outlined in blue. 
Source: Lumina, 2017 

Figure 5.1: Access to the Cangrejos Project 
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5.2 Climate 

The Project is located in the El Oro Metamorphic Belt Zone of the Cordillera Real, in high-relief 
terrain near the northeastern rim of an ancient caldera at the eastern edge of the coastal plain.  
The climate varies from tropical at lower elevations to temperate at higher elevations.  The 
average temperatures are relatively constant ranging between 18°C to 22°C.  Elevations range 
from approximately 100 – 1,370 masl. 

There is a wet season from January to April and a dry season from May to December. The 
average annual rainfall for the Project area ranges between 800 and 1,500 mm, with the majority 
occurring from January through April.  Operations can be conducted year-round. 

5.3 Local Resources and Infrastructure 

Machala, with a population of approximately 250,000, is 30 km from the Project area and is the 
largest city in the vicinity of the Project, while Santa Rosa, a small city with a population of about 
50,000, is closest to the Project.  Both Santa Rosa and Machala can provide basic goods and 
services for the early stages of exploration and mining.  Skilled and unskilled labor are available 
from various small towns and villages in closer proximity to the Project.  Efforts are made to 
stimulate the local economies as much as possible, with Santa Rosa and Machala providing a 
large amount of the Project’s consumables.   

A field camp and core-logging and storage facility are located on the property.  Power at the camp 
is supplied from the national grid. Internet and phone service to the camp are provided by satellite.  

The Cangrejos Project is well served by regional infrastructure, with Machala and Santa Rosa 
being located along the Pan-American Highway linking Guayaquil, Ecuador with Lima, Peru.  
Regular daily flights from Quito, Ecuador arrive at Santa Rosa’s international airport which also 
serves Machala.  Puerto Bolivar, a major deep-water port, is located nine km west of Machala 
and approximately 40 km from the Project, thus facilitating the exportation of concentrate and 
importation of equipment, materials, and other consumables.   

5.4 Physiography and Fauna 

The concession area has been largely deforested, with cleared areas consisting mostly of 
grassland plots for raising cattle.  Only about 20% of the concession area is primary forest; there 
also are minor patches of secondary forest.  In the lowlands adjacent to the concession, short 
cycle crops are typically coffee, cacao, and maize.  In the coastal flatlands distant from the 
concession most of the agricultural land is cultivated by banana plantations. 

Some endemic fauna species remain in the primary forest areas and along the deep valleys and 
river creeks.  Among these species the most notable are black fresh water crabs, howler monkeys, 
armadillos, and a modest number of bird, reptilian and amphibian species. 
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6 HISTORY 

Previous exploration, disclosure of prior ownership, and changes to ownership at the Cangrejos 
Project are summarized in Table 6.1.  The historic exploration of the property is discussed in 
greater detail in Potter (2004, 2010).  

Results from the drill programs are provided in Section 10 (Drilling) of this technical report.  To 
date, no production has occurred at the Cangrejos Project. 

Table 6.1: Exploration History of the Cangrejos Project 

 

Year Company Description 

1992 Odin Mining 
Regional stream sediment and geological mapping program to locate the 

source of the Birón alluvial gold (1987–1995: production, 69,000 oz). 

1994 Odin Mining/Newmont 
Formation of “El Joven Joint Venture” to explore stream anomalies with 

Newmont as the Operator. The Cangrejos Project is located in the 
northern part of the Joint Venture area. 

1994–2001 Odin Mining/Newmont 
Exploration program consisting of airborne magnetics, radiometrics, soil 

and rock geochemistry, geological mapping, 29 diamond drill holes 
(7,509.2 m) is conducted on the Cangrejos Project. 

2001 
Odin Mining/Newmont 

Newmont withdrew from the Joint Venture, and the original seven 
concessions were returned to Odin Mining. 

Odin Mining/Newmont 
Odin Mining also acquired Newmont’s drill core and exploration data for 

the Cangrejos Project. 

2004 Odin Mining Acquired an additional four concessions (3,043 ha). 

2007 Odin Mining Top of bedrock soil sampling, additional stream sediment sampling. 

2008–2009 Odin Mining 
The Government of Ecuador imposed a moratorium on exploration; no 

work done on the Project. 

2010 Odin Mining Top of bedrock, ridge and spur soil sampling. 

2011–2012 Odin Mining 
Diamond drill testing of gold soil anomalies at Casique (13 holes, 3,296.1 

m and extent of mineralization at Cangrejos (four holes, 1,402 m). 

2014–2015 Odin Mining 
Diamond drilling to test the strike and depth extent of the Cangrejos Zone 
(eight holes, 3,189.6 m) and a Cu-Mo-Au soil anomaly at El Capitán (one 

hole, 350.15 m). 

2017 Lumina 
Diamond drilling to infill and test the depth extent of the Cangrejos Zone 

(15 holes, 7,186.1 m) 

2018 Lumina 
Diamond drilling to infill and test for depth and width extensions of the 

Cangrejos Zone (47 holes planned, 14,000 m) 
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7 GEOLOGICAL SETTING 

7.1 Regional Geology 

The regional geology of southern Ecuador is shown in Figure 7.1.  There are several north-south-
trending domains of volcanic and sedimentary rocks which accreted onto the Amazon Craton 
from Late Jurassic to Eocene.  These terranes are cut by younger magmatic intrusions which 
locally host porphyry copper/gold and epithermal gold deposits (shown as black stars in Figure 
7.1).  

 

Source: DINAGE, 2001; Lumina, 2017 

Figure 7.1: Regional Geology 
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7.2 Local and Property Geology 

A more detailed picture of the geology in the vicinity of the Cangrejos Project is shown in Figure 
7.2.  Quaternary sediments occur to the northwest in the coastal areas around Machala.  
Oligocene continental volcanics occur to the east.  These two domains are separated by the Late 
Cretaceous-Paleozoic El Oro metamorphic complex which consists of phyllites, schists, 
amphibolites, granites, and serpentinites.  

The Cangrejos Project is largely underlain by a Miocene (K-Ar age – 16.89 and 19.92 Ma [Potter, 
2010]) dioritic to granodioritic intrusion.  Gold showings occur within the intrusion and adjacent 
volcanic and metamorphic rocks.  

Note: Cangrejos Project is outlined in blue. 
Source: CODIGEM/BGS, 1993; Newmont, 2001; Lumina, 2017 
 

Figure 7.2: Local Geology Cangrejos Property 

7.3 Geology of the Cangrejos Zone 

The surface geology of the Cangrejos Zone is not well understood because there is a lack of 
outcrop exposures.  The simplified geological map shown in Figure 7.3 is based primarily on drill 
hole geological logs and assays.  A northeasterly trending, steeply dipping zone of equigranular 
and porphyritic quartz diorite and hydrothermal breccias hosts the gold-copper mineralization.  

 

 



        
 

 
Effective Date: June 27, 2018  7-3 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

Note: Newmont (red dots), Odin Mining 2011–2012 (blue dots), Odin Mining 2014–2015 (green dots), Lumina 2017 (cyan dots). 
Vertical cross section shown in Figure 7-4 (blue line). Source: Lumina, 2017 

 

Figure 7.3: Simplified Geology Plan of the Cangrejos Gold-Copper Zone 

A vertical cross section across the central part of the deposit is shown in Figure 7.4; the higher-
grade Au-Cu zone discovered by the 2017 drilling is highlighted on this figure.  The inclusion of 
the January 2017 and current mineral resource pits in Figure 7.4 illustrate why there has been a 
significant increase in the overall gold resource since the January 2017 mineral resource 
estimate. 
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Source: Lumina, 2017 
Figure 7.4: Cross-Section C_0800E – Cangrejos Zone 

 

A preliminary paragenetic sequence for the lithologies, alteration, and mineralization is presented 
in Figure 7.5 and described in the following paragraphs. 
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Source: Lumina, 2017 

Figure 7.5: Preliminary Paragenetic Sequence 

Lithology 

The Miocene intrusion that is exposed on most of the Cangrejos Project is comprised primarily of 
medium- to coarse-grained unmineralized granodiorite.  Equigranular and porphyritic quartz 
diorite intrusions containing early porphyry “A” type barren quartz veins and hydrothermal 
breccias intrude the granodiorite and are associated with the gold-copper mineralization.  Late, 
fine-grained diorite dykes, which cut these early intrusions, have no early quartz veins. 

There are three types of magmatic and hydrothermal breccias associated with the quartz diorite 
porphyritic intrusions: 

1. Igneous breccia: This unit is pre- and inter-mineralization and can be both clast- 
and matrix-supported.  Subangular to rounded clasts of equigranular quartz diorite 
occur in a matrix comprised of biotite, minor mafic minerals, and fine-grained 
igneous material. 

2. Hydrothermal breccia: This unit is clast-supported with a matrix comprised of 
actinolite, albite, chlorite, tourmaline, ±sulphides, and ±carbonates.  It resembles a 
jigsaw breccia where the clasts are the same composition as the adjacent intrusion.  
The gold and copper mineralization occur as open-space fillings and veinlets.   
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3. Magnetite-biotite hydrothermal breccia: Angular to subrounded clasts of quartz 
diorite occur in a matrix of magnetite and subordinate biotite and quartz.  Early 
quartz veins and chalcopyrite-bornite-pyrrhotite veinlets crosscut this unit.  This 
lithology is associated with some of the highest gold-copper values. 

Alteration 

The equigranular and porphyritic quartz diorite intrusions exhibit porphyry-style potassic alteration 
characterized by secondary biotite alteration of the mafic minerals and weakly developed, “A” and 
“D” type veins.  A propylitic alteration phase consisting of chlorite and epidote overprints and is 
peripheral to the potassic alteration. 

A calcic-sodic alteration assemblage overprints the early porphyry alteration events.  It is 
characterized by actinolite replacing hornblende and biotite, albite replacing feldspar crystals and 
bleaching the matrix, and minor epidote associated with tourmaline and chlorite.  Most of the 
sulphide and gold-copper mineralization is associated with this alteration phase.    

Mineralization 

Drilling has defined a northeasterly trending, steeply dipping zone of gold-copper mineralization 
which is commonly associated with the hydrothermal breccias and quartz diorite porphyry (Figure 
7.3).  Gold-copper values are not restricted to these lithologies and can be found in all units except 
the late stage dykes.  

Most of the mineralization consists of finely disseminated chalcopyrite and pyrite with minor 
bornite, molybdenite, and pyrrhotite.  Total sulphide content is generally less than 5%.  The 2017 
drill program defined a high-grade zone of mineralization (Hole C17-58: 3.69 g/t Au, 0.30% Cu 
over 126 m (Lumina, 2017)) at depth in the central part of the deposit.  This is associated with 
chalcopyrite and bornite which occur as disseminations, veins, and clots in hydrothermal breccias 
and quartz diorite porphyry.  In hole C17-65, native copper is found on fracture surfaces at depths 
ranging from 142 m to 186 m.  This is not very common and probably due to strong oxidation 
along a fracture zone.  

The mineralized zone extends for approximately 1,000 m in a northeasterly direction, has widths 
ranging from 70 m to 600 m, and has been defined to a depth of at least 600 m below surface.  
The zone is open to the north, south, west, and at depth.   

 

 

 

 

 

 

  



        
 

 
Effective Date: June 27, 2018  8-1 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

8 DEPOSIT TYPES 

The Cangrejos deposit is a gold-copper, silica-saturated, alkalic porphyry-style deposit.  This type 
of deposit is found along paleo-subduction margins (Carter, 1981; Cox et al., 1987).  

Other deposits of note within this family include Cadia, Australia; Bingham Canyon, USA; 
Andacollo, Chile; and Red Chris, Canada.  All of these deposits have the following similar 
chemical affinities and host-rock provenance: 

 They are associated with porphyry intrusive rocks that intrude volcanic and 
sedimentary packages as stocks, plugs, dykes, and dyke swarms.  

 Mineralization results from late-stage hydrothermal activity driven by remnant heat 
from the porphyry intrusion.  Thermal gradients within these systems give rise to 
broadly concentric, although often complexly intermingled, zones of alteration and 
mineralization.  Mineralization is generally low grade and consists of disseminated, 
fractured, veinlet and quartz stockwork-controlled sulphide mineralization.  Deposit 
boundaries are determined by economic factors that outline the mineralized 
material zones. 

 The distribution of alteration and mineral facies are influenced by breccias, dykes, 
veins, and fracture systems which concentrate and control fluid flow.   

 Weathering from percolation of meteoric water can result in the oxidation of 
hypogene sulphides causing generation of sulphuric acid and dissolution of 
hypogene chalcopyrite and bornite in the upper portions of the deposit and 
subsequent reprecipitation of chalcocite and native copper. 
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9 EXPLORATION 

The Project has seen extensive geochemical surveys including stream sediment sampling, soil 
sampling, top of bedrock soil sampling, and rock sampling.  Geological mapping and airborne and 
ground geophysics programs were completed by Odin Mining and the joint venture between Odin 
Mining and Newmont during the period between 1992 to 2010. 

Survey procedures, sampling methodology, and analysis of these samples is described in detail 
by Mayor and Soria (2000) and Potter (2004, 2010).  Detailed information on the geological 
mapping and airborne and ground geophysics programs are also discussed in the above-
mentioned reports.  

From these exploration programs, well-defined gold and/or copper soil anomalies have been 
defined and are shown in Figures 9.1 and 9.2.  A sub-circular, gold-copper soil anomaly with a 
diameter of approximately 2,700 m occurs in the center of the property.  The Cangrejos and Gran 
Bestia mineralized zones occur within this area of anomalous gold and copper soil values.  

Other mineralized showings on the property also have anomalous gold and copper soil values, 
albeit somewhat less extensive. 

 
Note: Cangrejos Project is outlined in orange. 
Source: Lumina, 2017 

Figure 9.1: Soil Geochemistry – Gold 
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Note: Cangrejos Project is outlined in orange. 
Source: Lumina, 2017 

Figure 9.2: Soil Geochemistry – Copper 

The airborne magnetic survey was used to help define structures.  In addition, small circular 
magnetic highs are interpreted as breccia pipes.  The location of exploration targets other than 
the Cangrejos and Gran Bestia Zones is shown in Figure 9.3 and described in Table 9.1. 
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Note: Cangrejos Project is outlined in orange. 
Source: Encom, 2007; Lumina, 2017 

 
Figure 9.3: Exploration Targets – RPT Magnetics 

 

Table 9.1: Untested Exploration Targets 

Target Geochemistry Magnetics Geology 

TADAO 
Anomalous gold: rocks, soils 

and local streams 
Circular magnetic high Breccia pipes 

DURAM 
Anomalous gold, copper: rocks, 

soils 
North-trending series of 

magnetic highs 
Breccia pipes 

DOS 
BOCAS 

Anomalous gold, copper: 
streams, soils, rocks 

Several magnetic highs and 
lows 

Unknown 

VALAREZO 
Anomalous gold, copper, 

arsenic: rocks, soils 

Weak to moderate magnetic 
anomaly south of the 
geochemical anomaly 

Unknown 
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10 DRILLING 

Potter (2004, 2010) provides a detailed review of the drilling completed by the joint venture 
between Odin Mining and Newmont in 1999 and early 2000 on all concessions except for 
Cangrejos 20.  This program discovered porphyry-style, gold-copper mineralization associated 
with the Cangrejos Zone.  

Initial drilling was carried out in 1999 and 2000 by the joint venture between Odin Mining and 
Newmont.  These programs, consisting of 29 holes totalling 7,509.2 m, discovered the porphyry-
style, gold-copper mineralization associated with the Cangrejos and Gran Bestia Zones.  One 
hole tested a gold soil anomaly at Casique.   

In 2011–2012, Odin Mining completed a 17-hole (4,698.13 m) program that tested the extent of 
the Cangrejos Zone and a gold soil anomaly at Casique. 

In 2014–2015, Odin Mining completed another 8 holes (3,188.5 m) on the Cangrejos Zone. This 
program was designed to test the down-dip and lateral extent of the mineralization and confirm 
the work previously done by Newmont.  One hole (319.65 m) tested a copper-molybdenum soil 
anomaly at El Capitán. 

In 2017, Lumina completed 15 holes (7,186.1m) on the Cangrejos Zone.  These holes are part of 
an infill drill program designed to upgrade the Cangrejos mineral resource from inferred to 
indicated and to test the depth extent of the mineralized zone. 

The 2018 core drilling program is on-going.  The program is designed to further upgrade the 
Cangrejos mineral resource from inferred to indicated and to test for strike and width extensions 
to the significant mineralization discovered in 2017.  Renewed exploration drilling of the Gran 
Bestia zone is also planned. 

Lumina continues to conduct in-fill delineation drilling on the Cangrejos deposit and a review of 
the ten drill holes completed since the effective date of this mineral resource estimate indicate 
that they support the current understanding of the geology and mineralization and there are no 
indications that the new drill holes would result in material or significant changes to the current 
estimate of mineral resources at Cangrejos.  The results of these ten drill holes were disclosed 
by Lumina in the following news releases: 

 Lumina Gold Announces Cangrejos Drill Results, May 23, 2018; NR: 18-6 

 Lumina Gold Announces Cangrejos Drill Results, June 28, 2018; NR: 18-7 

All drill core from the Cangrejos Project is stored in a dry, secure building at Lumina’s field camp, 
located on the property.  The drill core from the Cangrejos 20 claim is stored in Machala at a 
warehouse owned by the previous concession owner. 

Drilling completed on the Project through 2017 is shown in Figure 10.1.  All holes have been 
located using a handheld Garmin 64 GPS unit.  
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Note: Newmont (red dots), Odin Mining 2011–2012 (blue dots), Odin Mining 2014–2015 (green dots), Lumina 2017 
(cyan dots), and drill roads (brown lines). 
Source: Lumina, 2017 

Figure 10.1: Drill Collar Plan Map 

10.1 Newmont Drilling (1999 – 2000) 

In 1999–2000, Newmont used Connors Perforaciones S.A. to drill 29 HQ holes totalling 7,509.2 
m in the northern part of the El Joven Joint Venture area (Potter, 2004).  

Drills were mobilized by helicopter and moved between sites by large crews of local workers.  
Twenty-three holes (6,237.4 m) tested the Cangrejos gold-copper porphyry zone; 5 holes (977.8 
m) tested the gold-copper, porphyry-style mineralization at Gran Bestia; and one hole (294 m) 
tested a gold soil anomaly at Casique. 

A Tropari was used to provide down-hole deviation data.  This was available for the 1999 drill 
program but not for the 2000 drill program.  

Cangrejos Zone 

Hole C99-14 intersected a wide zone of porphyry-style, gold-copper mineralization associated 
with the soil anomalies (Hole C99-14: 1.57 g/t Au, 0.19% Cu over a core length of 192 m).  
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Additional drilling delineated two sub-parallel northeasterly trending zones: Trinchera (southern 
zone) and Paloma (northern zone).  These zones appear to have steep to sub-vertical dips.  The 
Newmont drilling indicated that the mineralized zones have a lateral extent of 850 m, horizontal 
widths ranging from 100 m to 250 m, and extend to depths of approximately 250 m.   

Gran Bestia Zone 

Five holes tested a gold-copper soil anomaly in the Gran Bestia area, approximately 1.2 km 
northwest of the Cangrejos Zone.  All holes intersected wide zones of low-grade, gold 
mineralization associated with intrusive breccias containing fragments of diorite, porphyritic 
diorite, and quartz diorite.  The rocks exhibit silica-chlorite alteration with patchy biotite, albite, 
and silica overprints.  Sulphide mineralization consisting of pyrite, chalcopyrite, and traces of 
molybdenite occurs in quartz veins and as disseminations.  Overall, sulphide content is low (<5%). 
Hole C99-6 returned values of 1.19 ppm Au over 132 m (based on a 1 ppm Au cutoff (Odin Mining, 
1999)).  Due to the widely spaced drilling, the true width of this mineralization is unknown, and 
additional drilling is required to determine the exact geometry of the mineralized zone.  

Casique 

One hole (C00-29) tested a gold soil anomaly in the Casique area.  A 22 m wide zone with 2.56 
g/t Au is associated with a silicified fracture or fault zone (Potter, 2010). 

10.2 Odin Mining Drilling (2011 – 2012) 

In 2011 and 2012, Odin Mining used Terranova Drilling S.A.C. to drill 17 HQ holes on the 
Cangrejos Project.  A Hydracore 2000 drill was used, and drill moves were completed using a 
small tractor.  A Reflex EZ-SHOT™ was used to provide downhole deviation data. 

Four holes (1,402 m) tested the extent of the Cangrejos Zone, and the remaining 13 holes 
(3,296.13 m) tested a gold soil anomaly in the Casique area.  The mineralization at Casique is 
confined to relatively narrow, discontinuous zones related to silicified diorite, hydrothermal 
breccias, faults, or fracture zones.  

Significant results from this drill program have been included in several press releases (Odin 
Mining; January 2012, April 2012, June 2012).  Highlights include the following holes: 

 C12-37: 8.96 g/t Au, 0.23% Cu over 6 m 

 C12-39: 2.55 g/t Au, 0.18% Cu over 18 m 

 C12-40: 1.65 g/t Au, 0.08% Cu over 24 m 

 C12-45: 14.2 g/t Au, 0.24% Cu over 2 m 

10.3 Odin Mining Drilling (2014 – 2015) 

In 2014 and early 2015, Odin Mining used Hubbard Perforaciones S.A. to complete 9 HTW (HQ) 
drill holes (3,508.15 m) on the Cangrejos Project.  A Hydracore 2000 drill was used and drill 
moves were completed using a small tractor.  A Reflex EZ-SHOT™ was used to provide downhole 
orientation data at 50 m intervals. 
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Eight holes (3,189.6 m) tested the lateral and down-dip extent of the Cangrejos Zone and 
confirmed the grade as previously defined by Newmont (Odin Mining, 2015).  In addition, one 
hole (350.15 m) tested the El Capitán copper-molybdenum soil anomaly.  It intersected unaltered 
granodiorite with thin andesite dikes and intrusive breccia zones.  No significant mineralization 
was present. 

10.4 Lumina Drilling (2017) 

In 2017, Lumina used Hubbard Perforaciones S.A. to complete 15 HTW (HQ) drill holes 
(7,186.1 m) on the Cangrejos Zone.  A Hydracore 2000 drill was used and drill moves were 
completed using a small tractor.  A Reflex EZ-SHOT™ was used to provide downhole orientation 
data at 50 m intervals. 

This drilling discovered a zone of higher grade gold-copper mineralization associated with 
hydrothermal breccias which occurs at depth below the mineral resource pit used for the January 
2017 mineral resource.  

10.5 Lumina Drilling (2018) 

In 2018, Lumina continues to use Hubbard Perforaciones S.A. to complete planned drilling.  Holes 
are being drilled with HTW (HQ) rods primarily on the Cangrejos Zone.  A Hydracore 2000 drill is 
being used and drill moves completed using a small tractor.  A Reflex EZ-SHOT™ is used to 
provide downhole orientation data at 50 m intervals. 47 holes totaling roughly 14,000 m are 
planned. 

The 2018 drilling program is designed to further upgrade the Cangrejos mineral resource from 
inferred to indicated and to explore for strike and width extensions to the significant mineralization 
found at depth during the 2017 program.  Renewed exploration at the Gran Bestia target area 
(idle since Newmont’s 1999-2000 campaign) is also planned. 

The drilling results from the first ten holes, completed since the effective date of the resource 
estimate contained in this report, have been reviewed by the QP and these results support the 
current understanding of the geology and mineralization at Cangrejos and there are no indications 
that these new drill holes would result in material or significant changes to the current estimate of 
mineral resources.  

In the authors’ opinion, the core handling, logging, sampling, and core storage protocols in place 
on the Cangrejos Project meet or exceed common industry standards, and the authors are not 
aware of any drilling, sampling, or recovery factors that could materially impact the accuracy and 
reliability of these results. 
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11 SAMPLING PREPARATION, ANALYSES, AND SECURITY 

11.1 Newmont Drilling (1999 – 2000) 

Mayor and Soria (2000) and Potter (2004, 2010) describe the sampling procedures used by 
Newmont.  The core was cut in half using a diamond saw and 2 m samples were sent to Bondar 
Clegg (now ALS Chemex) for sample preparation in Quito and analysis in Vancouver, Canada.  
Pulps were analyzed for gold using a fire assay procedure with an atomic absorption finish on a 
30 g charge.  Samples with Au > 0.5 g/t were analyzed for copper, lead, zinc, molybdenum, and 
silver by atomic absorption after a 4-acid digestion.  

Newmont also selected some samples for “blaster” gold analysis.  This method is similar to 
conducting a screen metallic gold assay where the coarse (+150 mesh) and fine (-150 mesh) 
fractions are analyzed for gold.  This method tests for coarse gold.  The results from the fire assay 
and “blaster” analyses are similar, which suggests that if coarse gold exists, it is not being 
liberated in the preparation process employed. 

Newmont inserted its own standards every 25 samples to control the analytical quality. 

There is no record of any special measures taken to monitor the security of the samples during 
their transportation to the preparation lab in Quito. 

Rejects and pulps from this drill program were stored in a house in Santa Rosa, but most of this 
material was damaged and is no longer available. 

11.2 Odin Mining Drilling (2011 – 2012) 

Section 11.4 Lumina Drilling (2017 – current) describes core handling procedures that were 
similar to those used during Odin Mining’s 2011–2012 drill program.  

Drill core samples from the 2011–2012 drill program were assayed by Acme Labs (Acme) in 
Vancouver.  Samples were prepared at LAC y Asociados Cia. Ltda. ((LAC) Acme Labs’ 
preparation lab in Cuenca, Ecuador), and pulps were sent to Acme in Vancouver for analysis.  All 
samples were analyzed for gold using a fire assay technique on a 30 g charge.  In addition, a 35-
element ICP analysis was done using a 4-acid digestion. 

QA/QC samples were inserted on a random basis, but, generally, insertion averaged every 10 
samples.  These included six certified standards, a blank, and duplicate samples. 

During this drill program, 2,563 samples were analyzed: 83 were blanks, 75 were certified 
reference material, 74 were duplicates, and 2,331 were core samples.  

Remaining reject and pulp material from the 2011–2012 drill program was returned to Odin 
Mining and is stored in a secure building located at the Cangrejos Project exploration camp. 

11.3 Odin Mining Drilling (2014 – 2015) 

Section 11.4 Lumina Drilling (2017 – current) describes core handling procedures that were 
similar to those used during Odin Mining’s 2014–2015 drill program.  During this drill program, 
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additional geotechnical information in the form of point-load and density data was acquired.  Point-
load tests were taken at 5 m intervals and density measurements were taken at 10 m intervals. 

Drill core samples from the 2014–2015 drill program were assayed by Acme in Vancouver. 
Sample shipments were picked up by a representative from LAC and delivered to its lab in Cuenca 
where the samples were processed.  Approximately 250 g of pulverized material was shipped for 
analysis at Acme.  Certified reference standards, purchased from CDN Resource Laboratories 
Ltd. (CDN), were hand-delivered to Acme’s lab and inserted into each sample batch.  All samples 
were analyzed for gold using a fire assay technique on a 30 g charge.  In addition, a 35-element 
ICP analysis was done using a 4-acid digestion. 

QA/QC samples were inserted after every eight core samples.  These include three certified 
standards (high, medium, and low gold grades), a blank, a coarse duplicate, and a fine duplicate.   

During the 2014–2015 drill program, 2,139 samples were analyzed: 60 were blanks, 60 were 
certified reference material, 60 were coarse duplicates, 59 were fine duplicates, and the remaining 
1,900 samples were drill core.  

Remaining reject and pulp material from the 2014–2015 drill program was returned to Odin Mining 
and is stored in a secure building located at the Cangrejos Project exploration camp.  

11.4 Lumina Drilling (2017 – Current) 

The core handling and sample procedures described here were used for Lumina’s 2017 drill 
program and continue to be the protocol for the 2018 campaign. 

The drillers place the HQ drill core in plastic boxes (four rows; total approximately 2.5 m per box).  
Wooden tags marked with the downhole depth are placed in the box.  Lids are placed on the box 
and taped shut.  The core is then transported by tractor to the nearest road and then trucked to 
Lumina’s core facility at the Cangrejos Project exploration camp.  Upon receipt, Lumina field 
assistants check the depth and record the "FROM_TO" intervals on the outside of the box.  Photos 
are taken of both dry and wet core.  Lumina geologists then examine the core and prepare 
geotechnical and geological logs.  The geotechnical log includes: RQD, core recovery, fracture 
and vein quantity, and vein angles. Point-load tests are taken at 5 m intervals and density 
measurements are taken at 10 m intervals.  For the 2017 drill program (and continuing into 2018), 
every 10th density sample is shipped to ALS Labs in Lima, Peru for a second density measurement 
using paraffin-coated samples.  This information is entered directly into an Excel® spreadsheet 
for each hole. 

The core is cut in half using a diamond saw.  For each 2 m sample, half the core is put into a 
plastic bag, and the other half is returned to the plastic box and stored on site.  Bar-coded sample 
tags are included in each sample bag, and a duplicate sample tag is stapled into the box.  Certified 
reference standards, purchased from CDN, are inserted into the sample stream.  Sample bags 
are secured with a tamper-proof plastic tag and put into larger mesh sacks which are also tied 
with a numbered, tamper-proof nylon tie.  

These large sample sacks are driven to a secure warehouse in Santa Rosa.  When a large batch 
of samples has accumulated in the warehouse or a drill hole is complete, a representative from 
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Carlos Puig & Asociados S.A. (ALS Labs’ preparation lab in Quito, Ecuador) picks up the samples 
from the secure warehouse and drives them directly to the preparation lab in Quito.  The secure 
tamper-proof plastic tag is checked against a list emailed to the lab.  No irregularities were 
detected in any sample shipment.  The samples are then crushed and pulverized.  

For each sample, approximately 250 g of pulverized material is placed in a paper craft bag and 
shipped to ALS, Lima, Peru for analysis.  All samples are analyzed for gold using a fire assay 
technique on a 30 g charge. In addition, a 33-element ICP analysis is done using a 4-acid 
digestion. 

QA/QC samples are inserted after every eight core samples.  These include three certified 
standards (high, medium, and low gold grades), a blank, a coarse duplicate and a fine duplicate.   

During the 2017 drill program 4,036 samples were analyzed: 112 were blanks, 114 were certified 
reference materials, 112 were coarse duplicates, 112 were fine duplicates and the remaining 
3,586 samples were drill core.  

Remaining reject and pulp material from the 2017 drill program has been returned to Lumina and 
is stored in a dry secure storage warehouse in Quito.  

In the QP’s opinion, the analytical procedures are appropriate and consistent with common 
industry practices. The laboratories are recognized, accredited commercial assayers which are 
independent from Lumina and previous operators. Lumina analyzed their samples at ALS 
Chemex in Peru which has ISO/IEC 17025:2005 accreditation. Odin Mining (2011-2012) used 
Acme Labs (now Bureau Veritas) in Santiago, Chile which had an ISO 9001:2000 accreditation 
at the time the work was done. Newmont/Odin Mining (1999-2000) used Bondar Clegg (now ALS 
Chemex) which has an ISO/IEC 17025:2017 accreditation.  

The sampling has been carried out by trained technical staff under the supervision of a QP and 
in a manner that meets or exceeds common industry standards. Samples are properly identified 
and transported in a secure manner from site to the lab. 
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12 DATA VERIFICATION 

12.1 Database Validation 

12.1.1 Collar Coordinate Validation 
Collar elevation data were validated by comparing GPS field survey elevations with the satellite 
photo's digital elevation model (DEM).  Most elevation differences in the collars were less than 
one meter.  

12.1.2 Downhole Survey Validation 
The downhole survey data were validated by identifying any large discrepancies between 

sequential dip and azimuth readings.  No significant discrepancies were found. 

12.1.3 Assay Verification 
All the collars, surveys, geology, and assays were exported from Excel® files into MineSight® 
software.  No identical sample identifications exist; all FROM_TO data are either zero or a positive 
value; and no interval exceeds the total depth of its hole.  

To validate the data, the following checks were confirmed: 

 The maximum depth of samples was checked against the depth of the hole.  

 The less-than-the-detection-limit values were converted into a positive number 
equal to one-half the detection limit. 

 All gold values greater than 0.1 g/t from each drill hole were checked against the 
original assay certificate. 

The core recovery for the 2017 drill program averaged just over 95%.  There is no indication that 
grade is related to core recovery. 

12.2 Geological Data Verification and Interpretation 

Several geological variables were captured during core logging.  The geological data were verified 
by confirming that the geological designations were correct in each sample interval.  This process 
included the following: 

 Examine FROM_TO intervals for gaps, overlaps, and duplicated intervals. 

 Look for collar and sample identification mismatches. 

 Verify correct geological codes. 

A geological legend was provided, and it was used to compare the values logged in the 
database.  The geological model was found to be reasonable and adequate for use. 

12.3 QA/QC Protocol 

A review of the QA/QC protocols was conducted prior to drilling and formalized in a detailed 
QA/QC manual developed by Lumina.  Each drilling phase was reviewed by a QP who was on 
site during the drill program.  The procedures for core processing and the insertion of blanks and 
standards were examined.  The QA/QC program was conducted in accordance with industry best 



        
 

 
Effective Date: June 27, 2018  12-2 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

practice as described in Section 11 (Sampling Preparation, Analyses, and Security) of this 
technical report. 

No quality control issues were discovered with the Odin Mining (2011–2012) and Newmont 
(1999–2000) drill programs. 

During the 2014–2015 drill program, 2,139 samples were analyzed: 60 were blanks, 60 were 
certified reference material, 60 were coarse duplicates, 59 were fine duplicates, and the remaining 
1,900 samples were drill core.  After each batch of analytical results came in, the QA/QC samples 
were reviewed by an Odin Mining geologist. Odin Mining’s QA/QC consultant also reviewed the 
data on a regular basis.  

QA/QC monitoring of the gold assays from Odin Mining’s 2014–2015 drill program indicated that 
the gold assays were apparently biased.  Based on Odin Mining’s QA/QC consultant’s 
recommendation, any sample with > 0.1 g/t Au was re-assayed at a second lab.  This resulted in 
1,215 samples being re-assayed at the ALS Chemex laboratory in Lima, Peru.  The re-assay 
results replaced the original assays in the Project database. 

During the 2017 drill program, 4,036 samples analyzed: 112 were blanks, 114 were certified 
reference materials, 112 were coarse duplicated, 112 were fine duplicates and the remaining 
3,586 samples were drill core.  After each batch of analytical results was released by the lab, the 
QA/QC samples were reviewed by a Lumina geologist.  Lumina’s QA/QC consultant also 
reviewed this data after each batch of results came back from the lab. 

Lumina’s QA/QC consultant indicated that the results from the 2017 drill program were acceptable 
and no further action was required. 

12.4 Assay Database Verification 

All gold values greater than 0.1 g/t Au from Odin Mining’s 2011–2012 and 2014–2015 and 
Lumina’s 2017 drill programs were manually compared to the original assay certificates.  No 
errors were found. 

12.5 Conclusions 

A sample bias in the gold assays was identified by the QPs during the review of the drill data and 
assays for the 2014–2015 drill program.  This bias was corrected.  There were no significant 
issues with the assays from the other drill programs.  

Observation of the drill core during the site visit inspection and validation of the collected data 
indicate that the drill data are adequate for interpretation. 

In the authors’ opinion, the database management, validation, and assay QA/QC protocols are 
consistent with common industry practices, and the database is acceptable for use in this report. 
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13 MINERAL PROCESSING AND METALLURGICAL TESTING 

13.1 Introduction 

Metallurgical testing was performed by NMS of Englewood, Colorado, USA during 1999 and by 
Plenge of Lima, Peru from 2015 to June 2018. 

Laboratory reports reviewed for this report include: 

 Metallurgical Study for Cangrejos (Ecuador) Ores – Progress Report 1 – NMS 
Project No. 11802, by NMS and dated September 30, 1999 

 Metallurgical Study for Cangrejos (Ecuador) Ores – Progress Report 2 – NMS 
Project No. 11802, by NMS and dated November 3, 1999 

 Metallurgical Investigation No. 16596-99, Odin Mining & Exploration Ltd, 
Cangrejos Project, Progress Report (with Appendices), by Plenge and dated 
November 11, 2015 

 Report of Investigation No.18278-81, Lumina Gold, Cangrejos Project, MET 2017- 
01, -02, -03, and -04, “Comminution, Gravity, Cyanidation and Flotation” (with 
Appendices), by Plenge and dated July 10, 2018 

 Report of Investigation No. 18412-13, Lumina Gold, Cangrejos Project, 
“Comminution, Head Assays and XRD” by Plenge and dated May 8, 2018 

 Report of Investigation No. 18417-19, Lumina Gold, Cangrejos Project, “Saprolite, 
Sap-Rock and Oxide Screening Tests, Gravity, Cyanidation and Flotation”, by 
Plenge dated June 12, 2018 

13.2 Metallurgical Samples 

Samples for the Plenge metallurgical test programs were obtained from 26 drill holes 
representative of various rock types, alterations, lithologies, metal content, and locations 
throughout the Cangrejos Project.  The samples are also representative of the materials planned 
for mining.   

Figure 13.1 presents an isometric view of all the metallurgical drill holes in relation to the planned 
pit.
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Source: SIM Geological, 2018 

Figure 13.1: Isometric View of the Metallurgical Drill Holes in Relation to the Planned Pit
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13.3 Metallurgical Testing 

Metallurgical investigations completed by Plenge included assaying, material characterization, 
mineralogy, physical properties and comminution studies, gravity concentration, cyanidation, 
flotation, solid-liquid separation, and tailings characterization. 

Based on these results of the test programs the selected and optimum mineralized material 
processing scheme is crushing, grinding, gravity concentration, flotation of gravity tailings, and 
deposition of filtered flotation tailings in a storage facility.  The plan is to produce gold-silver gravity 
concentrate, copper-gold flotation concentrate, and molybdenum flotation concentrate that will be 
shipped offsite for further processing. 

The cyanidation process was not selected even though gold recoveries would be higher.  Since 
copper is also recovered in the gravity/flotation process there is a higher overall recovered value.   

The projected plant metallurgical performance is based on assessment of Plenge test results 
while utilizing the selected processing scheme. 

13.3.1 NMS Testing 
NMS performed metallurgical testing on six composites prepared from sample intervals of two 
drill holes.  Table 13.1 presents the composite assays.  Gold content ranged from 1.0 gpt to 2.1 
gpt and copper ranged from 0.08% to 0.28%.  The composites are low in sulfide sulfur and not 
considered preg-robbing. 

Table 13.1: NMS Metallurgical Samples (1999) Composite Head Assays 

Hole No. Comp. No. Au (gpt) Ag(gpt) Cu (%) S (Sulfide) % C (Org)% 
         

C99-5 1* 1.22 3.87 0.09 0.03 0.11 
C99-5 2 1.49 3.24 0.10 0.08 0.05 
C99-5 3 1.56 3.66 0.18 0.16 0.04 
C99-5 4 1.00 3.17 0.08 0.10 0.08 

         
C99-6 5 1.30 2.79 0.20 0.17 0.06 
C99-6 6 2.10 2.77 0.28 0.18 0.04 

         
* Composite No. 1 noted as oxidized material       

 

Testing by NMS consisted of grindability, bottle-roll cyanidation, flotation, and gravity separation.  
A summary of the results is presented below: 

 Composites No. 4 and No. 6 were subjected to Bond Work Index determination 
with the indices being 18.8 and 15.9 kWh/t, respectively.  The materials are 
considered hard. 

 96-hour whole-ore bottle-roll cyanidation tests were performed on all six 
composites at various cyanide strengths (0.5 gpl and 2 gpl) and crush sizes (<10 
mesh and 200 mesh).  Gold extractions ranged from 53.9% to 97.5%.  Gold 
extractions increased significantly with finer crushing and higher cyanide 
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concentration.  Cyanide consumptions ranged from 0.47 to 3.90 kg/t while lime 
consumptions were high (9 to 16 kg/t) when treating saprolite material.   

 Gravity concentration tests, using a Gemini Table, were performed on all six 
composites at two crush sizes (<10 mesh and 100 mesh).  Gold recoveries ranged 
from 5.9% to 14.6% for the coarse-crushed materials and from 13.8% to 33.2% for 
the fine-crushed materials.  The lowest gold recoveries were from Composite No. 
1 (saprolite or “oxide”). 

 Kinetic flotation tests were performed on the five “sulfide” composites (No. 2 
through No. 6).  The materials were ground to a p80 of 200 mesh and floated for 
15 minutes using standard flotation reagents at a natural pH.  Metal recoveries into 
the rougher concentrates ranged from 83.4% to 91.5% for gold and 90.3% to 97% 
for copper.  

 Material from Composites No. 3 and No. 4 were combined and material from 
Composites No. 5 and No. 6 were combined to make up two additional samples to 
investigate the potential for producing a copper-gold flotation concentrate.  
Samples were ground to a p80 of 200 mesh, floated for 15 minutes at a natural pH, 
rougher concentrates were reground, then two stages of cleaner flotation at a pH 
of 11.5 were performed.  Results from both tests indicated there was potential for 
producing saleable concentrates (15% to 21% copper content) at reasonable metal 
recoveries, 90% for copper and 83% for gold.      

13.3.2 Plenge Testing 
Plenge performed testing from 2015 to June 2018 on 15 composites prepared from 24 different 
drill holes.  Table 13.2 presents the various composite head assays.  Gold content ranged from 
0.44 gpt to 1.55 gpt and copper ranged from 0.04% to 0.39%.  Molybdenum content ranged from 
<5 ppm to 76 ppm.  The composites are low in sulfide sulfur and organic carbon and not 
considered preg-robbing. 

Mineralogical investigations using X-Ray Diffraction (XRD) indicate that the materials contain the 
copper minerals chalcopyrite and bornite with minor amounts of chrysocolla.  Gold is mostly free 
or exposed at 74 microns.  Refractory gold exists and is locked in pyrite and pyroxene.  Copper 
mineral liberation is 100 mesh for 50% liberation and 36 microns for 100% liberation. 
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Table 13.2: Plenge Metallurgical Samples (All Years) – Composite Head Assays 

Composite Au (gpt) Ag(gpt) Cu (%) Fe (%) Mo (ppm) S (Sulfide %) C (Org %) 
          

North Met - 1 0.97 1.20 0.20 3.76 52 0.29 0.01 

North Met - 2 0.45 0.60 0.08 3.09 32 0.03 0.01 

South Met - 3 1.26 0.60 0.16 1.99 76 0.10 0.01 

South Met - 4 0.50 0.60 0.09 2.83 38 0.08 0.01 
          

Met 2017 - 1 0.74 0.60 0.28 3.24 11 0.23 0.07 

Met 2017 - 2 0.57 0.60 0.05 1.78 26 0.01 0.04 

Met 2017 - 3 0.90 0.60 0.24 2.89 18 0.18 0.03 

Met 2017 - 4 1.55 1.20 0.39 2.91 30 0.18 0.04 

Met 2017 - Master 0.96 0.60 0.25 2.68 20 0.15 0.04 
          

C17 - 65 0.78  0.04      

C17 - 70 0.51  0.32      
          

C18 - JK - 01 0.65 0.30 0.06 1.19 30 0.04 0.04 

C18 - JK - 02 0.56 1.19 0.24 3.90 40 0.41 0.13 
          

Saprolite 0.44 1.20 0.13 6.18 < 5 < 0.01 0.05 

Saprock 0.71 2.40 0.15 3.75 < 5 < 0.01 0.05 

Oxidized 1.05 1.20 0.19 3.88 12 0.02 0.02 
 

A summary of the Plenge test results are presented below: 

 Comminution tests indicate that the materials are hard and abrasive.  Fresh rock 
and oxide samples have Bond ball mill work indices ranging from 14 to 17 kWh/t, 
abrasion indices averaging 0.252 grams and JK specific energy values averaging 
12.3 kWh/t. 

 Gravity concentration tests on fresh rock indicate that 37% of the gold and 9% of 
the silver can be recovered into a gravity gold concentrate that contains 143 gpt 
gold.  An average of 17% of the gold was recovered by gravity concentration from 
the saprolite, saprock, and oxide (near-surface) materials. 

 Lock-cycle flotation of fresh rock gravity tailings produced a bulk copper-gold-
molybdenum concentrate that assayed 21% copper with copper, gold, and 
molybdenum recoveries at 86%, 43%, and 65%, respectively.  Overall gold 
recovery for this test (gravity + float) was 82%. 

 Flotation recoveries from saprolite and saprock materials were very low and did 
not produce a saleable float concentrate.   

 Flotation of oxide material, however, resulted in a saleable concentrate that 
assayed 16% copper.  It is projected that 65% of the gold and 50% of the copper 
will be recovered. 
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 Cyanidation tests on fresh rock recovered 92% of the gold and 66% of the silver.  
For near-surface rock, gold recoveries were similar, however, silver recoveries 
increased to 84% due to oxidation of sulfide minerals. 

 The selected processing scheme produces separate saleable gravity, copper-gold, 
and molybdenum concentrates.  The overall projected recoveries for fresh rock of 
gold, silver, copper, and molybdenum are 82%, 78%, 82%, and 50%, respectively.   

13.3.2.1 Comminution Test 
Table 13.3 shows results from various comminution tests and physical determinations including 
JKDrop Weight Test (JKDWT), SAGdesign™, Bond rod and ball work index, abrasion, specific 
gravity (SG), and uniform compressive strength (UCS).  Results indicate that the fresh rock 
materials are considered hard and moderately abrasive.  JKDWTs and ball mill work index results 
have been used to determine grind circuit requirements with work index and abrasion values used 
to estimate steel wear calculations. 

Table 13.3: Plenge Metallurgical Samples (All Years)  
Physical Properties and Comminution Test Results 

  SAGdesign™ SAGdesign™ JK JK Plenge Plenge Plenge Plenge Specific 
  SAG pinion  Ball Wi A*b SCSE  Rod Wi Ball Wi Abrasion UCS  Gravity 

Composite No.  kWh/t kWh/t units (kWh/t) kWh/t kWh/t (g) (MPa) g/cc 
            

North Met - 1 17.07 16.39   19.05 15.98 0.1537  2.76 
North Met - 2 17.14 16.69   19.30 16.22 0.2089  2.79 
South Met - 3 16.11 15.53   17.96 15.06 0.3117  2.72 
South Met - 4 16.53 16.00   18.73 15.82 0.2390  2.75 

            
Met 2017 - 1*      15.10   2.63 
Met 2017 - 2*      14.80   2.61 
Met 2017 - 3*      15.23   2.62 
Met 2017 - 4*      16.53   2.69 

Met 2017 - 
Master      16.04 0.2457  2.67 

            
C17 - 65 18.00 19.53      108 2.69 
C17 - 70        89   

            
C18 - JK - 01 14.32 15.95 25.0 12.42 14.59  0.3050  2.70 
C18 - JK - 02 16.79 21.13 26.6 12.12 20.04  0.3015  2.73 

            
Saprolite      4.69   2.52 
Saprock      7.66   2.56 
Oxidized      14.05   2.58 

Average (all) 16.57 17.32 25.8 12.27 18.28 13.93 0.2522 99 2.67 
            
Index values are per metric tonne          
*Bond Work Index determinations by grind 
comparison         
MPa (megpascals) (1 MPa = 145 psi)               
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13.3.2.2 Gravity Concentration 
Table 13.4 presents selected results from gravity concentration tests.  The Met 2017 master 
composite values represent an average of five concentration tests.  The initial centrifugal 
concentrates from the master, saprolite, saprock, and oxidized composites were all cleaned on a 
Mozley Shaking Table.  The five master composite gravity concentrates averaged 0.25% of the 
feed weight and 143 gpt gold.  Gold and silver recoveries were 37% and 9%, respectively.  Gold 
recoveries for the saprolite, saprock, and oxidized composites were lower and only averaged 
17%. 

Gravity concentrate mineralogy indicates that the gold particles contain about 6% silver and are 
mainly locked or associated with pyrite.  Gold particles are also 50 microns or less in size.  The 
association of gold with pyrite reveals that the higher the recovery of pyrite in the float 
concentrates (lower copper concentrate grades) then the higher the overall gold recovery. 

Table 13.4: Plenge Metallurgical Samples (All Years) 
 Gravity Concentration Test Results (grind p80 of 210 microns) 

  Grav. Conc. Gravity Concentrate Gravity Recovery 

Composite No.  Wt % gpt Ag 
gpt 
Au Ag % Au% 

        

Rougher Only Tests       

North Met - 1  0.90 3.8 30.8 4.9 33.6 

North Met - 2 1.10 11.2 16.4 16.8 40.5 

South Met - 3 1.10 3.5 32.0 6.3 39.3 

South Met - 4 1.00 9.3 20.6 13.6 40.3 
        

Cleaned on Mozley Table      

Met 2017 - Master 0.25 28.0 143.0 8.7 37.4 

Saprolite 0.49 62.5 10.5 20.5 11.9 

Saprock 0.53 71.8 29.1 13.8 20.5 

Oxidized 0.51 70.0 32.6 23.3 19.3 

13.3.2.3 Cyanidation Tests 
In 2015, the variability composites and a blended composite were leached for 72 hours, at a grind 
p80 of 74 microns and a cyanide solution concentration of 0.1% sodium cyanide (NaCN).  The 
silver and gold recoveries in the 5 tests averaged 42% and 93%, respectively, with NaCN and 
lime consumptions averaging 2 kg/t and 0.3 kg/t, respectively.  Coarser grinding resulted in 
reduced recoveries. 

Intensive cyanidation of gravity concentrates and leaching of gravity tails was also performed on 
the 2015 blended composite.  Silver and gold leach recoveries from the gravity concentrates were 
97% and 99%, respectively.  Silver and gold leach recoveries from the gravity tails were 64% and 
88%, respectively, with overall (gravity + tails leach) silver and gold recoveries being 66% and 
91%. 
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The 2017 master composite was subjected to gravity concentration, intensive cyanidation of 
gravity concentrates, and leaching of gravity tails.  Silver and gold intensive leach recoveries were 
86% and 97%, respectively.  Leaching of the gravity tails resulted in overall (gravity + tails leach) 
silver and gold recoveries of 11% and 88%.  As a comparison, whole ore leaching of the same 
composite resulted in overall silver and gold recoveries of 14% and 90%, respectively. 

Gravity tails from the saprolite, saprock, and oxidized gravity tests were also leached.  Silver and 
gold recoveries averaged 84% and 92%, respectively. 
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13.3.2.4 Flotation Tests 
Table 13.5 presents selected Plenge flotation test results. 

Table 13.5: Plenge Metallurgical Samples (All Years) – Flotation Test Results 

  Concentrate Assays             Recoveries 

Composite No.  
Wt 
% gpt Ag gpt Au 

% 
Cu ppm Mo % Ag % Au % Cu % Mo 

2015 Test Program           

Open Circuit Flotation - Whole Ore           
N/S Met Master Blend - Ro Conc 6.6 9.6 9.4 1.8 631 77.3 79.2 86.5 81.7 

N/S Met Master Blend - 3rd Clnr Conc 0.5 82.8 93.3 20.7 5806 48.9 60.6 73.8 57.4 
Lock Cycle Flotation - Whole Ore           

N/S Met Master Blend - Bulk Cu/Mo Conc 0.5 59.3 109 21.9 9300 57.2 68.6 82.7 80.0 

N/S Met Master Blend - Tails Leach       19.9    
Pre-Gravity, Lock-Cycle, Cu-Mo Sepn           

N/S Met Master Blend - Gravity Conc 0.2 21.0 108   4.7 22.5    
N/S Met Master Blend - Bulk Cu/Mo Conc 0.4 54.6 90 25.7 7320 28.6 42.9 82.0 65.4 

N/S Met Master Blend - Moly Conc 0.005 17.1  2.8 432000 0.01  0.01 51.0 

2017 and 2018 Test Programs           
Open Circuit Flotation - Whole Ore           

Met 2017 Master - Ro Conc 10.2  8.7 2.1 205  86.1 93.1 76.9 
Met 2017 Master - 3rd Clnr Conc 1.0  81.5 20.5 1833  78.6 86.6 66.8 

Pre-Gravity, Lock-Cycle           
Met 2017 Master - Gravity Conc 0.25 31.0 143 2.0 369 9 38.9 2.2 3.3 

Met 2017 Master - Bulk Cu/Mo Conc 0.93 59.3 43 21.2 1976 71 42.7 85.9 65.2 

Met 2017 Master - Total Recovery      80 81.6 88.1 68.5 
Open Circuit Flotation - Gravity Tls Float           

Saprolite - Ro Conc 28.5  0.51 0.15 6  42.6 32.4 38.0 
Saprolite - 3rd Clnr Conc 0.12  41.8 0.98 56  15.1 0.9 1.5 

Saprock - Ro Conc 19.1  1.6 0.18 8  49.9 21.9 31.3 

Saprock - 3rd Clnr Conc 0.32  42.6 0.66 143  28.6 1.4 9.9 
Oxidized - Ro Conc 11.4  4.91 0.85 114  68.8 48.3 74.7 

Oxidized - 3rd Clnr Conc 0.3   102 16.4 2599   43.7 28.6 51.9 
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During 2015 the master blend composite was subjected to whole ore open circuit flotation testing.  
Cleaner concentrate assayed 21% copper with gold and copper recoveries of 61% and 74%, 
respectively.  A whole ore lock-cycle test (LCT) was also performed on the composite.  Final 
flotation concentrate assayed 22% copper with gold, copper, and molybdenum recoveries being 
69%, 83%, and 80%, respectively.  Leaching of the float tails and scavenger cleaner tails 
recovered another 20% of the total gold, however, the cost of cyanidation of these streams, 
separately or combined, is higher than the recovered gold value. 

A large-scale test of the blend composite was performed to include pre-gravity concentration, 
lock-cycle flotation of the gravity tails, and copper-molybdenum separation flotation to produce 
separate copper and molybdenum concentrates.  23% of the gold was recovered in the gravity 
concentrate.  Copper concentrate assayed 26% copper and contained 43% of the gold and 82% 
of the copper.  Molybdenum concentrate assayed 43% molybdenum and 3% copper and 
contained 51% of the molybdenum.  Future testing plans will include optimization of the 
molybdenum concentrate grade and recovery. 

During 2017 kinetic float tests, open circuit rougher-cleaner flotation tests, and LCTs were 
performed to determine optimum flotation conditions.  Those conditions are listed below and were 
used to develop the process flow diagram, equipment lists, and operating cost estimates for the 
Project. 

 Pre-gravity concentration at a grind p80 of 210 microns (centrifugal rougher and 
table cleaner) 

 Gravity tails ground to a p80 of 90 microns 

 Rougher flotation for 9 min at natural pH with methyl isobutyl carbinol (MIBC), 
Potassium Amyl Xanthate (PAX), Pine Oil, Fuel Oil 

 Regrind rougher concentrates to p80 of 34 microns 

 Three stages of cleaner flotation at pH of 11 (3 min, 2 min, and 2 min float times 
each) with lime and MIBC, Pine Oil, Fuel Oil, PAX 

 Copper cleaner tails to scavenger cleaner flotation for 3 min 

 Copper cleaner concentrate (bulk copper-molybdenum concentrates) to copper-
molybdenum separation flotation  

 Molybdenum cleaner flotation in 5 stages using sodium hydrosulfide (NaHS) 
(depress copper), dispersant and frother  

 Final copper concentrate is molybdenum float tails 

The master composite was subjected to whole ore open circuit and LCT flotation testing.  The 
open circuit third cleaner flotation concentrate assayed 21% copper and contained 79% of the 
gold and 87% of the copper.   

Gravity concentrates made prior to lock cycle testing contained 39% of the gold and copper 
flotation concentrates assayed 21% copper.  Gold and copper recoveries in the float concentrate 
were 43% and 86%, respectively, for an overall gold recovery at 82%. 
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During 2018 saprolite, saprock, and oxide composites were subjected to gravity concentration 
followed by open circuit flotation of gravity tails using the above optimum test conditions.  Saprolite 
and saprock materials did not produce saleable cleaner copper concentrates with grades being 
less than 1% copper and gold and copper recoveries in the concentrates averaging 22% and 1%.  
Recoveries were low due to the lack of sulfide minerals in the materials.  Flotation of oxide material 
showed better results with the copper cleaner concentrate grade being 16% copper and gold and 
copper rougher recoveries of 69% and 48%, respectively.  Sulfidation reagents added to the oxide 
float test did not improve gold or copper recoveries. 

An Acid Base Accounting (ABA) test on the tails from a LCT indicates that the tailings have a 
greater potential to neutralize acid than they do to generate acid by 1.8 to 2.2 kg calcium 
carbonate per tonne. 

Table 13.6 shows typical assays of the three fresh rock float concentrates that are planned for 
production and shipped offsite for further processing.  The concentrates contain low levels of 
deleterious elements and are readily marketable.  The molybdenum concentrate is currently low-
grade but has potential to be increased with more testing. 

Table 13.6: Plenge Metallurgical Samples – Flotation Concentrate Assays 

    Copper Flotation Gold Gravity Molybdenum 

    Concentrates Concentrates Float Conc 

Element Units 2017 Test 2017 Test 2015 Test 

          

Au gpt 43.2 155 - 

Ag gpt 67.8 36 17.1 

Cu % 21.4 2.8 2.8 

Mo ppm 1997 369 43.2 

Fe %  23.8 25.3 3.2 

S total % 27.3 10.2 33.0 

F   % 0.1 0.076 - 

Hg ppm 0.6 0.18 - 

Cl ppm 23.1 68.1 < 0.01% 

C total % 0.55 0.13 1.14 

As % 0.15 0.45 0.02 

SiO2 % 16.0 34.25 - 

Al2O3 % 5.1 8.36 - 

Insol % 22.9 46.83 15.1 

LOI(900ºC) % 10.5 2.83 - 
 

13.3.2.5 Solid Liquid Separation 
Sedimentation tests were performed on samples of fresh rock copper-molybdenum flotation 
concentrate and tailings and oxide float tails.  Results were as follows: 
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 Copper-molybdenum concentrate (2015) settled to 60% solids by weight using 10 
gpt anionic flocculant (0.11 sq m/tpd concentrate) 

 Rougher tails (2015) settled to 62% solids by weight using 6 gpt anionic flocculant 
(0.08 sq m/tpd tails) 

 Combined rougher and cleaner scavenger tails (2017) settled to 57% solids by 
weight using 10 gpt anionic flocculant (0.215 sq m/tpd tails) 

 Oxide material flotation tails (2018) settled to 51% solids by weight using 10 gpt 
anionic flocculant (0.28 sq m/tpd tails)  

13.4 Projected Metallurgical Performance 

Table 13.7 presents the Plenge flotation tests that were used to determine the copper and gold 
recoveries for processing of fresh rock. 

The following were established from the Plenge data: 

 Copper recovery related to copper head grades 

o Cu Rec = (65.61 X % Cu in feed) + 73.28  
 Gold recovery is related to copper concentrate grades 

o Au Rec = 82% (at 21% copper concentrate grade) 

Table 13.7: Plenge Metallurgical Samples  
Flotation Test Results – Metallurgical Projection Data 

To Determine Copper Recovery by Head 
Grade:        Head Assays   

   Total 
Recoveries 

Pre-Gravity, Open Circuit (Variability) gpt Au % Cu  Au Cu 
Met 2017 - 1 (Gravity + Ro Conc Recovery) 0.74 0.276  88 95 
Met 2017 - 2 (Gravity + Ro Conc Recovery) 0.57 0.050  71 75 
Met 2017 - 3 (Gravity + Ro Conc Recovery) 0.81 0.244  79 91 
Met 2017 - 4 (Gravity + Ro Conc Recovery) 1.63 0.387  80 95 
        
To Determine Gold Recovery by Cu Conc 
Grade:        Head Assays 

Cu 
Conc 

   Total 
Recoveries 

Lock-Cycles (Master Comps) gpt Au % Cu % Cu Au Cu 
Met 2017 Master (Gravity Conc + Cu Conc) 0.933 0.229 21.2 82 86 
Met 2017 Master (Gravity Conc + Cu Conc) 1.001 0.239 16.6 84 86 

 

The projected metallurgy for each concentrate produced from fresh rock is listed below and a brief 
metallurgical balance for fresh rock is summarized in Table 13.8: 

Gravity concentrates - 

 155 gpt Au  

 37% Au recovery 

 2% Cu recovery  
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 9% Ag recovery 

Copper concentrates – 

 21% Cu grade (constant)  

 Variable Cu recovery (use regression formula) 

 45% Au recovery (assumes constant Cu concentrate grade of 21% Cu) 

 69% Ag recovery 

Molybdenum concentrates – 

 45% Mo grade in concentrate 

 50% Mo recovery 

For this study, the metallurgical response of the oxide material is assumed to be: 

 No gravity concentrates 

 Copper concentrates – 16% Cu grade; Ag, Au, and Cu recoveries in concentrates 
of 50%, 65%, and 50%, respectively 

 Molybdenum concentrates – same as fresh rock 

 

Table 13.8: Fresh Rock Metallurgical Balance 

    Recovery Recovery Recovery Recovery 

Products 
Con 

Grades Ag Au Cu Mo 
        
Gravity Concentrates 155 gpt Au 9 37 2 2 
Copper Concentrates 21% Cu 69 45 82 15 
Moly Concentrates 45% Mo    50 
Tails   22 18 16 33 

 

13.5 Potential Metallurgical Processes 

Saprolite and saprock materials did not respond well to tests that reflect the planned process 
flowsheet (gravity concentration followed by flotation).  However, agitated cyanide leaching of 
these materials resulted in silver and gold recoveries of 84% and 92%, respectively.  There may 
be potential for processing these materials in a separate plant, representing a potential 
opportunity for additional project revenue generation, and decrease in the pre-stripping and 
WRSF costs in the mine plan.  The plant would be a typical saprolite processing plant that could 
include wet screening, grinding, carbon-in-leach (CIL) cyanide leaching, carbon recovery, and 
smelting to produce gold-silver doré.  Studies should be performed in the next phase of project 
analysis to determine if there is enough material available to support a small leach plant operation 
(or heap leach alternative) and to determine if it is economically viable.   
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14 MINERAL RESOURCES 

14.1 Introduction 

The mineral resource estimate was prepared under the direction of Robert Sim, P.Geo, with the 
assistance of Bruce Davis, PhD, FAusIMM.  This section of the Technical Report describes the 
mineral resource estimation methodology and summarizes the key assumptions considered by 
the QP to prepare the mineral resource model for the gold, copper, silver, and molybdenum 
mineralization at the Cangrejos Project.  This is the third estimate of mineral resources for the 
Cangrejos deposit which was previously presented in 2017 Technical Report, with an effective 
date of November 6, 2017.  The mineral resources presented in this report are derived from the 
same resource block model that was created in November 2017 but there have been adjustments 
to the estimate of mineral resources in response to new metallurgical results that have been 
received since that time and also some minor changes to the metal prices used to calculate gold 
equivalent grades.  The effective date of the block model used to generate the estimate of mineral 
resources remains November 6, 2017.  Lumina continues to conduct in-fill delineation drilling on 
the Cangrejos deposit and a review of the ten drill holes completed since the effective date of this 
mineral resource estimate indicate that they support the current understanding of the geology and 
mineralization and there are no indications that the new drill holes would result in material or 
significant changes to the current estimate of mineral resources at Cangrejos.  The results of 
these ten drill holes were disclosed by Lumina in the following news releases: 

 Lumina Gold Announces Cangrejos Drill Results, May 23, 2018; NR: 18-6 

 Lumina Gold Announces Cangrejos Drill Results, June 28, 2018; NR: 18-7 

In the opinion of the QP, the mineral resource estimate reported herein is a reasonable 
representation of the mineralization found at the Cangrejos Project at the current level of 
sampling.  The mineral resource has been estimated in conformity with generally accepted CIM 
Estimation of Mineral Resources and Mineral Reserves Best Practices Guidelines (November 23, 
2003) and is reported in accordance with NI 43-101.  

Mineral resources are not mineral reserves and they do not have demonstrated economic viability.  
There is no certainty that all or any part of the mineral resource will be converted into a mineral 
reserve upon application of modifying factors. 

Estimations are made from 3D block models based on geostatistical applications using 
commercial mine planning software (MineSight® v13.0).  The Project limits are based in the UTM 
coordinate system (Provisional South America 1956, Zone 17S) using a nominal block size 
measuring 10 m x 10 m x 10 m.  Drill holes penetrate the Cangrejos deposit at a variety of 
orientations to depths approaching 750 m below surface.  The mineral resource estimate was 
generated using drill hole sample assay results and the interpretation of a geological model which 
relates to the spatial distribution of gold, copper, silver, and molybdenum.  Interpolation 
characteristics were defined based on the geology, drill hole spacing, and geostatistical analysis 
of the data.  The mineral resources were classified according to their proximity to the sample data 
locations and are reported, as required by NI 43-101, according to the CIM Definition Standards 
for Mineral Resources and Mineral Reserves (May, 2014). 
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14.2 Available Data 

Lumina provided the drill hole sample data for the Cangrejos Project on October 15, 2017.  This 
comprised a series of Excel® (spreadsheet) files containing collar locations, downhole survey 
results, geologic information, and assay results for a total of 70 drill holes representing 22,933 m 
of drilling.  Of these, 50 drill holes, totalling 18,015 m of drilling, test the Cangrejos deposit and 
contribute to the estimation of mineral resources; 5 holes hit significant gold mineralization 
approximately 1.2 km northwest of the Cangrejos deposit in a satellite zone referred to as Gran 
Bestia; and the remaining 15 holes tested for mineralization approximately 1.5 km east of the 
Cangrejos deposit in an area called Casique.  All holes are HQ diamond drill holes.  The 
distribution of gold grades in all drill holes is shown in plan view in Figure 14.1. 

 
 Source: Sim Geological, 2017 

Figure 14.1: Plan View of Gold Grades in Drilling 

There are a total of 11,313 individual samples in the Cangrejos Project database, the majority of 
which have been analyzed for a variety of elements (as part of a multi-element package). 
Individual sample intervals range from a minimum of 0.35 m to a maximum of 9 m and average 2 
m long, and 96% of the samples in the database are exactly 2 m long.  Sample data for gold, 
silver, copper, and molybdenum have been extracted from the main database and imported into 
MineSight® to develop the mineral resource model.  

All core intervals have been analyzed for gold content, but portions of the holes drilled by 
Newmont in 1999 and 2000 were not analyzed for copper, silver, or molybdenum, and, as a result, 
this information is missing for 15% of the core intervals in the database.  The distribution of 
available copper data, and the distribution of intervals where data is missing, is shown in Figure 
14.2 (Note: silver and molybdenum are also missing in these intervals).  The distribution of core 
intervals where sample data are missing correlates reasonably well with low-grade (Cu, Ag, and 
Mo) zones encountered in the more recent drilling.  It is assumed that these intervals were not 
sampled because they do not show visible signs of significant mineralization.  Based on this 
assumption, core intervals without sample assay results have been assigned default grades as 
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follows:  Cu = 0.01%, Ag = 0.1 g/t, and Mo = 5 ppm.  Resampling and analyzing for these missing 
elements are recommended if core or sample rejects are available. 

 
Source: Sim Geological, 2017 

Figure 14.2: Plan View of Available Copper Data in Drilling at Cangrejos Deposit Area 

SG data is available for only 23 drill holes that were drilled by Lumina between 2014 and 2017.  
The volume and distribution of SG data are insufficient to interpolate density values in the block 
model. 

Topographic data was provided in the form of 3D contour lines on 20 m (vertical) intervals.  This 
information has been used to generate a 3D digital terrain surface over the property. 

Geologic information, derived from observations during core logging, provide lithology code 
designations for the various rock units present on the property.  

The statistical properties of the data in the vicinity of the Cangrejos resource model, excluding 
exploration drill holes, are shown in Table 14.1; this table shows the statistics of the initial sample 
data and for the gold, copper, silver, and molybdenum statistics following the assignment of 
default grades for missing data.  
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Table 14.1: Summary of Basic Statistics of Data Proximal to Resource Model 

Element 
# of Total Sample 

Min Max Mean Std. Dev. 
Samples Length (m) 

Gold (g/t) 8,954 17,795 0.001 16.1 0.535 0.281 

Copper1 (%) 7,629 15,129 0 2.38 0.114 0.167 

Copper2 (%) 8,954 17,795 0 2.38 0.098 0.158 

Silver1 (g/t) 7,629 15,129 0 99 0.78 2.46 

Silver2 (g/t) 8,954 17,795 0 99 0.68 2.28 

Molybdenum1 (ppm) 7,629 15,129 1 2,696 28 64.9 

Molybdenum2 (ppm) 8,954 17,795 1 2,696 24.6 60.4 

Note: Original sample data are weighted by sample length. The data used in the above table is restricted to drill 
holes in the vicinity of the Cangrejos deposit. Values of “1” denote initial sample data. Values of “2” include default 
grades assigned to missing sample data. 

14.3 Geological Model, Domains, and Coding 

The Cangrejos deposit is interpreted as a gold-copper porphyry deposit.  A series of 3D wireframe 
domains have been interpreted that represent the shape and extent of the porphyritic quartz 
diorite intrusive and a series of brecciated zones.  The distribution is shown in Figure 14.3. 

 
Source: Sim Geological, 2017 

Figure 14.3: Plan and Isometric View of the Porphyritic Quartz Diorite Intrusive and 
Brecciated Domains and Gold Data in Drilling 
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A series of surfaces were generated that represent types of surface oxidation including the base 
of saprolite, saprock, and oxidation.  The information for these surfaces is derived from 
observations recorded during core logging.  Saprolite comprises a clay-like texture in which no 
original textures have been retained.  Saprock is partially altered material that contains remnants 
with original rock textures in a clay rich host.  Oxidized rocks exhibit some signs of minor oxidation, 
typically along fracture surfaces.  Oxide types have been assigned on a majority basis using the 
interpreted oxidation surfaces. 

14.4 Specific Gravity Data 

There are 1,195 individual measurements for SG taken from samples in 23 holes drilled by Lumina 
between 2014 and 2017.  SG is measured using the water immersion method (weight in air vs. 
weight in water) with unwaxed core samples (there is little or no evidence of porosity in the rocks 
from the Cangrejos Project).  During the 2017 drill program, approximately 10% of the samples 
were sent to ALS Chemex for SG determinations using waxed samples. These results show 
reasonable comparison with the results obtained by Lumina.  

Samples for SG measurement were initially taken at 5 m intervals throughout the length of the 
drill holes.  This distance has been increased to 10 m intervals in the current drilling conducted 
by Lumina. SG values range from a minimum of 1.34 to a maximum of 3.74. A series of 13 SG 
measurements taken over the top 150 m of hole C17-56 are anomalously low (SG <2).  It appears 
there may have been an error in these measurements, and, as a result, they have been removed 
from the database.  The remaining 1,182 SG measurements range from 2.05 to 3.74 and average 
2.74.  The density and distribution of SG sample data is considered insufficient to support 
estimation of density in the block model. 

As an alternative, average SG values have been assigned by oxide type as listed in Table 14.2. 

Table 14.2: Specific Gravity Assigned by Oxide Type 

 

 

 

 

 

14.5 Compositing 

Compositing the drill hole samples helps standardize the database for further statistical 
evaluation.  This step eliminates any effect that inconsistent sample lengths might have on the 
data. 

To retain the original characteristics of the underlying data, a composite length was selected that 
reflects the average, original sample length.  The generation of longer composites can result in 
some degree of smoothing which could mask certain features of the data.  A composite length of 

Oxide Type SG 
Saprolite 1.5 
Saprock 1.9 
Oxidized 2.7 

Fresh 2.7 
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2 m was selected for the Cangrejos Zone, reflecting the fact that 96% of the original samples have 
been selected on 2 m intervals. 

Drill hole composites are length-weighted and were generated down-the-hole; this means that 
composites begin at the top of each hole and are generated at 2 m intervals down the length of 
the hole. 

14.6 Generation of a Gold Probability Shell Domain 

A probability shell domain has been generated based on the distribution of gold in the deposit. 
Indicator values are assigned to 2 m composited sample data based on a threshold grade of 0.15 
g/t Au.  Probability estimates are made in model blocks using ordinary kriging (OK).   A 3D domain 
was then produced in which the areas inside the probability shell represent areas where there is 
a >50% probability that the grade will be above 0.15 g/t Au. In areas where gold mineralization is 
not bounded by drill holes, this shell domain extends for a maximum distance of 200 m from 
drilling.  The probability shell domain tends to be quite large and extensive because the lateral 
and depth extents of the mineralization have not been defined by the current drilling.  The 
probability shell domain does, however, outline the low-grade zone in the centre of the deposit. 

14.7 Exploratory Data Analysis 

Exploratory data analysis (EDA) involves the statistical summarization of the database to better 
understand the characteristics of the data that may control grade.  One of the main purposes of 
this exercise is to determine if there is evidence of spatial distinctions in grade which may require 
the separation and isolation of domains during interpolation.  The application of separate domains 
prevents unwanted mixing of data during interpolation and, therefore, the resulting grade model 
will better reflect the unique properties of the deposit.  However, applying domain boundaries in 
areas where the data is not statistically unique may impose a bias in the distribution of grades in 
the model.   

A domain boundary, which segregates the data during interpolation, is typically applied if the 
average grade in one domain is significantly different from that of another domain.  A boundary 
may also be applied if there is evidence that a significant change in the grade distribution has 
occurred across the contact. 

14.7.1 Basic Statistics by Domain 
The basic statistics for the distribution of gold, copper, silver, and molybdenum were evaluated 
by logged lithology codes and between the interpreted dyke domains shown in Figure 14.3.  

The boxplots in Figure 14.4 show similar distributions of gold among all of the logged lithology 
types.  Similar trends are also found for the distributions of copper, silver, and molybdenum.  This 
is an indication that lithology type is not a controlling factor in the distribution of mineralization in 
the deposit. 
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HIB – hydrothermal breccia; PQD – porphyritic quartz diorite; OX – oxidized; FLT – fault; EQD – equigranular quartz 
diorite; PAD – porphyritic andesite dyke; QDD – quartz diorite dyke. Source: Sim Geological, 2017 
 

Figure 14.4: Boxplots Comparing Gold Sample Data Among Logged Lithology Types 

The boxplot in Figure 14.5 shows a relatively even distribution of gold between the interpreted 
porphyritic quartz diorite and breccia domains and the surrounding rocks.  Similar results are also 
found for the distributions of copper, silver, and molybdenum.  This is an indication that these 
interpreted domains are not controlling factors in the distribution of mineralization in the deposit. 

 

 

 

 

 

 

 

 

 

 
Source: SIM Geological, 2017 

Figure 14.5: Boxplots Comparing Gold Sample Data in Interpreted Domains 
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Figure 14.6 shows the distributions samples inside vs. outside of the gold probability shell domain. 
Gold and copper grades are significantly higher inside the shell domain.  Although silver and 
molybdenum grades are higher inside the shell, the differences are not as distinct.  

 
Source: Sim Geological, 2017 

Figure 14.6: Boxplots Comparing Sample Data In/Out  
of the Gold Probability Shell Domain 

There are no significant differences in metal grades in samples contained within the various 
surface oxidation domains. 

14.7.2 Contact Profiles 
Contact profiles evaluate the nature of grade trends between two domains: they graphically 
display the average grades at increasing distances from the contact boundary.  Those contact 
profiles that show a marked difference in grade across a domain boundary indicate that the two 
datasets should be isolated during interpolation.  Conversely, if a more gradual change in grade 
occurs across a contact, the introduction of a hard boundary (e.g., segregation during 
interpolation) may result in a much different trend in the grade model; in this case, the change in 
grade between domains in the model is often more abrupt than the trends seen in the raw data. 
Finally, a flat contact profile indicates no grade changes across the boundary; in this case, hard 
or soft domain boundaries will produce similar results in the model. 

A series of contact profiles, shown in Figure 14.7, evaluate the nature of gold, copper, silver, and 
molybdenum across the gold probability shell domain boundary.  Distinct to transitional changes 
in grade occur in gold and copper at the domain boundary.  There is little evidence of changes in 
grade for silver and molybdenum.  
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Source: Sim Geological, 2017 
 

Figure 14.7: Contact Profiles for Samples Inside vs. Outside  
Gold Probability Shell Domain 

14.7.3 Conclusions and Modelling Implications 
The results of the EDA indicate that the gold and copper grades within the gold probability shell 
domain are significantly different than those in the surrounding area, and that the probability shell 
domain should be treated as a distinct or hard domain during block grade estimations for these 
elements (Table 14.3).  The distribution of silver and molybdenum are not influenced by the 
probability shell domain, and, as a result, it is not used during grade estimation for these elements.  

Table 14.3: Summary of Estimation Domains 

 

 

 

 

 

Element Domain Boundary Type 
Gold ProbShell Hard 

Copper ProbShell Hard 
Silver None None 

Molybdenum None None 
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14.8 Evaluation of Outlier Grades 

Histograms and probability plots for the distribution of gold, copper, silver, and molybdenum were 
reviewed to identify the presence of anomalous outlier grades in the composited (2 m) database. 
Following a review of the physical location of potentially erratic samples in relation to the 
surrounding sample data, it was decided that these would be controlled during block grade 
interpolations using a combination of traditional top-cutting and the application of outlier 
limitations.  An outlier limitation controls the distance of influence of samples above a defined 
grade threshold.  During grade interpolations, samples above the outlier thresholds are limited to 
a maximum distance-of-influence of 50 m.  The grade thresholds for gold, copper, silver, and 
molybdenum are shown in Table 14.4.  Overall, these measures result in a 3% reduction in 
contained gold, 1% in contained copper, 2% in contained silver, and 7% in contained molybdenum 
in classified blocks in the mineral resource model.  The high metal loss for molybdenum is due to 
a combination of a skewed distribution of data and the spacing of drill holes.  These measures 
are considered appropriate for a deposit with this distribution of delineation drilling. 

Table 14.4: Treatment of Outlier Sample Data 

Element Domain Maximum 
Top-cut 

Limit 
Outlier 
Limit 

Gold (g/t) 
Inside Shell 16.1 - 9 

Outside Shell 3.342 - 1 

Copper (%) 
Inside Shell 2.38 - 1.5 

Outside Shell 1 - 0.3 

Silver (g/t) na 100 30 10 

Molybdenum 
(ppm) 

na 2,696 1,500 600 

Note: The table reflects 2 m composited drill hole data. 

14.9 Variography 

The degree of spatial variability in a mineral deposit depends on both the distance and direction 
between points of comparison.  Typically, the variability between samples increases as the 
distance between those samples increases. If the degree of variability is related to the direction 
of comparison, then the deposit is said to exhibit anisotropic tendencies which can be summarized 
with the search ellipse.  The semi-variogram is a common function used to measure the spatial 
variability within a deposit. 

The components of the variogram include the nugget, the sill, and the range.  Often samples 
compared over very short distances, even samples compared from the same location, show some 
degree of variability.  As a result, the curve of the variogram often begins at some point on the y-
axis above the origin: this point is called the nugget. The nugget is a measure of not only the 
natural variability of the data over very short distances but also a measure of the variability which 
can be introduced due to errors during sample collection, preparation, and the assay process. 
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The amount of variability between samples typically increases as the distance between the 
samples increases.  Eventually, the degree of variability between samples reaches a constant, 
maximum value: this is called the sill, and the distance between samples at which this occurs is 
called the range. 

In this Technical Report, the spatial evaluation of the data was conducted using a correlogram 
rather than the traditional variogram.  The correlogram is normalized to the variance of the data 
and is less sensitive to outlier values, generally giving better results. 

Variograms using the commercial software package Sage 2001© developed by Isaaks & Co.  
Multidirectional variograms for gold and copper were generated from the distributions of data 
located inside the gold probability shell domain.  The same variograms are used to estimate the 
grades both inside and outside of the domain.  The results are summarized in Table 14.5.  

Table 14.5: Variogram Parameters 

Element 
      1st Structure 2nd Structure 

Nugget Sill 1 Sill 2 Range 
(m) 

Azimuth 
Dip Range 

(m) 
Azimuth 

Dip 
(°) (°) 

Gold 
0.450 0.346 0.204 136 289 85 232 137 28 

Spherical 
12 147 4 142 307 61 
10 57 3 77 45 4 

Copper 
0.350 0.344 0.306 44 238 59 1691 318 1 

Spherical 
38 298 -17 461 225 66 
22 20 26 126 49 24 

Silver 
0.479 0.334 0.187 110 116 25 2145 145 0 

Spherical 
34 353 49 163 180 90 
7 222 30 160 55 0 

Molybdenum 
0.350 0.546 0.104 66 43 -17 826 301 -3 

Spherical 
28 318 16 201 213 36 
15 89 66 101 27 54 

Note: Correlograms were conducted on 2 m composite sample data. 

14.10 Model Setup and Limits 

A block model was initialized in MineSight®, and the dimensions are defined in Table 14.6.  The 
selection of a nominal block size measuring 10 x 10 x 10 m is considered appropriate with respect 
to the current drill hole spacing as well as the selective mining unit (SMU) size typical of an 
operation of this type and scale. 
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Table 14.6: Block Model Limits 

Direction Minimum Maximum 
Block Size # of 

(m) Blocks 

X (east) 632200 633900 10 170 

Y (north) 9613300 9615000 10 170 

Z (elevation) 0 1200 10 120 

 

Blocks in the model were coded on a majority basis with the gold probability shell domain.  During 
this stage, blocks along a domain boundary are coded if more than 50% of the block occurs within 
the boundaries of that domain. 

The proportion of blocks that occur below the topographic surface is also calculated and stored 
within the model as individual percentage items.  These values are used as weighting factors to 
determine the in-situ mineral resources for the deposit. 

14.11 Interpolation Parameters 

The block model grades for gold, copper, silver, and molybdenum were estimated using OK.  The 
results of the OK estimation were compared with the Hermitian Polynomial Change of Support 
model (also referred to as the Discrete Gaussian Correction).  This method is described in more 
detail in Section 14.12.2. 

The Cangrejos OK model was generated with a relatively limited number of samples to match the 
change of support or Herco (Hermitian Correction) grade distribution. This approach reduces the 
amount of smoothing or averaging in the model, and, while there may be some uncertainty on a 
localized scale, this approach produces reliable estimates of the recoverable grade and tonnage 
for the overall deposit. 

The estimation parameters for the various elements in the mineral resource block model are 
shown in Table 14.7. All grade estimations use length-weighted composite drill hole sample data.  

Table 14.7: Interpolation Parameters 

Element 
Search Ellipse1 # of 

Other Range (m) Composites 
X Y Z Min/block Max/block Max/hole 

Gold 500 500 200 5 24 8 1 DH per octant 
Copper 500 500 200 5 36 9 1 DH per octant 
Silver 500 500 200 5 27 9 1 DH per octant 

Molybdenum 500 500 200 5 24 8 1 DH per octant 
1 Ellipse orientation with long axis N-S and W-E and vertical short axis. DH = drill hole. 

 



        
 

 
Effective Date: June 27, 2018  14-13 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

14.12 Validation 

The results of the modelling process were validated using several methods.  These include a 
thorough visual review of the model grades in relation to the underlying drill hole sample grades, 
comparisons with the change of support model, comparisons with other estimation methods, and 
grade distribution comparisons using swath plots. 

14.12.1 Visual Inspection 
A detailed visual inspection of the block model was conducted in both section and plan to ensure 
the desired results following interpolation.  This includes confirmation of the proper coding of 
blocks within the gold grade probability shell domain.  The estimated gold, copper, silver, and 
molybdenum grades in the model appear to be a valid representation of the underlying drill hole 
sample data.  Examples of the distribution of gold and copper grades in model blocks compared 
to the drill hole sample data are shown in Figures 14.8 and 14.9. 

Source: SIM Geological, 2017 

Figure 14.8: Gold Grades in Drilling and Block Model 
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Source: SIM Geological, 2017 

Figure 14.9: Copper Grades in Drilling and Block Model 

14.12.2 Model Checks for Change of Support 
The relative degree of smoothing in the block model estimates were evaluated using the Discrete 
Gaussian of Hermitian Polynomial Change of Support method (described by Rossi and Deutsch, 
Mineral Resource Estimation, 2014).  

 With this method, the distribution of the hypothetical block grades can be directly compared to 
the estimated (OK) model through the use of pseudo-grade/tonnage curves.  Adjustments are 
made to the block model interpolation parameters until an acceptable match is made with the 
Herco distribution.  In general, the estimated model should be slightly higher in tonnage and 
slightly lower in grade when compared to the Herco distribution at the projected cutoff grade.  
These differences account for selectivity and other potential ore-handling issues which commonly 
occur during mining. 

The Herco distribution is derived from the declustered composite grades which have been 
adjusted to account for the change in support, going from smaller drill hole composite samples to 
the large blocks in the model.  The transformation results in a less skewed distribution but with 
the same mean as the original declustered samples. 

The Herco analysis was conducted on the distribution of gold, copper, silver and molybdenum in 
the block model and level of correspondence was achieved in all cases.  

An example showing the distribution of the gold model is shown in Figure 14.10. 
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Source: Sim Geological, 2017 

Figure 14.10: Herco Grade/Tonnage Plot for Gold Models 

14.12.3 Comparison of Interpolation Methods 
For comparison purposes, additional models for gold, copper, silver, and molybdenum were 
generated using both the inverse distance weighted (IDW) and nearest neighbour (NN) 
interpolation methods (the NN model was generated using data composited to 10 m intervals).   

Comparisons are made between these models on grade/tonnage curves. An example of the 
grade/tonnage curves for gold is shown in Figure 14.11.  There is good correlation between the 
OK and ID models throughout the range of cutoff grades.  The NN distribution, generally showing 
less tonnage and higher grade, is the result of the absence of smoothing in this modelling 
approach.  Similar results were achieved with the copper, silver, and molybdenum models. 
Reproduction of the model using different methods tends to increase the confidence in the overall 
mineral resource. 
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Source: Sim Geological, 2017 

Figure 14.11: Grade/Tonnage Comparison of Gold Models 

14.12.4 Swath Plots (Drift Analysis) 
A swath plot is a graphical display of the grade distribution derived from a series of bands, or 
swaths, generated in several directions through the deposit.  Grade variations from the OK model 
are compared using the swath plot to the distribution derived from the declustered (NN) grade 
model. 

On a local scale, the NN model does not provide reliable estimations of grade, but, on a much 
larger scale, it represents an unbiased estimation of the grade distribution based on the underlying 
data.  Therefore, if the OK model is unbiased, the grade trends may show local fluctuations on a 
swath plot, but the overall trend should be similar to the NN distribution of grade. 

Swath plots have been generated in three orthogonal directions for all models. An example of the 
gold distribution in north-south swaths is shown in Figure 14.12.   

There is good correspondence between the models in most areas.  The degree of smoothing in 
the OK model is evident in the peaks and valleys shown in the swath plots.  Areas where there 
are large differences between the models tend to be the result of “edge” effects, where there is 
less available data to support a comparison. Note that the majority of the mineral resource occurs 
between 632800E and 633400E.  The validation results indicate that the OK model is a 
reasonable reflection of the underlying sample data. 
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Source: Sim Geological, 2017 

Figure 14.12: Swath Plot of Gold OK and NN Models by Easting 

14.13 Resource Classification 

The mineral resources for the Cangrejos deposit were classified in accordance with the CIM 
Definition Standards for Mineral Resources and Mineral Reserves (May, 2014).  The classification 
parameters are defined relative to the distance between gold sample data and are intended to 
encompass zones of reasonably continuous mineralization that exhibit the desired degree of 
confidence.  These parameters are based on visual observations and statistical studies.  
Classification parameters are based primarily on the nature of the distribution of gold data as it is 
the main contributor to the relative value of this polymetallic deposit.  

Mineral resources in the indicated category include relatively large volumes that show consistent 
zones of mineralization and are delineated with drilling spaced at 100 m intervals.  There are 
areas of the deposit where drill holes are spaced at 100 m intervals, but these tend to be clustered 
and, therefore, do not exhibit the continuity required for mineral resources in this category.  At this 
stage of project evaluation, there are no mineral resources included in the indicated (or measured) 
categories. 

The following criteria were used to define mineral resources in the inferred category. 

Inferred Mineral Resources 

Mineral resources in this category include model blocks that are located within a maximum 
distance of 150 m from a drill hole.  
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A domain has been interpreted that encompasses model blocks that are included in the inferred 
category.  This step ensures consistency of classification across the deposit.  Some drill holes 
have been terminated in appreciable mineralization, and there are many instances where the 
lateral extents of mineralization have not been defined with current drilling.  In these instances, 
the lateral extents of mineralization have been manually truncated at 100 m from drilling, and the 
depth extent of inferred mineral resources is limited to 50 m vertically below drill holes.  

14.14 Mineral Resources 

CIM Definition Standards for Mineral Resources and Mineral Reserves (May, 2014) define a 
mineral resource as: 

“[A] concentration or occurrence of solid material of economic interest, in or on the Earth’s crust 
in such form, grade or quality and quantity, that there are reasonable prospects for eventual 
economic extraction.  The location, quantity, grade or quality, continuity and other geological 
characteristics of a Mineral Resource are known, estimated or interpreted from specific geological 
evidence and knowledge, including sampling.” 

The “reasonable prospects for eventual economic extraction” requirement generally implies that 
quantity and grade estimates meet certain economic thresholds and that mineral resources are 
reported at an appropriate cutoff grade that takes into account extraction scenarios and 
processing recovery.  

The economic viability of the mineral resource was tested by constraining it within a floating cone 
pit shell; the pit shell was generated using the following projected economic and technical 
parameters: 

 Mining (open pit)                         $3.00/t 

 Processing                                   $11.00/t 

 G&A                                            $2.00/t 

 Gold price                                   $1,400/oz  

 Silver price                                   $17.00/oz  

 Copper price                               $3.25/lb  

 Molybdenum price                       $10.00/lb  

 Gold process recovery                82% fresh rock, 65% part oxidized 

 Silver process recovery               78% fresh rock, 50% part oxidized 

 Copper process recovery             82% fresh rock, 50% part oxidized 

 Molybdenum process recovery    50% fresh rock and part oxidized 

 (0% process recovery for saprolite and saprock – treated as waste) 

 Pit slope                                       45 degrees 

 Density                                          2.7 t/m3 
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Based on the metal prices and recoveries listed here, recoverable gold equivalent (AuEqR) 
grades are calculated using the following formulas: 

Part Oxidized: AuEqR = (Au g/t∗0.65) + (Ag g/t∗0.50∗0.0122) + (Cu%∗0.50∗1.592) + (Mo ppm/10,000∗0.50∗4.898) 

Fresh Rock:AuEqR = (Au g/t∗0.82) + (Ag g/t∗0.78∗0.0122) + (Cu%∗0.82∗1.592) + (Mo ppm/10,000∗0.50∗4.898) 

Note: no process recovery for saprolite or saprock (waste). 

The pit shell is generated using a FC algorithm based on the recoverable gold equivalent block 
grades.  There are no adjustments for mining recoveries or dilution.  This test indicates that some 
of the deeper mineralization may not be economic due to the increased waste stripping 
requirements.  It is important to recognize that these discussions of surface mining parameters 
are used solely to test the “reasonable prospects for eventual economic extraction,” and do not 
represent an attempt to estimate mineral reserves.  There are no mineral reserves calculated for 
the Project. These preliminary evaluations are used to prepare a Mineral Resource Statement 
and to select appropriate reporting assumptions. 

The estimate of inferred mineral resources, contained within the $1,400/oz Au pit shell, is 
presented in Table 14.8.  Based on the assumed metal prices and operating costs and using a 
formula similar to the one shown here, but excluding the metallurgical recovery factors, the base 
case cutoff grade for mineral resources is estimated to be 0.35 g/t gold equivalent (AuEq). 
Metallurgical test work to date indicates that saprolite and saprock cannot be treated using the 
planned processing scheme and, as a result, these material types are excluded from the estimate 
of mineral resources.  The distribution of the base case mineral resource within the $1,400/oz Au 
pit shell is shown from a series of isometric viewpoints in Figure 14.13.  

There are no known factors related to environmental, permitting, legal, title, taxation, socio-
economic, marketing, political, or other relevant factors which could materially affect the mineral 
resource.  Mineral resources in the inferred category have a lower level of confidence than that 
applied to indicated mineral resources, and, although there is sufficient evidence to imply geologic 
grade and continuity, these characteristics cannot be verified based on the current data.  It is 
reasonably expected that the majority of inferred mineral resources could be upgraded to 
indicated mineral resources with continued exploration.  

Table 14.8: Estimate of Inferred Mineral Resource 

Type Mtonnes 

Average Grade Contained Metal 

AuEq Au Cu Ag Mo Au Cu Ag Mo 

(g/t) (g/t) (%) (g/t) (ppm) (Moz) (Mlbs) (Moz) (Mlbs) 

Oxidized 17.7 0.77 0.61 0.09 0.6 21.9 0.3 35 0.4 0.9 

Sulphide 390.2 0.86 0.65 0.12 0.6 25.1 8.2 998 7.4 21.6 

Total 408.0 0.85 0.65 0.11 0.6 25.0 8.5 1,033 7.8 22.5 

Note: The estimates in the above table are limited inside the $1,400/oz Au pit shell. The base case cutoff grade is 0.35 g/t gold 
equivalent. Mineral resources are not mineral reserves because the economic viability has not been demonstrated. 
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Source: Sim Geological, 2018 

Figure 14.13: Isometric Views of Base Case Inferred Mineral Resource 

14.15 Sensitivity of Mineral Resources 

The sensitivity of mineral resources, contained within the $1,400/oz Au pit shell, is demonstrated 
by listing mineral resources at a series of cutoff thresholds as shown in Table 14.9. 
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Table 14.9: Sensitivity of Inferred Mineral Resource to Cutoff Grade 

  

Mtonnes 

Average Grade Contained Metal 
Cutoff 

AuEq AuEq Au Cu Ag Mo Au Cu Ag Mo 
(g/t) (g/t) (g/t) (%) (g/t) (ppm) (Moz) (Mlbs) (Moz) (Mlbs) 

0.15 513.9 0.72 0.55 0.1 0.6 22.7 9.1 1,093 9.5 25.7 
0.2 461.2 0.78 0.6 0.11 0.6 23.7 8.9 1,062 8.5 24.1 

0.25 440.1 0.81 0.62 0.11 0.6 24 8.8 1,054 8.2 23.3 
0.3 424.6 0.83 0.64 0.11 0.6 24.5 8.7 1,046 8 22.9 

0.35 408.0 0.85 0.65 0.11 0.6 25.0 8.5 1,033 7.8 22.5 
0.4 390.4 0.87 0.67 0.12 0.6 25.3 8.4 1,015 7.4 21.8 

0.45 369.5 0.9 0.69 0.12 0.6 25.8 8.1 985 7.1 21.0 
0.5 346.3 0.93 0.71 0.13 0.6 26.2 7.9 961 6.8 20.0 

0.55 320.8 0.96 0.73 0.13 0.6 26.7 7.5 919 6.5 18.9 
0.6 293.5 1 0.76 0.14 0.6 27.3 7.2 879 6.1 17.6 

Note: The estimates in the above table are limited inside the $1,400/oz Au pit shell. The base case cutoff grade used is 0.35 
g/t gold equivalent. Mineral resources are not mineral reserves because the economic viability has not been demonstrated. 

14.16 Comparison with Previous Estimate of Mineral Resources 

Table 14.10: Comparison of Inferred Mineral Resources 

Date Mtonnes 
Average Grade Contained Metal 

AuEq Au Cu Ag Mo Au Cu Ag Mo 
(g/t) (g/t) (%) (g/t) (ppm) (Moz) (Mlbs) (Moz) (Mlbs) 

Jun-18 408.0 0.85 0.65 0.11 0.6 25.0 8.5 1,033 7.8 22.5 
Dec-17 422.7 0.85 0.65 0.11 0.6 24.8 8.8 1,053 8.2 23.0 

Note: The base case cutoff grade used is 0.35 g/t gold equivalent. Mineral resources are not mineral reserves because 
the economic viability has not been demonstrated. 

There is little change in the estimate of mineral resources compared to the previous estimate that 
was presented in the 2017 Technical Report, as shown in Table 14.10 above.  Both of these 
mineral resource estimates were derived using the same block model with an effective date of 
November 6, 2017.  Since the 2017 Technical Report, there have been minor changes to the 
metal prices used to generate the resource limiting pit shell and the calculation of AuEq grades. 
(current: $1,400/oz Au, $17.00/oz Ag, $3.25/lb Cu, and $10.00/lb Mo vs. December 2017: 
$1,300/oz Au, $18.00/oz Ag, $3.00/lb Cu, and $8.00/lb Mo).  There have also been some minor 
changes to the projected metallurgical recoveries and, based on metallurgical testing, saprolite 
and saprock material have been segregated and removed from the mineral resource estimate. 

14.17 Summary and Conclusions 

Based on the current level of exploration, the Cangrejos deposit contains an inferred mineral 
resource of 408.0 Mt at a grade of 0.65 g/t Au, 0.11% Cu, 0.6 g/t Ag, and 25 ppm Mo containing 
8.5 Moz Au, 1,033 Mlbs Cu, 7.8 Moz Ag, and 22.5 Mlbs Mo.   
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The Cangrejos deposit remains open to the north, south, west, and at depth. 

Lumina continues to conduct in-fill delineation drilling on the Cangrejos deposit and a review of 
the ten drill holes completed since the effective date of this mineral resource estimate indicate 
that they support the current understanding of the geology and mineralization and there are no 
indications that the new drill holes would result in material or significant changes to the current 
estimate of mineral resources at Cangrejos. 
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15 MINERAL RESERVES  

No mineral reserves have been estimated for this Preliminary Economic Assessment.  This 
Preliminary Economic Assessment is preliminary in nature and includes inferred mineral 
resources that are considered too speculative geologically to have the economic considerations 
applied to them that would enable them to be categorized as mineral reserves.  Inferred mineral 
resources have a great amount of uncertainty as to their existence and as to whether they can be 
mined legally or economically.  There is no certainty that the Preliminary Economic Assessment 
will be realized. 
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16 MINING METHODS 

The Cangrejos deposit will be developed using conventional, large-scale, open pit mining 
methods.  FC evaluations were conducted to determine potentially economic pit limits and the 
pushback development sequence.  This work was based on the deposit block model described in 
Section 14.  Four mining phases were designed by WLRC, from which a mine production schedule 
was developed using a declining cutoff grade policy to maximize Project present values. 

16.1 Economic Pit Evaluations 

Table 16.1 summarizes the recovery and economic parameters used in the FC analyses. 

Table 16.1: Floating Cone Recovery and Economic Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A low-grade mineralized material stockpile NSR cutoff of $15.00/t was used in the mine production 
schedule in conjunction with a declining cutoff strategy and includes a rehandling charge of 

Parameter Base Case 

Metal Prices:   
Gold, $/troy oz 1,250.00 
Silver, $/troy oz 17.00 
Copper, $/lb 2.50 
Molybdenum, $/lb 7.00 

Recoveries, %:   
Gold (Au) 84% 
Silver (Ag) 60% 
Copper (Cu) 85% 
Molybdenum (Mo) 65% 

Smelting and/or Refining Charges:   
Au refining, $/oz payable 7.50 
Ag refining, $/oz payable 0.50 
Cu freight, smelting & refining, $/lb payable 0.350 
Mo freight & refining, $/lb payable 0.000 

Payables:   
Gold (Au) 99.5% 
Silver (Ag) 98.0% 
Copper (Cu) 96.5% 
Molybdenum (Mo) 85.0% 

Royalties (NSR basis): 5.0% 
Operating Costs:   

Mineralized material mining, $/t 2.10 
Waste mining, $/t 2.10 
Sustaining mine capital, $/t mined 0.35 
Mineralized material processing, $/t mineralized material 11.00 
General/admin, $/t mineralized material 1.50 

Cutoff grades:   
Internal, NSR $/t 12.50 
Breakeven, NSR $/t 14.95 
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$1.10/t in addition to normal mineral material processing and general/administration costs.  The 
low-grade cutoff also accounts for 5% lower recoveries due to lower average grade for this 
material and some potential oxidation while in stockpile. This schedule and stockpiling 
requirements are described further in Section 16.3. 

Recovery and valuation subroutines were developed to compute NSRs and net values for each 
block.  A fixed density of 2.70 t/m3 was used throughout the FC evaluations.  For this PEA, mineral 
resources classified as inferred were allowed to contribute revenues to the economic pit limit 
evaluations.  None of the mineral resources have been classified as measured or indicated. 

W&N, with sub consultants Dr. R. L. Burk of Burk GeoConsult, LLC, and Dr. B. Fisher of Fisher 
Rock Engineering, LLC, performed geotechnical analyses in support of scoping-level pit slope 
recommendations for the Cangrejos Project.  These analyses were based primarily upon 
geotechnical data collected by Lumina personnel during exploration core drilling and on technical 
reports prepared by independent consultants on behalf of Lumina. 

W&N recommended inter-ramp angles (IRAs) of 45° in saprolith (saprolite and saprock) and 52° 
in partially oxidized and fresh rock, with 20 m of additional catch bench width on 200 m vertical 
intervals.  WLRC estimated the effects of internal ramps and the 20-m step-outs, yielding an 
overall slope angle of 46° for all pit walls in the FC evaluations except the southwest quadrant, 
where an overall slope angle of 41° was projected. 

Table 16.2 summarizes the sensitivity of contained inferred mineral resources within economic 
pit limits to variable metals prices.  The base case (shown in bold font) is defined by prices of 
$1,250/oz Au, $2.50/lb Cu, $17.00/oz Ag, and $7.00/lb Mo.  Price sensitivities were conducted in 
increments of $100/oz Au, ranging from $600-1,400/oz Au; other metal prices were proportioned 
from the base gold price.  An internal NSR cutoff of $12.50/t was applied when estimating 
contained mineral resources for each pit shell (note that NSR values vary with the metals prices 
and are recomputed prior to each FC run).  A 2% per bench discount rate was applied to the net 
block values in the floating cone analyses, which is roughly equivalent to 12% per annum at a 
sinking rate of six benches per year.  This discounting approximates the effects of time value of 
money; penalizing zones of marginal ore-grade blocks and/or high incremental stripping ratios to 
maximize present values for the Project. 
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Table 16.2: Floating Cone Price Sensitivity Analysis 

 

The estimates presented in Table 16.2 should not be confused with mineral reserves.  The results 
of these pit limit analyses should not be relied upon but do provide an indication of potential 
mineral reserves that must be validated by additional exploration and engineering evaluations.  It 
cannot be assumed that all or any part of the above mineral resources will be upgraded to mineral 
reserves.  Mineral resources that are not mineral reserves do not have demonstrated economic 
viability. 

The $1,250 Au shell was selected as the basis for subsequent pit designs. 

16.2 Mining Phase/Pit Design 

The Cangrejos ultimate pit and internal mining phases were designed to accommodate large-
scale mining equipment operating on 10-m benches.  This equipment includes rotary blasthole 
drills capable of drilling holes up to 200 mm in diameter, 15-m3 hydraulic shovels, 14-m3 front-end 
loaders, and off-highway haulage trucks with payload capacities of 91-133 t. 

Pit walls were smoothed from the basis $1,250/oz Au FC shell to minimize or eliminate, where 
possible, noses and notches that could affect slope stability.  Internal haulage ramps were 
included in each pit/phase design to allow for truck access to working faces.  Inter-ramp and 
bench face angles and catch bench widths are based on W&N’s preliminary design 
recommendations.  The basic parameters used in the design of four mining phases, or pushbacks, 
are summarized in Table 16.3 below. 

 

 

 

 

 

 

 

 

Metal Prices Inferred Resources >= 12.50 NSR $/t  (Internal Cutoff) Waste Total Strip
Au $/oz Cu $/lb Ktonnes NSR $/t AuEqv Au g/t Ag g/t Cu% MoPPM Ktonnes Ktonnes Ratio

1,400 2.80 406,393 28.77 0.81 0.66 0.60 0.12 25.2 420,501 826,894 1.03
1,300 2.60 376,396 27.23 0.83 0.68 0.60 0.12 25.8 390,517 766,913 1.04
1,250 2.50 361,997 26.43 0.83 0.68 0.61 0.12 26.0 379,194 741,191 1.05
1,200 2.40 346,588 25.64 0.84 0.69 0.61 0.12 26.3 368,642 715,230 1.06
1,100 2.20 314,194 24.02 0.86 0.71 0.61 0.12 26.9 349,172 663,366 1.11
1,000 2.00 202,813 22.65 0.89 0.74 0.62 0.13 28.8 181,203 384,016 0.89

900 1.80 123,582 21.47 0.94 0.78 0.64 0.13 30.8 84,402 207,984 0.68
800 1.60 79,466 20.22 1.00 0.84 0.68 0.14 32.1 48,519 127,985 0.61
700 1.40 44,437 18.74 1.06 0.91 0.63 0.13 37.5 21,008 65,445 0.47
600 1.20 11,939 17.61 1.16 1.01 0.79 0.14 34.4 3,162 15,101 0.26
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Table 16.3: Basic Pit Design Parameters 

Parameter Unit Value 

Bench height m 10 

Saprolith (saprolite + saprock) bench face angle degrees 60 

Saprolith inter-ramp angle degrees 45 

Saprolith vertical interval between catch benches m 10 

Saprolith catch bench width m 4.23 

Hard rock (part oxidized + fresh) bench face angle degrees 71 

Hard rock inter-ramp angle degrees 52 

Hard rock vertical interval between catch benches m 20 

Hard rock catch bench width m 8.7 

Haul road width (including ditch & safety berm) m 31 

Internal ramp gradient % 10 

Minimum pushback width m 55-60 

 

The ultimate pit was designed prior to geologic modeling of the saprolith/hard rock interface.  
Consequently, WLRC followed original design guidance of using single benching and an inter-
ramp angle of 45° in the first 30 m below the topographic surface as a proxy for the saprolith 
thickness.  A double-benched, inter-ramp slope angle of 52° was used below this depth for hard 
rock (partially oxidized and fresh rock) up to a stack height limit of 200 m.  A 20-m-wide step-out 
was added to the catch bench widths at the 600, 800, and 1000 m elevations to break up the 
stack height.  A spiraling ramp to the pit bottom obviated the need for step-outs below the 600 m 
bench.  A 21-m-wide, single-lane ramp was used below the 400 m bench, with a passing lane 
between the 325 and 340 m elevations.  No special step-outs were designed at the presumed 
saprolith/hard rock contact as no geologic models of the weathered zones were available at the 
time of design.  Resulting overall slopes are about 46-47° on the northwest, north, east and 
southeast walls, and only about 42° on the southwest wall due to a lower wall height and more 
ramps placed in this area of lower topography. 

The above pit slope angles, step-out widths, and maximum stack heights were taken from 
preliminary recommendations made by W&N and are based on the review of geological and 
geotechnical databases developed by or for Lumina, and on appropriate analyses.  W&N did not 
perform independent data collection or testing nor visit the open pit site.  Major structural features 
(i.e., regional faults) have not been identified.  Appropriate to the preliminary nature of the slope 
design evaluation, the following simplifying assumptions were made: 

 The rock mass was assumed to be mono-lithologic (meta diorite). 

 “Good Quality” rock in terms of geomechanical properties was assumed 
throughout the deposit. 

 No penalty to rock mass strength was applied for the possible adverse orientation 
of the structural fabric because it is, as yet, unquantified due to the lack of 
mappable surface exposures of fresh bedrock. 
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 The pit slopes would be depressurized.  A hydrogeological investigation program 
is recommended for the next stage of analysis to optimize the slope 
depressurization system to meet pit slope geotechnical requirements. 

The ultimate pit is approximately 1,450 m wide E-W and over 1,400 m N-S at the crest.  Elevations 
range from 290 m at the bottom to 1,109 m at the highest crest in the northeast wall.  The 
maximum overall wall height is approximately 800 m.  The ultimate pit will disturb about 179 ha 
of the existing topographic surface (i.e., within the pit crest).  The ultimate pit design is shown in 
Figure 16.1 along with an external access ramp to the 1,000 m elevation east of the pit.  Grid lines 
are on 500 m intervals. 

Note: Grid lines are on 500 m intervals. Source: WLRC, 2018 

Figure 16.1: Ultimate Pit Design 

Phase 1, the starter pit, was fit between the $700 and $800/oz floating cone shells and lies mostly 
in the center of the ultimate pit area, except for a small portion that extends to the ultimate pit 
limits on the west side near the pit exit at the 700 m elevation.  The Phase 1 pit is about 1,100 m 
wide E-W and roughly 850 m N-S, with elevations ranging between 660 and 990 m for a total 
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depth of 330 m.  A ramp was left in the upper east wall for access to the 800 m bench and mid-
level Phase 2 development. 

Mining Phase 2 was fit to the approximate extents of the $900/oz Au FC shell, except for minimum 
mining width offsets on the east and southwest walls.  The pit bottom reaches the 550-m bench 
in this pushback and the highest crest elevation is 1,040 m along the north wall.  A ramp is left in 
the upper south, east and northern pit walls to limit stack heights and provide shorter mineralized 
material hauls for subsequent Phase 3 development. 

In a similar fashion, Phase 3 was fit between the $1,000 and $1,100/oz Au floating cone shells.  
The north and northeast pit walls reach the ultimate limits above the 860 m level, while the 
southeast wall is final above the upper ramp between the 730 and 770 m elevations.  This ramp, 
between 55 and 85 m wide, will be mined with step-outs on the northwest and northeast sides, 
allowing some waste rock stripping to be deferred to Phase 4 and providing more flexibility in 
production scheduling.  Phase 3 mining elevations will range between 1,100 m along the 
northeast crest to 410 m at the pit bottom. 

Phase 4, the final pushback, mines to the ultimate pit limits below the 860 m level, trimming out 
the upper ramp and step-outs.  The final ramp descends from the pit exit on the west side (690 m 
elevation) to the southeast until reaching a switchback at the 630 m level, then spirals downward 
to the pit bottom at the 290 m bench. 

Figure 16.2 through Figure 16.5 present images of each mining phase to illustrate the general pit 
development sequence.  Grid lines are on 500 m intervals. 

Note: Grid lines are on 500 m intervals. Source: WLRC, 2018 

Figure 16.2: Mining Phase 1 
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Note: Grid lines are on 500 m intervals. Source: WLRC, 2018 
Figure 16.3: Mining Phase 2 

Note: Grid lines are on 500 m intervals. Source: WLRC, 2018 

Figure 16.4: Mining Phase 3 
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Note: Grid lines are on 500 m intervals. Source: WLRC, 2018 

Figure 16.5: Mining Phase 4 

16.3 Mine Production Schedule 

After the completion of the pit/phase designs, the deposit model was updated with geologic 
interpretations of the contacts between saprolite, saprock, partially oxidized rock, and fresh rock.  
Codes were then assigned to each model block according to the geologic zone occupied by the 
block’s centroid.  Bulk densities vary by geologic zone.  Table 16.4 summarizes the zones and 
the corresponding in-situ dry densities.  A default density of 2.70 t/m3 was used for undefined 
blocks. 

Table 16.4: Geologic Zones and Bulk Densities 

Geologic Zone Model Code 
Density 
(t/m3) 

Saprolite 1 1.50 

Saprock 2 1.90 

Partially Oxidized 3 2.70 

Fresh Rock 4 2.70 

 
Estimates of inferred mineral resources contained within the four mining phases were based on 
the updated deposit model.  The sample compositing and block grade interpolation processes 
used to construct the Cangrejos deposit model are believed to incorporate sufficient dilution and, 
hence, no additional dilution factors were applied for estimates of contained mineral resources.  
A 100% mineralized material recovery factor was also applied to these estimates.  NSR values 
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were computed using the metallurgical recoveries and costs presented in Table 16.1 and base 
case metal prices of $1,250/oz Au, $2.50/lb Cu, $17.00/oz Ag, and $7.00/lb Mo. 

The proposed development plan for the Cangrejos Project envisions starting with one grinding 
line rated at a nominal capacity of 40,000 tpd.  A second identical grinding circuit will be brought 
on line at the beginning of Year 6, increasing the total milling rate to a maximum of 80,000 tpd. 

The mine production schedule must incorporate sufficient advanced stripping to allow an 
uninterrupted supply of mineralized material to the concentrator.  This includes a 15-month 
preproduction stripping period that allows for the ramp-up of mining crews and equipment. 

Processing stockpiled mineralized saprolite and saprock material may be possible through a 
cyanidation leach plant after further metallurgical testing but is not included in the mine production 
and concentrator feed schedule.  Only partially oxidized and fresh rock zones were considered 
as potential concentrator feed; all saprolite and saprock were treated as waste. 

The basic operating and scheduling parameters used to develop the mine production schedule 
are summarized in Table 16.5 below.  Target concentrator feed rates include a ramp-up of a single 
grinding line in Year 1 and a second grinding line in Year 6. 

Table 16.5: Production Scheduling Parameters 

Parameters Unit Value 

Annual target ore production rates:     

Y1 Mt 10.22 

Y2-Y5 Mt 14.6 

Y6 Mt 26.28 

Y7+ Mt 29.2 

Daily milling rates:     

Y1-Y5 t 40,000 

Y6+ t 80,000 

Operating hours per shift h 12 

Operating shifts per day shifts/day 2 

Operating days per week d/wk 7 

Scheduled mine operating days per year d/a 360 

 
A production scheduling analysis indicated that a variable cutoff strategy employing initial NSR 
cutoffs of $16.00-17.00/t during the first several years of operation and declining to the $12.50/t 
internal cutoff by Year 8 would improve the present value of pretax profits by nearly 5%.  

Table 16.6 summarizes the mine production schedule based on inferred mineral resources and a 
declining cutoff grade policy that improves Project present values.  Peak material handling rates 
in the mine, including waste, would be nearly 190,000 tpd, or 68.2 Mtpa, during Years 7- 8.  The 
stripping ratio would average 1.13:1 (tonnes of waste and stockpiled material per tonne of 
mineralized material milled).  Concentrator feed rates are reduced to 40,000 tpd in Year 14 and 
thereafter due to sinking rate limitations and anticipated operating congestion at the bottom of the 
open pit.  The concentrator feed schedule is presented in Table 16.7.
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Table 16.6: Mine Production Schedule 

 

Plant feed and stockpiles are based on inferred mineral resources. 
NSR values are based on $1,250/oz Au, $17.00/oz Ag, $2.50/lb Cu, and $7.00/lb Mo 

 

 

 

Time NSR $/t Direct Plant Feed (above NSR cutoff) To ROM Stkp (above NSR cutoff) To LG Stkp (>= $15.00/t NSR) ROM Stkp Reclaim LG Stkp Reclaim Waste Total Strip
Period Cutoff Ktonnes NSR $/t Au g/t Cu% Ktonnes NSR $/t Au g/t Cu% Ktonnes NSR $/t Au g/t Cu% Ktonnes Au g/t Cu% Ktonnes Au g/t Cu% Ktonnes Ktonnes Ratio

PP 16.00 1,891 31.42 0.89 0.07 47 15.52 0.46 0.02 7,555 9,492 n/a  
1 16.00 8,329 30.34 0.82 0.11 298 15.49 0.42 0.05 1,891 0.89 0.07 17,202 27,720 1.71
2 16.00 14,600 29.61 0.79 0.12 484 15.51 0.40 0.07 18,516 33,600 1.30
3 16.00 14,600 29.49 0.78 0.11 525 15.49 0.40 0.06 18,475 33,600 1.30
4 17.00 14,600 29.39 0.79 0.11 1,195 15.96 0.42 0.07 22,805 38,600 1.64
5 15.00 14,600 29.61 0.78 0.12 28,000 42,600 1.92
6 14.00 26,280 24.73 0.64 0.11 39,000 65,280 1.48
7 13.00 29,200 25.81 0.65 0.13 39,000 68,200 1.34
8 12.50 29,200 24.90 0.65 0.11 39,000 68,200 1.34
9 12.50 29,200 23.12 0.60 0.10 30,300 59,500 1.04

10 12.50 29,200 22.59 0.59 0.09 30,300 59,500 1.04
11 12.50 29,200 21.92 0.56 0.10 30,300 59,500 1.04
12 12.50 29,200 22.69 0.58 0.11 29,137 58,337 1.00
13 12.50 29,200 23.12 0.57 0.13 20,509 49,709 0.70
14 12.50 14,600 41.50 1.06 0.20 6,140 20,740 0.42
15 12.50 14,600 48.11 1.22 0.24 2,138 16,738 0.15
16 12.50 7,454 33.62 0.84 0.17 2,548 0.41 0.06 1,324 11,327 0.13

 Total 334,063 26.88 0.69 0.12 1,891 31.42 0.89 0.07 2,548 15.72 0.41 0.06 1,891 0.89 0.07 2,548 0.41 0.06 379,701 722,643 1.13
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Table 16.7: Concentrator Feed Schedule 

Plant feed is based on inferred mineral resources. 
NSR values are based on $1,250/oz Au, $17.00/oz Ag, $2.50/lb Cu, and $7.00/lb Mo 

Time NSR $/t Total Plant Feed Contained Metal in Plant Feed
Period Cutoff Ktonnes NSR $/t AuEqv Au g/t Ag g/t Cu% MoPPM AuEqv Koz Au Koz Ag Koz Cu K-lb Mo K-lb

PP 16.00
1 16.00 10,220 30.54 0.96 0.83 0.44 0.10 36.1 316              274         143         22,531        813            
2 16.00 14,600 29.61 0.93 0.79 0.57 0.12 33.3 438              369         266         37,015        1,071        
3 16.00 14,600 29.49 0.93 0.78 0.59 0.11 34.0 437              368         278         36,693        1,093        
4 17.00 14,600 29.39 0.93 0.79 0.59 0.11 31.6 435              368         279         35,406        1,017        
5 15.00 14,600 29.61 0.93 0.78 0.62 0.12 32.6 438              365         289         38,946        1,049        
6 14.00 26,280 24.73 0.78 0.64 0.53 0.11 26.8 659              542         448         63,151        1,553        
7 13.00 29,200 25.81 0.81 0.65 0.59 0.13 28.8 764              612         556         82,399        1,853        
8 12.50 29,200 24.90 0.79 0.65 0.59 0.11 23.9 737              607         553         70,168        1,540        
9 12.50 29,200 23.12 0.73 0.60 0.51 0.10 24.9 684              564         481         64,374        1,602        
10 12.50 29,200 22.59 0.71 0.59 0.47 0.09 23.4 668              557         440         59,868        1,505        
11 12.50 29,200 21.92 0.69 0.56 0.48 0.10 25.7 649              528         450         65,018        1,652        
12 12.50 29,200 22.69 0.72 0.58 0.51 0.11 20.5 671              548         479         67,593        1,320        
13 12.50 29,200 23.12 0.73 0.57 0.55 0.13 22.1 684              535         512         81,755        1,422        
14 12.50 14,600 41.50 1.31 1.06 0.98 0.20 24.4 614              499         461         63,731        786            
15 12.50 14,600 48.11 1.52 1.22 1.17 0.24 25.8 712              572         548         77,571        832            
16 12.50 10,003 29.06 0.92 0.73 0.80 0.14 27.7 295              236         258         31,949        611            

 Total 338,503 26.82 0.85 0.69 0.59 0.12 26.4 9,203          7,544     6,441     898,170     19,718     
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This Preliminary Economic Assessment is preliminary in nature and includes inferred mineral 
resources that are considered too speculative geologically to have the economic considerations 
applied to them that would enable them to be categorized as mineral reserves.  Inferred mineral 
resources have a great amount of uncertainty as to their existence and as to whether they can be 
mined legally or economically.  There is no certainty that the Preliminary Economic Assessment 
will be realized. 

16.4 Waste Rock Storage and Stockpiling 

Approximately 1.9 Mt of potentially economic-grade partially oxidized and fresh rock will be 
stockpiled during preproduction stripping atop a relatively flat ridge on the southwest side of the 
open pit.  After this stockpile is reclaimed for plant feed early in Year 1, this site will receive about 
2.5 Mt of low grade mineralized material stockpiled during Years 1-4.  The WRSF will be located 
in a drainage basin south of the open pit and will hold nearly 380 Mt of waste rock, saprolite and 
saprock according to the mine production schedule.  Figure 16.6 shows the anticipated locations 
of the preproduction/low-grade mineralized material stockpile and the Ausenco-designed WRSF, 
along with the plant and some of the supporting mine infrastructure at lower elevations (280-375 
masl) to the southwest.  Grid lines are on 1,000 m intervals.  The primary crusher is about 250 m 
northwest of the pit exit and has a tip elevation of 700 masl.  A run-of-mine (ROM) mineralized 
material stockpile immediately northeast of the crusher has a capacity of about 230,000 t. 

The WRSF design has a maximum storage capacity to a crest elevation of 860 masl of about 462 
Mt (243 M m3) based on a net swell density of 1.9 t/m3.  A crest elevation at 790 masl would allow 
storage of 380 Mt; consequently, the height of the WRSF would be at least 460 m with the toe at 
an elevation of 330 masl.  The WRSF will be constructed in 20-m lifts from the bottom up.  To the 
extent possible, saprolite and saprock will be stored away from the toe areas of the WRSF and at 
higher elevations to facilitate WRSF stability and capping the WRSF with growth media.  As the 
WRSF dumping levels rise, lower slopes will be regraded, covered with growth media and re-
vegetated to reduce erosion and help stabilize the slopes.  Ausenco’s WRSF and external haul 
road designs are described further in Section 18 of this report. 
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Note: Grid lines are on 1,000 m intervals. Source: WLRC, 2018 

Figure 16.6: Waste Rock Storage and Mine Facilities 

16.5 Mine Equipment 

Medium- to large-scale open pit mining equipment operating on 10-m bench intervals will be used 
at the Cangrejos Project to extract mineralized material and waste rock.  The mining fleet will 
consist entirely of diesel-powered machinery to provide maximum flexibility in pit operations. 

The production schedule presented in Table 16.6 was used as the basis for determining 
equipment requirements.  It was assumed that the Owner would perform all mining functions 
except blasting, which will be handled by a contractor providing blasthole loading and shot 
service.   Owner’s equipment and personnel would perform all mineralized material and waste 
mining, including preproduction stripping, and equipment maintenance/repair activities.  Mine 
operations would be scheduled for two 12-hour shifts per day, 7 days per week, for a total of 360 
days per year.  A provision was made for 5 lost days per year due to adverse weather and/or 
holidays.  Four crews, rotating between day and night shifts, will provide continuous operator and 
maintenance labor coverage for the mine. 
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The selected primary mining fleet includes the following: 

 Rotary blasthole drills capable of 200-mm-diameter holes 

 15-m3 hydraulic shovels for hard rock 

 11-m3 hydraulic shovel for saprolith 

 14-m3 front-end loaders 

 133-t off-highway haul trucks for hard rock 

 91-t haul trucks with anti-stick liners for saprolith 

 447-kW and 325-kW crawler dozers 

 370-kW rubber-tired dozers 

 216-kW and 178-kW motor graders 

 30,000-liter (91-t) water trucks 

A portable crushing and screening plant with a rated capacity of about 500 tph will produce 
crushed rock for blasthole stemming and road surfacing throughout the Project area.  A 30-t 
vibratory compactor will be needed for haul road maintenance/construction and engineered 
earthworks.  Other auxiliary equipment will be used for miscellaneous earthworks and 
construction around the mine and WRSF sites, cleaning out minor ditches and sumps, equipment 
assembly and maintenance, fueling and lubrication services, loading/unloading mining supplies 
and repair parts, transporting mine personnel, and other mine support duties. 

The mine equipment fleet is presented for selected years (1, 4, 7, and 14) in Table 16.8.  The 
peak 133-t haul truck requirements of 36 units occurs in Year 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



        
 

 
Effective Date: June 27, 2018  16-15 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

Table 16.8: Mine Equipment Fleet for Selected Years 

Equipment Y1  Y4  Y7  Y14  

Primary:  
    

Rotary blasthole drill, 200 mm dia 2 4 7 3 
Pioneering drill, hydraulic, crawler 2 2 2 2 
Hydraulic shovel, 15 m3 3 3 5 2 
Hydraulic shovel, 11 m3 1 1 2 1 
Front-end loader, 14 m3 1 1 1 0 
Front-end loader, 7 m3 1 1 1 1 
Haul truck, 133 t  18 31 36 20 
Haul truck, 91 t 11 7 4 0 
Lt. haul truck, 39 t 5 5 5 4 
Crawler dozer, 447 kW 4 4 5 3 
Crawler dozer, 325 kW 2 2 2 2 
Rubber-tired dozer, 370 kW 2 2 3 2 
Motor grader, 216 kW 4 4 6 4 
Motor grader, 178 kW 2 2 2 2 
Water truck, 30,000-liter (91 t) 2 2 2 2 
Vibratory compactor, 30 t 1 1 1 1 

Ancillary:  
    

Powder magazine, 14-t 1 1 2 2 
AN storage bin, 60-t 1 2 3 3 
Emulsion storage bin, 65-t 1 1 2 2 
Integrated tool carrier, 105 kW 2 2 3 2 
Hydraulic hammer 1 1 1 1 
Excavator, 6 m3 1 1 1 1 
Excavator, 3 m3 1 1 1 1 
Backhoe loader, 1.1 m3 1 1 1 1 
Aggregate plant, 500 tph 1 1 1 1 
All-terrain crane, 80 t 1 1 1 1 
Fuel/lube truck, large 1 1 1 1 
Fuel/lube truck, small 1 1 1 1 
Mechanic field service truck 3 3 3 3 
Medium-duty field truck with crane 1 1 1 1 
Off-road tire handling truck 1 1 1 1 
Tire handling forklift 1 1 1 1 
Shop forklift, 16 t 1 1 1 1 
Shop forklift, 5 t 2 2 2 2 
Light plant 12 12 12 12 
Pickup truck, 0.5 t, 4WD 15 15 15 15 
Crew van, 12-passenger 3 3 4 3 
Mine dispatch system 1 1 1 1 
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16.6 Mine Workforce 

Mine workforce requirements were estimated on the basis of working two 12-hour shifts per day, 
7 days per week, 52 weeks per year.  A standard, four-crew rotating work schedule for craft labor 
and front-line supervision will be used for around-the-clock coverage.  Each person will average 
42 scheduled working hours per week, for a total of 2,184 hours per year.  A 7% allowance was 
added for coverage of vacation, sickness, and absenteeism (VSA). 

All mine personnel, including supervision and technical services positions, have been assumed 
to be Ecuador nationals.  No expatriate personnel have been included in the staffing levels and 
mine operating cost estimates.  Mine personnel requirements are based on the Owner performing 
all mining functions except blasting.  The use of contractors for downhole explosives supply and 
shot services are included in the blasting agent prices. 

Onsite maintenance work will include equipment repairs, preventative maintenance (lubrication, 
filters, cleaning, painting), and bucket and bed reconstruction with new wear parts/steel.  
Component rebuilds will be performed at the facilities of supporting vendors rather than at the 
mine.  As the mine will only need electric power for pit dewatering, the portable aggregate plant, 
truck shop and fueling station, the mine department will not have dedicated staff for electrical 
systems maintenance but will rely on processing plant electrical personnel for such coverage. 

The projected mine workforce is presented for selected years (1, 4, 7, and 14) in Table 16.9.  A 
peak mine workforce of 543 is projected in Year 6. 

Table 16.9: Mine Workforce for Selected Years 

Position Y1   Y4   Y7   Y14   

Operations, Craft Labor 214 235 282 140 
Maintenance, Craft Labor 98 116 142 72 

Supervision & Technical 86 92 96 69 

Total Mine Department 398 443 520 281 
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17 RECOVERY METHODS 

17.1 General 

The processing plant for Cangrejos is a conventional copper-gold flotation concentrator.  It has 
been designed to treat 40,000 tpd (14.6 Mtpa) of mineralized material during the first 5 years of 
operation and then be expanded to process 80,000 tpd (29.2 Mtpa) thereafter.  The plant feed 
contains 0.59 gpt silver, 0.69 gpt gold, 0.12% copper and 26 ppm molybdenum.  The plant is 
designed to treat fresh and partially oxidized material to produce gravity gold concentrates, 
copper-gold flotation concentrates and molybdenum flotation concentrates that will be trucked to 
Puerto Bolivar and shipped to smelters and refiners for further processing.  Near-surface saprolite 
and saprock materials are not included in the current processing plan as they respond poorly to 
the selected concentration processes. 

The metallurgical test program results were utilized to develop the process plant design and 
flowsheet. 

17.2 Process Plant Design and Flowsheet 

The plant will process the material via a primary crusher, an overland conveyor, a single SAG 
mill, two ball mills, gravity gold concentrators, bulk copper-molybdenum flotation and copper-
molybdenum separation flotation.  Flotation tailings will be filtered and then conveyed to a nearby 
storage area and stacked.  Filtrate water is recycled to the plant.  The primary crusher, overland 
conveyor and reagent systems are designed for the higher throughput rate; however, the grinding, 
flotation, thickening, concentrate handling, and tailings filtering systems will be duplicated for the 
expansion. 

A trade-off study was conducted that compared SAG/Ball mill grinding to HPGR/Ball mill grinding.  
For this study the SAG/Ball mill grinding circuit was selected primarily due to its lower capital cost.  
The next phase of study should include a more detailed capital and operating cost comparison.  
HPGR testwork will require 600 kg of representative sample material to support the next phase. 

The key process plant design criteria for processing fresh rock are presented in Table 17.1. 
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Table 17.1: Key Process Design Criteria 

 
Criteria 

 
Units 

Design 
Value 

 
Source 

Plant Throughput Years 1 – 5 Mtpa 14.6 mine plan 

Plant Throughput Years 6 – 13 tpd 80,000 mine plan 

Plant Throughput Years 6 – 13 Mtpa 29.2 mine plan 

Plant Throughput Years 1 – 5 tph 1,800 Calc for Design 

Plant Throughput Years 6 – 13 tph 3,600 Calc for Design 

Head Grade gpt Au 0.69 mine plan 

Head Grade gpt Ag 0.59 mine plan 

Head Grade % Cu 0.12 mine plan 

Head Grade ppm Mo 26 mine plan 

Mineralized Material Specific Gravity g/cc 2.7 Testwork 

Gravity Gold Recovery % 37 Calc from Testwork 

Gold Flotation Recovery % 45 Calc from Testwork 

Gravity and Float Silver Recovery % 79 Calc from Testwork 

Copper Flotation Recovery % 82 Calc from Testwork 

Molybdenum Flotation Recovery % 50 Calc from Testwork 

Crushing and Conveying Availability % 70 ONIX Engr 

Grind/Float Plant Availability % 92 ONIX Engr 

Uniform Compressive Strength (UCS) Mpa 99 Testwork – Average 
  JKDWT A X b 25.8 Testwork – Average 
Bond Ball Mill Work Index (BWi) kWh/t 15.5 Testwork – Average 

Bond Abrasion Index (Ai) g 0.252 Testwork – Average 

Primary Grind Size (p80) microns 91 Testwork 

Concentrate Regrind Size (p80) microns 34 Testwork 

Rougher Float Time minutes 22 Testwork – Factored 

Tails Thickener sizing sq m/tpd 0.08 Testwork 

 

The process flowsheets are presented in Figure 17.1 and Figure 17.2 and were developed from 
metallurgical testwork and the design criteria.  The process flowsheets include the following unit 
processes: 

 Primary crushing and overland conveyor 

 Crushed mineralized material stockpile and reclaim 

 SAG mill with discharge screening and pebble crushing 

 Ball mill grinding with hydro-cyclone classification  

 Gravity gold concentrators with cleaner concentrate filtering 

 Bulk copper-molybdenum rougher flotation 

 Bulk rougher concentrate regrinding 

 3-Stage bulk concentrate cleaners and cleaner scavenger flotation 
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 Thickening of bulk concentrate 

 Copper-molybdenum separation flotation via roughers, scavengers, and 5 stages 
of cleaning 

 Thickening and filtering of copper and molybdenum final concentrates in pressure 
filters 

 Thickening and filtering of flotation tailings and recycling decant water 

 Conveying and stacking the filtered tailings in a storage area 
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Figure 17.1: Process Flowsheet 
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Figure 17.2: Tailings Filtration  Flowsheet
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17.3 Process Equipment 

Table 17.2 presents a listing of the major process equipment for the initial operation. 

Table 17.2: Major Process Equipment (40k tpd case) 

Equipment No. Size Each kW each 
Primary Crusher 1 60" X 110" 750 
Overland Conveyor 1 60" X 1.8 km 2,000 
Coarse Mineralized Material Stockpile 1 40000 t cap. N/A 
SAG mill 1 40' X 27' 23,300 
Ball mills 2 24' X 38' 11,200 
Pebble crusher 1 cone 520 
Centrifugal Gravity Concentrators 2 KC-Q570 765 
Rougher Tank Cells 16 100 cu m 95 
Vertimill Regrind mills 2 300 tph 3,100 
Bulk Cleaner Cells 12 50 cu m 55 
Bulk Scavenger Cleaner Cells 12 50 cu m 55 
Bulk 2nd Cleaner Cells 6 20 cu m 30 
Bulk 3rd Cleaner Cells 6 20 cu m 30 
Bulk Concentrate Thickener 1 30 m dia. 20 
Tails Thickeners 2 45 m dia. 50 
Tails Filters 8 700 sqm  75 
Tails Overland Conveyor 1 60" X 1.0 km 1,000 
Tails Mobile Conveyor and Stacker 1 54" X 1.5 km 2,400 
Conditioning Tank 1 22' X 22' 75 
Moly Rougher Cells 6 28.3 cu m 30 
Moly 1st Cleaner Cells 4 4.2 cu m 7 
Moly Cleaner Scavenger Cells 2 4.2 cu m 7 
Moly 2nd Cleaner Cells  3 1.7 cu m 5 
Moly 3rd Cleaner Cells 2 1.7 cu m 5 
Moly 4th Cleaner Cells 2 1.7 cu m 5 
Moly 5th Cleaner Cells 2 1.7 cu m 5 
Moly Concentrate Thickener 1 5 m dia. 3 
Copper Concentrate Thickener 1 30 m dia. 5 
Moly Filter 1 121 sq m  20 
Moly Dryer - gas-fired rotary 1 1.2 m X 9.1 m 15 
Copper Concentrate Filter 1 186 sq m 30 
Back up diesel generators 1 set 150 
Reagent Storage and Mix Tanks 8 50 cu m 20 
Lime Storage and Prep Plant 1 system 75 
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Estimates of connected power requirements for Phase 1, construction, Phase 2, initial operation 
Years 1-5 at 40,000 tpd, and Phase 3, expansion operation Years 6-15 at 80,000 tpd are 10 MW, 
80 MW, and 155 MW, respectively.  Actual power draw, or demand, is approximately 70% of the 
connected load, which in this case results in 56 MW and 108 MW for Phase 2 and 3 operations, 
respectively.   

17.4 Process Plant Description 

A description of the process facilities is presented below. 

17.4.1 Crushing, Conveying, and Stockpiling 
ROM material is hauled from the mine by truck and either stockpiled or dumped directly into a 60” 
X 110” gyratory crusher.  The crusher product, at a crush size p80 of 7”, discharges via apron 
feeders onto a transfer conveyor and then onto the overland conveyor system.  The overland 
conveyor is 60” wide and has an overall length of 1.8 km.  The crushing and conveying circuits 
are designed to handle the expanded 80,000 tpd plant throughput rate.  The conveyed material 
is dumped onto a 40,000 t live-capacity stockpile located near the concentrator.  An additional 
stockpile will be developed for the expansion.   

17.4.2 SAG Mill Grinding and Pebble Crushing 
Crushed material is reclaimed from the stockpile via apron feeders, a tunnel under the stockpile, 
and a 36” wide conveyor that feeds the SAG mill.  The SAG mill is 40’ diameter by 27’ long and 
is equipped with a 23.3 MW wrap-around motor. Water is added to the material as it enters the 
mill.  The SAG mill is equipped with metal liners and 5” diameter balls for grinding.  Ground 
material exits the SAG mill and passes over a 20 m2 vibrating screen.  Screen oversize is 
conveyed to a pebble cone crusher equipped with a 520 kW motor, crushed and then conveyed 
back to the SAG mill. 

17.4.3 Ball Mill Grinding and Gravity Concentration 
SAG discharge screen undersize (- 3 mm) is split and directed to the discharge sumps of two ball 
mills, each operating in parallel and equipped with metal liners and 2.5” diameter grinding balls.  
The ball mills are each 24’ diameter by 38’ long and equipped with 11.2 MW motors.  Ball mill 
discharge slurries are pumped to hydro-cyclones with the overflow product having a grind size 
p80 of 91 microns.  Cyclone underflow is split with some feeding a centrifugal concentrator to 
recover a gravity concentrate and the remainder directed back to the ball mill for further grinding.  
Concentrate from the first gravity concentrator is fed to a cleaner gravity concentrator to produce 
a final gold-silver gravity concentrate that is filtered and then containerized for shipment offsite. 

17.4.4 Bulk Copper-Molybdenum Flotation and Regrinding 
Cyclone overflows are directed to two parallel rows of 8 each 100 m3 tank cells each equipped 
with concentrate launders, level controllers, agitators, and 95 kW motors.  Rougher concentrates 
are pumped to two Vertimills, each equipped with 1” balls and 3.1 MW motors, to grind to a p80 
of 34 microns.  Ground concentrates are pumped to 3-stages of cleaner flotation and a cleaner 
scavenger circuit to produce a bulk copper-molybdenum concentrate.  Third cleaner concentrate 
is directed to a 30 m diameter bulk concentrate thickener.   

17.4.5 Copper-Molybdenum Separation Flotation 
Bulk concentrates from the thickener underflow are first pumped to a conditioner where NaHS is 
added to depress copper minerals and prevent them from floating.  From the conditioner the 
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concentrate is pumped to molybdenum roughers, 5 stages of cleaner flotation, and a cleaner 
scavenger.  Fifth cleaner concentrate is final molybdenum concentrate and molybdenum rougher 
tails are the final copper concentrate.  Concentrates are then pumped to their respective 
thickeners, 30 m diameter for copper and 5 m diameter for molybdenum. 

17.4.6 Product Filtering and Drying 
Thickener underflows are first pumped to agitated storage tanks and then to plate-and-frame 
pressure filters.  Copper concentrate is filtered by a 186 m2 filter and the molybdenum by a 121 
m2 filter.  Copper concentrates are stored and shipped in containers via truck to the port while 
molybdenum concentrates are dried in a gas-fired rotary drier and then bagged for shipment. 

17.4.7 Tailings Thickening and Pumping 
Bulk cleaner scavenger tails are combined with bulk rougher tails and directed to two 45 m 
diameter tailings thickeners operating in parallel.  Thickener underflows are pumped to the tails 
filter plant.  The tails are filtered in eight 700 m2 plate-and-frame pressure filters and then 
conveyed overland 1 km to a storage area equipped with mobile conveyors and a stacker.  Filtrate 
water is recycled to the process plant. 

17.4.8 Reagent Systems 
PAX is a gold and copper flotation collector and is shipped as a powder in barrels.  It is mixed in 
a tank with fresh water to form a solution strength of 20% and then added to the bulk flotation 
circuit. 

MIBC is a frother and is shipped to site in bulk liquid form in barrels.  MIBC is transferred to tanks 
and then added in full strength to the bulk flotation circuits. 

Pine Oil is a frother and is shipped to site in bulk liquid form in barrels.  Pine Oil is transferred to 
tanks and then added in full strength to the bulk flotation circuits. 

Fuel Oil is a molybdenum collector, comes in bulk liquid form (can be emulsified) and then added 
direct to the bulk flotation circuits. 

NaHS is a copper mineral depressant and delivered as dry flakes in bags or barrels.  It is mixed 
in a tank with fresh water to form a solution strength of 20% and then added to the separation 
flotation circuit.  

Antifoam is delivered in liquid form in barrels and added directly to float circuits as needed. 

Anionic flocculant is delivered in dry form in bags and is mixed with water in a mix tank to a 
solution strength of 5% and added to the thickener feed streams to enhance solids settling. 

Lime is delivered in bulk, stored, mixed with water in a mix tank, and pumped to the bulk cleaner 
flotation circuits for pyrite depression. 

17.4.9 Plant Support Systems 
The plant support systems include an analytical laboratory, metallurgical laboratory, process 
water recirculation, fire pumps (diesel and electric) and fire protection, back-up diesel generation 
high and low-pressure plant air, fresh water distribution, and a pump gland seal system.  Also 
included will be a truck scale, hoists, cranes, sump pumps, automatic plant on-stream samplers, 
standard industrial mineral process control systems (field instruments, PLCs, PCs), and 
operations control rooms. 
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17.5 Plant General Arrangement 

Figure 17.3 is a conceptual general arrangement of the process plant showing the initial and 
expanded plant layout. 

Figure 17.4 is a conceptual general arrangement of the tailings filtration plant showing the initial 
plant layout. 
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Figure 17.3: Conceptual Process Plant General Arrangement 



       
 

 
Effective Date: June 27, 2018  17-11 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

Figure 17.4: Conceptual Tailings Filtration General Arrangement
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17.6 Process Consumables and Process Water Requirements 

17.6.1 Process Consumables 
Process plant consumables are shown in Table 17.3.  Consumption rates for liners and grinding 
balls were calculated using results from Bond work index and abrasion tests while reagents were 
based on actual reagents consumed during laboratory flotation and settling tests. 

Table 17.3: Process Consumables 

    (40k tpd Case) 
Consumables Unit Cons. (kg/t) Annual Cons (Mt) 

Primary Crusher Liners 0.011 161 
Pebble Crusher Liners 0.005 73 
SAG Mill Liners 0.190 2,774 
Ball Mill Liners 0.094 1,372 
Vertimill Liners 0.010 146 

SAG Mill Balls (5") 0.590 8,614 

Ball Mill Balls (2.5") 0.970 14,162 
Vertimill Balls (1") 0.100 1,460 
PA Xanthate 0.019 277 
MIBC 0.048 701 
Pine Oil 0.008 117 
Fuel Oil 0.007 102 
Hydrated Lime 0.320 4,672 
NaHS 0.393 5,738 
Antifoam 0.001 15 
Flocculant 0.010 146 

 

17.6.2 Process Water Requirements 
The process plant will require makeup water to offset losses due to entrainment in the filtered 
tailings, minor evaporation and some moisture in concentrate shipments.  Filtered tailings will be 
the major point of water losses and will contain approximately 15% moisture by weight.  Copper 
and gravity concentrate shipments will contain about 9% moisture by weight.  The total makeup 
water requirements are estimated at 244 m3 per hour for the 40,000 tpd case and 488 m3 per hour 
for the 80,000 tpd case.  This equals about 0.15 t of makeup water per tonne of material 
processed. 

Process plant raw water requirements include water for pump gland seals, water for mixing 
reagents, and miscellaneous plant laboratory and analytical needs.  The estimated raw water 
requirements, which are included in the above total makeup requirements, are projected at 70 m3 
per hour for the 40,000 tpd case and 140 m3 per hour for the 80,000 tpd case. 
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17.7 Plant Organization and Manpower 

The process plant will require 157 persons during the initial operation of 40,000 tpd then a total 
of 233 persons for the expanded operation.  The plant manpower includes salaried and hourly 
personnel in the areas of Management, Technical, Laboratory, Production, and Maintenance.   

The plant will operate 3 shifts per day, 8 hours per shift, 365 days per year utilizing four crews. 

Table 17.4 is the detailed manpower list showing all positions for the full initial and expanded plant 
operations.  The cash flow reflects the manpower ramp-ups during the two years of construction 
and preproduction and also the ramp-up of personnel during the expansion construction period 
in Year 5. 

Table 17.4: Process Manpower (Full Operations) 

 

 

 

 

 

 

 

 

 

 

 

 

Position Year 1  Year 6  

Management 5 5 
Mill Technical 6 9 
Assay Lab 11 12 
Mill Production 86 142 
Mill Maintenance 49 65 

Total Process Manpower 157 233 
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18 PROJECT INFRASTRUCTURE 

18.1 Power Supply 

The Project engineering team prepared estimates of connected power requirements for Phase 1, 
construction, Phase 2, initial operation Years 1-5 at 40,000 tpd, and Phase 3, expansion operation 
Years 6-15 at 80,000 tpd.  Those values are 10 MW, 80 MW, and 155 MW, respectively.  Similarly, 
actual power draw, or demand, is approximately 70% of the connected load, which in this case 
results in 56 MW and 108 MW for Phase 2 and 3 operations, respectively.   

The estimates were provided to a leading Ecuadorian power supply consultant to determine the 
current and future predicted capacity of the NTS to meet the requirements of the Cangrejos 
Project, both from power generation and transmission perspectives.  

The power supply consultant, EPTEC, confirmed that there is sufficient capacity of the NTS to 
meet the requirements of the Cangrejos Project.  

Additionally, EPTEC was tasked with determining: the best technical, and most cost effective 
connection point for the Cangrejos Project power supply; the most cost effective and technically 
feasible transmission voltage and transmission line route from the connection point to the 
Cangrejos Project main substation; the estimated investment costs and schedule necessary to 
complete the power supply to support the Cangrejos Project development schedule; and, an 
estimated average all-inclusive cost/kilowatt-hour for the Project electrical consumption. 

The recommended connection point to the NTS is the new Avanzada Substation planned for 
completion in 2021.  Transmission to the Project’s main substation will consist of a new single 
circuit 230 kV transmission line a distance of 18.9 km.  The single line diagram for the connection 
to the NTS at La Avanzada is shown on Figure 18.1.   
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Figure 18.1: Single-Line Diagram for Connection to the NTS 
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Subsequent to EPTEC’s completion of its reports and the figure cited above, the location for the 
process plant and the main substation were relocated a distance of 10.8 km in a straight line 
corridor developed by ONIX previously for a conveyor route.  Hence, the description on Figure 
18.1 stating 8.1 km is now incorrect; it should state 18.9 km.  The additional distance and revised 
location do not impact the power supply, except for the initial investment cost which has been 
adjusted accordingly. 

Although the power supply 230 kV transmission line is only a single circuit line, the redundancy 
of generation and transmission sources to the Avanzada NTS substation, the significant period of 
recorded historical availability data (or outage data) due to scheduled and unscheduled 
maintenance, and the relatively short length of transmission line at approximately 19 km, backup 
diesel generated emergency power has generally not been provided in the Cangrejos Project 
conceptual design and estimated costs.  An exception has been made for a single diesel 
generator to maintain the tailings thickener rakes turning in the event of a power outage.  

Modification to an existing substation, the transmission line construction, and construction of the 
Cangrejos Project main substation are estimated to cost $14,683,000, all of which must be borne 
by the Company as an initial investment cost.  

Construction period power supply will be from diesel generation until the main substation and 
transmission line has been completed, then provided from the main substation and site electrical 
distribution system. 

The all-inclusive unit power cost for a regulated consumer, dictated by a formal rate schedule, 
would be $0.068 kWh.  However, the Cangrejos Project could qualify as a large consumer and 
engage in a power supply contract with a private generation company.  According to EPTEC, 
such an agreement could result in a 10-15% reduction in the regulated rate.  Based on several 
examples provided by EPTEC, a 7.5% discount was assumed, resulting in the $0.063/kWh rate 
used in this Technical Report.  

According to a preliminary schedule provided by EPTEC, engineering, permitting, final contract 
negotiations, satisfaction of all regulatory requirements, procurement, construction, and 
commissioning of a 230 kV power supply for the Cangrejos Project could be completed in 
approximately 21 months.  Preliminary negotiations and certain studies would need to be 
completed prior to Project approval to proceed. 

18.2 Site Electrical Power Distribution 

The Cangrejos Project main substation is located directly adjacent to the concentrator building.  
From the main substation, electrical power will be distributed to the largest loads, the SAG mill 
and the ball mills, via duct banks, at a medium voltage to be determined during prefeasibility study 
engineering.  Other site power distribution between the main substation, the various process area 
electrical rooms, and the loads, will be either by duct banks, or in cable trays routed via pipe racks 
or hangers from building or platform structural steel.  

In cases where loads are not located within the immediate process plant area, but at greater 
distances, such as mine ancillary facilities, the primary crusher, and pit dewatering pump 
locations, overhead power lines will be used.  Medium transmission voltages will be determined 
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based on the size of the loads and the distance from the main substation.  Expected distances 
and loads at this time suggest that the transmission line voltage may vary between destinations 
and loads but will not exceed 13.8 kV.  This level of detail will be determined during the PFS.  

According to EPTEC, Ecuadorian law mandates maintaining a minimum system power factor (pf) 
of 0.92 for 69 kV systems and 0.96 for 230 kV or 138 kV systems.  Failure to meet these 
requirements results in the application of punitive rates.  Though a detailed study will be required 
in the future to assess the Cangrejos Project’s electrical load characteristics, preliminary 
conclusions are that some level of power factor correction will be required.  The capital cost 
estimate has included an amount recommended by EPTEC. 

18.3 Communications 

Communications during Cangrejos mine and process operation will be provided by a combination 
of the following: 

 Cellular telephones 

 Internet communications 

 Vehicle installed and handheld radios 

 A limited number of satellite phones for emergency use only, i.e., medical 
emergencies, accidents, loss of all other communications, a serious security 
incident.  

18.4 Water Supply and Use 

18.4.1 Process Makeup Water 
The Cangrejos Project will employ a flotation process with concentrates shipped to smelters and 
refiners.  This type of mineralized ore processing would be water-intensive often requiring 2.5 to 
3 t of water for each tonne of mineralized material processed (Bleiwas 2012).  However, the 
Cangrejos Project will employ a state-of-the-art tailings dewatering system that will allow for the 
maximum-possible water recycling.  This will result in a water consumption rate of 0.15 t of water 
per tonne of mineralized material processed.  After recycling, the Project will require 244 m3/hour 
of makeup water at 40,000 tpd, and 488 m3/hour of process makeup water at 80,000 tpd.   

GRE has prepared a water balance to determine the Project’s water consumption and water 
supply needs.  This water balance considers drought conditions and other extreme weather 
events that may hamper the mine’s ability to process mineralized material. 

Although the contribution of mine dewatering to the water balance is currently undefined, during 
average and drought precipitation conditions the Project will likely require a modest offsite water 
source.  Any such water use will be arranged in accordance with Ecuadorian regulations and will 
mitigate impacts to downstream water users.  Recycling/reuse of water which has come into 
contact with mineral processing or the mine will be maximized to the extent possible. 
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18.4.2 Raw Water 
The process requires clean water for reagent mixing, gland seals, and miscellaneous laboratory 
and analytical needs.  This raw water supply is a small portion of the total mine requirements.  
This requirement is estimated at 70 m3/hour at 40,000 tpd, and 140 m3/hour at 80,000 tpd.  This 
process water can be supplied from the nearby offsite water sources.  Background surface water 
quality is generally very good (with low total dissolved solids and metals). 

18.4.3 Potable Water 
The quantity of required potable water is estimated to be 20 m3/hour at 40,000 tpd production and 
40 m3/hour at 80,000 tpd, and as such, is a small percentage of the total water use onsite.  Potable 
water will be supplied by a water treatment system, which will treat water supplied from nearby 
surface sources. 

18.5 Roads  

18.5.1 Introduction 
Mine roads consist of site access roads (public roads), a mine access road (private road), haul 
roads (hauling mineralized material and waste rock around the Project), and ancillary internal 
mine roads (other access roads between facilities).  Below is a description and the design of each 
type of road to support mine operations.   Regional roads, those away from the immediate area 
of the Cangrejos Project, are discussed in Section 18.8, Logistics and Transportation. 

18.5.2 Site Access Roads 
Access to the site is by a sealed asphalt public road network from Santa Rosa to Valle Hermoso 
that is approximately 19.5 km long (refer to Figure 18.2).  The site access from Santa Rosa to 
Valle Hermoso passes through 4 small towns: Medina, El Recreo, Bellamaria, and San Carlos.  
The paved roads are approximately 7 m wide, stable, but are not necessarily built to full 
Department of Transportation (DOT) Ecuadorian specifications.  The existing paved roads will be 
upgraded as part of the Project.  Gravel road bypasses will be constructed around the towns of 
Bellamaria and San Carlos to reduce potential conflicts with mine and local traffic since the roads 
are narrow with sharp turns. 
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Source: Ausenco, 2018 

Figure 18.2: Site Access Road – Santa Rosa to Valle Hermoso 
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The public network will continue to be maintained by the relevant authority.  The bypasses around 
the small towns will be maintained by mine operations. 

18.5.3 Mine Access Road 
The mine will be accessed by a private gravel road with a security gatehouse.  The mine access 
road is approximately 2 km long and starts west of the town of Valle Hermoso and passes around 
the town to the Project. 

The road is designed in accordance with DOT FHWA Gravel Road Design Guidelines  
and will be 7 m wide with a gravel road base to support the use of 24-t truck traffic.  The mine 
access road crosses one small stream where culverts will be installed.  In addition, the mine 
access road will have a small diversion channel along the uphill side to convey precipitation runoff 
away from the road and a safety berm along the downhill side.  The maintenance of the mine 
access road will be carried out by mine operations. 

18.5.4 Haul Roads 
The mine haul roads are designed for 91-t (saprolite soil and rock) and 133-t (hard rock) haul 
trucks.  For double lane traffic, the industry standard indicates the running surface width to be a 
minimum of three (3) times the width of the largest truck.  The overall width of a 133-t haul truck 
is 7.5 m, which results in a running surface of 22.5 m.  The overall width of the haul road must 
account for safety berms and diversion channels.  The haul roads have been designed in 
accordance with Guidelines for Mine Haul Road Design (2001).  Table 18.1 shows the general 
design criteria used in the development of the haul roads at the Cangrejos Project.   

Table 18.1: Haul Road Design Criteria 

Description Unit Criteria 

General      

Design Speed kmph 35 

Alignment     

Minimum Stopping Distance m 65 

Maximum Gradient % 10 

Superelevation % varies 

Horizontal Curve Type Circular 

Minimum Radius m 50 

Vertical Curve Yes/No Yes 

Horizontal Curve m Varies 

Cross Section     

Number of Lanes No. 2 

Total Road Width (including channels and berms) m 31 

Cross Slope % 2 

Safety Berm Type Triangle 

Safety Berm Height m 1.5 

Diversion Channel Design Event 1:X yr return period 10 
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The overall width of the road including safety berms and diversion channels is 31 m wide.  The 
typical cross section of the mine haul roads is shown in Figure 18.3. 

 
Figure 18.3: Typical Haul Road Cross Section 

The haul roads connect the open pit with the primary crusher, WRSF, truck shop, fuel station, and 
haul truck ready line.   

18.5.5 Ancillary Roads 
Ancillary roads are internal roads that connect internal mine facilities and do not include haul 
roads.  These roads can be single or double lane roads.  The roads shall be designed in 
accordance with DOT FHWA Gravel Road Design Guidelines.  The roads shall include a wearing-
course along with diversion ditches to prevent precipitation runoff from areas above the roads. 

Due to the consolidation of Cangrejos Project facilities in close proximity to each other, and the 
extent of mine haul roads, the need for ancillary roads as described in the preceding paragraph 
is expected to be minimal. 

Any such roads will be defined in the next phase of Project study, the PFS.  No such definition 
has been completed for this PEA. 

18.6 Waste Rock Storage 

18.6.1 Introduction 
Non-economic waste rock and overburden produced by mining activities at the Project will either 
be used to construct site infrastructure such as platforms for the DSTF, road base, other required 
construction or maintenance products, or hauled and stockpiled south of the open pit.  There are 
two waste material storage facilities developed below the open pit: the WRSF and the overburden 
stock pile.  
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The waste rock and overburden (saprolite soil and rock) generated during operations will be 
managed in the same storage facility, since stockpiling overburden separately would require 
shallower slopes, due to the nature of the material and would increase the footprint of the altered 
land use.  The management of the waste storage facilities includes the management of contact 
water (surface and seepage waters) and non-contact water.  The contact waters will be collected 
and used for mine operations while the non-contact water will be released back into the drainage 
below the facilities.   

The WRSF is located within a short haul distance from the open pit; it will provide adequate 
capacity for waste rock over the LOM.  Waste rock will be hauled from the pit via strategically 
positioned egress points.  As part of the mine plan, the internal pit ramps will connect to the 
external haul roads which support the primary crusher, WRSF, and truck maintenance area.   

In addition, organic materials within the pit limit, the stockpile areas, and infrastructure footprints 
will be stripped and stockpiled for future reclamation use.  This topsoil will be placed in stockpiles 
around the property.  Since the topsoil quantities are small and the stockpiles are temporary, they 
are not shown on any of the site layout drawings.  An average topsoil thickness of 0.3 m has been 
used for volume estimation purposes. 

18.6.2 Waste Rock and Overburden Production and Storage 
Two materials will be generated during the LOM mining operations: waste rock and overburden 
from the open pit.  The overburden consists of both saprolite soil and rock.  Table 18.2 and Figure 
18.4 provide quantities of the various material types removed from the pit by year and the 
destination of each material (waste rock to the lower and upper WRSF and overburden to the 
upper WRSF).  The preproduction stripping waste materials (approx. 7.55 Mt) are included in 
preproduction Year -1 quantities and the ultimate WRSF has a design capacity of 379.7 Mt. 

The annual amount of each waste rock type mined was provided by WLRC.  The more competent 
material is planned to be sent to the lower portion of the WRSF to build the storage facility from 
the bottom up due to stability constraints caused by the foundation conditions of the facility.  The 
upper portion of the WRSF will consist primarily of overburden type material, which will eventually 
be encapsulated by waste rock.  This material may also be used for progressive closure as part 
of the cover system for the WRSF and DSTF. 
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Table 18.2: Waste Rock Storage and Overburden Quantities 

 

 

 

 

Time Period 
(Years) 

Overburden Stockpile 
Waste Rock 

Stockpile  Total 
(Ktonnes) Saprolite Soil 

(Ktonnes) 
Saprolite Rock 

(Ktonnes) 
Waste Rock 

(ktonnes) 

PP-1                      2,505                       1,753                       3,296                7,555  

1                      4,337                       3,312                       9,553              17,202  

2                      3,149                       4,544                     10,823              18,516  

3                      2,022                       1,934                     14,519              18,475  

4                      1,882                       2,270                     18,653              22,805  

5                      1,882                       2,140                     23,978              28,000  

6                      2,208                       2,971                     33,821              39,000  

7                      1,961                       1,154                     35,885              39,000  

8                          659                       1,608                     36,733              39,000  

9                          951                           351                     28,998              30,300  

10                          428                             36                     29,836              30,300  

11                            88                                1                     30,211              30,300  

12                      29,137              29,137  

13                      20,509              20,509  

14                        6,140                6,140  

15                        2,138                2,138  

16                        1,324                1,324  

Total                    22,072                     22,074                   335,555            379,701  
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Figure 18.4: Waste Rock Storage and Overburden Quantities 

18.6.3 Waste Rock Storage Facility Design Criteria 
The design criteria are shown in Table 18.3.  These criteria selected for the WRSF are based on 
those recommended by British Columbia Mine Waste Rock Pile Research Committee (1991), and 
the technical experts responsible for the design.  The design criteria include: an overall slope 
angle of 3.0:1 (H:V); under static loading conditions a minimum FoS of 1.3 for short term 
developments (e.g. during mine operations), and; a minimum FoS of 1.5 for long term (e.g. post 
closure) stability of the WRSF.  Under pseudo-static seismic loading conditions, the design criteria 
include a minimum FoS of 1.1.  Based on an evaluation of the potential seismic activity for the 
Project site, the selected seismic design event for the WRSF is an earthquake with a 1:475-year 
return period that generates a PGA of 0.40 g. 
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Table 18.3: Waste Rock and Overburden Stockpile Design Criteria 

Criteria Description 

Overburden (Saprolite Soil and Rock) 44 Mtonne 

Waste Rock 335 Mtonne 
Avg. Bulk Density 1.78 t/m3 

Static Factor of Safety – short term (mine operations) 1.3 

Static Factor of Safety – long term (post-closure) 1.5 
Pseudo-static Factor of Safety (short and long term) 1.1 
Design Earthquake Return Period 1:475-year event 
Overall Slope Angle 3.0:1 (H:V) 
Lift Slope Angle 2.5:1 (H:V) 

18.6.3.1 Foundation Conditions and Preparation 
The WRSF is located in a single, steep, forested watershed which covers an area of 
approximately 390 ha.  The topsoil cover is widespread across the site overlying moderately thin 
saprolite soils and bedrock.  The organic layer is typically 0.2 to 0.3 m based on preliminary 
observations. 

No geotechnical investigation has been performed at this time, except for a single borehole 
completed in May 2018.  The borehole was completed by a hand auger to a depth of 
approximately 7 m where saprolite rock was encountered.  It is assumed with depth the bedrock 
will become more competent.   

In the base of the WRSF, the toe area will be excavated to an average depth of 5 m and the 
unsuitable construction materials removed, depending on the depth of the soft saprolite soil.  The 
remainder of the WRSF footprint will be excavated to an average depth of 0.5 m. 

18.6.3.2 Seepage and Underdrain System 
There are two small streams that travel down the WRSF watershed.  In addition, groundwater 
was observed in mineral exploration boreholes near the ground surface in the area.  The 
groundwater is assumed to be near the surface, i.e. within 2 to 6 m.  It is assumed that the 
groundwater table forms a subdued replica of the surface topography, with the water table 
relatively close to the surface in the valley bottom and deeper along the valley slopes. 

The WRSF occupies a single main valley with multiple side drainages.  The presence of perennial 
flow in the watershed warrants the construction of engineered underdrains to convey expected 
flows through the base of the WRSF.  The underdrain consists of a main 300 mm dual wall High 
Density Polyethylene (HDPE) header along the main drainages with smaller 150 mm dual wall 
HDPE lateral pipes.  The pipes will be wrapped in drain rock and geotextile to protect them from 
the waste rock and also to provide and maintain permeability for effective drainage.  The safety 
factor and assumptions will be re-evaluated in the PFS. 

18.6.4 Geochemical Considerations 
Based on preliminary geochemical testing of the waste rock, the waste rock will be Non-PAG (see 
Section 20.1.4).  Therefore, the contact water collected from the WRSF will likely only need to go 
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through sediment management in a small sediment pond located at the base of the WRSF before 
being recycled for use as process makeup water.  Contact water consists of water captured by 
the underdrain and surface runoff from the waste rock. 

18.6.5 Waste Rock Storage Operations 
The WRSF is located in a steep valley with a veneer of saprolite soils overlying bedrock.  As 
previously discussed, the toe of the WRSF will be over excavated and waste rock will be placed 
and compacted in approximate 2 m lifts, for the initial 20 m to create a stable platform for the 
disposal of waste rock.  The waste rock will then be placed in 30 m lifts with the exterior of the 
slope graded with a 2.5:1 (H:V) slope and offset benches of 15 m to create an overall slope of 3:1 
(H:V).  The initial phase will be 130 m high while the ultimate phase will be 546 m high.  

The overburden stockpile will be located upslope of the initial WRSF.  The saprolite will also be 
placed initially with thin lifts to create a stable platform for the stockpile of saprolite soils and rock.  
The outer slope will be constructed with saprolite rock to reduce erosion from rainfall events.  
Eventually, the stockpile will be encapsulated by the more competent waste rock.  Prior to full 
encapsulation, a portion for the material may be used for progressive closure of the WRSF and 
the DSTF.  The overburden stockpile will be 150 m high.   

18.6.6 Stability Analysis 
Stability analyses were carried out to investigate the stability of the ultimate WRSF. These 
comprised checking the stability of the stockpile arrangement for each of the following cases: 

 Static and pseudo-static conditions during operations and post-closure, and; 

 Earthquake loading from the MDE 

Material properties used in the stability analyses were based on material showing similar 
characteristics.   

In accordance with international recommendations, the minimum acceptable FoS for the facility 
under static conditions is 1.3 for short term operating conditions and 1.5 for the long-term post-
closure condition.  A FoS of 1.1 under earthquake loading conditions has been utilized.  

The results of the stability analyses, as shown in Table 18.4 below, satisfy the minimum 
requirements for FoS and indicate that the proposed design is adequate to maintain both short-
term (operational) and long-term (post-closure) stability.  The seismic analyses indicate that any 
storage facility impacts during earthquake loading from the MDE would be minor and would not 
have any significant impact on the integrity of the facility. 
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Table 18.4: Summary Stability Analyses Results 

 

 

 

18.7 Dry Tailings Storage Facility 

Numerous potential tailings storage sites were evaluated during the PEA.  All but one was based 
on conventional tailings slurry transport and storage.  Typically, conventional slurry tailings 
storage facilities involved very large embankments and footprints/impacted areas to achieve the 
desired storage. 

Further complicating factors to identifying a satisfactory facility, from technical, environmental, 
social, and cost perspectives were: topography; extent of heavy vegetation; proximity of 
communities to the facility; existing land use in the footprint, or downstream of the potential facility; 
and, distances between the pit, prospective tailings storage facilities, and the process plant.  The 
latter factor was complicated by the requirement to pump tailings slurry and reclaim water 
substantial distances between the plant and the tailings storage facility, or to convey primary 
crushed ore the same distances between the pit (primary crusher located adjacent to main ramp) 
and the process plant located adjacent to the potential tailings storage facility. 

Technical challenges, environmental concerns, water supply concerns, social impacts, and 
capital and operating costs rendered the conventional slurry tails storage option less favorable 
when compared to a single DSTF option located approximately 3 km from the pit on Lumina’s 
concessions.  Laboratory characterization of the tailings properties, favorable topography of the 
site, and advances in tailings filtration technology and performance favored filtration and dry 
stacking of the tailings for the Project design. 

Maximum recycling and reuse of process water, thereby minimizing the makeup water 
requirement, was an additional benefit. 

18.7.1 Tailings Facility Hazard Classification 
A dam classification study was carried out to enable appropriate design earthquake and flood 
events to be determined for the DSTF.  The selection of the design flood and earthquake events 
is based on the classification criteria provided by the Canadian Dam Association (CDA) Dam 
Safety Guidelines (2007).   

Based on a preliminary analysis of a DSTF failure, the mode of failure would be a slump versus 
a debris flow from a wet TSF.  A slump type failure would most likely not propagate more than 
two times the height of the facility, or 600 m.  There will be no permanent populations living within 
that zone and only temporary mine workers will access this area.  Therefore, the facility’s dam 
classification for population at risk is “significant”.  With respect to incremental losses the facility’s 
dam classification is “low” since there would be no significant loss of wildlife habitat or 
infrastructure.  The overall dam classification for the DSTF is “significant”. 

Analysis Mode Factor of Safety 

Static 1.9 

Pseudo-Static 1.1 
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Based on the dam classification, the suggested design flood and earthquake levels are 
determined in Table 18.5 from CDA (2007). 

Table 18.5: Suggested Flood and Earthquake Levels   

Dam Class3 
AEP 

IDF4 EDGM5 
Low 1/100 1/500 

Significant Between 1/100 and 1/1,000 6 1/1,000 

High 1/3 between 1/1,000 and PMF 7 ½,500 8 

Very High 2/3 between 1/1,000 and PMF 7 1/5,000 8 

Extreme PMF 5 1/10,000 
Notes:         1.    Reproduced from Table 6-1 of the Canadian Dam Association's Dam Safety Guidelines (2007). 

2. Acronyms: Annual Exceedance Probability (AEP); Earthquake Design Ground Motion (EDGM); Inflow 
Design Flood (IDF); Probable Maximum Flood (PMF). 

3. As defined in Table 2.1: Dam Classification. 
4. Extrapolation of flood statistics beyond 1/1000 year flood (10-3 AEP) is discouraged. 
5. AEP levels for EDGM are to be used for mean rather than median estimates for the hazard. 
6. Selected on the basis of incremental flood analysis, exposure, and consequence of failure. 
7. PMF   has   no associated AEP. The flood is defined as "1/3 between  1/1,000   and   PMF"   or   "2/3   

between   1/1,000   year and PMF" has no defined AEP. 
8. The EDGM value must be justified to demonstrate conformance to societal norms of acceptable risk. 

Justification can be provided with the help of failure modes analysis focused on the particular modes that 
can contribute to failure initiated by a seismic event. If the justification cannot be provided, the EDGM 
should be 1/10,000. 
 

An appropriate MDE for DSTF design has been selected based on the “significant” dam hazard 
classification and the corresponding criteria for design earthquakes provided by the CDA. The 
CDA guidelines require that a dam classified as “significant” hazard be designed for a 
probabilistically derived event known as the Earthquake Design Ground Motion (EDGM) with an 
annual exceedance probability (AEP) of 1:1,000 years. Consequently, the MDE selected for the 
DSTF is the 1:1,000 year earthquake.  The mean average maximum acceleration is estimated to 
be 0.51 g for this earthquake.  

Selection of an appropriate Inflow Design Flood (IDF) is required to estimate the flood 
management requirements for the DSTF, including the capacity of the sediment pond operational 
spillway.  Based on the “significant” hazard classification assigned from the CDA, the appropriate 
IDF is between the 1:100 and the 1:1,000 year flood.  Since the consequence of failure with a dry 
stack facility is low compared to a wet storage facility, the design IDF used is the 1:100 year event.  
The precipitation for the 1:100 storm is 109 mm. 

18.7.2 Tailings Production Schedule 
Based on the mine production schedule, the tailings LOM production schedule was developed as 
shown in Table 18.6 below. 
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Table 18.6: LOM Tailings Production Schedule 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The tailings production above was used in the construction sequencing of the DSTF. 

18.7.3 Design Criteria 
The DSTF has been designed for secure and permanent storage of approximately 338.5 Mt of 
tailings, diverting the non-contact water around the facility, and capturing the contact water from 
precipitation up to and including the 1:100 year storm falling directly on the DSTF, and seepage.  
For storm events in excess of the 1:100 year event, the contact water will be discharged through 
the spillway of the sediment pond.  The DSTF can be expanded to provide an additional 200 Mt 
of tailings, if needed in the future.  The design basis for the DSTF is summarized in Table 18.7. 

 

 

 

 

 

 

 

Time 
Period 
(Years) 

Tailings Incremental 
Production (ktonnes) 

Tailings Cumulative 
Production (Ktonnes) 

PP-1 - - 

1 10,220 10,220 

2 14,600 24,820 

3 14,600 39,420 

4 14,600 54,020 

5 14,600 68,620 

6 26,280 94,900 

7 29,200 124,100 

8 29,200 153,300 

9 29,200 182,500 

10 29,200 211,700 

11 29,200 240,900 

12 29,200 270,100 

13 29,200 299,300 

14 14,600 313,900 

15 14,600 328,500 

16 10,002 338,502 

Total 338,502 338,502 
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Table 18.7: DSTF Design Criteria 

Description Unit Criteria 
  General 
Location km 0.6 northwest of plant 
Elevation masl 230 (toe) to 500 (crest) 
Codes and Standards - CDA Dam Safety Guidelines (2007) 

Mine Production Schedule tpd 
Years 1 thru 5: 40,000 

Years 6 thru 13: 80,000 
Years 14 thru 16 40,000 or less 

Total Tailings Production ktonnes 338,502 
Mean Annual Precipitation mm 1,352 
Mean Annual Evaporation mm 1,400 
1:100 year 24 hr Storm Event mm 109 
1:1,000 year Seismic Event  g 0.51 
Tailings Characteristics 
Specific Gravity - 2.65 
Filter Tailings Moisture Content % 15% 
Gradation (P80) mm 0.1 
Average in-situ Dry Density t/m3 1.75 
Cohesion  kPa 0 
Friction Angle  o 33 
Tailings Acid Potential PAG/NAG NAG 
Tailings Storage Facility 

Function - 
Provide for secure and permanent storage 

of tailings 

Concept - 
Dry stack tailings facility with stability berm 

at toe 
Phase 1 storage capacity ktonnes 25,820 
Ultimate Phase Capacity ktonnes 338,502 
CDA Dam Classification - Significant 
Inflow Design Flood (IDF) 1:x year 100 
Watershed Ha 567 

Closure Criteria - 
Progressive Closure 

Closure Cover  

Seepage - 
Underdrain collection system and 

sediment pond 

DSTF Stability - 
Short term static FOSmin=1.3 
Long term static FOSmin=1.5 

Seismic (Pseudo-static) FOSmin=1.0 

Tailings transportation and Stacking Systems 

Tailings Transportation System Truck/Conveyor Conveyor 
Tailings Transport from Filter Plant 
to DSTF 

- Overland Conveyor 

Tailings Transport within DSTF - Mobile Conveyors (Grasshoppers) 
Tailings Spreading within DSTF - Radial Stacker and Dozer 
Compaction of Tailings - Dozer and Sheep foot Compactor 
Tailings Lift Height m 15 
Lift Slope  X:1 (H:V) 2.5 
Global Slope  X:1 (H:V) 3.5 
Bench Width m 13.7 
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18.7.4 General 
The tailings facility is a DSTF and will be constructed to store all tailings and manage contact 
water, non-contact water, and seepage over the life of mine and post closure.  The primary 
aspects of the DSTF construction include: 

 Clearing and grubbing 

 Topsoil removal 

 Over excavation in toe area 

 Construction of stability berm 

 Installation of underdrain for capturing seepage through the DSTF 

 Installation of temporary contact water diversion channels 

 Installation of non-contact water diversion channels 

 Construction of sediment pond at the base of the DSTF 

The elevation-area-capacity relationship for the DSTF is shown on Figure 18.5 and the stacking 
schedule is shown on Figure 18.6.  The DSTF is designed for phased expansions as the elevation 
of the stored tailings increases over the mine life.   

 

Figure 18.5: Elevation-Storage Capacity-DSTF Area Relationship 
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Figure 18.6: DSTF Stacking Schedule 

18.7.5 Tailings Facility Access 
The DSTF will be accessed by a light vehicle road that also includes additional width to support 
the overland conveyor.  The road will be constructed in accordance with DOT FHWA Gravel Road 
Design Guidelines.  The platform for both the road and conveyor will be 15 m wide.  The DSTF 
will include access for the mobile conveyors along the outside face of the DSTF.  The maximum 
gradient of the internal conveyor access shall be less than 6%. 

18.7.6 Mechanical Stacking System 
The tailings overland conveyor system will take the dewatered tailings from the filtration plant to 
the DSTF.  

From the perimeter of the DSTF a string of mobile conveyors will convey the tailings to a mobile 
stacking system.  The stacker will advance stack the filtered tailings in sweeps.  

The placed loose bulk dry density of the tailings was evaluated at 1.65 t/m3.  Light compaction 
along the outer edge of the facility increases the dry density to 1.75 t/m3.  The DSTF is designed 
to store the LOM tailings production for 16 years.  The tailings production rate is approximately 
14.6 Mtpa for years 1 through 5, 29.2 Mtpa for years 6 through 13, and 14.6 Mtpa for years 14 
through 16, for a total tailings production over the 16-year LOM of 338.5 Mt. 

Tailings will be stored in a DSTF located adjacent to the plant to minimize the transport distance.  
The layout is developed in conjunction with the main overland conveyor system to achieve the 
following objectives: 

 Minimize the initial and overall footprint; 

 Minimize the catchment area; 
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 Maintain the mobile stacker progression rates within practical limitations; 

 Minimize the mobile stacker and conveyor costs; 

 Maximize evaporative drying of the stacked tailings; 

 Maximize density of the placed tailings; 

 Minimize erosion; and 

 Allow progressive reclamation and rehabilitation to manage dust. 

To minimize the initial footprint and the upfront costs, a higher lift height was preferred.  An 
individual maximum lift height of 15 m was selected as a practical value.  This also minimized the 
number of lifts required for the conveyor system.  The 193.4 M m3 DSTF will be built in 18 lifts.   

The proposed conveyor and mobile stacker system is able to self-build the starter ramps to 
achieve the initial 15 m lift height.  The advanced stacking method selected will create a uniform 
surface, with the first lift that will have a varying height considering the variations in the base 
surface.  The additional lifts will have an even thickness of 15 m.  

From the geotechnical testwork, the friction angle of the tailings was estimated to be between 32° 
and 36°.  The angle of repose may be steeper than the friction angle due to the partial saturation 
of the tailings, adding apparent cohesion to the average shear strength. In the current PEA phase, 
a conservative approach was taken and a stack slope of 21° was used to aid in progressive 
closure. 

Based on the above parameters, safe setback distances for the 15-m lift height are estimated to 
be a minimum of 15 m to achieve an overall global slope of 3.5:1 (refer to Figure 18.7). 

 

Figure 18.7: General Exterior Slope Configuration of DSTF 
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18.7.7 Seepage and Surface Water Management 
Seepage from the DSTF will be controlled by the installation of an underdrain system.  Any 
seepage that is intercepted by the underdrain will be routed to the sediment pond below the 
tailings facility.  Surface runoff from the DSTF faces or other impacted areas in the vicinity of the 
DSTF will also be collected in the sediment pond located downstream of the DSTF.  Water 
collected in the sediment pond will be continuously monitored and pumped to the water supply 
pond for use in mine operations.   

Since stack surface runoff is expected to be significant due to the high seasonal rainfall at the 
Project, the surface will be graded such that runoff is directed to areas designated for flows.  
These areas will be armored with waste rock to reduce erosion. In addition, contact water 
diversion channels will be constructed along benches to convey the runoff to the sediment pond. 

The SWMP will incorporate many elements to prevent contamination of non-contact water 
(upstream diversion channels to divert water around the DSTF) or to collect and manage contact 
water (water collection channels downstream of the DSTF, water retention, and treatment ponds).  
The upper stack surface will be graded so that stack runoff water reports to engineered areas to 
prevent erosion.  Stack runoff generation is desired to minimize infiltration and avoid excess pore 
pressure generation within the tailings stack.  The SWMP described in more detail in another 
section of this report. 

18.7.8 Stability Analysis 
DSTF stability analysis was carried out for both static and seismic loading conditions under the 
following cases: 

 Static conditions 

 Earthquake loading from the MDE for the ultimate facility configuration 

The results of the stability analysis satisfy the minimum requirements for FoS and indicate that 
the proposed design is acceptable to maintain both short term (operational) and long term (post-
closure) stability.  The seismic analyses indicate that the DSTF deformations during earthquake 
loading from MDE would be minor and would not have a significant impact on the integrity of the 
facility.   
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18.8 Logistics and Transportation 

18.8.1 Introduction 
Machala is located on the Pan-American Highway linking Guayaquil, Ecuador with Lima, Peru.  
Regular daily flights from Quito, Ecuador arrive at the Santa Rosa airport located near the small 
city of Santa Rosa and the airport also serves Machala.  

Puerto Bolivar, located 9 km west of Machala, is a major deep-water port, currently used mainly 
to export agricultural products, primarily bananas. 

18.8.2 Equipment, Materials, and Consumables 
During construction, most permanent plant equipment and materials will have to be imported and 
transported from Fertisa, the port located in Guayaquil, to the Cangrejos Project.  During operation 
of the mine and mineral processing plant, consumables and supplies, such as fuel, explosives, 
process reagents, and equipment spare parts will need to be transported to site.  Some of these 
materials may be available within Ecuador, in which case they would be transported to site over 
a network of Ecuadorian highways; others, such as certain reagents, equipment spare parts, and 
some consumables, e.g., mill and crusher liners and grinding media, would likely need to be 
imported.  The route and distance for road transport from Fertisa in Guayaquil to the Cangrejos 
Project is shown on Figure 18.8 below. 

.  

Figure 18.8: Transport Route from Fertisa in Guayaquil to the Cangrejos Project 
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18.8.3 Workforce 
During both construction and operations, workers will need to be transported between their 
accommodations and their place of work.  During construction, the workforce is expected to be a 
blend of individuals hired from within local communities surrounding the Cangrejos Project, and 
personnel from outside the immediate area.  Local hires are anticipated to continue to reside in 
their existing homes, predominantly ranging in location from Santa Rosa to Machala.  Those 
individuals will be able to commute to and from work by catching one of a number of buses at 
designated bus stops within the local communities.  The bus service will be provided by a third-
party transportation contractor engaged by the Company.  Figure 18.9 below shows the proximity 
of Santa Rosa and Machala to the Cangrejos Project, as well as major transportation routes which 
may be used for worker transport and for general access to the Cangrejos Project. 

A construction camp will be provided for personnel who travel to the area to work constructing the 
Project.  The construction camp will be located along the mine access road, close to the secure 
entry to the mine.  Those workers will be transported by their respective employing contractors 
between the camp and their work location, between camp and local commercial venues, as needs 
arise, and between camp and commercial transportation facilities such as the airport or bus 
stations for R&R rotations or at completion of their work assignments. 

 
Figure 18.9: Major Transportation Routes Used for Worker Transport, Concentrate 

Transport, and General Access 
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During operations, with the exception of a percentage of upper level management and 
supervision, particularly those with families already established elsewhere, the mine workforce 
will be expected to reside within commuting distance of the mine.  The previously described bus 
service will be available for transporting these workers. 

Temporary accommodations during the week will be provided for the upper level management 
and supervision whose families and/or home bases are located elsewhere.  These individuals will 
likely commute to and from site using company provided light vehicles, either pickups or vans.  
Depending on the location of their home base (assumed to be Quito in most cases), these 
individuals will be entitled to weekly transportation to the local airport and round-trip flights 
between Santa Rosa and Quito.   

18.9 Concentrate Storage, Handling, and Transport 

Three concentrate products will be produced. They are: bulk flotation copper and gold 
concentrates; gravity gold concentrates; and, molybdenum concentrates. 

Flotation Bulk Concentrates 

The flotation bulk concentrates will be thickened and then dewatered by filter presses before being 
loaded into open top containers at the Cangrejos Project.  The open top containers will be covered 
and transported by truck between the Cangrejos Project and the port of Puerto Bolivar near 
Machala.  Two potential highway routes exist, the shortest with a length of 43.4 km and the other 
with a length of 47.3 km.  The shorter route is also more favorable as it is more direct and passes 
through fewer commercial areas.  

Both routes are shown on Figure 18.9.  The route, including origin and destination, will be the 
same for the other two concentrates described below.  

The bulk copper and gold flotation concentrates will remain stored in the containers within a 
secure area of the port facility until a scheduled vessel with the desired destination arrives, 
assumed for PEA purposes to be monthly.  Also, for PEA purposes, the port operator will transfer 
the loaded containers to the pier and, using a crane with a spreader and tipping mechanism, tip 
and “dump” the flotation concentrates into the vessel’s hold for ongoing shipment to the 
designated smelter.  

Gravity Gold Concentrates 

The gravity gold concentrates will be loaded in 1-2 T “big bags” made of polypropylene and/or 
polyethylene, weighed and loaded into enclosed shipping containers which will be locked due to 
the value of the concentrates.  These containers will be transported between the Cangrejos 
Project and Puerto Bolivar at an, as yet, undetermined frequency.  While at the port awaiting a 
container ship to transport them to a European refiner, they will be securely stored.  

Molybdenum Concentrates 

The volume of molybdenum concentrates produced is significantly less than the two concentrates 
already discussed above.  The bagged molybdenum concentrates will be thickened, dewatered 
in a filter press, and then dried in a rotary drier before being packaged in “big bags” similar, but 
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perhaps less robust, than the ones described above for the gravity gold concentrates.  The 
bagged molybdenum concentrates will be loaded in a conventional shipping container and 
transported to Puerto Bolivar at some frequency coinciding with scheduled container ships 
destined for Santiago, Chile.  

18.10 Port 

Several port options were evaluated for the PEA, including: Fertisa in Guayaquil; a future port at 
Posorja reportedly to be completed by DP Ports; and, Puerto Bolivar.  Locations and road 
transport distances and times are shown for Puerto Bolivar on Figure 18.9 above and Figure 18.8 
above and Figure 18.10 below for Fertisa and Posorja, respectively.  Issues of concern include: 
the distance and cost for transport; the complications associated with the need to transit through 
many commercial areas along a very busy highway just to reach Guayaquil; the difficulty transiting 
through Guayaquil to reach Fertisa; and, the added difficulty of the need to transit around 
Guayaquil to reach Posorja. 

Due to its shorter distance from Cangrejos, Puerto Bolivar was selected as the basis for the PEA. 

 
Figure 18.10: Locations and Road Transport Distances and Time for Posorja 

Based on discussions with port personnel, all of the ports evaluated are currently focused on 
handling containerized goods.  Port authorities and operators appear to be aware of the upcoming 
mining sector growth and the future need to handle bulk mineral products, but none indicated firm 
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plans to develop the necessary port and loading facilities in the near future.  However, they did 
express an interest and willingness to do so. 

A 50-year concession to operate Puerto Bolivar is held by YILPORT, which is owned by YILDRIM 
Group, a Turkish company with part of its core business in chrome mining and beneficiation.  

YILPORT currently provides export services for banana and shrimp products.  Although YILPORT 
has expressed interest in providing transport, storage, handling, and loading of mineral 
concentrates (bulk or containerized), YILPORT reported that significant concern exists amongst 
agricultural producers, politicians, and the general public regarding the potential for contamination 
of agricultural products should the port serve both sectors.   

The availability and suitability of ports, port facilities, port services, associated costs, and political 
and social factors will be more extensively evaluated during the preparation of a PFS. 

18.11  Site Ancillary Facilities 

Area requirements, concepts, and cost estimates were developed for the following non-process 
facilities based on function and occupancy expectations:   

 Administration building, including a small dining room for mid-shift meals and 
breaks.  

 Plant warehouse and maintenance shop.  

 Assay and metallurgical laboratories, including all necessary equipment to prepare 
and assay grade control samples and to analyze process control samples.    

 Clinic, including attached ambulance bay. 

 Reagent storage facility. 

 Secure outside storage yard for consumables, such as grinding media, mill liners, 
and other miscellaneous materials which do not require weather protection.  

 Security gatehouse.  

 Truck scale. 

 Package sewage treatment plant. 

 Package potable water treatment plant.  

Cost estimates were developed for buildings based on unit costs per area from recent similar 
projects.  Cost estimates for equipment were based on historic and vendor quotations for similar 
projects.   

Mine ancillary facilities, such as the truckshop/warehouse, truckwash, ready-line, fuel storage and 
distribution, and explosives storage are discussed in the mining section of this PEA. 
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19 MARKET STUDIES AND CONTRACTS 

19.1 Introduction 

H&H completed a marketing study for the Cangrejos Project.  The study involved the following 
activities: visiting Puerto Bolivar, the closest port to the Project; visiting numerous smelters in 
China, South Korea, and Japan; holding discussions with known port agents and freight brokers; 
consulting industry publications and forecasts; and, reviewing concentrate production estimates 
per annum and analytical laboratory results for Cangrejos concentrates. 

Following review of the H&H forecast values described above, current trading values, price 
forecasts from numerous financial institutions and discussions between Lumina and H&H, the 
following metal prices for the PEA cash flow model were selected: 

Gold - $1,300/oz                      Copper - $3.25/lb 

Silver - $19.00/oz           Molybdenum - $11.00/lb 

H&H’s findings and conclusions are summarized in the following sections. The QP for this section 
has reviewed the information herein and has confirmed that the results support the assumptions 
in this Technical Report. 

19.2 Supply and Demand 

19.2.1 Copper Demand 
According to H&H, China is expected to be a major factor in future copper concentrate demand, 
as it currently accounts for 48% of the world-wide consumption of refined copper and is importing 
17 M tons of copper concentrates per year.  

Additional factors expected to positively influence copper demand are: 

 China’s pursuit of more stable business development policies; 

 Positive performance of other developed and emerging economies; 

 Expanding copper consumption for solar power applications; and,  

 Expected aggressive copper consumption for electric vehicles and charging 
stations. 

19.2.2 Copper Supply 
The cyclical nature of the mining sector is a well-known phenomenon.  When economic 
recessions and/or significantly reduced commodity pricing occurs, mining companies reduce 
expenditures for mineral exploration and development of new mines.  For this reason, copper 
supply can be expected to significantly lag major increases in demand. 

19.2.3 Molybdenum Demand and Supply 
Molybdenum responds to supply and demand factors since there is little activity by traders. 
Predominantly only the producers and consumers are involved in this market.  
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China is both a large consumer and a large producer, producing an estimated 150-200 Mlbs of 
Mo content per annum out of approximately 540 Mlbs of contained Mo produced world-wide.  
China has three large deposits and various large undeveloped deposits.  

Buyers of Mo concentrates are Molymet in Chile, Thompson Creek in the USA, and Scandinavian 
Steel in Sweden.  China is, at times, a buyer, as well.  

The production from the Cangrejos Project will not impact the world-wide supply and demand 
relationship.   

Factors which can impact supply, demand, or both are: 

 Mine closures or openings; 

 Industry strikes; and, 

 Changes in demand for steel and/or chemical industry products. 

19.3 Smelter Capacities, Utilization, and Interest in Receiving Cangrejos 
Concentrates 

Both the copper and gold flotation concentrates and gravity gold concentrates are considered to 
be “clean concentrates”.  As a result, and due to significant available smelter capacities, H&H 
identified at least three smelters in China, two in Japan, and additional smelters in India and 
Europe which would be interested in receiving the Cangrejos concentrates.  

19.4 Treatment Charges, Refining Charges, and Payfors 

For the most part, smelter capacity is fixed.  The relationship between capacity and utilization 
dictates a smelter’s profitability, hence its setting of treatment charges (TCs), refining charges 
(RCs), and payment amounts for mineral content (payfors).  In order to obtain more concentrates, 
some smelters currently are agreeing to lower charges.  

In the long term, TCs and RCs are expected to increase, allowing smelters to better cover their 
costs.  

H&H’s forecasts for TCs, RCs, and payfors have been incorporated in the Project cash flow, 
described in detail in Section 22 of this report.  

19.5 Ocean Freight 

H&H consulted two of its freight brokers, C. Steinweg who are reportedly in discussions to open 
an office in Ecuador, and Hapag Lloyd, a large steamship company.  A list of current freight rates 
between west coast ports of South America to various North American, European, and Asian 
destinations was compiled.  From the list, H&H and its freight brokers calculated average freight 
rates for each destination envisioned.    

For purposes of the PEA, Puerto Bolivar has been used as the basis for road freight and ocean 
freight shipping costs.  The destination ports for bulk copper and gold flotation concentrates, 
gravity gold concentrates, and molybdenum concentrates, for purposes of this PEA, are China, 
Europe, and Chile, respectively.  
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Copper and gold flotation concentrates would be transported, stored, loaded, and shipped in bulk 
form.  

Gravity gold concentrates would be packaged in large 1-2 wmt polypropylene and/or polyethylene 
bags and loaded into shipping containers for secure transport.  

Similarly, molybdenum concentrates would be packaged in polypropylene or polyethylene bags 
and loaded into containers for ocean transport.  

Using the above identified freight rates, H&H selected average rates of $45.00/wmt for bulk 
copper and gold flotation concentrates to China, $60.00/wmt for gravity gold concentrates to 
Europe, and $400/container for molybdenum concentrates to Chile. 

19.6 Contracts 

At the PEA stage of project development, no marketing contracts exist.  
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20 ENVIRONMENTAL STUDIES, PERMITTING, AND ENVIRONMENTAL 
AND SOCIAL IMPACTS 

20.1 Environmental Setting 

The Cangrejos Project is located in southwestern Ecuador in the province of El Oro, about 30 km 
southeast of the provincial capital of Machala, primarily within the counties of Santa Rosa and 
Atahualpa, and approximately 40 km from the deep-water ocean port Puerto Bolívar.  The Project 
is located in the El Oro Metamorphic Belt Zone of the Cordillera Real, in high-relief terrain near 
the northeastern rim of an ancient caldera at the eastern edge of the coastal plain, at elevations 
ranging approximately 100 – 1,370 masl.  The mine and major elements of mine-related 
infrastructure are located primarily in areas of montane grasslands as well as secondary forest in 
the central part of the Project concessions.   

The Project is located in the northeastern Santa Rosa River basin and is drained by a network of 
small streams; no other significant surface water features are directly impacted.  There is a distinct 
rainy season that runs from January through early May, while August and September are typically 
the driest months.  The area of the proposed mine receives annual precipitation of about 1,500 
mm, and annual temperatures are relatively constant, ranging between 18 and 22 C.   
Precipitation is strongly influenced by elevation; the area at the toe of the DSTF receives less 
precipitation (approximately 800 mm/year).   

The natural environment in the area of the Project has been significantly altered by intrusive 
human influences that span many decades, with archaeological evidence suggesting a history of 
human habitation and influence in the area of the project that could date back several hundreds 
of years.  Recent impacts include: agriculture; grazing; logging; introduction of invasive flora; 
construction of dwellings, fences, electrical power lines, and access roads; small-scale alluvial 
and underground mining operations; and, mineral exploration activities, including surface 
sampling and core drilling.  Current land usage in the area of the Project is typically a mixture of 
cattle grazing and agriculture in cleared areas adjacent to secondary forest "islands", usually 
situated in steep ravines unsuited for agriculture or pasturage.  There are no villages or significant 
concentrations of dwellings in the Project’s environmental Area of Influence (AOI), the Project 
areas that are directly impacted (i.e., the specific areas that will potentially be impacted by mine 
development and operation, plus a 100 m environmental monitoring buffer around the footprint 
perimeter).   

20.1.1 Environmental Permitting Requirements 
As noted in Section 4.3, the Project is being developed in accordance with the Ecuadorian Mining 
Law, the COA1 and other applicable norms, standards, laws, and regulations.  These include: 

 
1 The COA was published in the Supplement to RO No. 983 on April 12, 2017 and became effective as of April 12, 
2018. However, as of the effective date of this PEA, the Regulations to this Code have not yet been issued by MAE. 
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 Regulation for the Organic Law of Water Resources and Water Use, issued by DE 
No. 650 on March 31, 2015 and published in the First Supplement to RO No. 483 
on April 20, 2015; 

 Regulation for the Organic Law of Rural Lands and Ancestral Territories, issued 
December 16, 2016 by DE No. 1283 and published in the Supplement to RO No. 
920 on January 11, 2017; 

 General Regulation of the Mining Law, issued by DE No. 119 November 4, 2009, 
published in RO Supplement No. 67 November 16, 2009; last updated January 4, 
2017; 

 Environmental Regulation for Mining Activities, issued by DE No. 121 November 
4, 2009, published in RO No. 067 November 16, 2009; amended by AM No. 069 
June 10, 2016; 

 Regulation for Mining Workplace Health and Safety, issued by Resolution ARCOM 
020-INS-DIR-ARCOM-2014 April 25, 2014, published in RO No. 247 of May 16, 
2014; 

 Regulation of the Organic Health Law, issued through DE No. 1395 and published 
in RO No. 457   October 30, 2008; last amended May 8, 2012; 

 General Regulation for the Application of the Organic Law of Ground-based 
Transport, Transit and Roadway Safety, issued by DE No. 1196 June 11, 2012, 
published in Second Supplement to RO No. 731, on June 25, 2012; last amended 
13, 2017; 

 Environmental Regulation for Hydrocarbon Operations in Ecuador, issued by DE 
No. 1215 and published in RO No. 265 February 13, 2001; 

 Regulations for Workers’ Health and Safety and the Improvement of the Work 
Environment, issued by DE No. 2393, published in RO No. 565 November 17, 
1986; last amended February 21, 2003; 

 Unified Text of Secondary Legislation of the Ministry of Environment (TULSMA), 
entered into force in RO No. 725 of December 16, 2002, ratified by DE No. 3516 
and published fully in the EE of RO No. 51 on March 31, 2003. (Once the COA 
regulation comes into force it is expected that this regulation may be repealed.) 

The Mining Law recognizes several discrete phases of mining activity: initial exploration, 
advanced exploration, economic evaluation, exploitation, and decommissioning and closure.  The 
mineral resources of the Cangrejos Project are contained in the Cangrejos 20 concession and 
the Cangrejos, Las Canarias, and Casique concessions (the latter three referred to hereafter as 
the "Cangrejos concessions").  In 2010 an EIS was approved by MAE for the Cangrejos 
concessions, which permits advanced exploration work on these properties. As of the effective 
date of this report, MAE approval of the advanced exploration phase EIS for the Cangrejos 20 
concession is pending. 

On June 28, 2018 the Minister of Mines of Ecuador signed a MA, which is a decree that permits 
“non-systematic” drilling to be performed at concessions that are in the initial exploration phase.  
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Pursuant to the MA, test or reconnaissance boreholes can be drilled using a maximum of forty 
(40) platforms within each mining concession; these are understood as exploratory wells drilled 
at various angles and depths, with no limitation on meters drilled, using man-portable or 
helicopter-transportable rigs.  The platforms must be of maximum 10 m per side and use efficient 
water systems and biodegradable drilling fluids.  Lumina is analyzing the regulatory and technical 
actions needed to commence non-systematic drilling at Cangrejos 20 as soon as reasonably 
possible, with a view to drilling previously untested areas on the west side of the deposit, as well 
as the Gran Bestia satellite deposit located further to the west.  These tests will help to determine 
whether Gran Bestia contains mineral resources that would add to the existing Cangrejos deposit 
and the mine plan as described in this PEA, as well as test whether mineralization at Gran Bestia 
connects to the existing Cangrejos deposit. 

Prior to commencement of mine construction and operation, the Project is required to obtain an 
Environmental License in accordance with MAE requirements, which includes submittal/approval 
of an exploitation phase-specific EIS and EMP, as well as the completion of biodiversity studies, 
which include forest inventories for clearance areas.  Additionally, a water usage and 
management plan must be submitted and permits must be obtained from the Secretariat for Water 
(SENAGUA) that address possible impacts to surface water and groundwater.  Lumina must also 
conduct studies under the purview of the National Institute of Cultural Heritage (INPC) to evaluate 
potential archaeological impacts.  Evaluation and approval of the results of such studies is 
required prior to site clearance actions, construction, and mining activities. Various other technical 
subplans will also be required. 

It should be noted that Ecuadorian regulations require presentation of a surety or other financial 
mechanism to implement the Project’s phase-specific EMPs, which will be updated on an annual 
basis to keep pace with the Project.  Prior to the Project's closure phase, the exploitation phase 
EMP will be updated to incorporate final decommissioning and closure plans, which must be 
approved by MAE prior to the commencement of closure activities.  Lumina will meet all legal 
requirements for the EMP implementation surety in all phases of the Project. 

As the Project is further developed, Lumina may also choose to adopt additional international or 
industry BMPs applicable to certain aspects of mine design, construction, operation, and closure 
[e.g., the Equator Principles (Equator Principles Association, 2013), the IFC Performance 
Standards for Sustainable Development (IFC, 2012), and the IFC Environmental, Health, and 
Safety Guidelines for Mining (IFC, 2007)].  However, as previously noted, applicable Ecuadorian 
laws, regulations, norms, and standards will retain legal primacy in all cases. 

20.1.2 Environmental Baseline and Impact Studies 
Environmental baseline studies were conducted as part of EIS processes for exploration 
licensing.  Lumina commissioned an advanced exploration-phase environmental baseline study 
in the original Cangrejos concession areas, the field phase of which began in July 2007.  A similar 
study was conducted in 2017 as part of the exploration-phase EIS for the Cangrejos 20 
concession area.  Requirements for more developed biodiversity and archaeological studies 
within the Project's environmental AOI are presented in Sections 20.1.5 and 20.1.6. 
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20.1.3 Environmental Risks/Impact Assessments 
Table 20.1 presents an initial summary of the primary environmental risks and impacts anticipated 
for the Project, based on the preliminary design information summarized in this PEA, the 
environmental impacts identified in the Cangrejos-area and Cangrejos 20 EISs (Terrambiente, 
2010 and 2017), and prior experience in the development of mines in similar environmental 
settings.  Potential management and mitigation measures reflected in the Project design and 
management approach are also listed for each general risk/impact category. 

Table 20.1: Preliminary List of Environmental Risk/Impacts and Mitigation Measures 

Environmental 
Risk/Impact 

Potential Management/Mitigation Measures 

Water usage   Project design to emphasize minimization of impacts to 
downstream users of surface water; design features include: 
– use of a DSTF using pressurized filter plates to extract water 

from the tails and maximize water recycling; of the options 
available, this technology is expected to be the most water-
efficient solution to tailings storage and management 

– diversion of surface water flows to channels around mine, 
mill, and DSTF areas, in order to preserve quality and 
volume of environmental base flows in associated 
watersheds 

– maximized capture and recycling of contact water (e.g., 
DSTF and WRSF runoff, stormwater, water from mine 
dewatering) 

Discharged water   
quality 
 

 Design and management of the DSTF and WRSF to capture 
and recycle runoff  

 Engineered energy dissipation structures to minimize impacts of 
any discharged water on receiving waterways 

 Installation of sedimentation ponds at the toe of the WRSF and 
DSTF   

 Monitoring of water quality in runoff from the DSTF and WRSF 
to ensure applicable environmental quality standards are met in 
any required discharge of water 

 Development of backup pre-discharge treatment approaches in 
the event discharge quality issues appear for specific 
constituents 

 Implementation of water balance/water management and 
erosion prevention/progressive revegetation programs as 
elements of the Project Environmental and Social Management 
System (ESMS)2  

Air emissions from 
motorized vehicles 
and stationary 
equipment 
 

 Implementation of a regular program of preventive maintenance, 
in order to minimize emissions for all motorized equipment 

 Implementation of dry-season road dust control program using 
recycled water and/or environmentally benign surfactants 

 
2 See Section 20.2.1.2 for further discussion. 
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Environmental 
Risk/Impact 

Potential Management/Mitigation Measures 

Noise and vibration  Preventive maintenance inspection/replacement program for 
silencers/mufflers installed on all stationary and mobile 
motorized equipment 

 Blasting activities restricted to daylight hours 
 Scheduling of major deliveries of materials and equipment for 

daylight hours 
 Location of crushers, conveyors, and other industrial equipment 

distant from nearest human habitation 
 Workforce hearing protection devices required in industrial areas 

with ambient noise averaging > 85 dB 
Soil contamination  Implementation of a systematic spill prevention, control, and 

countermeasures program as an element of Project ESMS 
 Selection of a mineral beneficiation scheme that does not 

require highly hazardous reagents or chemicals 
 Installation of secondary containment systems for all fuels, 

reagents, and other hazardous chemicals stored on site in liquid 
form 

 Construction of stormwater collection and containment 
infrastructure for all industrial and administrative facilities 

 Preparation and implementation of a comprehensive Emergency 
Preparedness and Response Plan as an element of Project 
ESMS 

Use of energy  Project design assumes connection with Ecuadorian national 
grid and predominantly hydroelectric power sources  

 Onsite generation of power using stationary or portable diesel 
generators will be limited to emergencies and remote 
installations 

 Selective use of solar power for certain types of remote 
equipment installations 

Generation of mining 
waste 

 Design and construction of the WRSF and DSTF to 
Environmental, Health and Safety Guidelines for mining (IFC, 
2007) and other relevant international standards  

 Installation of stormwater management collection systems for 
WRSF and DSTF 

 Construction of underdrains beneath the WRSF and DSTF to 
manage seepage to the subsurface 

 Implementation of water balance/water management and 
erosion prevention/progressive revegetation programs for 
WRSF and DSTF 

Generation of non-
hazardous waste 
 

 Separation and segregation of recyclable and nonrecyclable 
waste streams 

 Development of economic recycling options for discrete waste 
streams  

 Construction of permitted onsite sanitary landfill 
 Installation of one or more disposal cells in WRSF to 

accommodate high-volume unrecyclable inert wastes 
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Environmental 
Risk/Impact 

Potential Management/Mitigation Measures 

Generation of 
hazardous waste 

 Implementation of a systematic spill prevention, control, and 
countermeasures program as an element of Project ESMS 

 Selection of mineral beneficiation scheme that does not require 
highly hazardous reagents or chemicals 

 Installation of secondary containment systems for all fuels, 
reagents, and other hazardous chemicals stored onsite in liquid 
form 

 Installation of controlled temporary storage facilities for 
containerized hazardous waste, with secondary containment 
systems, pending offsite disposal at licensed hazardous waste 
disposal facilities 

Negative impacts on 
biodiversity  
 

 Performance of an updated survey of biodiversity conditions in 
areas to be physically disturbed by mining operations, leading to 
preparation of a comprehensive Biodiversity Management and 
Monitoring Plan (BMMP) in compliance with Ecuadorian and 
prevailing international standards, to be implemented as a key 
element of Project ESMS 

 Creation of biological offsets/corridors/protected areas as 
indicated by BMMP 

 Implementation of water balance/water management and 
erosion prevention/progressive revegetation programs as 
elements of Project ESMS 

Transportation 
accidents/incidents 

 Shipment of goods and materials preferentially contracted to 
licensed contractors with trained and qualified drivers 

 Preparation and implementation of comprehensive 
Transportation Management Plan and Emergency 
Preparedness and Response Plan as elements of the Project 
ESMS 

20.1.4 Geochemical Studies 
For a PEA, the objective of a geochemical study is to take preliminary samples to determine if 
significant geochemical risks exist.  For example, if ARD risk is present, it may be necessary to 
put an appropriate level of cost within the PEA economic evaluation to characterize and mitigate 
the risk.  Conversely, if screening-level samples are inert, it can provide additional confidence to 
investors that that Project will have fewer permitting challenges.   

The screening-level testing program is designed to determine the following: 

 Is there a significant presence of acid-generating minerals in the mine waste (rock 
and tailings)? 

 Is there neutralization potential present in the rocks and tailings that could mitigate 
ARD risk? 

 Are there metals in the mine waste that, even under pH neutral conditions, could 
degrade water quality?  
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 Does the tailings supernatant solution contain salts or metals concentrations that 
exceed local water discharge standards?   

The positive or negative answers to these questions will define the scope and cost of future 
geochemical characterization and management.   

20.1.4.1 Methods 
For the PEA, GRE conducted paste pH screening, followed by the collection of 12 analytical 
samples of potential waste rock, tailings, and tailings supernatant solution.  These samples were 
subjected to an industry-standard testing protocol to characterize ARD risk and metal leaching 
potential, and the rock samples were selected to capture all major rock types.   

20.1.4.2 Rock Results 
The following sections describe the results of the PEA-level geochemical testing on rock samples. 

20.1.4.2.1 Paste pH Testing 
Paste pH testing is an effective method for screening large quantities of rock for geochemical 
properties.  The test involves placing equal quantities of rock and water in a flask, allowing for 
contact time, and testing the final pH.  If ARD has occurred in-situ, or subsequently in the core 
box, it will be observable in a decreased pH.  Figure 20.1 shows the paste pH results, grouped 
by the following alteration types:  fresh rock, transition/weathered zone, and oxide zone.  The 
samples are also referenced by generalized rock type: fresh rock, saprock, and saprolite.   

 

Figure 20.1: Paste pH Results 
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Figure 20.1 shows the following:   

 Fresh rock is likely acid-consuming with high pH readings in the range of 8.0-9.5.  
This is due to abundant observable calcite in the rock.   

 Transition rock samples had a paste pH significantly lower than fresh rock. Three 
fresh rock samples in the transition zone had pH readings of ~6.5.  This is likely 
because residual sulphides have been oxidized and the available calcite has been 
depleted.  However, the net balance of alkalinity is positive, keeping the samples 
from producing acidic contact water.  In the transition weathering zone, one sees 
a generally lower pH.   

 In the oxide zone, paste pH is between 7.0 and 5.5.  It is important to note that the 
depressed pH in the oxide zone is likely the result of the lack of calcite in this 
geologic unit rather than oxidation of sulfides.  The pH around 5.5 is due to the 
unreactive nature of this formation when it comes in contact with rain water (which 
is also pH 5.5).   

In summary, the paste pH screening indicates that fresh rock is likely acid consuming, that 
transition rock may be the only material onsite with mild acid-producing properties, and that oxide 
material is likely chemically-inert.  Transition rock, or saprock, within the pit limits totals only 
22,071 Kt all of which will be placed in the WRSF.  This amount contributes less than 6% of the 
total mine waste rock. 

20.1.4.2.2 Acid Base Accounting Testing 
In addition to the paste pH, GRE conducted acid base accounting tests.  The Acid Generating 
Potential (AP) and Neutralization Potential (NP) values can be combined to derive a quantitative 
screening-level estimate of a material's overall acid or neutralizing potential, resulting in the 
classification of the sample as "potentially acid-generating" (PAG), non-PAG or "uncertain".  This 
testing is commonly called ABA testing.  Two formulations are commonly used: 

 Net Neutralization Potential (NNP), obtained by subtracting sample AP from NP 
(NP-AP) 

 Neutralization Potential Ratio (NPR), obtained by dividing sample NP by AP 
(NP/AP) 

NNP and NPR values are commonly interpreted using criteria given by the Global Acid Rock 
Drainage Guide (GARD Guide, (INAP, 2009)) respectively, given in Table 20.2.   

 
Table 20.2: Screening Guidelines for Acid Generation Potential Prediction 

Material Designation: 
Comparative Criteria 

NNP (TCaCO3/kT) NPR 

Potentially Acid-Generating (PAG) < -20 < 1 

Uncertain -20 < NNP < 20 1 < NPR < 2 

Non-Potentially Acid-Generating (NAG) > 20 > 2 
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While these various screening values are generally indicative of the net acid-generating or 
neutralizing potential of a sample, they should be interpreted in the context of a thorough 
understanding of deposit lithology, mineralogy, alteration and weathering characteristics, grain 
size distribution, structural geology, and other factors.  

The results of the ABA testing are presented below in Figure 20.2.  The horizontal lines represent 
the different cutoff points shown in Table 20.2 above.   

 

 

Figure 20.2: Graphic of ABA Results Based on PAG Classification 

Figure 20.2 shows that nearly all the PEA-level samples are safely within the NAG category.  This 
is due to the generally low AP values in the sample set, and the presence of NP.   

20.1.4.2.3 Short-Term Leaching Tests 
Short-term leach tests were conducted on the mine rock to determine if there are any readily-
soluble elements that could impact water quality.  The test used was the Synthetic Precipitation 
Leaching Procedure (SPLP), based on EPA Method 1312 (US EPA, 1994).  This method leaches 
the water at pH 5.5 to simulate precipitation.   

The SPLP results have no values in excess of domestic or international water standards.  pH is 
neutral, total dissolved solids are low, and no elevated metals concentrations have been detected.   
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20.1.4.3 Tailings Results 
The following sections describe the results of the sampling of tailings solids and tailings 
supernatant.   

20.1.4.3.1 ABA Results 
The results of the ABA testing of tailings are shown in Table 20.3 below. 

Table 20.3: ABA Results of the Cangrejos Mine Tailings 

 

 

 

 

 

 

 

 

 
 
The NNP and NPR both show that the mine tailings are NAG.  This is likely because the sulfides 
are removed into the concentrate during the flotation process.   

20.1.4.3.2 Whole Rock and Metals 
The tailings have similar whole rock composition as the rock they come from.  Trace metals are 
also similar to the rock samples except that copper is significantly reduced because it has been 
removed in the concentrate. 

20.1.4.3.3 Short-Term Leaching and Supernatant 
The mine tailings appear to have largely inert supernatant solution and leachate.  The supernatant 
has slightly elevated sulfate concentrations, and molybdenum concentrations slightly in excess of 
Ecuador’s Agricultural standards, but in general, the water meets with local and international 
guidelines.  

20.1.5 Biodiversity Studies 
Project concession areas have been impacted by many decades, if not centuries, of intrusive 
human influences, including habitation; agricultural clearances; grazing by domestic animals; 
selective logging of high-value tree species; introduction of invasive species; installation of 
fencing, power lines, and access roads; underground and alluvial artisanal /small-scale mining 
operations; and, prior mineral exploration activities, including surface sampling and core-drilling 
operations.   

Parameter Units LOD 
Tailings 
Result 

Paste pH pH 0.02 8.65 
Total Inorganic Carbon % 0.01 0.17 

CaCO3 NP  14.2 
Total Sulfur % 0.005 0.048 

Sulfate Sulfur % 0.01 <0.01 
Sulfide Sulfur % 0.01 0.01 

Insoluble Sulfur %  0.04 
AP T/KT  0.3 
NP T/KT 0.5 22.4 

Net Neutralization 
Potential 

T/KT 
 

22.1 

NPR   74.7 
Fizz Test  

 Slight 
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When conducting the EIS for the Cangrejos-area concessions, Lumina commissioned an 
environmental baseline study, the field phase of which was carried out in July 2007 (Terrambiente, 
2010).  A separate study was conducted in 2017 as part of the EIS for the Cangrejos 20 
concession (Terrambiente, 2017).  These studies generally confirm that the Cangrejos area and 
Cangrejos 20 concessions are located in habitat that has, over time, been significantly altered by 
human activities.  

In May 2017, high-level literature reviews and desktop biodiversity screening studies were 
commissioned covering the Cangrejos area and Cangrejos 20 concessions (Whistler Consultora, 
2017). Whistler´s reports noted the potential presence of a number of sensitive species and 
recommended the performance of a detailed, multi-species biodiversity field study in the specific 
areas that would be further disturbed by mine development and operation.  

It is important to note as well that Ecuadorian regulations require a biodiversity study and forest 
inventory in advance of any environmental clearance operations, as a calculated, site-specific fee 
is levied for the loss of potential ecosystems services.  Payment of the fee is a condition for 
receiving the Project’s Environmental License.  Regulations also require that the exploitation 
phase EMP include a plan for management of sensitive species of flora and fauna disrupted in 
the clearance process.   

Lumina intends to commission the required biodiversity study and planning effort after the 
environmental footprint of the Project is fully defined.  The study will focus on the Project's 
environmental AOI (i.e., the specific areas that will potentially be impacted by mine development 
and operation, plus a 100 m environmental monitoring buffer around the footprint perimeter).  The 
results of the focused study will inform the content and requirements of a Biodiversity Monitoring 
and Management Plan (BMMP), which will be designed to address Ecuadorian regulatory 
requirements as well as applicable BMPs selected from IFC, 2012.  The plan will be submitted for 
approval as part of the exploitation phase EIS and be administered in the operational phase as 
an element of the Project EMP and Lumina's Project-specific ESMS as discussed in Section 
20.2.1.2. 

20.1.6 Archaeological Studies 
In 2012, Lumina commissioned a detailed archaeological survey of the Cangrejos area 
concessions (excluding Cangrejos 20). This study was documented in Chacon et al, 2012, and 
evaluated 18 areas in 12 discrete concession zones that Lumina had tentatively identified as 
having potential mineral interest.  The study revealed a historical presence of the "Milagro" culture 
of the Integration period (about 500 A.D. to 1500 A.D.), with an association to the "Cañari" culture 
and a possible interrelation with the "Manteño" culture.  It also resulted in the discovery of at least 
one area with small stone structures, as well as the discovery and collection of a variety of ceramic 
and stone artifacts.  None of the sites in the original study are in the anticipated environmental 
AOI established for the Project.   

Lumina has implemented a "chance finds" procedure to address the protection or handling of 
archaeological resources or artifacts undiscovered in the exploration process, and this procedure 
-- perhaps with improvements -- should continue to be implemented through the commencement 
of construction. No significant cultural resources or artifacts have been encountered in any of the 
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sampling or drilling campaigns associated with exploration or advanced exploration activities to 
date. However, given the fact that the original study did not cover Cangrejos 20, and in order to 
be comprehensive, Lumina plans to commission a second archaeological investigation focused 
specifically on the environmental AOI.   

20.2 Socioeconomic Setting 

20.2.1 Social Context 
The Project is located in the parishes of Bellamaria and La Victoria in the Canton of Santa Rosa; 
see Figure 20.3.  In the latest available official census (INEC  2010), Bellamaria parish had a total 
population of 2,322, and La Victoria parish had a population of 3,187.  Due to their general 
proximity to (or location within) the Cangrejos concessions, the Project's social AOI is considered 
to include the towns of Bellamaria (pop. 800) and Valle Hermoso (pop. 550), as well as the small 
villages of Santa Rita (comprised of just four families), Biron (pop. 185), San Carlos (pop. 200), 
and Vega Rivera (pop. 270). The Project’s exploration and advanced exploration activities and 
prospective construction activities are physically removed from any of these locations. 

20.2.2 Area of Influence 
The Project is located in the parishes of Bellamaria and La Victoria in the Canton of Santa Rosa, 
as noted in Figure 20.3.  The principal socioeconomic features or considerations in the social AOI 
include: 

 Roadways: There are paved roads from the city of Santa Rosa to Bellamaria and 
La Victoria that are regularly used by passenger buses and private and commercial 
vehicles. Access to most villages typically involves a combination of paved and 
unpaved roads. Road maintenance, especially for unpaved roadways, is a 
continuing challenge due to high levels of rainfall.    

 Communications: Bellamaria and La Victoria parishes have limited access to 
cellular phone and Internet services but, have open signal and cable TV and 
AM/FM radio. 

 Agriculture, ranching, and other non-mining activities:  The primary economic 
activities in Santa Rosa Canton are agriculture and livestock production.  The most 
productive farms are dedicated to permanent crops such as bananas, cacao, 
oranges, and coffee, with an average of about seven hectares in production. Other 
less economically important crops include plantain, sugar cane, corn, rice, mango, 
passion fruit, lemons, and beans.  Cattle, pork, sheep, poultry, and shrimp are also 
raised, but all processing plants are outside the canton, in Machala, Guayaquil, or 
Cuenca. The plains to the west of and downstream from the Project area towards 
Santa Rosa are considered to be more valuable due to their productive potential. 

The principal economic activities in the towns of Bellamaria and Valle Hermoso 
and the villages of San Carlos and Biron are agriculture, livestock, poultry, and 
tourism.  Cacao and fruit production are the main agricultural activities, and pork 
and cattle are also raised. There is also some timber production in Biron.  
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The principal economic activities in the parish capital of La Victoria are 
overwhelmingly agricultural, with a few businesses involved in commerce and 
transport.  Economic activities in the village of Vega Rivera include agriculture, 
livestock, and general commerce. 

Downriver from the social AOI and nearer to the coast, extensive tracts of land are 
occupied by large banana plantations. There are also significant shrimp farming 
areas on the coast and on offshore islands. These constituencies may eventually 
develop an active interest in the development of the project, in particular its 
potential effects on water quality and quantity. 

 Formal and informal mining: Mining (typically alluvial, with some underground 
sites and at least one mid-size open pit) is also a traditionally important economic 
activity in the area.  Based on information obtained via interviews with local 
authorities, at least 35% of the families of the Parish receive some income from 
mining activity, although it is unclear how much of this income is derived from 
formal and informal activities.  Many organizations and individuals have permits to 
conduct small-scale or artisanal mining.   

In the areas bordering the Project, significant active mining operations include: 
Mina Los Ingleses - Sociedad Tucadulombo; Minera Bravo; Los Ingleses-Eminza, 
Minera Carolina; Colorado V - El Humedo; and, Duran. There are 14 other entities 
involved in artisanal mining activities in Bellamaria, Valle Hermoso, and Birón. 

At present, no active informal mining has been identified within the concessions 
belonging to Lumina; however, over the years such work has been a persistent 
issue on the concessions, and, when encountered, is routinely reported to ARCOM 
for their appropriate action.  Several farms in the concessions area have traces of 
informal mining activity dating back 10 to 15 years.  Environmental liabilities 
associated with informal mining works have also been periodically identified and 
reported; these include alluvial mining at the Gran Bestia ravine, and underground 
mining at the Gran Bestia ravine, the Dos Bocas Sector in Vega Rivera, and the 
Las Pavas ravine. 

 Land ownership: According to information from local authorities, at least 90% of 
the parcels of non-urbanized land and farms in the community are private and have 
supporting documentation, while the remaining 10% are public (i.e., state-owned).  
Lumina controls about 50% of the surface land over the area required for Project 
facilities. 

 Indigenous peoples: No indigenous peoples or communities occupy or use land 
in the Project's social AOI, nor in proximity to it.  

 Education and Educational Resources:  As noted in Terrambiente, 2017, within 
Santa Rosa canton: 6.5% of women and 5.8% of men are illiterate; 68.7% of men, 
and 71.6% of women finished primary school; and, 16.8% of men and 23.2% of 
women finished high school. There are 20 pre-primary education schools in the 
canton, 78 primary schools, and 19 secondary schools. 
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 Limited Presence of the State and Social Services: While the city of Santa Rosa 
has relatively good infrastructure and social services, governmental presence and 
resources are more limited in the parishes and villages. In Bellamaria parish there 
are six schools that go up to Grade eight, and one school that continues through 
high school that all students in the area are expected to attend.  Medical centers 
have been established in both Bellamaria and Valle Hermoso.  The Bellamaria and 
La Victoria parishes are considered to be relatively poor according to the 
information obtained from their current Development Plans, but both have potable 
water, sewerage, and electricity services.   

 Religious Organizations and Facilities:  The local population is predominantly 
Catholic. There is presently only one ordained priest serving the villages in the 
Santa Rosa canton.  Religious facilities include: 

– Bellamaria: one large Catholic church and a smaller Protestant church;  

– San Carlos: one Catholic church; 

– Biron: a small covered outdoor shrine dedicated to the Virgen de El Cisne;   

– Valle Hermoso: one large Catholic church; and, 

– Vega Rivera: one small Catholic chapel. 

 

  

 



        
 

 
Effective Date: June 27, 2018  20-15 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

 

Figure 20.3: Social Setting - Project Location in Relation to Parish and Canton Areas 
Source: Social Capital Group, 2017, Map 3.3 
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20.2.2.1 Social Risks/Impacts 
Table 20.4 presents an initial summary of the primary social risks and impacts anticipated for the 
Project, based on information generated in the Cangrejos-area and Cangrejos 20 EISs, results of 
public participation processes, and prior experience.  Initial management and mitigation strategies 
reflected in the Project's technical design and Lumina's social management approach are also 
provided for each general social risk/impact category. 

Table 20.4: Preliminary List of Social Risk/Impacts and Management/Mitigation Strategies 

Social Risk/Impact Potential Management/ Mitigation Strategies 

Expectations of employment 
and commercial opportunities 
(existing residents and influx 
of opportunistic newcomers) 
 

 Training programs for temporary and permanent 
workers and goods and services providers 

 Preferential local hiring and procurement policies   
 Monitor effectiveness of policies  
 Information meetings and dialogue with local 

authorities, public meetings, and ongoing 
communications 

Real or perceived concerns 
over disruption of surface 
water flow for agriculture, 
grazing, and other human use  
 

 Project design to emphasize minimization of impacts to 
downstream users of surface water 

 Information meetings and dialogue with local 
authorities, public meetings, and ongoing 
communications 

Real or perceived concerns 
about contamination of surface 
water from mining operations  
 

 Presentation of designed protections on water quality in 
public meetings and ongoing communications 

 Capture and recycling or, if necessary, treatment of 
DSTF and WRSF runoff  

Incursions of illegal miners or 
opportunistic criminals 
 

• Development of an integrated Security Management 
Plan in collaboration with local authorities 

• Presentation of security policies and procedures in 
public meetings and ongoing communications, as 
appropriate 

Real or perceived concerns 
about health effects from air 
emissions, noise and vibration   
 

 Presentation of designed protections on air quality, 
noise and vibration in public meetings and 
communications 

 Blasting activities restricted to daylight hours 
 Scheduling of major deliveries of materials and 

equipment for daylight hours, with routes avoiding 
schools, markets, and other urbanized areas to the 
extent possible 

Real or perceived concerns 
about health or economic 
effects of soil contamination 

 Presentation of designed protections against soil 
contamination in public meetings/communications 

 Spill prevention, control, and countermeasures program  
 Chemically benign mineral beneficiation scheme  
 Secondary containment systems for hazardous 

chemicals  
 Stormwater collection and containment  
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Social Risk/Impact Potential Management/ Mitigation Strategies 

 Planning and periodic tests of emergency response 
capabilities with participation by local stakeholders  

Real or perceived concerns 
over generation and safe 
disposal of mining waste  

 Presentation of protections on management of tailings 
and waste rock in public meetings and ongoing 
communications 

 Collaborative development of an emergency 
preparedness and response program  

 Design and construction of DSTF to meet 
Environmental, Health and Safety Guidelines for Mining 
(IFC, 2007) and other relevant international standards  

Generation of non-hazardous 
waste 
 

 Public presentations of protections on waste 
management  

 Separation and segregation of recyclable and 
nonrecyclable waste streams and development of 
recycling and reuse options  

 Construction of permitted onsite sanitary landfill 
 Installation of one or more disposal cells in WRSF to 

accommodate high-volume unrecyclable inert wastes 
Generation of hazardous 
waste 

 Presentation of protections on management of waste in 
public meetings and ongoing communications 

 Installation of temporary storage facilities for 
containerized hazardous waste pending licensed offsite 
disposal  

Negative impacts on 
biodiversity  
 

 Presentation of protections on management of 
biodiversity in public meetings and ongoing 
communications 

Transportation accidents/ 
incidents 

 Comprehensive transportation and emergency 
preparedness planning with input from local 
stakeholders  

 Public presentation of accident prevention programs  
 Preferential contracting of contractors with qualified 

drivers 
 Schedule major deliveries for daylight hours, with routes 

avoiding urbanized areas to the extent possible 
 Periodic tests of emergency response capabilities, with 

participation by local stakeholders  
 

20.2.2.2 Mitigation Measures: Social Management Policies and Management System 
Lumina operates under a suite of corporate policies that guide the management of social relations 
and issues associated with Project development.  These policies reflect a corporate commitment 
to conducting mineral exploration and mine development activities in a manner that is fair, ethical, 
and in conformance with governing laws and regulations, as well as the best management 
practices of the international mining community.  They also reflect a commitment to developing 
relationships of trust based on communication that is transparent, respectful, and informative. The 
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rights, interests, and cultural heritage of host communities and affected landowners are also 
specifically considered.  These policies also embody a commitment to minimize and mitigate 
environmental and social impacts, as well as to rehabilitate impacted areas in a manner 
acceptable to affected stakeholders and regulators.   

Lumina expects to ultimately incorporate these policies into the Project's ESMS, which will 
consider the BMPs established by IFC, 2012 and will be documented in an overarching Health, 
Safety, Environmental, and Social (HSES) Management Plan (the Plan).  The Plan will be 
periodically revised to keep current with the changes that occur as the Project transitions towards 
the exploitation phase. A Strategic Community Relations Plan (SCRP) was also approved and 
issued for implementation in April 2017.  The SCRP will be implemented within the overall 
management structure established by the ESMS and is comprised of four major social 
management programs (communications, local employment, sustainable development support, 
and risk assessment) that specifically address the commitments in current exploration-phase 
EMPs, which are periodically monitored by the MAE and ARCOM. 

20.2.3 Legal Requirements 
As noted in Section 20.1.1, the COA and associated regulations require the submittal of advanced 
exploration and exploitation-phase EISs and EMPs for MAE approval.  An initial EIS 
(Terrambiente, 2010) was approved for the Cangrejos concessions to support advanced 
exploration activities.  Approval was granted after completing public presentations in the villages 
of Bellamaria and Vega Rivera.  The EIS included a Community Relations Plan (CRP) that 
committed Project support to agricultural development, childcare, environmental protection, and 
local infrastructure.  Since the approval of this EIS, the environmental and social performance of 
the Project has been subject to regular audits by the MAE.   

In April 2018, with the support of its environmental consultant Terrambiente, a two-week public 
participation process was implemented as part of the requirements for the approval of an EIS to 
conduct advanced exploration in the recently acquired Cangrejos 20 concession. The public 
participation process involved two-week operation of a Consultation and Information Office for 
local residents. In addition, the study was made available via the MAE’s website and notifications 
were issued through the radio and the written press, as well as by the posting of public notices.  
Over 100 people attended a public presentation of the EIS in the village of Valle Hermoso, and 
the proceedings were tranquil.  The presentation was followed by public commentary and a 
question and answer session, during which the primary concerns expressed had to do with 
opportunities for employment and infrastructure improvements.  Participants included 
stakeholders from the Santa Rosa Canton, Bellamaria and La Victoria parishes, the town of Valle 
Hermoso and neighboring villages, landowners with property located within the concession area, 
and authorities from the Ministry of Mines and the environmental department of the Provincial 
Municipality.   

20.2.4 Stakeholder Mapping 
As part of the communications program defined by the Project SCRP, Lumina's Community 
Relations team periodically conducts social mapping exercises to identify key stakeholders and 
document their specific interests and expectations for consideration in the planning of Project 
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activities.  The most recent mapping exercise (Social Capital Group, 2017) focused on the primary 
authorities in the stakeholder communities.  The individuals contacted in this mapping exercise 
were generally favorable to mining activity, as was recently evidenced in the public participation 
process for the Cangrejos 20 EIS in April 2018.  

20.2.5 Socioeconomic Benefits, Community Relations, and Communications 
The Project will be managed to provide reasonable, fair, and appropriate socioeconomic benefits 
to local stakeholders and the nation as a whole.  Beyond the expected allocation of a percentage 
of royalties (intended to cover improvements in public infrastructure, especially in the social area 
of influence), such benefits shall include training opportunities for employment and provision of 
goods and services, noting that the scope and scale of such opportunities may be expected to 
increase as the Project enters construction and operation.  Lumina also plans to actively assist 
with community development projects on an ongoing basis, including: improvement and 
maintenance of churches and schools; provision of appropriate support for local festivals, 
community workdays, and cultural events; implementation of productivity initiatives, including 
local agriculture and animal husbandry projects; and/or providing resources and/or technical 
assistance with other issues identified in stakeholder discussions. 

The communications program defined by the Project SCRP requires Lumina's Community 
Relations team to regularly engage and interact with leaders of the communities and 
organizations in the social AOI at a level generally commensurate with the extent and complexity 
of Project activities. In addition to establishing agreements with the communities, other outreach 
activities are expected to include: regular contact/informational meetings with communities and 
stakeholders; training of local workers and contractor personnel; monitoring of media interests 
and positions regarding the development of the Cangrejos Project; continuing re-analysis of the 
social/stakeholder risks associated with Project activities; systematic documentation of 
stakeholder interactions; and, periodic stakeholder mapping exercises to identify key 
stakeholders and learn about their specific interests and expectations.  Interactions with those 
stakeholders having the most immediate relationships to the Project are documented and form 
the basis for continuing dialogue that presents proposed activities and the mitigation measures to 
be taken to minimize any negative environmental and social impacts.   

20.3 Conceptual Closure Plan 

Ecuadorian mining law requires that land be returned to the pre-mining vegetation cover and land 
use if possible.  The closure plan includes the following elements, which are intended to meet all 
the regulatory obligations of the Project at closure: 

1. Demolition, salvage, and removal of the processing plant, including crushing & milling 
circuit, support buildings, conveyors, pipelines, tank farms, power transmission and other 
infrastructure that is not of benefit to the community.  

2. Reclamation of haul roads and access roads that do not have a community benefit.  

3. Mine Waste Management: physical and geochemical stabilization of the TSF and WRSF. 

4. Treatment of mine site effluent in compliance with Ecuadorian Discharge Standards in 
perpetuity. 
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5. Revegetation of impacted surfaces.  This includes erosion prevention.   

6. Post-closure monitoring to ensure compliance with the closure goals. 

These elements of the closure plan are summarized in the following subsections.   

20.3.1 Open Pit 
After mining, a pit lake will be allowed to develop in the open pit.  The pit lake overflow is on the 
west side of the pit where an engineered spillway will be constructed.  The pit lake water quality 
may be suitable for aquaculture or other beneficial uses to the community after closure.  A small 
lump sum has been included in the cost estimate to promote positive post-mining uses.  

20.3.2 Mine Waste Management 

20.3.2.1 Physical Stabilization 
For the purpose of the closure plan, it is assumed that the geotechnical slope stability has been 
verified during design and operation.  Therefore, at the time of closure, physical stabilization of 
mine waste implies the prevention of erosion through the implementation of long-term sustainable 
slopes, surface water drainage, and revegetation/reforestation to restore the landforms to as close 
to a pre-mining condition as possible.    

The current design for the WRSF calls for 2.5H:1V slopes with a 15m wide bench every 30m 
(3H:1V overall slope).  The DSTF has also been designed with the same slopes.  This closure 
estimate assumes that the slope configurations are appropriate for closure and will require very 
minimal additional grading.  

However, the closure cost estimate has considerable resources devoted to slope length control, 
surface drainage, erosion prevention, and revegetation (with suitable native species).   

20.3.2.2 Chemical Stabilization 
Chemical stabilization involves the management of leachate and runoff water quality which 
primarily consists of ARD, elevated dissolved solids, elevated suspended solids, and metals 
leaching.  Geochemical characterization of core samples strongly suggests that the Cangrejos 
mine waste will be Non-PAG.  Current testing also strongly suggests that neither elevated total 
dissolved solids, nor metal leaching will be a significant concern. 

20.3.2.3 Revegetation 
Revegetation of the site is an essential closure plan goal.  Topsoil must be placed over impacted 
surfaces and stabilized against erosion until such time as a healthy sustainable vegetative cover 
is established.  The current closure plan envisions using a 1m thick topsoil cover over the WRSF 
and sloped DSTF areas, and 0.3m of topsoil will be placed on the flat surface of the DSTF.  This 
closure plan also assumes that the topsoil will be immediately hydroseeded with an appropriate 
seed/mulch blend to establish growth.  Erosion control of the topsoil and seed mix is an essential 
final investment.  For flat areas and shallow grades, a minimal cost has been used to account for 
erosion control products.  A slightly higher cost has been applied to areas with steep slopes 
(slopes >3H:1V) to account for the additional work and attention to maintain these areas during 
the critical period as the vegetation becomes established. 
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20.3.3 Mineral Processing Facilities Closure 
Salvage value has not been assessed in this cost estimate, but the salvage value of the major 
mine components typically covers the costs for demolition.  Metal structures should be torn down 
and hauled away. Mechanical equipment will be removed.  Concrete pads are to be broken up in 
place to restore the hydrogeologic drainage of the soil.  No secondary industrial use of the site 
has been considered; however, all disturbed areas will be graded to drain, topsoiled, and 
revegetated.  Demolition will include removal and reclamation of the following: 

1. Crushing Circuit & ROM Stockpile 

2. Power System 

3. Truck Shop & Fueling Station 

4. Mineral Processing/Flotation/Tailings Pipeline 

5. Warehouse & Laydown Yard 

6. All ancillary facilities 

20.3.4 Final Closure and Environmental Monitoring 
After closure, the mine will be responsible for long-duration surveillance and sampling at the site 
to ensure that the goals of the closure plan are met.  This closure cost estimate assumes an active 
monitoring and maintenance period of ten years after mine closure. 

20.3.5 Closure Cost Estimate 
Earthworks (in the form of topsoil placement) and revegetation (hydroseeding and erosion 
control), represent the two most significant closure costs.  Assuming a 16-year mine life, two years 
of active construction during final closure, and ten years of post-closure monitoring the net present 
value of the amortized cash flow required for mine closure using a discount rate of 5% is 
$49,950,000 realized as a net present value in year 16.   
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21 CAPITAL AND OPERATING COSTS 

21.1 Capital Cost Estimate 

21.1.1 Summary 
The capital cost estimates (initial, sustaining, and expansion) were prepared for the PEA based 
on construction of an open pit mining operation, concentrator and related infrastructure to produce 
bulk copper and gold flotation concentrates, gravity gold concentrates, molybdenum concentrates 
and waste rock and tailings.   Concentrate products will be shipped offsite for further smelting and 
refining.  Tailings storage will be by filtration to remove water and then dry stacking. 

The mine plan developed for the Project results in 15 months of preproduction stripping to facilitate 
sustained feed to the process plant at 40,000 tpd once commercial operation begins.  In year 6 
of production, the plant feed rate is increased to 80,000 tpd after expanding the process plant in 
years 4-5 and acquiring additional mine equipment in years 5-6.  This production rate continues 
through year 13, decreases to 40,000 tpd in years 14 and 15, and then only produces 
approximately 7.5 Mt in the last partial year of mine and plant production. 

The key objectives of the capital cost estimates are to: 

 Support the economic evaluation of the Project; 

 Support the identification and assessment of the processes and facilities that will 
provide the most favorable return on investment;  

 Provide guidance and direction for the next phase of more detailed studies, and;  

 Provide early project information to support longer term critical activities such as 
environmental permitting, land acquisition, power supply negotiations, 
identification and training requirements for labor and qualified contractors, and 
sensitive community relations issues such as port selection and utilization. 

Table 21.1 summarizes the initial capital costs by major area.  Table 21.2 summarizes expansion 
capital costs.  Table 21.3 summarizes LOM sustaining capital costs.  

Total initial capital required to design, procure, construct, and commission the facilities described 
herein, including duties, freight, taxes, and contingency, but excluding working capital is 
approximately $828 M.   

Total expansion capital is estimated to be approximately $367 M, including duties, freight, taxes, 
and contingency.  

Total LOM sustaining capital is estimated to be approximately $229.5 M.  

Working Capital requirements are approximately $2.9 M and $3.5 M for the initial plant and 
expanded plant productions, respectively.  Initial fills, spare parts, and other required mine site 
inventory are included as part of the initial and expansion capital. 

All mine and process equipment is assumed to be purchased new, with the vast majority of the 
equipment to be imported from well-established international vendors as these items are currently 
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unavailable in Ecuador.  Where economically and technically feasible, such as bulk materials and 
consumables, these items will be sourced in Ecuador.  

Table 21.1: Initial Capital Costs by Major Area 

Area ID Description  Initial Capital   
 

Contingency 
%  

 Contingency $  

0100 Mine   $      56,951,752  11%  $       6,231,160  
0110 Mine Haul Roads          13,473,077  27%          3,637,731  
0120 Waste Rock Storage           2,675,055  10%             267,506  
0130 Truckshop, Warehouse, and Ready Line          36,525,473  5%          1,826,274  
0140 Fuel and Lube Storage and Dispensing           2,373,197  5%             118,660  
0150 Explosive Storage              139,414  20%               27,883  
0160 Pit Dewatering & Pit Depressurization Drilling           1,765,536  20%             353,107  

0200 Primary Crushing & Stockpile Reclaim  $      28,991,657  19%  $       5,508,415  
0300 Grinding and Gravity Concentration  $    115,266,993  19%  $     21,900,729  
0400 Flotation and Filtration  $      72,599,626  19%  $     13,793,929  
0500 Reagents Preparation  $        1,569,370  19%  $         298,180  
0600 Tailings Filtration  $      54,208,300  19%  $     10,299,577  
` Dry Stack Facility  $      10,337,015  11%  $       1,172,582  
` Conveyor Filtration to Dry Stack Facility  $      14,800,000  19%  $       2,812,000  
0700 Ancillary Facilities  $      12,220,150  15%  $         613,255  

0710 Administration Building           1,668,750  0%                        -  
0720 Plant Warehouse & Maintenance Shop           7,350,000  0%                        -  
0730 Laboratory, including equipment and met lab           1,691,400  18%             308,600  
0710 Clinic                97,980  20%               19,596  
0720 Reagent Storage           1,261,000  20%             252,200  
0740 Gatehouse                97,920  20%               19,584  

  Truck Scales                53,100  25%               13,275  
0800 Site and Offsite Infrastructure  $      17,071,941  3%  $         469,151  

0810 Power Supply, Transmission Line & Main Substation          14,683,000  0%                        -  
0820 Emergency Power Generation                84,200  19%               15,998  

0840 
Fresh Water Supply and Storage System (incl. 
gland water) 

          1,225,241  20%             245,048  

0850 Process Water Treatment, Storage, and Distribution              387,375  19%               73,601  

0860 Fire Water System                80,925  19%               15,376  
0870 Air Compressors and Blowers              311,200  19%               59,128  
0870 Sewage Treatment              300,000  20%               60,000  

0900 Site and Offsite Development  $      29,583,004  12%  $       3,585,507  

0910 
Site Development, Vegetation Suppression & 
Clearing & Grubbing 

         22,543,175  15%          3,381,476  

0930 Mine Access Road              559,995  15%               83,999  
0940 Site Security and Fencing           5,783,475  0%                        -  
0950 Sanitary Landfill              192,408  10%               19,241  
960 Surface water Management              503,951  20%             100,790  

  Subtotal Direct Costs  $    413,599,808  16%  $     66,684,484  
1000 Construction Indirect Costs  $      17,924,409     $       3,404,242  

1010 Contractor Indirects           6,750,919  20%          1,350,184  
1020 Construction Temporary Facilities                          -  
1030 Construction Equipment (cranes)           1,806,400  10%             180,640  
1040 Construction Camp, including catering           9,367,090  20%          1,873,418  

2000 Contracted Indirects  $      62,017,611  11%  $       6,724,947  
2010 EPCM Services          43,342,240  13%          5,634,491  
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2020 Geotechnical Facilities E&CQA           1,748,800  14%             244,832  
2030 Third Party Inspections/Testing (QAQC)           1,396,200  10%             139,620  
2040 Surveying              150,000  10%               15,000  
2050 Vendor Representatives            4,132,091  10%             413,209  
2060 Commissioning Assistance           1,396,200  10%             139,620  
2070 Initial Fills           2,763,500  5%             138,175  
2081 Mine Equipment Spare Parts           3,446,000  0%                        -  
2082 Plant Equipment Spare Parts           3,642,580  0%                        -  

  Total Indirect  $      79,942,020  13%  $     10,129,189  
4000 Owner's Direct Costs  $    130,576,336  4%  $       5,392,312  

4010 Preproduction Mine Development          30,247,691  0%                        -  
4020 Mine and Ancillary Equipment     
4021 Primary Mine Equipment          81,898,445  5%          4,094,922  
4022 Ancillary Equipment          13,113,600  5%             655,680  

4030 
Misc. Mining Support Items (shop equipment, 
software, radios, office &misc. equipment) 

          1,595,000  5%               79,750  

4050 Office/Engineering Equipment, Software, Furniture              625,000  20%             125,000  
4060 Plant Warehouse/ Shop Equipment           1,500,000  10%             150,000  
4065 Mobile Equipment & Light Vehicles           1,201,000  20%             240,200  
4070 Medical, Security, & Safety Equipment              323,600  10%               32,360  
4080 Communication Equipment                72,000  20%               14,400  

5000 Owner's Indirect Costs  $      36,277,508  19%  $       6,804,706  
5010 Preproduction Employment & Training          11,389,741  20%          2,277,948  
5020 Project & Construction Management           5,675,907  15%             851,386  
5030 Employee Mid-Shift Meals           1,571,400  10%             157,140  
5040 Preproduction Power            2,230,956  10%             223,096  
5050 Land Acquisition            1,280,000  20%             256,000  
5060 Legal, Permits, and Fees              300,000  20%               60,000  
5070 Communication Expenses              108,000  10%               10,800  
5080 Insurance           4,192,704  25%          1,048,176  
5090 Employee Travel & Transportation & Housing           3,264,800  20%             652,960  
5100 Corporate Travel & Services              720,000  10%               72,000  
5110 Environmental Services & Consumable           1,440,000  10%             144,000  
5120 Security & Medical Services & Consumables              684,000  30%             205,200  
5130 Community Development           2,700,000  30%             810,000  
5140 Outside Consultants              720,000  5%               36,000  

  Total Owner's Cost  $    166,853,844  7%  $     12,197,018  
Subtotal    $    660,395,672  13%  $     89,010,691  
10000 Other Costs                          -  

10050 Freight, Duties & Taxes          78,433,580                          -  
10060 Contingency           89,010,691                          -  

  Total Other Cost  $    167,444,271      
  Total Initial Capital Cost  $    827,839,943      
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Table 21.2: Expansion Capital Costs 

 

 

 

 

 

 

Table 21.3: Sustaining Capital Costs 

Description  Estimate (000's)  

Plant Expansion Capital, Freight and Taxes (with 19% contingency) 315,995 

Mining Expansion (with a 5% contingency) 51,163 

 Total Expansion Capital Cost (000's)  $367,158  

AREA Total LOM 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Mining (205,059) (53,225) (14,951) (15,687) (88) (837) (865) (10,277) (11,437) (10,186) (18,831) (39,610) (25,732) (3,332) 0 0 0 

WRSF (9,675) 
  

(677) (677) (677) (871) (871) (871) (871) (871) (774) (677) (677) (677) (484) 0  

Dry Stack (8,265) 
  

(579) (579) (579) (744) (744) (744) (744) (744) (661) (579) (579) (579) (413) - 

Mine Haul 
Road 

(2,275) (2,275) 
                

Sanitary 
Landfill 

(531) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) (33) 

Pit 
Dewatering 

(3,739) 
   

(2,899) 
   

(841) 
         

Total (229,545) (55,533) (14,984) (16,976) (4,276) (2,126) (2,513) (11,925) (13,925) (11,834) (20,479) (41,078) (27,021) (4,621) (1,289) (930) (33) 
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21.1.2 Exclusions and Clarifications 
The initial and expansion capital cost estimates are expressed in second quarter 2018 $US.  The 
following items are not included in the capital cost estimates: 

 Sunk costs which will have been incurred prior to project approval to proceed to 
the engineering, procurement, and construction phase; 

 All taxes which are included in the cash flow model, excluding VAT (which is 
included in the capital cost estimates); 

 Reclamation and closure costs which are included in the cash flow model;  

 Working capital which is included in the cash flow model; 

 Interest and financing costs; 

 Equipment salvage value which is included in the cash flow model, and; 

 Risk due to political upheaval, government policy changes, labor disputes, 
permitting delays, prolonged delays due to unusually severe weather, as well as 
any other force majeure occurrences.  

21.1.3 Contingency 
Approximately $89 M contingency, or a weighted average of 13% of the total initial capital cost, 
excluding duties, freight, and taxes, has been included in the Project initial capital cost estimate. 

The contingency allowance was determined by an area by area detailed review of the Project by 
the project team, including the individuals responsible for completing the PEA level design and 
estimated costs, and the respective QPs.  Scope, quantification, and pricing factors were 
evaluated during assessment of confidence level and risk.  Only after completion of this detailed 
evaluation were the contingency allowance value in $US and as a weighted percentage known. 
Preconceived beliefs were avoided to the extent possible by utilizing this methodology. 

Area contingency allowance values (both $US and %’s) are shown on Table 21.1 for initial capital. 

The same methodology was applied to estimated expansion capital costs, resulting in a weighted 
average contingency allowance for expansion capital costs of 17%.  Table 21.2 shows the 
contingency percentages applied to the two major cost areas from the expansion. 

Contingency allowance is an allowance to cover unforeseeable costs that may arise during project 
execution, which reside within the project scope but cannot be explicitly defined or described at 
the time of estimate preparation.  Contingency allowance does not cover scope changes or project 
exclusions.  For purposes of this PEA estimate and cash flow model, it is assumed that 
contingency allowance will be spent. 

21.1.4 Estimating Methodology 
Numerous consultants assisted in developing the capital cost estimates including WLRC, ND 
King, ONIX, Ausenco, MTB, RME, GRE, EPTEC, SCG, and P.L. Services Eirelli – EPP.  
Additionally, a number of Odin and Lumina key staff provided critical information regarding local 
conditions, environmental and permitting costs, corporate costs, and reputable Ecuadorian 
providers of goods or services from whom it was possible to obtain necessary information.   
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The estimate has been built up by area cost centers as defined by the project Work Breakdown 
Structure (WBS).  The objective at the start of the PEA was to produce a capital cost estimate at 
a scoping level accuracy (+35%, -35%) for the construction of all facilities.  When possible due to 
development or possession of a higher level of definition or information, the goal throughout was 
to produce a higher quality estimate in those areas.  

The Bases of Estimates by major areas are presented below. 

21.1.4.1 Basis of Estimate – Mining (Initial, Expansion, and Sustaining) 
Mine equipment unit prices were derived from 2018 vendor budgetary quotations for a selection 
of key machinery (blasthole drills, shovels, 133-t trucks, etc.) and include provisions for freight, 
insurance, and assembly.  Sustaining capital was also included in the estimates, accounting for 
fleet expansions where necessary and replacements of aging units.  Costs were estimated for a 
truck shop, fuel storage and pumping station, and ancillary equipment that includes: small 
excavating and transport equipment, a portable aggregate crushing and screening plant, all-
terrain cranes, fuel/lube trucks, mechanic field trucks, tire handling equipment, forklifts, light 
plants, and assorted light vehicles.  Allowances were made for shop equipment, pit water handling 
systems, a truck dispatch system, radio communications, office equipment and software, spare 
parts and supplies inventories, contingency, and salvage value at the end of mining. 

Table 21.4 summarizes the mine capital expenditures over the life of the Cangrejos Project, 
including the preproduction stripping costs for about 9.5 Mt of material. 

Table 21.4: Mine Capital Cost Summary 

Cost Description US $ x 1000 

Initial primary and ancillary mining equipment (preproduction) 95,012 

Expansion mining equipment 48,726 

Sustaining mining equipment 196,761 

Preproduction stripping 30,248 

Truck shop and supporting infrastructure 39,073 

Spares inventory @ 4% 4,538 

Contingency @ 5% 8,983 

Salvage value -6,785 

Total Mine Capital Costs $416,556 
 

21.1.4.2 Basis of Estimate – Process (Initial and Expansion) 
Process plant capital costs were developed from a detailed equipment list prepared from the 
process flowsheet and key design criteria.   

Approximately 90% of the process equipment value is represented by vendor quotations.   

Process plant installed costs were estimated by multiplying a factor times the equipment costs.  
Factors used are comparable to other projects with factors ranging from 2.0 to 2.5 with the applied 
factors dependent upon the type of equipment and complexity of installation.  The overall 
weighted average of all factors was 2.25 times the equipment cost.  
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The factors used include costs for: 

 Structural Steel 

 Electrical  

 Instrumentation 

 Plateworks 

 Tanks  

 Piping 

 Civil  

 Installation Labor 

Engineering, procurement, and construction management (EPCM) cost for construction of the 
initial process facilities is estimated at 15% of the initial installed cost.  EPCM cost for the 
expansion of the facilities is estimated at 12% of the expansion installed cost.  Both percentages 
were selected based on historical experience of major EPCM contractors on large projects of 
similar magnitude and scope. 

21.1.4.3 Basis of Estimate – Owner’s Initial Capital Direct and Indirect Costs 
Owner’s Direct Costs 

Estimating bases/methodologies for Owner’s direct costs are described below: 

 Labor costs were developed from organization charts and monthly staffing 
schedules associated with the phased mine development, and using actual 
Ecuadorian salary levels including burden, benefits, and subsidies. 

Methodologies for developing other mine-related direct costs associated with 
mining are discussed above in Section 21.1.4.1. 

 Other Direct Costs: Other items were developed by Lumina and MTB based on 
estimated requirements and factored actual project data, budgetary quotations, in-
house historical data, published databases, and recent similar project information.  

Owner’s Indirect Costs 

Estimating bases/methodologies for major items or grouping of items included as Owner’s indirect 
costs are described below: 

 Preproduction Employment & Training, Administration Consultants, and Employee 
Benefits and Assistance: With the exception of mine department staffing costs 
(included in mine-related preproduction development costs described above), a 
monthly staffing schedule was developed for all staff for the 36-month 
preproduction period.    

 Employee Travel, Transportation, and Housing: Using the staffing schedule 
discussed above and rotation schedules, the number of buses needed to transport 
personnel to site was determined for the preproduction period. Transportation 
estimates were provided by Lumina.   
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Weekly travel from Santa Rosa to Quito will be provided to 70% of management 
personnel and 40% of supervision/technical personnel.  These same personnel will 
also be provided a housing allowance in Santa Rosa. Current airfares and travel-
related costs were estimated by Lumina administrative and MTB project staff.  

 Project Management:  Using the detailed project implementation schedule as a 
reference for activities and their respective durations, MTB estimated the level of 
effort required to provide overall project management services, including cost 
monitoring, control and reporting, schedule monitoring and control, and contract 
management/administration.  Travel-related expenses were estimated, and 
billable labor costs applied to estimated hours. 

 Employee Mid-Shift Meals: The number of personnel, including day shift, shifters, 
corporate, and other visitors was estimated for each month of the preproduction 
period using the preproduction staffing schedule.  Meal costs per person/day were 
obtained from Lumina and are based on current actual costs at another Lumina 
project.  

 Environmental: Costs for ongoing environmental monitoring and programs during 
the preproduction period were included based on estimates provided by Lumina. 

 Security Services:  Contracted security costs from a local security firm were applied 
to the 36-month preproduction period. Security staffing levels were determined 
based on the yearly preproduction staffing requirements and site construction and 
operations activities and shift schedules. 

 Community Development: Lumina developed estimated costs for community 
development programs during the 36-month preproduction period. 

 Preproduction Power: Power requirements were developed by MTB based upon 
the required power demands for the preproduction period. 

 Insurance: Premiums for insurance coverage were developed from rates used on 
a similar project and coverage includes Builders Risk, General Liability, and 
Vehicle and Other Miscellaneous coverage. 

 Other Indirect Costs:  All other cost items were estimated by Lumina and MTB 
project staff using recent historical costs and information.   

21.1.4.4 Basis of Estimate – Freight, Taxes, and Port Charges 
Methodology 

 Tax requirements were defined by Lumina’s external law firm and accounting 
consultant, and by Lumina’s accounting and administrative staff. 

 Port charges were obtained from port authorities (Fertisa and YILPORT) and 
balanced against equipment values to obtain a representative overall percentage 
to apply to all materials and equipment. 

 Freight charges were derived from discussions with port representatives, and 
providers of freight services. 
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 All initial capital costs were split between equipment, materials, and services.  

 Equipment, materials, and services were categorized as foreign or local sourcing.  

Taxes  

 Taxes (predominantly VAT) were then applied to values per the following:  

o A 12% VAT is applicable to CIF costs for imported equipment and 
materials.  

o The VAT tax applies to all basic goods and services in Ecuador.  

o FODINFA tax (0.5%). The FODINFA Tax (childhood development fund) 
applies to the imported goods CIF value.  

o VAT payments were developed per each year of the preproduction and 
production periods as inputs to the cash flow model.  

o VAT is excluded from labor salaries paid directly by the Company and from 
electrical energy costs paid to the power supply provider. 

Port 

 Imported goods were burdened with a standard 3% port charge based on rates 
provided by the Fertisa and YILPORT port operators. 

Freight 

The following allowable percentages were applied to imported materials or equipment costs: 

 Inland freight to port of export – 0.5% (based on CIF quotes for heavy equipment). 

 Ocean freight – 3% - (port to port rates available on the website 
www.worldfreightrates.com were applied to quoted equipment values). 

 Inland freight from Guayaquil to the Cangrejos Project – 0.5% (used same basis 
as above for inland freight to port of export). 

21.2 Operating Cost Estimate 

21.2.1 Summary 
Costs have been estimated by operating areas of mining, processing, G&A, tailings management, 
and water management. 

Table 21.5 summarizes the operating costs by area in total cost and in average LOM unit cost per 
tonne mineralized material processed.  
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Table 21.5: Operating Cost Summary 

Description 

 Total   Average Unit Operating Cost   
 Life of Mine      

 Cost  Years 1-5  LOM  
 $000's  $/T mineralized 

material 
$/T mineralized material 

Mining - Mined      1,511,357                2.50                          2.14  
Mining – Milled2      1,511,357                6.36                          4.46  
Processing      2,399,966                7.23                          7.09  
General and Administration         258,891                0.90                          0.76  
Tailings Management         253,877                0.75                          0.75  
Water Management1            7,606                            0.02  

Total Operating Cost  $  4,431,697   $         15.24   $                    13.09  
   LOM K-T mineralized material (Process Feed):          338,502  

Note 1: Includes mine pit dewatering and fresh water supply (power cost), as shown in Table 21.12.  Note 2: Mining unit 
costs/T  mineralized material for LOM is $0.02/T mineralized material less than the $4.48/T mineralized material stated in the 
6/28/18 News Release.  The difference is due to the listing of the $0.02/T mineralized material water management cost 
separately. 
 

Labor for mining, processing, and G&A, including burden and benefits, constitutes a large 
component of operating costs.  Additionally, other costs within G&A, such as mid-shift meals, 
employee travel, transportation and housing, recruiting and relocation, and training are all 
functions of the labor component.  

A detailed labor study was completed with assistance from Lumina personnel, to determine the 
administrative organization and staffing levels, as well as understanding salary scales and 
bonuses, Ecuadorian labor laws, health and insurance costs, and social and other tax burdens. 
Burdened salary levels and benefits were calculated for all positions in mining, processing, and 
G&A. 

Additionally, budgetary quotations were obtained for significant Project consumable. 

21.2.2 Mining 
Cangrejos mine operating cost estimates cover:  pit operations (i.e., drilling, blasting, loading, and 
hauling); construction and maintenance of mine haul roads, sumps, and safety berms; placement 
of waste rock in the WRSF; operating and maintenance labor; mine department supervision and 
technical services; crushing waste rock to supply aggregate for road surfacing and blasthole 
stemming; and other earthworks as may be required for day to day mining operations.  Exploration 
costs are not included in the operating cost estimates.  The mine production schedule presented 
in Table 16.6 and equipment unit productivity estimates were used to calculate operating shifts 
and manpower requirements, which in turn were used to derive mine operating costs. 

Unit operating cost estimates for major equipment incorporate labor, fuel and lubricant 
consumption, industry experience for maintenance and repair costs, and recent budgetary quotes 
for selected tires, and other mining supplies.  These operating costs were adjusted for local labor 
rates and supply costs, while tracking recent industry experience for similar equipment.  The 
mining cost estimates were based on energy prices of $0.063/kWh for electricity, $0.584/L for 
diesel fuel, $0.88/kg for bulk ammonium nitrate prills, and $1.40/kg for bulk water-resistant 
emulsion. 
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Mine labor rates were estimated with assistance from Lumina personnel for operating and 
maintenance personnel, and supervision and technical services staff.  These estimates also 
include fringe benefits and other burdens. 

Table 21.6 summarizes the average Cangrejos mine operating cost estimates for the 15.7-year 
life of the mine, excluding preproduction stripping.  Mine operating costs are projected to total 
$1.51 B, typically averaging nearly $87 M per annum during the first five years of operation and 
$118 M per annum for Years 6-13.  The average unit cost is estimated at $2.12 per tonne of 
material mined.  Haulage is the largest cost center and represents 39% of the total mining cost.  
The three largest cost categories are parts and consumables, diesel fuel, and blasting supplies 
and comprise about 34%, 22%, and 15% of the total mining cost, respectively. 

Table 21.6: Mine Operating Cost Summary 

 

Note: 1. Mine pit dewatering of $6,191,000 LOM shown in the cash flow model under mining operating costs is included below in 
Table 21.12 which describes water management operating costs ($0.02/t mineralized material). 

 

21.2.3 Process Operating Costs 
The process plant operating costs include estimates for: 

 Labor 

 Power 

 Grinding Media and Liners 

 Reagents 

 Maintenance Supplies 

 Plant General Supplies 

 Plant Mobile Equipment 

 External Services  

Description 

 Total    

 Life of Mine  
 LOM  

 Cost  
 $000's  $/T mineralized material 

Drilling                113,989                  0.34  

Blasting                230,990                  0.68  

Loading                157,472                  0.47  

Hauling                590,521                  1.74  

Roads & Dumps                223,799                  0.66  

General Mine                  73,220                  0.22  

General Maintenance                  56,576                  0.17  

Supervision & Technical                  64,791                  0.19  
Total Operating Cost1  $         1,511,358                  4.46  

 LOM Kt mineralized material (Process Feed):  338,502 
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Process labor costs were estimated by developing a manpower schedule for the initial and 
expanded plant operations that includes management, technical, operations, and maintenance 
personnel.  The personnel numbers are comparable to similar sized concentrator operations.  The 
individual costs were developed from comparable Ecuadorian positions and then applying 
standard Ecuadorian wage and benefit package items (wages, overtime, additional monthly 
wages, holidays, taxes, health, life insurance, dental, subsidies, training, and pension). 

Power costs were estimated by totaling the connected power from the detailed process equipment 
list and then applying a 70% factor to estimate the average power consumed.  The estimate of 
consumed power was then multiplied by the estimated unit power cost of $0.063/kWh.   

Grinding media and liner costs were estimated using standard steel consumption formulae that 
are related to material hardness, abrasion characteristics, and the estimated crushing and 
grinding equipment power.  Unit pricing includes freight and is from recent vendor quotations and 
database. 

Reagents costs were estimated by using the laboratory reagent consumptions, vendor quotations, 
freight costs, and some database values. 

Maintenance supplies were estimated by applying a 5% factor to the process equipment purchase 
costs. 

Plant general supplies were estimated by applying a 1% factor to the process equipment purchase 
costs. 

Plant mobile equipment and external services costs are comparable to costs of similar operations. 

Table 21.7 summarizes the average Cangrejos process cost estimates.  Table 21.8 provides a 
summary of the process staffing schedule for Year 1 (initial production) and Year 6 (expanded 
production). 



        
 

 
Effective Date: June 27, 2018  21-13 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

Table 21.7: Nominal Process Operating Costs (at Fixed Annual Production Rate) 

Description 

 Total  

 Average Unit 
Operating 

Cost   
 Annual Cost  

 Average Unit 
Operating 

Cost   
 Annual Cost    

 Life of 
Mine  

        

 LOM  

 Cost  40 Ktpd 40 Ktpd 80 Ktpd 80 Ktpd 
 $000's  $/T 

mineralized 
material Annual Cost 

$/T mineralized 
material 

Annual Cost 

$/T mineralized 
material 

Labor        88,359  0.298 4,350,800 0.212 6,190,400                  0.26  

Power      656,598  1.967 28,718,200 1.938 56,589,600                  1.94  

Reagents      224,089  0.662 9,665,200 0.662 19,330,400                  0.66  

Media and Liners   1,171,218  3.460 50,516,000 3.460 101,032,000                  3.46  

Plant Maintenance Supplies      124,926  0.385 5,621,000 0.365 10,658,000                  0.37  

Plant General Supplies        24,985  0.077 1,124,200 0.073 2,131,600                  0.07  

Plant Mobile Equipment        29,140  0.100 1,460,000 0.070 2,044,000                  0.09  

External Services        80,651  0.250 3,650,000 0.200 5,840,000                  0.24  

Total Operating Cost  $2,399,9661   $             7.20   $    105,105,400   $              6.98   $    203,816,000   $              7.09  

          

LOM KT of 
mineralized material 

(Process Feed):             338,502.00  
Note: 1) The cash flow model lists fresh water supply power supply for $1,415,000 as part of process operating costs.  This item has been included below in Table 21.12 as a 
component of water management operating costs. 
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Table 21.8: Process Manpower (Full Operations) 

 

 

 

 

 

 

 

21.2.4 General and Administrative Operating Costs 
G&A operating costs are summarized below in Table 21.9. G&A costs are considered to be fixed 
per time periods, as opposed to variable due to fluctuations in tonnage of mineralized material 
processed.  

Table 21.9 includes increased staffing in Year 6 to provide required support and services to the 
additional workforce required for the doubling of production.  

The G&A staffing schedule for Year 1 (initial production) and Year 6 (expanded production) is 
included below as Table 21.10.  

Position Year 1  Year 6  

Management 5 5 

Mill Technical 6 9 

Assay Lab 11 12 

Mill Production 86 142 

Mill Maintenance 49 65 

Total Process Manpower 157 233 
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Table 21.9: Nominal G&A Operating Costs (at Fixed Annual Production Rate) 

 

Description 

 Total  

 Average Unit 
Operating Cost   

 Annual Cost  
 Average Unit 

Operating Cost   
 Annual Cost    

 Life of Mine          
 LOM  

 Cost  40 Ktpd 40 Ktpd 80 Ktpd 80 Ktpd 
 $000's  $/T mineralized 

material 
$/Annual Total $/T mineralized 

material 
$/Annual Total $/T  

mineralized 
material 

Personnel              108,354  0.324   $       4,726,000  0.264   $    7,702,180        0.32  
Training                   3,295  0.013   $          193,300  0.007   $       211,700        0.01  
Employee Mid-Shift Meals                 10,189  0.036   $          523,800  0.024   $       688,176        0.03  
Legal Permits and fees                   1,600  0.007   $          100,000  0.003   $       100,000        0.00  
Communications                       576  0.002   $            36,000  0.001   $         36,000        0.00  
Employee Travel, Transportation & 
Housing                 46,630  0.124   $       1,810,800  0.117   $    3,416,000        0.14  
Recruiting, Relocation and Expat 
Compensation                   2,025  0.005   $            70,350  0.005   $       152,095        0.01  
Insurance                 50,280  0.182   $       2,664,000  0.115   $    3,360,000        0.15  
Corporate Travel and Services                   3,840  0.016   $          240,000  0.008   $       240,000        0.01  
Environmental Services & Consumables                   7,680  0.033   $          480,000  0.016   $       480,000        0.02  
Security Services, Medical Services & 
Consumables                   6,182  0.026   $          386,400  0.013   $       386,400        0.02  
Outside Consultants                   3,840  0.016   $          240,000  0.008   $       240,000        0.01  
Community Development                 14,400  0.062   $          900,000  0.031   $       900,000        0.04  

Total Operating Cost  $       258,891  0.85          12,370,650  0.61       17,912,551        0.76  

      
  

 LOM Kt of 
mineralized material 

(Process Feed):       338,502  
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Table 21.10: G&A Staffing Schedule 

 

 

 

 

 

 

 

 

 

 

 

21.2.5 Miscellaneous Operating Costs 
Tailings management operating costs consist of the power for the conveyors (fixed and portable 
grasshoppers), and stacker to convey the filtered tailings from the filtration plant to the DSTF. 

Labor and equipment operating costs for repositioning the portable conveyors and stacker to 
planned stacking locations, as well as light plant operation for safe and efficient stacking activities 
are included. 

The majority of the operating costs consist of the fuel, maintenance, and operating labor costs 
associated with the dozer and compactor used to spread and compact the tailings.  

The tailings management operating costs are shown below in Table 21.11. 

Table 21.11: Tailings Management Operating Costs 

Position Year 1  Year 6  

Exec. Admin 5 5 

Admin. Services 21 29 
HR 9 11 
Governance-Institutional 7 7 
Financial 5 5 
Purchasing 7 9 
I.T. 2 2 
Logistics 5 5 
Community relations 6 6 
Environmental 13 13 
Health and Safety 26 30 
Accounting 6 6 
Security  1 1 
Marketing 3 3 
Total G&A Manpower 116 132 

Description 

 Total    
 Life of Mine  

 LOM  
 Cost  

 $000's  $/T mineralized 
material 

Labor 16,925 0.05 
Power (Variable) 33,850 0.10 
Equipment Maintenance (Variable) 33,850 0.10 
Spreading and Compaction 169,251 0.50 

Total Operating Cost $         253,877 $     0.75 

 
 LOM KT mineralized material (Process 

Feed):         338,502  
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The following energy-related costs are also included here: portable diesel driven dewatering 
pumps to remove water from pit collection sumps; pumps to carry diverted water from collection 
ponds above the pit highwall to diversion channels; and, electrical power costs for pumps to 
deliver makeup water from an external source to the process plant.  Table 21.12 below shows the 
operating costs for water management. 

Table 21.12: Water Management Operating Costs 

 

 

 

 

 

 

 

Description 

 Total    

 Life of Mine  
 LOM  

 Cost  
 $000's  $/T mineralized 

material 
Mine Pit Dewatering 6,191         0.02  
Fresh Water Supply (Power Cost) 1,415         0.00  

Total Operating Cost $                                    7,606         0.02  

  
 LOM KT mineralized material 

(Process Feed):        338,502  



        
 

 
Effective Date: June 27, 2018  22-1 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

22 ECONOMIC ANALYSIS 

22.1 General Criteria and Assumptions 

MTB, under the supervision of, and in conjunction with the QP for this section, has completed a 
PEA level economic evaluation of the Cangrejos Project for Lumina.  Key objectives of developing 
the economic model were to: 

 Gather information from various professionals in related disciplines, including mine 
development, engineering, and metallurgy, among others; 

 Identify and balance components in the model to determine the most favorable 
return on investment;  

 Simulate operation over the expected life of the Project on a high level;   

 Allow for assessment of the Project’s potential economic viability;  

 Support management in their project advancement decision-making process; and, 

 Provide a foundation for the next phase of project development.  

The methodology involved in developing the economic model is further explained in the following 
sections and technical parameters are provided as applicable. Summations of key project data 
and results are presented in tables extracted from the model. A listing of select model inputs and 
key results is given in Table 22.1. Totals may not add up due to rounding. 

This PEA is preliminary in nature, it includes inferred mineral resources that are considered too 
speculative geologically to have the economic considerations applied to them that would enable 
them to be categorized as mineral reserves, and there is no certainty that the PEA will be realized.  
Mineral resources that are not mineral reserves do not have demonstrated economic viability. 
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Table 22.1: Economic Model Inputs and Key Results 

Cangrejos Project – Model Inputs Unit Value 

Total Ore Produced ktonnes 338,502 

Gold Grade g/t 0.69 

Silver Grade g/t 0.59 

Copper Grade % 0.12% 

Molybdenum Grade ppm 26.4 

Gold Recovery (Fresh | Partially Oxidized) % 82% | 65% 

Silver Recovery (Fresh | Partially Oxidized) % 78% | 50% 

Copper Recovery (Fresh | Partially Oxidized) %     82% | 50%  

Molybdenum Recovery (Fresh | Partially Oxidized)) % 50% | 50% 

Gold Price US$/oz $1,300  

Silver Price  US$/oz $19.00  

Copper Price US$/lb $3.25  

Molybdenum Price US$/lb $11.00  

Gold Payable (Gravity Concentrate | Bulk Concentrate) % 98% | 97% 

Silver Payable (Gravity Concentrate | Bulk Concentrate) % 16.7% | 55.9% 

Copper Payable % 95.30% 

Molybdenum Payable % 95.50% 

Cangrejos Project – Key Results Unit Value 

Gold Revenue Split % 76.50% 

Silver Revenue Split % 0.50% 

Copper Revenue Split % 22.00% 

Molybdenum Revenue Split % 1.00% 

Gross Revenue US$(000) $10,157,088  

Initial Capital Cost Less Working Capital & Spare Parts/Initial Fills US$(000) $817,850  

Expansion Capital Cost (Plant + Mining + Freight + Tax + Cont.) US$(000) $367,157  

Sustaining Capital Cost US$(000) $229,545  

LOM Mine Operating Costs US$(000) $1,517,548  

LOM Process Operating Costs US$(000) $2,401,381  

LOM Tailings Operating Costs US$(000) $253,877  

LOM General and Administrative Operating Costs US$(000) $258,891  

LOM Total Operating Costs US$(000) $4,431,697  

Net Cash Cost US$/oz $523  

Cash Costs (Gold Equivalent)  US$/EQ-OZ $706  

After Tax Payback Time - Initial Capital Years 5.1 

After Tax Payback Time - Expansion Capital Years 3.1 

Cumulative Net Pre-Tax Cash Flow US$(000) $3,247,323  

Pre-Tax IRR % 19.20% 

Pre-Tax NPV (5% Annual Discount Rate) US$(000) $1,549,365  

Cumulative Net After-Tax Cash Flow US$(000) $2,100,194  

Post-Tax IRR % 15.0% 
Post-Tax NPV (5% Annual Discount Rate) US$(000) $920,065  

 



        
 

 
Effective Date: June 27, 2018  22-3 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

All currencies are US dollars with no inflation applied. Cost estimates were not escalated and all 
cash flow values were discounted using mid-year discounting to a net present value using a 5% 
annual discount rate starting one calendar year from the data date. Metal prices were selected 
based on discussions with Lumina and H&H, considering current trading values and consensus 
price forecasts based on estimates from numerous financial institutions. Taxation rates applied 
were 15% profit sharing tax (3% to workers, 12% to Government), 22% corporate income tax, 
and 5% royalty to the Ecuadorian Government on NSR. Depreciation was calculated using a five 
year straight line depreciation methodology. VAT (or IVA) of 12% was applied to all goods and 
services, including operating costs less labor and power, and was recaptured at a maximum of 
12% of exported goods value per year once mine production is exported.  

Benefits to the Ecuadorian Government were compared with Lumina’s profits using the prescribed 
method to determine whether a Sovereign Adjustment Tax would apply; no Sovereign Adjustment 
is required. Static metals prices were applied; therefore, no windfall profit tax was considered in 
the model. Miscellaneous taxes included business permit tax, gross asset tax, mining patent 
maintenance, superintendent tax, and local land and use taxes.  
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Table 22.2: Assumptions for Taxation 

Corporate Structure  Cangrejos is a wholly owned subsidiary of Lumina, a 
Vancouver-based Corporation.  

 No repatriation tax assumed. 

Tax Authority  The Government of Ecuador is the primary tax authority for 
the Cangrejos Project.  

 Additional tax authorities include state and local 
governments which receive property and use taxes. 

Financing  Assumed to be 100% equity. 

Primary Tax Rates  Royalty: 5% of NSR to Ecuadorian Government. 
 Profit Sharing Tax: 15% of profit before loss carry forward. 
 Income Tax: 22% of taxable income. 

Tax Losses Carried Forward  Any losses are carried forward, including losses due to 
miscellaneous taxes during pre-production.  

 Loss carry forward is applied at a maximum 25% of taxable 
income and any unused losses expire after five years. 

Value Added Tax (VAT or IVA)  12% applied to all goods and services, and operating 
expenses less labor and power. 

 100% recaptured beginning in Year 1 at a maximum 12% 
of export value. 

Other Miscellaneous Taxes  Business Permit: $25,000 per annum. 
 Gross Asset Tax: $1.50 per $1,000 in net assets. 
 Mining Patent: UBR increased 2% per annum applied at 

7.5% per ha in preproduction, 10% per ha in production. 
 Superintendent Cost: varies with asset base, annual cost 

range is $98,000 to $711,000 per year, average annual 
cost is $302,000. 

 Local Property Tax: 0.25% per 1,000 ha. 
 Rural Land Use Tax: $7,000 per annum. 

Other Notes  Nominal discount rate: 5% per annum. 
 No currency inflation applied. 
 Sovereign Adjustment Tax evaluated and deemed not 

applicable; Ecuadorian Government receives over 50% of 
value from project. 

 Windfall Profit Tax not applicable due to the static pricing 
model. 

 No advanced royalty payment assumed. 
 

22.2 Production Summary 

At the foundation of the economic model, data was drawn from the mine and plant production 
schedules, which were produced by WLRC and ND King, respectively, and are summarized in 
Table 22.3. This table provides the quantity of mineralized material processed by the mill, 
concentrate production, and total payable metals in the concentrate products by year. The QP for 
this section has compiled, reviewed and approved the production schedules for inclusion into the 
Technical Report. 
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Table 22.3: Process Production Schedule 

  
Ore 

Processed 
Gravity 

Con 
Bulk Con Moly Con Gold Silver Copper Moly 

Year (kt) 
(dry 

tonnes) 
(dry 

tonnes) 
(dry 

tonnes) 
(koz) (koz) (klb) (klb) 

1 10,220 11,576 37,303 410 198.8 49 14,624 388.3 
2 14,600 21,783 63,443 540 281.9 98.8 26,609 511.6 
3 14,600 23,781 63,886 552 285.6 106.4 27,327 521.9 
4 14,600 26,154 61,928 513 291.6 109.3 27,032 485.7 
5 14,600 26,783 68,547 529 291.3 114.9 30,061 501 
6 26,280 38,849 109,020 783 430.2 174.6 47,738 741.6 
7 29,200 44,214 145,705 934 486.2 220.2 63,602 884.8 
8 29,200 44,983 122,753 775 485.4 221.3 54,375 735.1 
9 29,200 41,576 111,933 808 450 191.9 49,727 764.8 
10 29,200 41,325 104,021 759 445.2 176 46,456 718.5 
11 29,200 39,171 113,471 834 421.6 180.1 50,498 788.8 
12 29,200 40,707 118,199 665 438.1 191.8 52,499 630.3 
13 29,200 39,731 144,503 717 427.6 205 63,499 678.8 
14 14,600 37,012 116,514 396 398.4 184.7 49,499 375.4 
15 14,600 42,449 144,671 419 456.9 219.6 60,249 397.2 
16 10,002 16,799 56,841 308 186.7 101.8 24,509 291.7 

LOM 338,502 536,894 1,582,737 9,941 5,976 2,545 688,305 9,416 

22.3 Gross Revenue from Mining 

Following review of the H&H forecast values, current trading values, price forecasts from 
numerous financial institutions and discussions between Lumina and H&H, the following metal 
prices for this PEA cash flow model were selected: 

Gold - $1,300/oz                      Copper - $3.25/lb 

Silver - $19.00/oz           Molybdenum - $11.00/lb 

The precious metal markets are highly liquid and benefit from terminal markets around the world 
(e.g., London, New York, Tokyo, and Hong Kong).    The London PM fix for gold and silver on 
June 27, 2018 was $1,255/oz and $16.21/oz, respectively.  At the June 27, 2018 effective date of 
this PEA, year-to-date gold has traded between $1,255/oz and $1,355/oz and silver has traded 
between $16.21/oz and $17.52/oz using the London fix. 

On June 27, 2018 the closing price for copper was $2.84/lb and molybdenum was $11.79/lb.  At 
the June 27, 2018 effective date of this PEA, year-to-date copper has traded between $2.84/lb 
and $3.30/lb, and molybdenum has traded between $7.26/lb and $11.79/lb. 

Metals prices for silver, gold, copper, and molybdenum were applied to corresponding recovered, 
payable silver and gold ounces, and copper and molybdenum pounds in the economic model.  A 
metals price sensitivity analysis was completed as part of the overall economic analysis.  Table 
22.6 shows the metal price sensitivity in the economic results. 
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The gross revenue from mining for the Cangrejos Project, based on this PEA, is estimated to be 
$10.2 B. 

22.4 Net Smelter Return Calculation 

22.4.1 Transportation 
Domestic transportation charges for shipping three concentrate products from the Cangrejos 
Project were provided as a budgetary quotation by Mamut-Andino trucking company and H&H 
provided the international shipping cost estimates of $45.00 per wet tonne for bulk concentrate to 
China, $60.00 per wet tonne for gravity concentrate to Europe, where more favorable payable 
gold rates apply to gravity concentrates, and $24.81 per dry tonne for molybdenum concentrate 
to Chile. The concentrates have been estimated to have average proportions of contained metals, 
based on model process calculations, shown in Table 22.4. 

Table 22.4: Concentrate Grades 

Concentrate Gravity Bulk Moly 

Gold (g/t) 155 68 - 

Silver (g/t) 32 86 - 

Copper (%) - 21% - 

Moly (%) - - 45% 
 
Total transportation costs for the Cangrejos scoping study are estimated to be $188 M over the 
life of the Project.  

22.4.2 TCs, RCs, and Penalties 
The economic model applies costs for treatment and refining charges and penalties taken from a 
study dated May 15, 2018 by H&H.  The results of the study are considered to be typical for 
refining gold, copper, and molybdenum concentrates. This study is based on providing an average 
of 137,000 t of the three concentrates combined per annum.  For the gravity concentrate, TCs are 
quoted at $250 per wet tonne of concentrate and payable metal returns of 98% gold and 17% 
silver due to 3 g/t minimum silver deductions.  The RCs for gravity concentrate is $8.00/oz of gold 
plus $0.80/oz of silver.  Bulk concentrate TCs were reported as $80 per wet tonne of concentrate 
and RCs of $5.00/oz of gold, $0.50/oz of silver, and $0.08/lb of copper.  Payable metal returns 
were reported as 97% gold and 56% for silver, again due to 3 g/t minimum silver deductions.  

The molybdenum concentrate carries a 15% price discount as its TC, reportedly due to its high 
copper content, which is applied in the model, and is 95.5% payable. 

Payment terms for the gravity and bulk concentrates allow for 90% payment at the Ecuadorian 
port upon loading the concentrate, with 10% settlement 45 days later.  Molybdenum concentrate 
payment terms are assumed to be 90% 15 days after shipping, with the balance paid in 75 days.  

Deleterious element penalties were provided with the only element relevant to the Cangrejos 
Project being arsenic (As) in the gravity concentrate.  At the levels found in the concentrates, As 
carries a $10.50/wet tonne penalty.  
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Total TC/RC and penalty charges for the Cangrejos Project PEA are estimated to be $419 M over 
the life of the Project, of which the total LOM penalty component is only $2.4 M. 

22.4.3 Net Smelter Return 
The NSR calculation for the Project starts with the gross revenue, which is calculated from the 
amount of recovered, payable metals in the concentrates multiplied by the appropriate metals 
prices.  To arrive at the NSR, the transportation costs and TCs and RCs are subtracted from the 
gross revenue from mining.  The NSR is used to calculate the Ecuadorian Government’s 5% 
royalty.  

The Cangrejos Project cash flow model estimates an NSR of $9.5 B for the Project over the LOM.  

22.5 Royalty Calculation 

The Federal Government of Ecuador requires an NSR royalty on gold produced in Ecuador, 
assumed to be 5% in this PEA based on recently negotiated stability agreements by other 
projects. 

This royalty is based upon proceeds paid by smelters less certain costs, including costs incurred 
to transport the concentrates to the smelters, or NSR, for mineralized material produced in the 
property area subject to the royalties.  Over the life of the Project, the Ecuadorian Government is 
expected to receive approximately $477 M in royalty payments. 

22.6 Operating Margin 

Operating costs as previously described in Section 21 of this PEA served as input to the economic 
model.  The unit operating costs are shown in the model, and mining costs amount to $2.14 per 
tonne mined, which equates to $4.48 per mineralized material tonne processed (including the 
$0.02/t for water management listed separately in Section 21), $7.09 processing cost per 
mineralized material-tonne, DSTF operating costs of $0.75 per mineralized material-tonne, and 
G&A costs of $0.76 per mineralized material-tonne.  The total unit operating cost for the Project 
is $13.09 per mineralized material-tonne. 

The operating margin for the Cangrejos Project considers $9.1 B in gross income from mining 
and subtracts the total operating costs of $4.4 B to arrive at a net profit of $4.6 B over the life of 
the Project.  

22.7 Retention Taxes 

Retention taxes were applied to the labor cost estimates according to guidance from Ecuadorian 
sources, with social taxes of 12.5% applied on all wages, including overtime, and 8.33% applied 
to a pension plan, paid after the first year of employment.  The retention taxes estimated for the 
Project total $36 M in social tax and $22 M in pension plan contributions over the LOM.  

22.8 Depreciation and Income Tax 

Income taxes are provided in the model based on Ecuador’s federal tax rates after anticipated 
deductions, which are deducted from net profit to arrive at taxable income.  The tax rate of 22% 
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on taxable income is based on the assumption that a stability agreement will be in effect for the 
Project, based on recent successful negotiations to date by two other projects.  

In calculating depreciation, all initial, expansion, and sustaining capital costs were assigned five 
year asset life and depreciated in accordance with current Ecuadorian mining tax practices.  The 
model applies a straight-line depreciation considering a five year life and zero value at the end of 
the assets’ useful life.  

After deducting allowable depreciation, the model accounts for a 15% profit sharing tax, applies 
any tax loss carry forward, and then calculates the 22% federal income tax on the net income 
before taxes.  

Once federal tax is calculated, depreciation and tax loss carry forward is added back to arrive at 
net income from operations.  

Over the life of the Project, the cash flow model estimates a total profit sharing tax of $509 M and 
income tax payable to the Ecuadorian Government of $622 M.  The net income from operations 
totals $3.5 B over the LOM. 

22.9 Initial and Expansion Capital Costs 

Initial and expansion capital cost estimates as previously described in Section 21 of this technical 
report served as input to the economic model.   

Of the total initial capital, $10 M is identified as spare parts, consumables, and initial fills.  Because 
the cost of these items is recaptured at the end of mine life in Year 16, their value is represented 
as a separate line item in the cash flow after being deducted from other initial capital costs.  
Similarly, $2.2 M for initial mill charge fills is part of the expansion capital, and this value is added 
back into the cash flow at the end of the mine life in Year 16.  

VAT is calculated in the model based upon the value of goods and services less operating labor 
and power, taxed at 12% CIF, and is included in the capital cost section of the economic model.  
The Ecuadorian Government allows a recapture of VAT at a maximum rate of 12% of exported 
goods’ value.  In the case of the Cangrejos Project, initial capital VAT totals approximately $66.7 
M in the preproduction years.  This amount is recaptured in the first three years of production, as 
shown in Figure 22.1 below. 

 

 



        
 

 
Effective Date: June 27, 2018  22-9 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

 

 

 

 

 

 

 

 

 

 

Figure 22.1: Net VAT Cash Flow by Project Year 

 

After the initial capital phase, 12% VAT is also applied to the total operating cost, less labor and 
power, plus sustaining and expansion capital goods and services, and is assumed to be recouped 
upon exportation of concentrate product at a maximum rate of 12% of export value per year.  Each 
year after Year 3, VAT paid is shown to be fully recouped during the same year, so VAT is 
assumed to have no effect on annual cash flow after Year 3. 

The net VAT cost to the Project is zero, with the total Project outlay of $522 M offset by an equal 
recapture amount of $522 M over the life of the Project.  

22.10 Sustaining Capital Costs 

Acquiring additional assets to marginally increase facility capacities or replace worn assets is 
considered sustaining capital expenses over the life of the Project.  Such expenditures fall into 
six categories for the Cangrejos Project: mine equipment, WRSF, DSTF, mine haul roads, 
sanitary landfill, and pit dewatering.  The largest single item is mining equipment estimated at 
$205 M over the LOM.  Sustaining capital costs are estimated to total $229.5 M over the LOM 
and are summarized in Table 21.3 of this technical report. 

22.11 Working Capital 

Defined as the highest amount of funding needed during the initial operating period, working 
capital is used to cover expenses prior to the cumulative revenue exceeding the cumulative 
expenses, or the point at which the operation becomes self-sustaining in its cash flow.  
Considering production schedule ramp-up, revenue was applied on a monthly basis to reflect 
planned concentrate shipments.  Working capital calculations are applied in the cash flow model 
for initial production and the expansion in Year 6.  Initial fills, spare parts, and other required mine 
site inventory are included as part of the initial and expansion capital. 
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Projected revenue receipt was based upon shipments every four weeks during the initial months 
of production.  For gold, copper, and silver, receipt of 90% of funds is planned upon issuance of 
the shipping bill of lading and the 10% balance of funds were considered received six weeks later, 
allowing for delivery, assaying, and accounts payable functions.  For molybdenum, initial payment 
of 90% is considered 15 days after ocean shipping, with the remaining 10% paid after an 
additional 75 days.  

Weekly expenditure rates were calculated from the operating costs estimated for Years 1 and 6 
(expansion). 

For the initial project, the largest deficit of funds is expected to occur in week three, in the amount 
of $2.9 M.  This working capital investment was reflected in the cash flow model in Year -1, with 
recovery at the end of mine life in Year 16.  For the expansion project, the largest deficit of funds 
is also expected to occur in week three, in the amount of $3.5 M.  This working capital investment 
was reflected in the cash flow model in Year 5, with recovery at the end of mine life in Year 16. 

22.12 Base Case Analysis 

This technical report estimates payback of the initial capital investment to occur in the sixth year 
of mine life, approximately 5.1 years after initial production.  The expansion capital payback 
occurs 3.1 years after the initial expansion production commences in Year 6. 

The base case financial model was developed from information described in this section.  Based 
upon this information, the Cangrejos Project is estimated to have an after-tax IRR of 15.0%.  
Assuming a discount rate of five percent over an estimated mine life of 15.7 years, the after-tax 
NPV is estimated to be approximately $920 M. Base-case NPVs at other discount rates are 
presented in Table 22.5. 

Table 22.5: NPV ($ M) at Various Discount Rates 

Discount Rate 
 NPV (US) 

 ($M) 
3% $1,296  

5% $920  

7% $633  

9% $411  
 

22.13 Base Case Sensitivity Analysis 

Table 22.6 reflects the sensitivities for IRR and NPV in 10% increments of negative and positive 
deviation from the base case for the basket of metal prices.  Operating and capital cost sensitivity 
analyses are presented in Tables 22.7 and 22.8.  Variances in metallurgical recovery are shown 
in Table 22.9 in one percent increments with fresh rock gold recovery shown as a reference.  
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Table 22.6: Metals Price Sensitivity 

Metal Prices 
Gold Silver Copper Moly IRR 

NPV 5% 
$ (000) 

80% $1,040 $15.20 $2.60 $8.80 6.5% $121 
90% $1,170 $17.10 $2.93 $9.90 11.1% $528 

100% (Base Case) $1,300 $19.00 $3.25 $11.00 15.0% $920 
110% $1,430 $20.90 $3.58 $12.10 18.4% $1,305 
120% $1,560 $22.80 $3.90 $13.20 21.5% $1,688 

 

Table 22.7: Operating Cost Sensitivity 

 

 

 

 

 

Table 22.8: Initial Plus Expansion Capital Cost Sensitivity 

CAPEX 
Total CAPEX 

$ (000) IRR 
NPV 5%  
$ (000) 

80% $895 18.4% $1,068 
90% $1,006 16.6% $994 

100% (Base Case) $1,118 15.0% $920 
110% $1,230 13.6% $845 
120% $1,342 12.4% $768 

 

Table 22.9: Metals Recovery Sensitivity 

Metals Recovery 
Fresh Rock Gold 

Recovery 
IRR 

NPV 5% 
$(000) 

98% 80.30% 14.20% $839  
99% 81.10% 14.60% $879  

100% (Base Case) 82.00% 15.00% $920  
101% 82.90% 15.40% $960  
102% 83.70% 15.70% $1,000  

 

Graphical representations follow of the sensitivities of IRR and NPV to the incremental changes 
in metals price in Figures 22.2 and 22.3 and capital costs versus operating costs in Figures 22.4 
and 22.5, respectively.  

 

OPEX $/ ore-tonne IRR 
NPV 5%  
$ (000) 

80% $10.47 18.3% $1,281 
90% $11.78 16.7% $1,100 

100% (Base Case) $13.09 15.0% $920 
110% $14.40 13.2% $739 
120% $15.71 11.3% $552 
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Figure 22.2: IRR Sensitivity Analysis – Metals Price 

 

 

Figure 22.3: NPV Sensitivity Analysis – Metals Price 
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Figure 22.4: IRR Sensitivity Analysis – Capital v Operating Costs 

 

 

Figure 22.5: NPV Sensitivity Analysis – Capital v Operating Costs 

 

22.14 Economic Model 

The complete discounted cash flow model is presented in Table 22.10.  
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Table 22.10: Cangrejos Cash Flow Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  CANGREJOS CASH FLOW 27-JUL-2018 Inputs Units Average Total/LOM Preproduction Production 
     Year   -3 -2 -1 1 2 3 4 5 6 
  PRODUCTION SUMMARY              
  Material Mined  ktonnes 44,294 718,204   9,492 25,829 33,600 33,600 38,600 42,600 65,280 
  Ore Produced  ktonnes 21,035 338,503   1,938 8,627 15,084 15,125 15,795 14,600 26,280 
  Partially Oxidized Ore Processed  ktonnes 908 14,535   - 4,488 3,150 2,240 888 270 1,281 
  Fresh Rock Ore Processed  ktonnes 20,248 323,968   - 5,732 11,450 12,360 13,713 14,330 24,999 
  GROSS REVENUE              

C
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 Oxidized Rock Ore              

Gold  koz 20 313    118 75 47 16 5 19 
Silver  koz 18 287    69 65 43 20 7 37 
Copper  Cu klb 1,972 31,549    10,092 7,292 4,494 2,035 781 3,162 
Molybdenum  Mo klb 48 769    349 155 121 27 7 37 
 Fresh Rock Ore              

Gold  koz 452 7,231    156 293 320 352 361 523 
Silver  koz 385 6,154    74 201 236 259 282 410 
Copper  Cu klb 54,178 866,842    12,637 29,786 32,426 33,556 38,225 59,523 
Molybdenum  Mo klb 1,184 18,949    464 916 972 990 1,042 1,516 
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 Oxidized Rock Material Recovery             

Gravity Concentrate Gold 0% koz - -    - - - - - - 
Gravity Concentrate Silver 0% koz - -    - - - - - - 
Bulk Concentrate Gold 65% koz 13 203    76.53 49 31 10 3 12 
Bulk Concentrate Silver 50% koz 9 144    34 32 21 10 4 19 
Bulk Concentrate Copper 50% Cu klb 986 15,775    5,046 3,646 2,247 1,017 390 1,581 
Molybdenum Concentrate Molybdenum 50% Mo klb 24 385    175 78 61 14 3 18 
 Fresh Rock Material              

Gravity Concentrate Gold 37% koz 167 2,676    58 109 119 130 133 194 
Gravity Concentrate Silver 9% koz 35 554    7 18 21 23 25 37 
Bulk Concentrate Gold 45% koz 203 3,254    70 132 144 159 162 235 
Bulk Concentrate Silver 69% koz 265 4,246    51 139 163 179 195 283 
Bulk Concentrate Copper 82% Cu klb 44,155 706,477    10,299 24,275 26,428 27,348 31,154 48,511 
Molybdenum Concentrate Molybdenum 50% Mo klb 592 9,474    232 458 486 495 521 758 

C
o
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a
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G
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Gravity Concentrate Gold  g/dmt 155     155 155 155 155 155 155 
Gravity Concentrate Silver  g/dmt 32     18 26 28 28 29 30 
Bulk Concentrate Gold   g/dmt 68     122 89 85 85 75 71 
Bulk Concentrate Silver   g/dmt 86     71 84 90 95 90 86 
Bulk Concentrate Copper   % 21%     19% 20% 20% 21% 21% 21% 
Molybdenum Concentrate  % 45%     45% 45% 45% 45% 45% 45% 

P
a
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M
e
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Gravity Concentrate Gold 98.0% koz 164 2,622    57 106 116 128 131 190 
Gravity Concentrate Silver 16.7% koz 6 92    1 3 4 4 4 6 
Bulk Concentrate Gold  97.0% koz 210 3,353    142 176 169 164 160 240 
Bulk Concentrate Silver  55.9% koz 153 2,453    48 96 103 105 111 168 
Bulk Concentrate Copper  95.3% Cu klb 43,019 688,305    14,624 26,609 27,327 27,032 30,061 47,738 
Molybdenum Concentrate 95.5% Mo klb 588 9,416    388 512 522 486 501 742 

T
o

ta
l 

P
a
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b
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Gold  koz 373.5 5,976    199 282 286 292 291 430 
Silver  koz 159.1 2,545    49 99 106 109 115 175 
Copper  Cu klb 43,019 688,305    14,624 26,609 27,327 27,032 30,061 47,738 
Molybdenum  Mo klb 588.5 9,416    388 512 522 486 501 742 

% of Total Metal Revenues              

76.5% Gold  $ (000) 485,510 7,768,161    $258,471 $366,463 $371,275 $379,145 $378,653 $559,216 
0.5% Silver  $ (000) 3,023 48,364    $931 $1,877 $2,021 $2,077 $2,184 $3,318 
22.0% Copper  $ (000) 139,812 2,236,992    $47,528 $86,480 $88,812 $87,855 $97,700 $155,148 
1.0% Molybdenum  $ (000) 6,473 103,571    $4,272 $5,628 $5,740 $5,342 $5,511 $8,157 

  Gross Revenue  $ (000) 634,818 10,157,088    $311,201 $460,448 $467,847 $474,419 $484,047 $725,839 
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  CANGREJOS CASH FLOW 27-JUL-2018 Inputs Units Production 
     Year 7 8 9 10 11 12 13 14 15 16 
  PRODUCTION SUMMARY             
  Material Mined  ktonnes 68,200 68,200 59,500 59,500 59,500 58,337 49,709 20,740 16,738 8,778 
  Ore Produced  ktonnes 29,200 29,200 29,200 29,200 29,200 29,200 29,200 14,600 14,600 7,454 
  Partially Oxidized Ore Processed  ktonnes 1,008 119 316 55 1 - - - - 718 
  Fresh Rock Ore Processed  ktonnes 28,192 29,081 28,884 29,145 29,199 29,200 29,200 14,600 14,600 9,284 
  GROSS REVENUE             
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 Oxidized Rock Ore             

Gold  koz 16 2 4 1 0 - - - - 9 
Silver  koz 21 2 8 1 0 - - - - 13 
Copper  Cu klb 1,778 208 564 94 2 - - - - 1,048 
Molybdenum  Mo klb 32 6 9 1 0 - - - - 24 
 Fresh Rock Ore             

Gold  koz 596 606 560 557 528 548 535 499 572 226 
Silver  koz 535 551 474 439 450 479 512 461 548 245 
Copper  Cu klb 80,798 69,881 63,678 59,755 65,015 67,593 81,755 63,731 77,571 30,913 
Molybdenum  Mo klb 1,821 1,534 1,593 1,503 1,652 1,320 1,422 786 832 586 
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 Oxidized Rock Material Recovery            

Gravity Concentrate Gold 0% koz - - - - - - - - - - 
Gravity Concentrate Silver 0% koz - - - - - - - - - - 
Bulk Concentrate Gold 65% koz 11 1 3 0 0 - - - - 6 
Bulk Concentrate Silver 50% koz 11 1 4 1 0 - - - - 6 
Bulk Concentrate Copper 50% Cu klb 889 104 282 47 1 - - - - 524 
Molybdenum Concentrate Molybdenum 50% Mo klb 16 3 4 1 0 - - - - 12 
 Fresh Rock Material             

Gravity Concentrate Gold 37% koz 220 224 207 206 195 203 198 184 212 84 
Gravity Concentrate Silver 9% koz 48 50 43 39 40 43 46 41 49 22 
Bulk Concentrate Gold 45% koz 268 273 252 250 237 247 241 224 257 102 
Bulk Concentrate Silver 69% koz 369 380 327 303 310 330 353 318 378 169 
Bulk Concentrate Copper 82% Cu klb 65,850 56,953 51,897 48,700 52,987 55,088 66,631 51,940 63,220 25,194 
Molybdenum Concentrate Molybdenum 50% Mo klb 910 767 797 752 826 660 711 393 416 293 

C
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a
te
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Gravity Concentrate Gold  g/dmt 155 155 155 155 155 155 155 155 155 155 
Gravity Concentrate Silver  g/dmt 34 34 32 30 32 33 36 35 36 41 
Bulk Concentrate Gold   g/dmt 59 69 71 75 65 65 52 60 55 59 
Bulk Concentrate Silver   g/dmt 81 97 92 91 85 87 76 85 81 96 
Bulk Concentrate Copper   % 21% 21% 21% 21% 21% 21% 21% 20% 20% 21% 
Molybdenum Concentrate  % 45% 45% 45% 45% 45% 45% 45% 45% 45% 45% 

P
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e
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Gravity Concentrate Gold 98.0% koz 216 220 203 202 191 199 194 181 207 82 
Gravity Concentrate Silver 16.7% koz 8 8 7 7 7 7 8 7 8 4 
Bulk Concentrate Gold  97.0% koz 270 266 247 243 230 239 234 218 250 105 
Bulk Concentrate Silver  55.9% koz 212 213 185 169 173 185 197 178 211 98 
Bulk Concentrate Copper  95.3% Cu klb 63,602 54,375 49,727 46,456 50,498 52,499 63,499 49,499 60,249 24,509 
Molybdenum Concentrate 95.5% Mo klb 885 735 765 719 789 630 679 375 397 292 

T
o

ta
l 

P
a

ya
b

le
 

Gold  koz 486 485 450 445 422 438 428 398 457 187 
Silver  koz 220 221 192 176 180 192 205 185 220 102 
Copper  Cu klb 63,602 54,375 49,727 46,456 50,498 52,499 63,499 49,499 60,249 24,509 
Molybdenum  Mo klb 885 735 765 719 789 630 679 375 397 292 

% of Total Metal Revenues             

76.5% Gold  $ (000) $632,038 $631,052 $585,045 $578,761 $548,082 $569,549 $555,895 $517,860 $593,930 $242,727 
0.5% Silver  $ (000) $4,184 $4,204 $3,646 $3,345 $3,423 $3,644 $3,894 $3,509 $4,173 $1,934 

22.0% Copper  $ (000) $206,707 $176,720 $161,613 $150,982 $164,118 $170,622 $206,372 $160,872 $195,809 $79,655 
1.0% Molybdenum  $ (000) $9,733 $8,086 $8,413 $7,904 $8,677 $6,934 $7,467 $4,129 $4,370 $3,209 

  Gross Revenue  $ (000) $852,663 $820,062 $758,717 $740,991 $724,300 $750,749 $773,628 $686,370 $798,282 $327,524 
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     Year 7 8 9 10 11 12 13 14 15 16 

  CANGREJOS CASH FLOW 27-JUL-2018 Inputs Units Average Total/LOM Preproduction Production 
      Year   -3 -2 -1 1 2 3 4 5 6 
  NSR                           
  Total Transportation, TC/RC  $(000) (37,971) $(607,540)    $(14,697) $(25,110) $(26,097) $(26,561) $(28,253) $(43,064) 
  NSR  $(000) 596,847 $9,549,548    $296,504 $435,338 $441,751 $447,859 $455,794 $682,775 
  ROYALTY               
  Ecuador Royalty on NSR 5% $(000) (29,842) $(477,477)    $(14,825) $(21,767) $(22,088) $(22,393) $(22,790) $(34,139) 
  Gross Income from Mining  $(000) 567,004 $9,072,071    $281,679 $413,571 $419,663 $425,466 $433,004 $648,637 
  OPERATING COSTS              
  Mining  $(000) (94,847) $(1,517,548)    $(72,861) $(83,713) $(84,278) $(94,987) $(100,408) $(128,057) 
  Processing  $(000) (150,086) $(2,401,381)    $(75,654) $(104,574) $(105,165) $(105,165) $(105,625) $(184,943) 
  Dry Stack Tailings  $(000) (15,867) $(253,877)    $(7,665) $(10,950) $(10,950) $(10,950) $(10,950) $(19,710) 
  G&A  $(000) (16,181) $(258,891)    $(12,371) $(12,371) $(12,371) $(12,371) $(12,371) $(17,913) 
  Total Annual Operating Cost  $(000) (276,981) $(4,431,697)    $(168,551) $(211,607) $(212,764) $(223,473) $(229,354) $(350,622) 
  Unit Operating Costs              
  Mining  $/tonne mined  $(2.14)    $(2.82) $(2.49) $(2.51) $(2.46) $(2.36) $(1.96) 
  Mining  $/ore-tonne  $(4.48)    $(7.13) $(5.73) $(5.77) $(6.51) $(6.88) $(4.87) 
  Processing  $/ore-tonne  $(7.09)    $(7.40) $(7.16) $(7.20) $(7.20) $(7.23) $(7.04) 
  Dry Stack Tailings  $/ore-tonne  $(0.75)    $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) 
  G&A  $/ore-tonne  $(0.76)    $(1.21) $(0.85) $(0.85) $(0.85) $(0.85) $(0.68) 
  Total Annual Unit Operating Cost  $/ore-tonne  $(13.09)    $(16.49) $(14.49) $(14.57) $(15.31) $(15.71) $(13.34) 
  Net Profit  $(000)  $4,640,374    $113,128 $201,964 $206,900 $201,993 $203,651 $298,014 
  PRE-TAX INCOME              
  Depreciation 20% $(000) (80,280) $(1,284,481)    $(163,919) $(134,132) $(118,260) $(117,714) $(133,426) $(113,173) 
  Miscellaneous Taxes  $(000) (1,061) $(20,155) $(485) $(1,201) $(2,082) $(1,838) $(1,543) $(1,365) $(1,362) $(1,546) $(1,297) 
  Adjusted Net Profit  $(000) 208,719 $3,335,738 $(485) $(1,201) $(2,082) $(52,629) $66,289 $87,275 $82,917 $68,679 $183,544 
  Profit Sharing Tax 15% $(000) (31,801) $(508,820)    $- $(9,943) $(13,091) $(12,438) $(10,302) $(27,532) 
  Taxable Income Pre-Carry forward Loss  $(000) 176,918 $2,830,686    $(52,629) $56,345 $74,184 $70,480 $58,377 $156,012 
  Carry forward Loss Applied  $(000) (3,525) $(56,397)    $- $(14,086) $(18,546) $(17,620) $(6,145) $- 
  Net Income Before Taxes  $(000) 173,393 $2,774,288    $(52,629) $42,259 $55,638 $52,860 $52,232 $156,012 
  Federal Income Taxes 22% $(000) (38,870) $(621,922)    $- $(9,297) $(12,240) $(11,629) $(11,491) $(34,323) 
  NET INCOME AFTER TAXES  $(000) $134,523 $2,148,598 $(485) $(1,201) $(2,082) $(52,629) $32,962 $43,398 $41,231 $40,741 $121,689 
  Add-Back Depreciation  $(000) 80,280 $1,284,481    $163,919 $134,132 $118,260 $117,714 $133,426 $113,173 
  Add-Back Carry forward Loss  $(000) 3,525 $56,397    $- $14,086 $18,546 $17,620 $6,145 $- 
  NET INCOME FROM OPERATIONS  $(000) $218,328 $3,489,477 $(485) $(1,201) $(2,082) $111,290 $181,181 $180,204 $176,564 $180,312 $234,863 
  Initial Capital less VAT  $(000)  $(751,155) $(112,673) $(300,462) $(338,020)       
    Initial Spare Parts, Initial Fills  $(000)  $-   $(9,990)       
    Initial Working Capital  $(000)  $-   $(2,917)       
    VAT (IVA) Net Cash Flow 12% $(000)  $(0) $(10,004) $(26,678) $(30,013) $14,423 $31,406 $20,866 $- $- $- 
  Total Initial Capital  $(000)  $(751,155) $(122,677) $(327,140) $(380,940) $14,423 $31,406 $20,866 $- $- $- 
  Expansion Capital  $(000)  $(367,157)    $- $- $(37,796) $(111,252) $(191,943) $(26,167) 
    Initial Fills (Mills)  $(000)  $-        $(2,206)  
    Working Capital for Expansion  $(000)  $-         $(3,484) 
  Total Expansion Capital  $(000)  $(367,157)    $- $- $(37,796) $(111,252) $(194,148) $(29,650) 
  Sustaining Capital              
    Mine Equipment Replacement  $(000)  $(205,059)    $(53,225) $(14,951) $(15,687) $(88) $(837) $(865) 
    All Other Sustaining Capital  $(000)  $(24,486)    $(2,308) $(33) $(1,289) $(4,188) $(1,289) $(1,648) 
  Total Sustaining Capital  $(000)  $(229,545)    $(55,533) $(14,984) $(16,976) $(4,276) $(2,126) $(2,513) 
  Mine Closure and Reclamation $49,946 $(000)  $(49,946)          
  Severance $29,782 $(000)  $(29,782)    $- $(17) $- $(0) $(13) $(172) 
  Equipment Salvage Value $38,303 $(000)  $38,303          
  ANNUAL PRE-TAX CASH FLOW  $(000) $170,912 $3,247,323 $(123,163) $(328,341) $(383,022) $72,018 $218,368 $172,994 $86,464 $7,364 $265,678 
  CUMULATIVE PRE-TAX CASH FLOW  $(000)   $(123,163) $(451,504) $(834,525) $(762,507) $(544,139) $(371,145) $(284,681) $(277,317) $(11,639) 
  ANNUAL AFTER-TAX CASH FLOW  $(000) $110,537 $2,100,194 $(123,163) $(328,341) $(383,022) $70,180 $197,585 $146,297 $61,036 $(15,975) $202,527 
  CUMULATIVE AFTER-TAX CASH FLOW  $(000)   $(123,163) $(451,504) $(834,525) $(764,346) $(566,760) $(420,463) $(359,427) $(375,402) $(172,875) 
    NET CASH COST  $/OZ  $523    $731 $584 $576 $607 $601 $607 
    ALL IN SUSTAINING NET CASH COST  $/OZ  $569    $1,010 $637 $635 $622 $608 $613 
    NET CASH CO-PRODUCT COST  $/EQ-OZ  $706    $827 $730 $725 $747 $753 $766 
    ALL-IN SUSTAINING CO-PRODUCT COST  $/EQ-OZ  $741    $1,059 $772 $772 $758 $759 $771 
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  NSR             
  Total Transportation, TC/RC  $(000) $(53,635) $(48,657) $(45,003) $(43,067) $(44,328) $(45,376) $(50,549) $(42,193) $(50,445) $(20,507) 
  NSR  $(000) $799,028 $771,405 $713,714 $697,924 $679,972 $705,373 $723,080 $644,177 $747,837 $307,018 
  ROYALTY              
  Ecuador Royalty on NSR 5% $(000) $(39,951) $(38,570) $(35,686) $(34,896) $(33,999) $(35,269) $(36,154) $(32,209) $(37,392) $(15,351) 
  Gross Income from Mining  $(000) $759,076 $732,835 $678,029 $663,027 $645,973 $670,105 $686,926 $611,969 $710,445 $291,667 
  OPERATING COSTS             
  Mining  $(000) $(127,300) $(123,529) $(110,467) $(111,112) $(115,078) $(118,370) $(110,959) $(54,164) $(48,800) $(33,467) 
  Processing  $(000) $(203,917) $(203,917) $(203,917) $(203,917) $(203,917) $(203,917) $(203,917) $(109,047) $(109,047) $(74,739) 
  Dry Stack Tailings  $(000) $(21,900) $(21,900) $(21,900) $(21,900) $(21,900) $(21,900) $(21,900) $(10,950) $(10,950) $(7,502) 
  G&A  $(000) $(17,913) $(17,913) $(17,913) $(17,913) $(17,913) $(17,913) $(17,913) $(17,913) $(17,913) $(17,913) 

  Total Annual Operating Cost  $(000) $(371,030) $(367,259) $(354,197) $(354,841) $(358,808) $(362,100) $(354,689) $(192,073) $(186,709) $(133,620) 
  Unit Operating Costs             
  Mining  $/tonne mined $(1.87) $(1.81) $(1.86) $(1.87) $(1.93) $(2.03) $(2.23) $(2.61) $(2.92) $(3.81) 
  Mining  $/ore-tonne $(4.36) $(4.23) $(3.78) $(3.81) $(3.94) $(4.05) $(3.80) $(3.71) $(3.34) $(3.35) 
  Processing  $/ore-tonne $(6.98) $(6.98) $(6.98) $(6.98) $(6.98) $(6.98) $(6.98) $(7.47) $(7.47) $(7.47) 
  Dry Stack Tailings  $/ore-tonne $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) $(0.75) 
  G&A  $/ore-tonne $(0.61) $(0.61) $(0.61) $(0.61) $(0.61) $(0.61) $(0.61) $(1.23) $(1.23) $(1.79) 

  Total Annual Unit Operating Cost  $/ore-tonne $(12.71) $(12.58) $(12.13) $(12.15) $(12.29) $(12.40) $(12.15) $(13.16) $(12.79) $(13.36) 
  Net Profit  $(000) $388,047 $365,576 $323,831 $308,186 $287,165 $308,004 $332,237 $419,896 $523,736 $158,046 
  PRE-TAX INCOME             
  Depreciation 20% $(000) $(92,924) $(77,124) $(64,066) $(55,349) $(52,495) $(47,400) $(38,844) $(31,333) $(25,253) $(19,071) 
  Miscellaneous Taxes  $(000) $(1,105) $(962) $(846) $(769) $(747) $(703) $(630) $(604) $(554) $(515) 
  Adjusted Net Profit  $(000) $294,018 $287,491 $258,919 $252,068 $233,924 $259,901 $292,763 $387,958 $497,929 $138,461 
  Profit Sharing Tax 15% $(000) $(44,103) $(43,124) $(38,838) $(37,810) $(35,089) $(38,985) $(43,914) $(58,194) $(74,689) $(20,769) 
  Taxable Income Pre-Carry forward Loss  $(000) $249,915 $244,367 $220,081 $214,258 $198,836 $220,916 $248,848 $329,765 $423,240 $117,692 
  Carry forward Loss Applied  $(000) $- $- $- $- $- $- $- $- $- $- 
  Net Income Before Taxes  $(000) $249,915 $244,367 $220,081 $214,258 $198,836 $220,916 $248,848 $329,765 $423,240 $117,692 
  Federal Income Taxes 22% $(000) $(54,981) $(53,761) $(48,418) $(47,137) $(43,744) $(48,602) $(54,747) $(72,548) $(93,113) $(25,892) 
  NET INCOME AFTER TAXES  $(000) $194,934 $190,606 $171,663 $167,121 $155,092 $172,314 $194,102 $257,216 $330,127 $91,800 
  Add-Back Depreciation  $(000) $92,924 $77,124 $64,066 $55,349 $52,495 $47,400 $38,844 $31,333 $25,253 $19,071 
  Add-Back Carry forward Loss  $(000) $- $- $- $- $- $- $- $- $- $- 
  NET INCOME FROM OPERATIONS  $(000) $287,857 $267,730 $235,729 $222,470 $207,586 $219,714 $232,946 $288,549 $355,380 $110,870 
  Initial Capital less VAT  $(000)           
    Initial Spare Parts, Initial Fills  $(000)          $9,990 
    Initial Working Capital  $(000)          $2,917 
    VAT (IVA) Net Cash Flow 12% $(000) $- $- $- $- $- $- $- $- $- $- 
  Total Initial Capital  $(000) $- $- $- $- $- $- $- $- $- $12,907 
  Expansion Capital  $(000) $- $- $- $- $- $- $- $- $- $- 
    Initial Fills (Mills)  $(000)          $2,206 
    Working Capital for Expansion  $(000)          $3,484 
  Total Expansion Capital  $(000) $- $- $- $- $- $- $- $- $- $5,689 
  Sustaining Capital             
    Mine Equipment Replacement  $(000) $(10,277) $(11,437) $(10,186) $(18,831) $(39,610) $(25,732) $(3,332) $- $- $- 
    All Other Sustaining Capital  $(000) $(1,648) $(2,488) $(1,648) $(1,648) $(1,468) $(1,289) $(1,289) $(1,289) $(930) $(33) 

  Total Sustaining Capital  $(000) $(11,925) $(13,925) $(11,834) $(20,479) $(41,078) $(27,021) $(4,621) $(1,289) $(930) $(33) 
  Mine Closure and Reclamation $49,946 $(000)          $(49,946) 
  Severance $29,782 $(000) $(59) $(381) $(40) $- $(77) $(701) $(5,298) $(371) $(502) $(22,151) 
  Equipment Salvage Value $38,303 $(000)          $38,303 
  ANNUAL PRE-TAX CASH FLOW  $(000) $376,063 $351,270 $311,957 $287,707 $246,011 $280,282 $322,317 $418,236 $522,304 $142,815 
  CUMULATIVE PRE-TAX CASH FLOW  $(000) $364,424 $715,694 $1,027,651 $1,315,358 $1,561,368 $1,841,651 $2,163,968 $2,582,204 $3,104,508 $3,247,323 
  ANNUAL AFTER-TAX CASH FLOW  $(000) $275,874 $253,424 $223,855 $201,991 $166,431 $191,992 $223,026 $286,889 $353,947 $95,639 
  CUMULATIVE AFTER-TAX CASH FLOW  $(000) $102,999 $356,422 $580,277 $782,268 $948,699 $1,140,692 $1,363,718 $1,650,608 $2,004,555 $2,100,194 
    NET CASH COST  $/OZ $502 $547 $580 $608 $619 $597 $523 $246 $154 $454 
    ALL IN SUSTAINING NET CASH COST  $/OZ $526 $576 $607 $654 $716 $660 $546 $250 $157 $635 
    NET CASH CO-PRODUCT COST  $/EQ-OZ $708 $720 $745 $759 $785 $767 $742 $505 $447 $673 
    ALL-IN SUSTAINING CO-PRODUCT COST  $/EQ-OZ $727 $743 $765 $795 $858 $815 $758 $508 $449 $807 
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After-tax Cash Flow 

IRR 15.0% 

NPV5% $(000) $920,065 

EBITDA $(000) $4,640,374 

Initial CAPEX Payback (yr) 5.1 

Expansion CAPEX Payback (yr) 3.1 

  
Pre-tax Cash Flow 

IRR 19.2% 

NPV5% $(000) $1,549,365 
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23 ADJACENT PROPERTIES 

This section is not relevant to this report. 
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24 OTHER RELEVANT DATA 

In the QPs’ opinions there are no other relevant data or information that would make this technical 
report more understandable and not misleading. 
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25 INTERPRETATIONS AND CONCLUSIONS 

25.1 Interpretations and Conclusions 

Resource 

 Based on the current level of exploration, the Cangrejos deposit contains an 
inferred mineral resource of 408.0 Mt of mineralized material at a grade of 0.65 g/t 
Au, 0.11% Cu, 0.6 g/t Ag, and 25.0 ppm Mo containing 8.5 Moz Au, 1,033 Mlbs 
Cu, 7.8 Moz Ag, and 22.5 Mlbs Mo.   

 The Cangrejos deposit remains open to the north, south, west, and at depth. 

 Lumina continues to conduct in-fill delineation drilling on the Cangrejos deposit and 
a review of the ten drill holes completed since the effective date of this mineral 
resource estimate indicate that they support the current understanding of the 
geology and mineralization and there are no indications that the new drill holes 
would result in material or significant changes to the current estimate of mineral 
resources at Cangrejos. 

 There are no known factors related to environmental, permitting, legal, title, 
taxation, socio-economic, marketing, political, or other relevant factors which could 
materially affect the mineral resource.  Mineral resources in the inferred category 
have a lower level of confidence than that applied to indicated mineral resources, 
and, although there is sufficient evidence to imply geologic grade and continuity, 
these characteristics cannot be verified based on the current data.  It is reasonably 
expected that the majority of inferred mineral resources could be upgraded to 
indicated mineral resources with continued exploration.  

 There is little change in the estimate of mineral resources compared to the previous 
estimate that was presented in the 2017 Technical Report.  Both of these mineral 
resource estimates were derived using the same block model with an effective date 
of November 6, 2017.  Since the 2017 Technical Report, there have been minor 
changes to the metal prices used to generate the resource limiting pit shell and the 
calculation of AuEq grades (current: $1,400/oz Au, $17.00/oz Ag, $3.25/lb Cu, and 
$10.00/lb Mo vs. December 2017: $1,300/oz Au, $18.00/oz Ag, $3.00 lb/Cu, and 
$8.00/lb Mo).  There have also been some minor changes to the projected 
metallurgical recoveries and, based on metallurgical testing, saprolite and saprock 
material have been segregated and removed from the resource estimate. 

Geochemistry 

 In general, the rock samples show that the Cangrejos rock is largely geochemically 
inert.  Low sulfide concentrations are offset by a neutralization potential that is 
more than adequate to ensure that acid rock drainage (ARD) risk is minimal.  

Additional sampling is required at the prefeasibility level, but based on the existing 
information, it does not appear that the waste rock or pit walls will create 
detrimental ARD or metal leaching conditions.   
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 Based on the tailings testing performed, it appears that the Cangrejos tailings will 
be geochemically inert.  This is because the ore has low sulfides and because the 
beneficiation process (flotation) removes nearly all the sulfides to the concentrate.  
There is no risk of ARD from tailings.  Slightly-elevated molybdenum 
concentrations in the supernatant solution are expected for a project with enough 
molybdenum grade to consider it as a saleable product.  This will be assessed in 
future geochemical characterization programs.  However, it is reasonable to 
assume that the supernatant water could be direct-discharged to the environment 
after sediment control.   

 
Mine Geotechnical 

 The site geology is dominated by the sub-vertical emplacement of igneous 
intrusives into a metamorphic complex.  Mineralization is hosted in intrusives, host 
rock, breccias, and dikes in the contact zone between the two primary rock 
assemblages.  Pervasive alteration is strength-enhancing to the rock mass and no 
strength-penalizing argillic or phyllic alteration is reported.  The structural fabric of 
the rock mass (foliation, jointing, minor faulting) is inferred to be predominantly 
steeply-dipping, consistent with the sub-vertical intrusions.  Major structural 
features (i.e. regional faults) have not been identified.  Therefore, and appropriate 
to the preliminary nature of this slope design study, simplifying assumptions to the 
geotechnical model were made: 

o The rock mass was assumed to be mono-lithologic (meta diorite). 

o Geomechanical properties (based on an empirical failure criterion that is 
standard for the rock engineering practice) indicated “Good Quality” rock 
which was assumed throughout. 

o No penalty to rock mass strength was applied for the possible adverse 
orientation of the structural fabric because it is, as yet, unquantified due to 
the lack of mappable surface exposures of fresh bedrock. 

o A mantle of variable thickness saprolith overlies the meta diorite bedrock. 

 In the absence of structural fault control for the ultimate slopes, slope design will 
be dependent on the strength of the rock mass, which in turn is dependent on many 
factors; intact strength of test-scale samples, alteration type and intensity, and the 
presence and nature of rock weakness planes (i.e., structural fabric).  Stability 
analyses were performed for the highest slope for the PEA pit design developed 
by WLRC.  Incorporating achievable assumptions for groundwater pressures, the 
analyses indicated feasible slope inclinations in the range of 47º (toe-to-crest) for 
nominal slope heights to 800 m, with greater than customary stability margins 
(Factor of Safety) under static conditions.  Bench geometry and rockfall catchment 
considerations will eventually dictate how the ultimate slopes will be configured but 
for the current study, bench face angles were maximized to equipment constraints.  
Saprolith (saprolite & saprock) horizons above the north and east planned pit walls 
are subject to natural landslides.  Analyses of cut slopes in these materials 
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indicated marginal stability dependent on groundwater pressures, and hence 
warrant further study at prefeasibility. 

Mining 
 The Cangrejos Project is amenable to conventional, medium-scale, open pit mining 

methods.  FC evaluations were conducted to determine potentially economic pit 
limits and the mining phase (pushback) development sequence.  Four mining 
phases were designed according to pit slope angle guidance from W&N and then 
used to estimate contained inferred mineral resources, from which a declining-
cutoff-grade mine production schedule was developed.  This schedule was based 
on a concentrator processing rate of 40,000 tpd for the first five years of operation, 
with a plant expansion that comes on-line at the start of Year 6 allowing a total 
mineralized material processing rate of up to 80,000 tpd through the end of Year 
13.  Thereafter, sinking rate limitations near the bottom of the open pit will constrain 
mineralized material processing rates to 40,000 tpd until the open pit and 
stockpiled low-grade material are depleted in Year 16.  Sulfide milling operations 
are projected to last 15.7 years. 

 Preproduction stripping over a 15-month period is estimated at nearly 9.5 Mt, 
consisting of about 1.9 Mt of mineralized material-grade resources and 7.6 Mt of 
waste rock.  Saprolite and saprock have been treated as waste in the mine 
production schedule; only partially oxidized and sulfide material was considered as 
potential plant feed.  The LOM stripping ratio will average about 1.13:1, although 
stripping rates during Years 1-5 will vary between 1.30:1 and 1.92:1 as production 
ramps up for the plant expansion. 

 The production schedule is based on approximately 339 Mt of inferred mineral 
resources grading 0.69 Au g/t, 0.12% Cu, 0.59 Ag g/t, and 26 ppm Mo.  Total 
contained metal is estimated at about 7.5 M troy ounces Au, 898 M lb Cu, 6.4 M 
troy ounces Ag, and nearly 20 M lb Mo.  No mineral reserves are estimated for this 
PEA as inferred resources were used for the concentrator feed projections. 

This PEA is preliminary in nature and includes inferred mineral resources that are 
considered too speculative geologically to have the economic considerations 
applied to them that would enable them to be categorized as mineral reserves.  
There is no certainty that the PEA will be realized. 

Geotechnical 
 A review of available seismic hazard literature was carried out for the Cangrejos 

Project area. The evaluation is based on published literature and recent seismic 
hazard assessments for Ecuador. This information was used to develop the 
seismic hazard for the Project. 

The seismicity in the Cangrejos Project area is controlled mainly by the crustal 
background seismicity within the coastal zone, as well as intra-slab seismicity. The 
maximum intensities recorded in the area of Cangrejos Project reach values 
between VII and VIII on the modified Mercalli scale. The maximum ground 
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accelerations in the project area, based on published literature, vary between 0.16 
g and 0.40 g for the 1:475 return period. 

In accordance with the available technical literature reviewed and the ECN, design 
criteria for PGA of 0.40 g for 1:475 and 0.61 g for 1:2,475 year return periods 
measured in soils type C-D in accordance with NERHP have been selected for the 
Project.  

Geology 

 The Cangrejos deposit forms a relatively continuous zone of gold-copper-silver-
molybdenum, porphyry-style mineralization associated with a sequence of 
breccias and porphyritic quartz diorite intrusions. The zone extends for 
approximately 1,000 m in a northeasterly direction, has widths ranging from 70 m 
to 600 m, and has been defined to a depth of at least 600 m below surface.  

 Historic drill testing (five holes) of the Gran Bestia gold-copper soil anomaly, 
located 1.2 km northwest of the Cangrejos Zone, discovered another zone of 
porphyry-style mineralization.  The Gran Bestia zone was not included in the 
Cangrejos resource estimate and represents potential exploration upside.  Lumina 
plans to drill Gran Bestia in 2018. 

Water Supply 

 Based on very limited surface and groundwater information, and a preliminary 
water balance which considers average and drought precipitation conditions, the 
PEA is based on use of an external surface water source at times, depending on 
precipitation conditions and the, as yet undefined quantity of mine dewatering.   

The extent and form (offsite pump stations, or onsite pond for capture and storage 
of more precipitation runoff during the wet season) will be determined during PFS 
detailed evaluations of mine dewatering production, area stream and river base 
flows, and consumption by downstream users on a sustained basis. 

Metallurgy/Process 

 Metallurgical testwork indicates that the mineralization can be processed using 
conventional methods.  

25.2 Risks and Opportunities 

The following risks and opportunities associated with development of the Cangrejos Project have 
been identified. 

During the next phase of development, prefeasibility, a number of risks will be investigated further 
and possibly reduced or eliminated.  Similarly, further investigation and evaluation of some 
opportunities may allow them to be incorporated in the Project. 

25.2.1 Risks 
Geotechnical Facilities 

 Excavation quantities could be inaccurate without Project-wide, high-quality 
topography, i.e., LIDAR coverage. 
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 Earthworks costs could be either overstated or understated without site specific 
input from site field investigation and earthworks contractors’ pricing. 

 Construction materials, sources, quantities, and characteristics may be different 
than assumed without completion of field and laboratory investigations. 

Metallurgy and Process 
 The production of separate molybdenum concentrates may not be economic at 

varying commercial conditions than those considered in this PEA. 

 The predicted gold recovery in the gravity concentrates may be lower, thus 
requiring more gold to be recovered by flotation. 

 The high hardness of the fresh rock may require higher connected grinding power 
than predicted or utilization of HPGR crushing. 

Water Supply 
 The requirement to use an offsite water source at times to maintain mine and plant 

operation during varying precipitation conditions, could result in added permitting 
activities.  Additional capital cost and operating cost could also result. 

Pit Dewatering & Pit Depressurization 
 Pit dewatering and pit slope depressurization may be more costly than anticipated.  

The hydrogeology study will ascertain if preliminary estimates for groundwater 
inflow, and horizontal boring spacing are correct.   

Mining 
 The amount of mineral resources contained within potentially economic pit limits 

are sensitive to commodity prices and operating costs.  FC analyses show that a 
12% decrease in metal prices would reduce potential economic mineral resource 
tonnages by about 13% (48 Mt) and a 15% increase in operating costs would 
negatively impact contained mineral resources by a similar 15% (nearly 54 Mt).  
Operating cost increases above 15% have a much higher effect. 

 At over 800 m high, the north wall of the ultimate pit will be a world-class slope.  
Ground water depressurization, controlled blasting, and careful mining procedures 
will be required to achieve the pit slope angles used in the mining phase and 
ultimate pit designs.  Unknown rock structures (faulting, jointing, etc.) and/or 
adverse groundwater conditions could potentially impact pit slope angles, with 
corresponding negative effects on contained mineral resources and project life.  
Moreover, the steep pit walls intersecting 20-30 m of saprolith cover on existing 
natural slopes may create instabilities that require additional protection measures 
– i.e., substantial catch benches at the saprolith/rock contacts, periodic removal of 
slumped material, diversion of surface runoff to minimize slope saturation, 
revegetation, etc. – to prevent saprolith from sliding into the open pit. 

 Diesel fuel is a significant component of the mine operating costs.  Higher fuel 
prices would increase mine operating costs and reduce project returns given the 
pit depth and some relatively long haulage profiles.  A 20% increase in the diesel 
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fuel price to $0.70/L would increase average mine operating costs by nearly 5% 
(about $0.10/t mined). 

Port Storage, Handling, and Loading of Concentrates 
 Final selection of a port for handling, storage, and loading of concentrates, and 

negotiation of an agreement with the port operator could result in higher port 
charges and concentrate transport costs. 

Environmental  
 It is not expected that the geochemistry will pose a risk to the Project.  However, 

the PEA-level testing was not widespread.  There is a chance that waste blending 
will be required to manage potentially-acid generating waste.  Further variability 
testing will be completed during the PFS. 

 Saprolitic soils are fine-grained, and it may be difficult to clarify water prior to 
discharge. This risk can be mitigated by larger ponds, flocculant, and other 
management tools.   

Social 

 As the Project advances towards exploitation and its profile grows, so will its base 
of interested stakeholders. This will require increasing investment in engagement 
with local communities and other stakeholders on important aspects of the Project, 
such as labor, benefits, and the environment, including water use. 

Political 

 Over the past several decades, Ecuador has had a reputation in the public markets 
for instability and changing public policies, in particular with regards to non-
renewable natural resources. While the recent evolution of norms has led to an 
improved investment climate for the mining sector, any substantial reversal could 
impact market sentiment. 

25.2.2 Opportunities 
Mineralized Material Processing  

 Installation of a cyanidation plant or heap leach operation for treating saprolite and 
saprock materials would increase metal production and possibly improve Project 
economics. 

 Results of Cangrejos mineralized material testing by HPGR vendors and a more 
detailed trade-off study may demonstrate favorable economics for an HPGR 
comminution circuit option resulting in reduced capital and process operating 
costs. 

Mining 

 Counter-balancing one of the risk factors, higher commodity prices and/or lower 
operating costs could increase the amount of potentially economic mineral 
resources.  FC analyses also show that a 12% increase in metal prices would 
increase potential economic resources by just over 12% (44 Mt) and a 15% 
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decrease in operating costs would add about 16% to the mineral resource 
tonnages contained within an economic shell (57 Mt). 

 Increased bench heights and larger equipment may improve the economies of 
scale of mining operations.  While increasing bench heights to 12 or 15 m (from 
the current 10 m) would increase internal mining dilution and thus slightly lower the 
average mineralized material grades, operational considerations may outweigh the 
negative effects with:  larger diameter blastholes; wider blasthole spacing (with 
correspondingly fewer drills required); lower blasting accessory costs per tonne; 
larger loading and hauling equipment with lower unit operating costs per tonne, 
and; reduced sinking rates (i.e., the number benches mined in a phase each year). 

Resource 

 Deep drilling in the center of the deposit defined a higher grade Au-Cu zone 
associated with magnetite-rich breccias and calcic-sodic alteration. The Cangrejos 
mineralization remains open to the north, south, west, and at depth.  The potential 
exists to add near surface resources at Gran Bestia. 

Ecuadorian Law 

 On June 21, 2018, the National Assembly of Ecuador approved the final draft of 
the Law for Production Development, Investment Attraction, Employment 
Generation and Fiscal Stability. This law is geared towards the economic sector 
and modifies various other pieces of legislation. 

 As written and if approved by the President, potential impacts could be: 

o Modifications of capital gains tax; 

o Elimination of the Windfall Profit Tax; and, 

o Most significantly, the possibility of a reduced royalty when negotiated with 
the Ecuadorian government as part of future exploitation contracts.   

 Irrespective of whether or not this specific legislation is approved by the President 
in its current form, it signals the possibility of improved regulatory conditions in the 
future. 
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26 RECOMMENDATIONS 

26.1 Overall Recommendation 

The Cangrejos Project is estimated to have an after-tax IRR of 15.0%. Assuming a discount rate 
of five percent over an estimated mine life of 15.7 years, the after-tax NPV is estimated to be 
approximately $920 M. Based on these results, the QPs’ overall recommendation is to advance 
the Cangrejos Project to the prefeasibility level. 

The total expected cost to complete a PFS based on conclusions and recommendations 
presented herein is $12,798,100.  Estimated costs are detailed below in Table 26.1 by area of 
responsibility. 

Table 26.1: Prefeasibility Study Cost Estimate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Description 
Prefeasibility Study 
Estimated Cost ($) 

Resource Drilling                        4,542,500  
Project Management                           952,300  
Mine Design                          161,000  
Mine Geotechnical                          488,000  
Mine Geotechnical Drilling                        1,560,000  
Metallurgical Testing                           330,000  
Metallurgical Oversight                            88,000  
Metallurgical Drilling                           405,000  
Environmental & Permitting   

Archeological Survey                            70,600  
Biodiversity Study                          209,500  
Permitting Handbook Update                              7,500  
Water Quality Sampling/Lab Analysis                            20,304  

Social (Allowance)                            30,000  
Hydrology/Hydrogeology - Drilling, Lab, 
Services                          589,000  
Geotech Design - TSF, WRSF, Access Road                          392,879  
Structural Geology Assessment                            40,000  
Process & Infrastructure                          870,000  
Marketing/Transportation Update                            30,000  
Resource Estimation (with recommended 
studies)                            70,000  
Surveying (Lidar)                          212,200  
Power Supply Update                            60,000  
 Subtotals                      11,128,783  
Total Contingency (15%)                       1,669,317  
 Total Estimate with Contingency                      12,798,100  
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26.2 Recommendations from Individual QPs 

Resource 

 Update mineral resource estimate including all economic metals, as has already 
been done in the current resource estimate but adding any other elements of 
interest (arsenic, antimony, sulphur, iron). 

 Conduct conditional simulation studies of the interpretation of the geology domain 
and the various grade items in the mineral resource model. 

 Update drill hole spacing studies to support classification of mineral resources in 
relation to the scale of mining determined in the PFS. 

Mining 

 A bench height trade-off analysis should be conducted during the early stages of 
the PFS in which the additional costs from internal dilution associated with 12- and 
15-m bench heights are compared to potential cost savings from larger-scale 
mining equipment.  This would likely affect block widths as well.   

 The next deposit model should be expanded to the north as the current model 
restricts the expansion of economic pit shells above a gold price of $1,100 oz.  New 
exploration drilling will likely affect the model limits in other areas, but care should 
be taken so that sufficient peripheral distance around the drill holes exists to 
prevent pit shells from reaching the model edges. 

Mine Geotechnical 

 The geotechnical review highlighted both risks and opportunities to the scoping-
level design recommendations.  Future geotechnical work should seek to minimize 
risks while exploiting opportunities to optimize subsequent pit slope designs (at 
prefeasibility or feasibility).  The primary needs relate to subsurface 
characterization specific to each proposed wall, refinement of the geotechnical 
model to incorporate spatial variation of rock mass strength, a targeted 
investigation for the depth and areal distribution of saprolith, laboratory testing for 
rock and soil properties, and prediction of groundwater pressures within the slopes 
as excavation proceeds.   

Processing 

 Perform a more detailed SAG milling versus HPGR crushing trade-off study, 
including: 

o Sending samples to HPGR crusher manufacturers to perform crusher tests 
(a minimum of 600 kg sample material is required), and; 

o Expanding JKDWT testing for SAG mill sizing using more variability 
samples. 

 Perform whole-ore open circuit and lock cycle flotation testing to determine if 
gravity concentration process can be eliminated or reduced. 

 Expand concentrate and tailings sedimentation and filtering test programs. 
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 Perform additional agitated cyanide leach testing of saprolite, saprock, and oxide 
materials. 

 Perform agglomeration and column leach testing of saprolite, saprock, and oxide 
materials. 

 Perform additional oxide material flotation tests including blending with fresh rock. 

 Perform more testing of materials at head grades equal to and less than the 
average deposit grade. 

 Perform additional copper-molybdenum flotation separation testing. 

 Expand evaluations of agitated leach and heap leach cyanidation of saprolite, 
saprock, and oxide materials.  

 Perform a detailed economic evaluation of the production of molybdenum 
concentrates.  

Geotechnical 

 Topographical surveys should be completed early in the PFS to obtain better site 
topography data.  Due to the dense vegetation LIDAR is the best option to produce 
the best results. 

 Perform a prefeasibility geotechnical field and laboratory program to better 
understand foundation conditions for mine facilities and identify construction 
material sources along with their geotechnical properties. 

 Perform geotechnical laboratory program on waste materials, i.e. waste rock, 
saprolite soil and rock, and tailings, to better understand both their physical and 
mechanical properties. 

 Update the seismic risk assessment to a PFS level since the Project is located in 
a high seismic area. 

 Solicit contractor pricing bids to better define construction unit rates for the Project.  

Hydrology, Geochemistry, Surface Water Management, & Facility Design 

 It will be necessary to conduct a rigorous hydrogeologic investigation of the pit area 
to determine if there is going to be significant groundwater-related pit dewatering, 
and to improve the design of the pit depressurization borings.    It is recommended 
that the Project complete the following for the PFS:    

o A packer testing program should be conducted in half of the scheduled 
geotechnical borings.  Packer testing isolates a specific interval of the 
boring and injects water into the interval to quantify the hydraulic 
conductivity of the rock mass.      

o VWPs should be installed in the open pit and under the future pit highwalls.  
VWPs are sensors that measure pit water levels at a specific depth and 
location within the rock mass.  They can be used to determine the water 
level behind a pit high wall, or to help determine if a rock fracture carries 
artesian hydrostatic pressure.  
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o A groundwater model should be created to determine pit dewatering 
volume and effectiveness.  The model should focus on the slope stability 
and must have sufficient detail to simulate the horizontal pit dewatering 
boreholes.  It can be used to determine groundwater impacts from the 
Project as well. 

 The geochemistry program should be expanded for the PFS. This expanded 
testing program will meet internationally-accepted standards for geochemical 
characterization.  The recommended geochemistry program may include:   

o 100 static testing samples of representative waste rock. 

o Onsite kinetic cell testing for waste rock (12 cells, run for a year). 

o Humidity cell testing for tailings (two humidity cells, run for a year). 

 The stormwater management plan (SWMP) requires additional testing and 
analysis to meet PFS standards. In addition, the SWMP should be redesigned and 
calibrated against field measurements of surface water flows.  The following is 
recommended:   

o Sedimentation sampling.  

o Sedimentation pond design based on sedimentology and testing. 

o Geotechnical drilling, sampling, and laboratory testing at sediment pond 
locations. 

Environmental Monitoring, Water Balance, and Closure Planning 

 Additional water monitoring is required to support permit efforts, provide data (in 
PFS design), and to meet international practices and guidelines for the PFS.  This 
monitoring and data collection includes:   

o Flumes and flow meters to measure surface water near the site.   These 
will not only measure the quantity of water that flows during the year, but 
also the response of the flows to particular storm events which are a 
necessary input to the SWMP.  Stream flows are also required to assess 
potential impacts to downstream waterways, and to incorporate mitigation 
measures to the extent feasible. 

o Groundwater monitoring wells (with aquifer testing). 

o Meteorological stations:  stations with evaporation pans are required at the 
pit and at the toe of the DSTF.   

 After collection of more surface and groundwater data, as well as meteorological 
data, the site-wide water balance should be revised.  
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28 DATE AND SIGNATURE PAGE 

CERTIFICATE OF QUALIFIED PERSON 

William L. Rose, P.E. 
I, William L. Rose, P.E., do hereby certify that: 

1. I am the Principal Mining Engineer of WLR Consulting, Inc. at 9386 West Iowa Avenue, Lakewood, 
Colorado 80232-6441, USA.  

2. I graduated from the Colorado School of Mines with a Bachelor of Science degree in Mining 
Engineering in 1977. 
 

3. I am a Registered Professional Engineer in the State of Colorado (No. 19296), a Registered 
Professional Engineer in the State of Arizona (No. 15055) and a Registered Member of the Society 
for Mining, Metallurgy and Exploration, Inc. (No. 2762350RM) (all in good standing). 
 

4. I have practiced my profession as a mining engineer continuously for 41 years since my graduation 
from college. I have been involved in open pit mine operations in both management and 
engineering positions and have extensive experience in mine design and planning. I have 
conducted estimations of mineral resources and reserves, mine production schedules, equipment 
and workforce requirements, and capital and operating costs for numerous projects in North, 
Central and South America, Europe, Africa, and Asia. 

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of Sections 15 and 16 and portions of Sections 1, 21, 24, 25, 
26, and 27 of the technical report titled Cangrejos Gold-Copper Project, Ecuador NI 43-101 
Technical Report Preliminary Economic Assessment, dated August 10, 2018, with an effective date 
of June 27, 2018 (the “Technical Report”). 

7. I have visited the subject property on January 16-17, 2018.  During this visit I inspected 
representative selections of exploration drill hole core and potential sites of the open pit, waste rock 
storage facility, and the ore processing facility.  I met with project staff and other consultants to 
review the geology of the deposit. 

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101. 

9. I have had prior involvement with the property that is the subject of the Technical Report.  In April 
2017, I developed early-stage conceptual mining phase plans and a mine production schedule for 
Lumina Gold Corp.’s internal use. 

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
_____________________________________ 
William L. Rose, P.E.  
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CERTIFICATE OF QUALIFIED PERSON 

Larry Breckenridge, P.E. 
 

I, Larry Breckenridge, P.E., do hereby certify that: 

1. I am an Environmental Engineer and have an address at 600 Grant Street, Suite 975, Denver, 
Colorado 80203 

2. I graduated from Dartmouth College and the Colorado School of Mines.    

3. I am a member, in good standing, of the Board of Colorado Professional Engineers 

4. I have 22 years of experience in environmental engineering, mine water management, and 
geochemistry.   

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of Sections 2, 3, 4, 5, 20, 23 and portions of Sections 1, 16, 
18, 21, 24, 25, 26, and 27 of the technical report titled Cangrejos Gold-Copper Project, Ecuador NI 
43-101 Technical Report Preliminary Economic Assessment, dated August 10, 2018, with an 
effective date of June 27, 2018 (the “Technical Report”).  

7. I visited the Cangrejos Project from April 8 to 13, 2018. 

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101.  

9. I have had no prior involvement with the property that is the subject of the Technical Report.  

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
_____________________________________ 
Larry Breckenridge, P.E. 
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CERTIFICATE OF QUALIFIED PERSON 

Robert Sim, P.Geo, SIM Geological Inc. 
 

I, Robert Sim, P.Geo, do hereby certify that: 

1. I am an independent consultant of SIM Geological Inc. and have an address at 508–1950 Robson 
Street, Vancouver, British Columbia, Canada V6E 1E8. 

2. I graduated from Lakehead University with an Honours Bachelor of Science (Geology) in 1984.  

3. I am a member, in good standing, of the Association of Professional Engineers and Geoscientists 
of British Columbia, License Number 24076. 

4. I have practiced my profession continuously for 34 years and have been involved in mineral 
exploration, mine site geology and operations, mineral resource and reserve estimations and 
feasibility studies on numerous underground and open pit base metal and gold deposits in Canada, 
the United States, Central and South America, Europe, Asia, Africa and Australia. 

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of Sections 7, 8, 9, 10, and 14 and portions of Sections 1, 24, 
25, 26, and 27 of the technical report titled Cangrejos Gold-Copper Project, Ecuador NI 43-101 
Technical Report Preliminary Economic Assessment, dated August 10, 2018, with an effective date 
of June 27, 2018 (the “Technical Report”).  

7. I visited the Cangrejos Project from November 28 to 29, 2017. 

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101.  

9. I have had prior involvement with the property that is the subject of the Technical Report.  I was a 
co-author of a previous technical report titled “Cangrejos Gold-Copper Project, Ecuador NI 43-101 
Technical Report, dated December 15, 2017, with an effective date of November 6, 2017.  

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
_____________________________________ 
Robert Sim, P.Geo 
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CERTIFICATE OF QUALIFIED PERSON 

Bruce M. Davis, FAusIMM 

 

I, Bruce M. Davis, FAusIMM, do hereby certify that: 

1. I am an independent consultant of BD Resource Consulting Inc., and have an address at 4253 
Cheyenne Drive, Larkspur, Colorado USA 80118. 

2. I graduated from the University of Wyoming with a Doctor of Philosophy (Geostatistics) in 1978.  

3. I am a Fellow of the Australasian Institute of Mining and Metallurgy, Number 211185. 

4. I have practiced my profession continuously for 40 years and have been involved in mineral 
resource and reserve estimations and feasibility studies on numerous underground and open pit 
base metal and gold deposits in Canada, the United States, Central and South America, Europe, 
Asia, Africa and Australia. 

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of Sections11 and 12, and portions of Sections 1, 14, 24, 25, 
26, and 27 of the technical report titled Cangrejos Gold-Copper Project, Ecuador NI 43-101 
Technical Report Preliminary Economic Assessment, dated August 10, 2018, with an effective date 
of June 27, 2018 (the “Technical Report”).  

7. I have not visited the Cangrejos Project. 

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101.  

9. I have had prior involvement with the property that is the subject of the Technical Report.  I was a 
co-author of a previous technical report titled “Cangrejos Gold-Copper Project, Ecuador NI 43-101 
Technical Report, dated December 15, 2017, with an effective date of November 6, 2017.  

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
___________________________________ 
Bruce M. Davis, FAusIMM  
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CERTIFICATE OF QUALIFIED PERSON 

Robert S. Michel, SME Registered Member 

 

I, Robert S. Michel, SME Registered Member, do hereby certify that: 

1. I am a Principal Consultant and have an address at 133 Furman Ave., Asheville, NC. 

2. I graduated from the Colorado School of Mines with a B.S. in Metallurgical Engineering in 1984 and 
from Kettering University with a M.S. in Manufacturing Management in 1993. 

3. I am a member, in good standing, of the Society for Mining, Metallurgy and Exploration, Inc. (SME) 

and am an SME Registered Member, No. 04170421RM. 

4. I have worked as a Metallurgical Engineer, manufacturing manager, or Project Manager 
continuously for a total of 34 years since my graduation from university. In the past nine years I 
have worked as a Project Manager on the development of underground and open pit mining 
projects and related infrastructure in Peru, Chile, Columbia, Macedonia, Mali, and in the United 
States. 

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of Sections 19 and 22 and portions of Sections 1, 21, 24, 25, 
26, and 27 of the technical report titled Cangrejos Gold-Copper Project, Ecuador NI 43-101 
Technical Report Preliminary Economic Assessment, dated August 10, 2018, with an effective date 
of June 27, 2018 (the “Technical Report”).  

7. I have not visited the Cangrejos Project.  

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101.  

9. I have had no prior involvement with the property that is the subject of the Technical Report.  

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
_____________________________________ 
Robert S. Michel, SME Registered Member 

 

 

 



        
 

 
Effective Date: June 27, 2017  28-6 

Cangrejos Gold-Copper Project, Ecuador 
NI 43-101 Technical Report 

 

 

CERTIFICATE OF QUALIFIED PERSON 

Nelson D. King, Principal Consultant 
 

I, Nelson D. King, Principal Consultant, do hereby certify that: 

1. I am a Principal Consultant (Metallurgical Engineer) with N D King Consulting LLC and have an 
address at 8317 Devinney Street, Arvada, Colorado, U.S.A. 

2. I graduated from Colorado School of Mines with a B.Sc. degree in Metallurgical Engineering in 
1972. 

3. I am a member, in good standing, of the Society for Mining, Metallurgy and Exploration, Inc (SME) 
and am an SME Registered Member, No. 4152661RM. 

4. I have 44 years of relevant experience including work in copper, gold, silver, lead, zinc and 
molybdenum operations in the U.S.A., engineering and construction company experience in the 
U.S.A. and Canada and metallurgical consulting experience on global mining projects from offices 
located in the U.S.A. and Australia. 

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of Sections 13 and 17 and portions of Sections 1, 21, 24, 25, 
26, and 27 of the technical report titled Cangrejos Gold-Copper Project, Ecuador NI 43-101 
Technical Report Preliminary Economic Assessment, dated August 10, 2018, with an effective date 
of June 27, 2018 (the “Technical Report”).  

7. I visited the Cangrejos Project from January 15 to 18, 2018. 

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101.  

9. I have had no prior involvement with the property that is the subject of the Technical Report.  

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
_____________________________________ 
Nelson D. King, Principal Consultant 
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CERTIFICATE OF QUALIFIED PERSON 

Norman Norrish, P.E. 
 

I, Norman Norrish, P.E., do hereby certify that: 

1. I am a Professional Engineer and have an address at 704 228th Ave NE, #773, Sammamish, WA 
98074. 

2.   I graduated from the University of British Columbia with a B.A.Sc. in Geological Engineering 
(Geotechnical) and an M.A.Sc. in Mining Engineering (Rock Mechanics). 

3.   I am a member, in good standing, of the Association of Professional Engineers and Geoscientists 
of British Columbia (#9848), the Washington State Board of Registration for Professional Engineers 
and Land Surveyors (#37407) and the American Society of Civil Engineers.  

4. I have 40 years of experience in the application of rock mechanics to mining, transportation, and 
civil construction projects including senior level project responsibility for the investigation, design 
and construction management of transportation projects in mountainous terrain throughout 
Western North America.  I have worked internationally on mining projects in Canada, Argentina, 
Columbia, Mexico, Panama, Peru, Chile, the Philippines, the former Soviet Union and the Peoples 
Republic of China.  In addition to 35 years of consulting experience, I worked as Senior Mining 
Engineer for four years at Brenda Mines Ltd, a subsidiary of Noranda Inc.   

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of portions of Sections 1, 16,  24, 25, 26, and 27 of the technical 
report titled Cangrejos Gold-Copper Project, Ecuador NI 43-101 Technical Report Preliminary 
Economic Assessment, dated August 10, 2018, with an effective date of June 27, 2018 (the 
“Technical Report”).  

7. I have not visited the Cangrejos Project. 

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101.  

9. I have had no prior involvement with the property that is the subject of the Technical Report.  

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
_____________________________________ 
Norman Norrish, P.E. 
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CERTIFICATE OF QUALIFIED PERSON 

Scott C. Elfen, P.E.  
 

I, Scott C. Elfen, P.E., do hereby certify that: 

1. I am the Global Lead Geotechnical and Civil Services of Ausenco Engineering Canada Inc., 
855 Homer Street, Vancouver, BC V6B 2W2, Canada. 

2. I graduated from the University of California, Davis with a Bachelor of Science degree in Civil 
Engineering (Geotechnical) in 1991. 

3. I am a Registered Civil Engineer in the State of California (No. C56527) by exam since 1996, 
and am also a member of the American Society of Civil Engineers (ASCE), Society for 
Mining, Metallurgy & Exploration (SME) that are all in good standing. 

4. I have practiced my profession continuously for 22 years and have been involved in 
geotechnical, civil, hydrological, and environmental aspects for the development of mining 
projects; including feasibility studies on numerous underground and open pit base metal and 
precious metal deposits in North America, Central and South America, Africa and Australia. 

5. I have read the definition of “qualified person” set out in National Instrument 43-101 Standards of 
Disclosure for Mineral Projects (“NI 43-101”) and certify that by reason of my education, affiliation 
with a professional association (as defined in NI 43-101) and past relevant work experience, I fulfill 
the requirements to be a “qualified person” for the purposes of NI 43-101. 

6. I am responsible for the preparation of portions of Sections 1, 18, 21, 24, 25, 26, and 27 of the 
technical report titled Cangrejos Gold-Copper Project, Ecuador NI 43-101 Technical Report 
Preliminary Economic Assessment, dated August 10, 2018, with an effective date of June 27, 2018 
(the “Technical Report”).  

7. I visited the Cangrejos Project from January 15 to 18, 2018 

8. I am independent of Lumina Gold Corp. applying all of the tests in Section 1.5 of NI 43-101.  

9. I have had no prior involvement with the property that is the subject of the Technical Report.  

10. I have read NI 43-101, Form 43-101F1 and the Technical Report and confirm the Technical Report 
has been prepared in compliance with that instrument and form. 

11. As of the effective date of the Technical Report, to the best of my knowledge, information and belief, 
the Sections of the Technical Report for which I am responsible contain all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

 
Dated this 10th day of August, 2018. 
 
“original signed and sealed” 
_____________________________________ 
Scott C. Elfen, P.E.  

 

 

 


