
San Jorge Copper Concentrator Project 

Preliminary Assessment Technical Report

Las Heras Department, Mendoza Province, Argentina 

Rev.4 – April 2009 

Prepared for 

Benton Resources Corp   and   Coro Mining Corp 
611 Montreal Street      Suite 1021-625 Howe Street 
Thunder bay, ON PTE3P2      Vancouver, BC V6V2T6 
 

Prepared by 

Dan Greig, Geologist, Principal Geologist of GRD Minproc Ltd 
Rodrigo de Brito Mello, B.Sc (Geology); NCL Brasil Ltda. 
David Miranda, Mining Engineer, Study and Process Manager of GRD Minproc Ing. y Const. Ltda. 
Gonzalo Vargas, Electrical Engineer, Engineering Manager, GRD Minproc Ing. y Const. Ltda. 
Jorge Fuentes, Chemical Engineer, General Manager, GRD Minproc Ing. y Const. Ltda. 



San Jorge Cooper Concentrator Project 
Preliminary Assessment Technical Report 

 

  

Page i 

IMPORTANT NOTICE 

This notice must accompany every copy of this Preliminary Assessment Technical Report (PATR), is an integral 
component of the PATR and must be read in its entirety. 

The PATR has been prepared for Minera San Jorge S.A., a subsidiary of Coro Mining Corp. (Coro) and Benton 
Resources Corp (Benton) , by GRD Minproc Limited and GRD Minproc Ingeniería y Construcción Limitada 
(collectively GRD Minproc), based on assumptions as identified throughout the PATR and upon information and 
data supplied by others. 

This PATR is based partially on inferred resources, and its accuracy does not match the pre-requisites of a 
prefeasibility study and relies on a large number of assumptions regarding the process flowsheet and design 
criteria, engineering and cost estimation. No warranty should be implied as to the accuracy of estimates and all 
estimates and other values are valid only as at the date of the PATR and will vary thereafter. 

The PATR is to be read in the context of the methodology, procedures and techniques used to prepare the 
report, GRD Minproc's assumptions and the circumstances and constraints under which the PATR was 
prepared. The PATR is to be read as a whole and sections or parts of the PATR should not be read or taken out 
of context. 

In preparing the PATR, GRD Minproc has exercised a standard of care and used methodology consistent with a 
preliminary assessment report.   The PATR is not intended to be a definitive assessment of the financial viability 
(or otherwise) of the project and significant further review of the resource is required for that purpose.  Further 
review of the resource may result in conclusions inconsistent with those expressed in this PATR.   

Recognizing that Coro and Benton has legal and regulatory obligations, GRD Minproc has consented to the filing 
of the entirety of this PATR with the Toronto Stock Exchange and its publishing on the SEDAR filing System.  

This report was prepared as a National Instrument 43-101 Preliminary Assessment Technical Report, in 
accordance with Form 43-101F1, for Coro and Benton by GRD Minproc and a number of consultants as 
identified in the report. The quality of information, conclusions, and estimates contained herein is consistent with 
the level of effort involved in GRD Minproc’s and the other consultants’ services, based on: i) information 
available at the time of preparation, ii) data supplied by outside sources, and iii) the assumptions, conditions, and 
qualifications set forth in this report. 
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1. SUMMARY 

1.1 INTRODUCTION 

Minera San Jorge S.A., a 100% owned subsidiary of Coro Mining Corp (Coro)1 commissioned GRD 
Minproc Limited (GRD Minproc) to undertake a scoping level engineering study for the San Jorge copper 
concentrator project in west-central Argentina, and to prepare a Preliminary Assessment Technical Report 
as defined in Canadian National Instrument 43-101, Standards of Disclosure for Mineral Projects, and in 
compliance with Form 43-101F1.    
 
The scope of the study considers open pit mining followed by crushing, milling and flotation to process 
copper sulphides.   The study is based upon geological information and metallurgical testing available at 
the start of the study.  The objectives of the Preliminary Assessment are to provide an initial indication of 
project value.   Study cost estimate are to an accuracy level of ±30%.   Cost estimations have been made 
using a benchmarking methodology and appropriate assumptions.  An exchange rate of US$1.00 to 3.00 
Argentinean Pesos has been used. 
 
Coro is a Toronto Stock Exchange listed Canadian public company with its registered office at 1020-625 
Howe Street, Vancouver, British Columbia, V6C 2T6, Canada.  As of the date of this report, Benton 
Resources Corp. (Benton) owns approximately 34% of the issued and outstanding shares of Coro. 
 
A number of sub-consultants were employed by Coro to provide other specialist services.   Foremost 
amongst these was NCL Ingenieria y Construcción S.A. (NCL), which undertook assessment of the 
geology, resources and mining of the deposit.   The San Jorge Property was previously reviewed by AMEC 
Americas Ltd (AMEC) for Coro, and this report draws on the AMEC 2007 report for background information 
in several areas, except for Section 17, which has been developed by NCL.   
 
Cautionary Statement: this economic assessment is based partially on Inferred Resources, and its 
accuracy does not match the pre-requisites of a pre-feasibility study relies on a large number of 
assumptions regarding the process flowsheet and design criteria, engineering and cost estimation. 

                                                  
1 The two companies are hereafter collectively referred to as “Coro” 
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The San Jorge Property is located approximately 110 km northwest of the provincial city of Mendoza and 
250 km northeast of Santiago, Chile (Figure 1.1.1).  The Property comprises two separate areas consisting 
of a combined 10 Mining Concessions and 68 Mining Estacas that are owned by Global Copper 
Corporation (Global) and which are optioned to Coro.  These concessions and estacas cover a total area of 
10 572 ha.   

Figure 1.1.1  
San Jorge Property Location Plan 

 

 
1.2 GEOLOGY, EXPLORATION AND MINERAL RESOURCES 

Copper mineralisation was first recognized on the San Jorge property in the early 1960s.   The Property 
has been explored by five companies, namely Minera Aguilar S.A. (Aguilar), Exploraciones Falconbridge 
Argentina S.A. (Falconbridge), Recursos Americanos Argentinos S.A. (RAA), Grupo Minero Aconcagua 
S.A. (GMA), and Coro Mining Corp.   A total of 30 021 m has been drilled in 183 drill holes on the San 
Jorge Property, comprising 21 650 m of diamond drilling in 123 drill holes, and 8371 m of reverse 
circulation drilling in 60 drill holes.   NCL considers that the limits of the deposit are well defined, except at 
depth, where it may be extended. 
 
Mineralisation at San Jorge is hosted by Carboniferous sediments and Permo-Triassic porphyritic intrusives 
that range in composition from granitic to dacitic.   The associated alteration system comprises potassic,  
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phyllic, argillic and weak propylitic assemblages; the distribution of the alteration zones is elongate and is 
influenced by the principal fault systems which strike north and northeast.   
 
Both low- and high-grade hypogene copper mineralisation is dominated by chalcopyrite.  Superimposed on 
the hypogene mineralisation is a supergene-enriched zone, which comprises chalcocite, digenite and 
covellite, an oxide zone dominated by malachite and chrysocolla, and a poorly developed leached cap.   
Higher grades in hypogene, supergene-enriched, and to a lesser extent oxide copper mineralisation show a 
strong spatial association with the principal fault systems and their intersection zones.   
 
Coro supplied a drill hole database for a total of 182 drill holes, which was used by NCL for resource 
estimation.   This database comprised geological data, survey and assay (CuT, CuS and CuCn)2 data, as 
well as results of 133 density determinations. 
 
Quality control information is not available for historical exploration data.   Coro supplied NCL with the 
quality control data used to validate its drilling programmes, comprising blank, standard and duplicate 
samples analysed for copper and gold.   Interlaboratory check analyses were undertaken.   In addition, 
Coro completed twin drill holes to confirm earlier drilling results.  NCL concluded that the drilling database 
is of good quality and adequate for the estimation of mineral resources. 

NCL developed a new geological model and mineral resource estimate using data available as of 23 
October 2007.   Geological interpretation of different mineralisation types, based on the degree of 
oxidation, was prepared by Coro personnel and reviewed by NCL geologists who built solid models for 
these zones.  Of principal economic interest for the project are the Oxide, (supergene) Enriched and 
Primary mineralised zones.   The geological models were used to control the mineral resource estimate for 
copper and gold.    
 
Assay data was composited over 1 m lengths, and statistical analysis was undertaken for each of the 
mineralised zones.   Contact analysis confirmed the need for separation of these zones, or domains, for 
variography and grade interpolation. 
 
Variographic analysis was undertaken for CuT and Au, for each mineralisation domain, in order to provide 
kriging parameters.   Grade interpolation was by ordinary kriging into blocks measuring 10x10x5 m.   
Search ellipses were based on variogram modelling, and a series of kriging runs were completed with 
increasing search radii and/or lowering of the number of composites required for block grade interpolation. 
 
CuS/CuT and CuCN/CuT ratios were estimated into the blocks by Inverse Distance Squared method, using 
the search parameters determined for CuT.   CuS and CuCN grades for the blocks were then determined 
by back-calculation. 
 
 

                                                  
2 Total copper, acid soluble and cyanide soluble copper, respectively 
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Density was applied as an average grade for each mineralisation type, and for waste, using average values 
for that material from the relatively small database. 
 
Blocks were classified as Measured, Indicated or Inferred, based effectively on the sample density and 
kriging variance.   Measured Resources were defined where a minimum of two drill holes lay within the 
distance at which 85% of the sill variance was reached (D85), while Indicated Resources required either two 
intersections within 2xD85 or one hole within D85/2.   The remainder were considered to be Inferred 
Resources. 
 
The results of this resource estimation are listed in (Table 1.2.1), using a cut-off grade of 0.3% CuT, 
unconstrained, and then constrained within a potentially economic envelope defined by Whittle 4X 
software, using a copper price of US$1.50/lb (Table 1.2.2). 
 

Table 1.2.1 
Mineral Resources for all Domains – Cut-off 0.30% CuT 

Domain  Category  
Tonnage 
(‘000 t) 

CuT
(%) 

CuT Metal 
(‘000 lb) 

CuSol
(% of 
CuT)

CuCN
(% of 
CuT)

Au 
(g/t)

Au 
Metal

(‘000 oz) 

Measured  19 425 0.59 250 803 77 7 0.23 147 
Indicated  12 852 0.46 129 223 74 8 0.20 81 
Measured + Indicated  32 276 0.53 380 026 76 7 0.22 228 

Oxide 

Inferred  1 054 0.39 9 083 59 13 0.12 4 
Measured  24 315 0.67 356 763 20 40 0.21 167 
Indicated  1 648 0.47 17 076 18 35 0.20 11 
Measured + Indicated  25 963 0.65 373 839 20 40 0.21 177 

Enriched 

Inferred  395 0.52 4 524 19 25 0.07 1 
Measured  36 043 0.49 391 629 4 5 0.23 272 
Indicated  100 162 0.41 905 486 3 5 0.18 580 
Measured + Indicated  136 205 0.43 1 297 114 4 5 0.19 852 

Primary 

Inferred  71 524 0.37 578 575 3 6 0.14 332 
Measured  79 782 0.57 999 194 28 15 0.22 586 
Indicated  114 662 0.42 1 051 785 12 8 0.18 672 
Measured + Indicated  194 445 0.48 2 050 979 20 13 0.21 1 257 

Total 

Inferred  72 974 0.37 592 182 4 8 0.14 337 
Resources reported as follows: Copper cut-off grade for all domains 0.3%.  The gold estimates are the average grade for 
each resource category, since the shorter variographic ranges do not permit the same level of precision as for the copper 
estimates.   
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Table 1.2.2  

Mineral Resources Contained Within Whittle Envelope – Cut-off 0.30% CuT 

Domain  Category  Tonnage 
(‘000 t) 

CuT
(%) 

CuT Metal 
(‘000 lb) 

CuSol
(%) 

CuCN
(%) 

Au 
(g/t)

Au 
Metal

(‘000 oz) 

Measured  19 395 0.59 250 481 77 7 0.23 147 
Indicated  12 538 0.46 126 337 74 8 0.20 80 
Measured + Indicated  31 933 0.54 376 818 76 7 0.22 226 

Oxide 

Inferred  445 0.39 3 834 57 14 0.16 2 
Measured  24 315 0.67 356 763 20 40 0.21 167 
Indicated  1 648 0.47 17 076 18 35 0.20 11 
Measured + Indicated  25 963 0.65 373 839 20 40 0.21 177 

Enriched 

Inferred  395 0.52 4 524 19 25 0.07 1 
Measured  35 808 0.49 389 789 4 5 0.24 271 
Indicated  90 013 0.41 820 658 3 5 0.19 536 
Measured + Indicated  125 821 0.44 1 210 448 4 5 0.20 807 

Primary 

Inferred  10 720 0.38 90 698 3 5 0.16 56 
Measured  79 518 0.57 997 033 28 15 0.22 584 
Indicated  104 200 0.42 964 072 13 8 0.19 626 
Measured + Indicated  183 718 0.48 1 961 105 21 13 0.21 1211 

Total 

Inferred 11 560 0.39 99 056 6 11 0.15 60 
Resources reported as follows: Copper cut-off grade for all domains 0.3% and contained within the economic envelope 
defined by the Whittle 4X software, using industry average costs and copper price of US$1.50/lb Cu.   
NCL concluded that:  

� The level of understanding of the geology, alteration and mineralisation at San Jorge is reasonable, 
however, the relationship between structure, mineralisation and alteration could be improved.  Gold 
mineralisation appears to have a different control than copper and needs to be evaluated differently.   

� Mineralisation is well defined, but open at depth in the zone of primary mineralisation.   

� Better understanding of the mineralisation may allow the separation of higher grade zones, 
consequently decreasing the dilution of grades.  A higher grade zone may exist within the primary 
mineralisation.   

� The drill hole database is clean and does not present problems for validation, however a significant 
proportion of intervals from the older drilling were not assayed for CuS and CuCN, thereby creating 
problems during grade estimation.   

� NCL´s estimation relies on CuT assay results to classify resources into categories.  Validations of the 
grade model are acceptable, and the different categories reflect the confidence that NCL has in the 
CuT grade continuity of the deposit.   

� The lack of documentation relating to the older reverse circulation and diamond drill sampling methods 
could adversely impact future efforts to classify the resource. 
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1.3 MINING 

Mining work performed by NCL included: 

� Open pit optimisation and selection of optimum pit shell 

� Ultimate and staged pit design 

� Production scheduling on annual basis 

� Mining fleet definition 

� Preliminary operating cost estimation 

� Preliminary capital cost estimation 
 
1.3.1 Pit Optimisation 

Pit optimisation was based on NCL’s resource model of February 2008.   Pit optimisation parameters are 
shown in Table 1.3.1.   For this stage of analysis a constant mining cost of $1.10/t was applied to both ore 
and waste.  This set of parameters was used only for the Whittle optimization analysis; final costs for 
project evaluation were produced from a more detailed mining cost model and from updated metallurgical 
parameters and costs provided by Coro. 
 
Pit shell 7 was selected as the basis of the ultimate pit for final pit design.   This shell contains 272.6 Mt of 
preliminary mining inventory, grading 0.43% CuT at a strip ratio of 0.8:1. 
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Table 1.3.1  

Pit Optimisation Parameters 
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1.3.2 Pit Design 

The final pit was designed, including access ramps (Figure 1.3.1).   Inter-ramp angles of 50º were used, 
except in superficial gravels where they were adjusted to 45º, as per the recommendations of E – Mining 
Technology, specialist geotechnical consultants3. 
 
Ramps have been designed with 30 m width and 10% gradient, suitable for 170 t haul trucks.   
 
Two pit exits are provided, one for the ore to the north of the pit, close to the position of the primary 
crusher, and the other to the south for the waste.   The waste dumps have sufficient capacity to store all the 
waste material produced during the life of the mine.   Specific locations have been allocated for waste, low 
grade sulphide ore and oxide stockpiles (Figure 1.3.2). 
 
Five phases of pit development were designed, following the sequence indicated by the Whittle output. 
 

Figure 1.3.1 
Final Pit Design 

 
 

                                                  
3 The geotechnical review recommended steeper inter-ramp angles (54º) below 150m depth.  This is an improvement that 
can be incorporated into subsequent mining studies. 
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The tonnage – grade data for different cut-off grades within the final pit is shown in Table 1.3.2.   
 

Table 1.3.2  
Tonnage – Grade Data, Final Pit 

 
 
The site layout, including mining elements, is shown in Figure 1.3.2. 
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Mine, Waste Dumps and Infrastructure Location 
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1.3.3 Mining Schedule 

The basic criteria used for the development of the mine production schedule were: 

� Nominal plant capacity of 10 Mt/a 

� All categories of resources included 

� Gold grades reported using the average value per ore type and category. 
 
For a copper price of $1.50 lb, a marginal cut off grade of 0.17% CuT was calculated, taking account of 
metallurgical recovery, processing and G&A costs, and off-site/selling costs. 
 
An elevated cut-off grade was applied to improve the feed grade in the initial periods while maintaining a 
reasonably constant total movement of material. 
 
Annual production schedules were developed as summarised in Table 1.3.3 . 
 
Features of the mine plans are: 

� Pre-stripping of 25 Mt 

� Total mine movement of approximately 30 Mt/a.

1.3.4 Equipment Fleet 

The type and quantity of mining equipment required to satisfy the mine production schedule was 
determined.   Equipment selection criteria included: 

� Medium capacity units, consistent with the size of the operation 

� Proven technology, similar to many other operations of similar type 

� Flexibility in operations, where required 

� High productivity in waste removal as well as high selectivity for ore extraction. 

The equipment was selected for a standard mining operation with conventional drill, blast, load and haul, 
plus all the regular services for face and road maintenance.   After review of production requirements, 
haulage distances and cycle times, the following basic equipment was selected: 

� Diesel-powered drills of 7-7/8” diameter for waste and ore  

� 29 yd3 hydraulic shovels for waste and ore  

� 170 t capacity trucks (type Cat 789). 
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An acquisition schedule was determined (Table 1.3.4).  However, no provision was made for replacement 
equipment: instead NCL allowed an increase in maintenance costs of 20% from Year 11 to counter 
deteriorating equipment. 
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Table 1.3.3  
Mine Extraction and Plant Feed Schedule – 10 Mt/a Case 

C u C us Au C u C us Au C u C us Au C u C us Au
[% ] [% ] [g /t] [kt] [% ] [% ] [g /t] [kt] [% ] [% ] [g /t] [kt] [% ] [% ] [g /t] [kt] C uT C uS [kt] [kt] [kt] [kt]
.436 0.031 0.211 1�579 0.477 0.080 0.210 7�199 0.469 0.386 2�508 �747 12�956 24�997
.538 0.025 0.221 1�494 0.537 0.025 0.221 6�928 0.538 0.108 0.210 8�506 0.527 0.103 0.210 6�537 0.564 0.457 1�611 1�979 11�527 31�654

4�871 0.632 0.020 0.218 5�135 1.025 0.183 0.210 3�830 0.755 0.567 �347 2�876 13�023 30�083
8�753 0.534 0.016 0.208 1�253 1�460 0.205 0.209 4�764 0.482 0.373 �291 4�132 10�886 30�079
6�754 0.555 0.021 0.203 3�247 0.577 0.128 0.209 7�820 0.443 0.316 �918 �965 10�410 30�114
8�081 0.487 0.021 0.202 1�920 0.575 0.123 0.209 �871 0.508 0.352 �20 2�437 16�782 30�110
9�764 0.432 0.015 0.204 �237 1.248 0.209 0.208 �965 0.321 0.245 �1 3�670 15�478 30�114
9�924 0.423 0.013 0.200 �79 0.485 0.089 0.201 2�546 0.32 0.232 �2 5�310 12�254 30�114
9�527 0.411 0.015 0.188 �543 0.429 0.068 0.203 2�691 0.355 0.223 �12 5�540 11�807 30�121
9�864 0.361 0.016 0.182 �136 0.488 0.087 0.163 �134 0.301 0.159 �2 9�969 10�159 30�264
10�004 0.385 0.013 0.183 7�935 7�066 25�004
9�997 0.407 0.011 0.180 �3 0.321 0.097 0.135 �727 0.294 0.224 �1 5�599 8�681 25�008
9�995 0.396 0.013 0.180 �19 0.348 0.064 0.119 2�321 0.356 0.243 �0 9�292 3�377 25�004
10�000 0.405 0.013 0.178 �91 0.351 0.245 14�204 �728 25�024
10�000 0.37 0.014 0.174 14�148 �53 24�200
10�001 0.423 0.012 0.172 5�203 �143 15�346
7�155 0.389 0.01 0.166 6�760 �0 13�915

�1 �0 �0 136�184 0.432 0.015 0.188 8�506 0.527 0.103 0.21 21�077 0.721 0.134 0.209 40�497 0.478 0.363 5�713 100�763 145�329 451�152

P rimary E nric hed
Total

e�for�firs t�year P roc es s ed Ore�for�firs t�year P roc es s ed
Oxide

L ow�G rade
E nriched

L ow�G rade
Primary

Was te
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Table 1.3.4  

Major Equipment Requirement 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 
5 7 8 9 9 9 9 10 11 11 10 12 12 12 12 8 9 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 2 2 
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Auxiliary equipment includes: 

� 450 hp track dozer 

� 450 hp wheel dozer 

� 275 hp motor grader 

� 30 m3 water truck. 
 
The number of auxiliary units as shown in Table 1.3.5 has been determined as a function of the number of 
units in the main loading and hauling fleet and the total rock movement in the pit: 
 

Table 1.3.5  
Auxiliary Equipment Requirements 

 10 Mt/a 
 FEL HydSh 
Bulldozer 4 3 
Wheeldozer 2 2 
Grader 2 2 
Water truck 2 2 

 
The following items have been included in the list of support equipment for maintenance, to be operated by 
a maintenance contractor under a MARC agreement: 
� 1 fuel truck 
� 1 lube truck 
� 1 tyre handler 
� 4 light vehicle units. 
 
It has been assumed that other service elements like cranes, etc, will be provided by the maintenance 
contractor.   A MARC contract has been assumed, including components and spare parts for major 
and minor repairs, and oil and grease for lubrication.   It does not include tyre repair, wearing elements 
and fuel. 
 
It is assumed that a fuel station will be provided by the fuel supplier.   Fuel consumption has been 
estimated at a maximum of 17 600 L/day, mainly for trucks and front end loaders, which will travel to the 
fuel station for supply.  Equipment with less mobility (drills and bulldozers), will be re-fuelled by a service 
truck.  A fuel tank for 15 days of operation (250 m3) is proposed. 
 
1.3.5 Mine Capital Cost 

Total mine capital is estimated to be $41.6 M, excluding pre-strip costs.   An additional $29.5 M of deferred 
capital is anticipated over the life of the project. 
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Equipment capital costs are shown in Table 1.3.6 .   Prices for all major pieces of equipment have been 
obtained from similar recent projects.   
 

Table 1.3.6  
Equipment Capital Costs 

 

In addition to equipment acquisition, the mine capital cost estimate includes the following items (Table 
1.3.7): 

� Mine offices (excluded - considered as part of the total project requirement and included in the 
administration area) 

� Maintenance shop: the truck shop will be equipped with a compressed air system, lubrication system, 
bridge crane of 25 t of capacity, water supply and sewage system to treat effluents and solid residues, 
storage of lubricants, storage of tyres, warehouse for spare parts and components storage, etc. 

� Explosives magazine and supply (excluded -provided by explosives contractor) 

� Fuel Storage and supply (excluded - provided by fuel supplier) 

� Water supply

� Road between the truck shop and the mine.
 

Table 1.3.7  
Other Mine Capital Costs 

Other Mine Investment $'000 
Access roads 400 
Maintenance shop 4 000 
Tyres stock 180 
Software / hardware 60 
Total 4 640 
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1.3.6 Mine Operating Costs 

Annual mine operating costs have been calculated on the basis of the required equipment operating hours, 
the unit rates applied to the different types of equipment, personnel requirements, and unit costs for 
materials, services and labour.   
 
The mine area direct costs include all mine operations to feed ore to the primary crusher and the removal 
and haulage of waste to the disposal site.  All costs associated with operation and maintenance of the mine 
are included.   It is assumed that blasting operations and maintenance of main equipment will be 
undertaken by contractors. 

1.3.6.1 Cost Basis 

Fuel
Fuel costs have been estimated at $0.50/L.  Consumption for each equipment item is based on information 
from vendors and similar cases.   Truck fuel consumption represents an average given the characteristics 
of the hauling profiles.   
 
Operating Supplies and Consumables 
Operating supplies and consumables include drilling steels (bits, rods, and stabilizers), tyres for trucks and 
auxiliary equipment; wear parts for loading and for auxiliary equipment, etc.   These items are considered 
separately for each one of the different units of equipment. 
 
Contractors
Contractors have been considered for blasting and for maintenance of mine equipment. 
 
Blasting
Explosives considered are ANFO and emulsion, the latter for wet holes that have been estimated as 30% 
of the total.   Explosive prices are $550/t for ANFO and $650/t of emulsion.   
 
The blasting cost also includes the fixed cost of the contractor ($300 k/year), based on experience from 
similar size projects. 

Mine G&A 
Mine G&A costs include items related to mine personnel (e.g.  camp, transport, etc.) that have been 
estimated at $0.03/t of material moved. 
 
Manpower Cost 
Manpower cost has been estimated separately for the corresponding unit operations, according to the mine 
labour estimates, applying labour costs provided by Coro.   The labour schedule takes account of mine 
management, planning and daily technical support, and equipment operators.    
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A summary of the work force and labour costs per period is shown in Table 1.3.8. 
 
1.3.6.2 Unit Operating Costs 

The cost per unit operation and period of the plan was calculated using the above described parameters.  A 
summary of these estimates is shown in Table 1.3.9. 
 
Mining costs vary over time from $0.89/t to $1.63/t, averaging $1.15/t over the life of the operation. 
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Table 1.3.8  
Work Force and Mine Labour Cost 
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Table 1.3.9  
Mine Unit Operating Costs 
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1.4 METALLURGICAL TESTWORK 

Preliminary metallurgical investigations were undertaken on selected diamond core samples from the main 
mineralised areas at the San Jorge Project in order to obtain a preliminary understanding of the 
metallurgical response of the primary, supergene and oxide mineralisation to flotation concentration, and to 
generate some basic comminution parameters. 
 
Metallurgical investigations were undertaken by SGS Mineral Services in Santiago, Chile.  Samples were 
selected by Coro from diamond drill core.  Three types of mineralisation, namely “Oxide”, “Enriched” and 
“Primary” (fresh), were defined using cyanide and acid soluble copper leach analysis.  The current 
geological model and preliminary mine plan indicates that the primary ore type will represent 86% of the 
San Jorge life of mine (LOM) mill feed.  No oxide material is included in the current mine plan.  
 
Results of the preliminary metallurgical investigation are summarised in the following sub-sections. 
 
1.4.1 Samples Properties 

Head assay ranges of the composite samples subjected to comminution and flotation testing are 
summarised in Table 1.4.1. 
 

Table 1.4.1  
Metallurgical Sample Grades 

Composite 
Cu
(%) 

Fe 
(%) 

Mo
(%) 

S
(%) 

Au 
(g/t)

Ag 
(g/t)

Oxide 0.53 – 0.71 1.97 – 3.21 0.001 0.02 – 0.03 0.10 -0.21 2 
Enriched  0.52 – 1.29 1.17 – 3.78 0 - 0.001 0.41 – 0.74 0.18 – 0.76 3 - 4 
Primary 0.45 – 0.95 3.30 – 4.00 0.001 – 0.003 1.40 – 2.17 0.17 – 0.32 4 - 9 

 
The composites were each made up from a limited number of mineralised intervals and are considered 
adequate for preliminary metallurgical assessment.  
 
QEMSCANTM was used to determine modal distributions within four San Jorge composite samples.  Major 
minerals phases include quartz, mica/chlorite clays, K feldspar with minor minerals plagioclase, pyrite, 
calcite, titanium-iron oxides, and other sulphides.  Chalcopyrite is the dominant copper-bearing mineral, 
ranging from 0.92 to 1.90 w/w% within fresh rock.  Other sulphides include traces of arsenopyrite, 
sphalerite, bornite, chalcocite and covellite.  
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1.4.2 Comminution Testwork and Results 

Results of comminution testwork data are summarised in Table 1.4.2. 
 

Table 1.4.2  
Comminution Testwork Results 

 No of Tests Range Average 
Bond BWi  at 150 μm closing screen (kWh/t) 8 12.8 – 14.5 13.7 
Bond IWi  (kWh/t) 2 9.7 – 11.1 10.4 
SMC DWi  1 11.1 11.1 
SG  3 2.57 – 2.73 2.67 
Bond Ai 7 0.2055 – 0.5999 0.3600 

 
Preliminary testwork indicates that the primary ores are of moderate hardness for ball mill grinding and 
there is no significant variance between sedimentary and igneous rock types.  The single SMC Drop 
Weight test returned a result consistent with material of extremely high competency.  Such a rock type is 
likely to be unfavourable for SAG milling of primary crushed material at the circuit capacity proposed.  
Further SMC variability analysis is recommended to confirm whether this test result is anomalous or 
descriptive of significant portions of the resource. 
 
Two bond impact work index tests indicate the ore will require moderate to low crushing input energy and 
would therefore be suitable for processing by a conventional staged crushing circuit. 
 
Preliminary Bond abrasion testing suggests the San Jorge ores are of moderate although variable abrasion 
potential.  Two anomalous Ai results of 0.5999 and 0.5429 were returned for an altered granite and 
sedimentary rock sample respectively.  Further investigation as to the significance of these results is 
recommended, as the outcome could materially affect process plant operating cost projections. 
  
The available comminution parameters indicate that either a three stage crush/ball mill circuit or a two 
stage crush/HPGR/ball mill circuit will be favoured for the San Jorge plant.  For preliminary assessment 
purposes, a three stage conventional crush with overflow ball mill grinding to P80 160 μm is proposed. 
 
1.4.3 Flotation Testwork and Results 

Industry standard bench scale laboratory testwork was carried out on the enriched and primary composites. 
 Both open- and locked-cycle testwork were undertaken, based on a standard flotation circuit flowsheet 
including roughing, concentrate regrinding and two or three stages of cleaning.  Salient findings from the 
flotation tests are as follows: 

� Enriched ore: the enriched samples returned relatively high flotation recoveries and grades of copper 
and gold. The calculated copper recovery varied between 76% and 89%, with grades in the final 
concentrate in the order of 27% to 36%.  For gold, the recovery varied between 50% and 81%, with 
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grades in the final concentrate in the order of 5 g/t to 11 g/t.  Rougher recoveries are considered 
reasonable for this type of ore.   

� Primary ore: the primary samples returned high recoveries and grades of copper and gold.  The 
calculated final copper recovery varied between 82% and 94%, with grades in the final concentrate in 
the order of 17% to 34%.  For gold the recovery varies between 55% and 92%, with grades in the final 
concentrate in the order of 3 g/t to 6 g/t.  These recovery ranges are considered comparable to typical 
primary copper ores.  Further regrind and cleaning testwork optimisation will be necessary to define 
relevant design criteria and support concentrate mass flow and quality predictions for the project. 

� The kinetics of rougher flotation for the primary samples is considered high and comparable to other 
known fast floating copper porphyry ores. 

� While not optimised, testwork indicates that a grind size of P80 160 μm is appropriate for the 
preliminary design phase. 

� Arsenic has been identified as a potential concentrate contaminant which may attract revenue 
penalties.  It is richer in the enriched ore type, and, hence, arsenic contamination is likely to be more 
significant in the early years of production.  Other potential concentrate impurities include aluminium 
which ranged from 1.8% to 2.8% in the concentrate, and fluorine and chloride which have not been 
reported.  

 
1.4.4 Metallurgical Summary 

In summary, the primary sulphide material tested floated readily at typical liberation sizes, using standard 
sulphide flotation reagents, and achieves high copper recoveries.  There is strong evidence that it will be 
possible to produce saleable concentrates of copper with potential credits of gold, silver and molybdenum.  
This first pass metallurgical investigation indicates recoveries for the primary ore of 90% copper and 74% 
gold.  Some risk of concentrate contamination penalties from arsenic and aluminium is indicated and will 
require more detailed investigation. 
 
It is intended that the oxide ore will be stockpiled for possible future processing.  Oxide ore does not 
concentrate effectively using typical sulphide flotation reagents and would need to be processed by oxide 
specific reagents or an alternative process route such as leaching.   
 
Enriched ore does concentrate by flotation, although with lower copper recovery than the primary ore.  
Additional testwork will be necessary to optimise a processing route for this ore and better understand the 
geometallurgical boundaries. 
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1.5 PROCESS DESIGN 

1.5.1 Development of Preliminary Flow Sheets  

A general process flow sheet has been developed within a framework of a conventional milling/ 
concentration operation (Figure 1.5.1), comprising the following. 

� Ore Delivery and Rom Pad 

ROM ore is delivered by 170 t mine haul trucks, and dumped directly into the crusher dump pocket.  
Ore is stockpile on the ROM pad during crusher down-time, or for blending purposes. 

� Three Stage Crushing and Conveying 

The crusher dump pocket is sized to accept two volumetric truck loads and is sized to handle 2283 t/h. 
 A static rock breaker is situated at the feed bin to break/clear blockages.  Dust suppression water is 
sprayed within the dump hopper in coordination with the tipping of each truck load.  

The primary crusher is followed by secondary crusher scalping screen feed conveyor, with a self-
cleaning magnet is suspended above the scalping screen feed conveyor for the removal of tramp 
metal.  This is followed by secondary and tertiary crushing circuits, and the product conveyed to a mill-
feed stockpile. 

� Ore Stockpile 

Variable speed apron feeders reclaim ore from beneath the stockpile and discharge onto the Ball mill 
feed conveyor. 

� Grinding and Classification 

The mill feed conveyor transfers ore to the mill at a feed rate of 1220 t/hr. The ball mill is a 7.8 m 
diameter by 12 m EGL, driven by dual pinion drive fixed speed motors of 7500 kW. 

Ball mill slurry discharges through a trommel into a hopper, is combined with process water, and 
pumped to a bank of cyclones for classification at a constant feed density.  The cyclone overflow 
stream reports to a flotation circuit feed tank, and the cyclone underflow stream gravity feeds back to 
the ball mill feed chute where it combines with fresh ore from the ball mill feed conveyer.  The ball mill 
trommel oversize falls into a bunker located beneath the trommel for removal by FEL. 

� Flotation and Regrind 

The grinding circuit cyclone overflow stream gravitates to a storage/conditioning tank which feeds a 
single train of ten by 160 m3 rougher cells followed by five by 50m3/hr cleaner cells.  Cleaner cell tail 
feeds into the cleaner scavenger cell.  The rougher and cleaner scavenger tailings streams are 
pumped to a tails thickener for dewatering.  The cleaner cell concentrate feed a re-cleaner column 
flotation cell(s) for further upgrading, with the concentrate reporting to the concentrate thickening and 
storage facility and the tail returning to the cleaner cells.  

The flotation cells are an air-induced cell, using a duty standby centrifugal blower arrangement. 
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� Concentrate Handling 

Concentrate from the re-cleaner flotation cell(s) is pumped over a vibrating screen and thence to the 
concentrate thickener for dewatering.  The overflow water from the thickener reports to the process 
water pond.  The thickened slurry is pumped to the concentrate storage holding tank(s).  Slurry is then 
pumped into a plate and frame filter, where it is further dewatered and discharged onto a stockpile 
beneath the filter for removal by FEL.  Filter filtrate returns to the process water pond. 

� Tailings Thickening and Disposal 

The flotation cleaner scavenger and rougher tails slurry streams are combined, and pumped 
approximately 1 km to the tails thickener for dewatering.  The overflow water is pumped back to the 
process water pond for use in the processing plant.  The thickened slurry (nominally 67% solids) is 
then pumped to the tailings dam.  

� Reagents 

Reagents include collector, frother and promoter, lime and flocculant, which are mixed and stored on 
site. 

� Water Systems 

Water is pumped from the process water pond and distributed back into the process plant area.  Water 
from the bore fields, dams and creeks will provide potable and raw water for personal consumption, 
fire fighting, gland seal water, cooling and dust suppression. 

 
1.5.2 Plant Site Selection  

The plant and tailings storage facility locations were defined following a site inspection.  A general facility 
layout is shown in Figure 1.5.2 and Figure 1.5.3. 
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heet 
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1.5.2  
ot Plan 
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1.5.3  
Layout 
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1.6 TAILINGS AND WATER MANAGEMENT 

Following a trade-off study, the preferred tailings management option involves deposition of thickened 
tailings behind 2010.  The depository will be developed in two stages: the first stage considers the storage 
of 95 Mt, while the second stage reaches a final capacity of 150 Mt of tailings. 
 
In the first stage, the tailings from the thickener are pumped to a distribution pipe, 300 m in length, located 
at an elevation of 2583 m.  The system also has a parallel water line for washing the pipeline.   
 
During the second stage the depositing points will be relocated towards the south sector, and the dam wall 
lifted by between 0 m and 8 m as well as extended approximately 250 m south.    
 
The specific gravity of the solids deposited in the tailings dam is expected to be 2.70, the weight 
concentration of the tailings 67 %, and the gradient of deposit 4%.    The wall geometry at stages 1 and 2 
will be 10 m wide of copestone with symmetrical slopes of 2.5:1 (horizontal:vertical) and a minimum 
freeboard of 5 m.   The evaporation pond will be covered by a HDPE geomembrane. 
 
There is an excess of water in the 1st, 2nd and part of the 3rd year.  Given the climatic conditions and the 
proposed strategy to deposit tailings in layers of 20 cm, evaporation will be at its maximum and the 
potential for recovering water will be maximised in the high density thickener.   
 
The tailings deposit will have a deviation channel designed to by-pass rainfall coming down from the ravine, 
with a maximum design flow of 64 m3/s estimated for the maximum 50 year, 24 hour storm event.  The 
hydraulic design of the channel considers a geometry of 1.5 m at the base, 3 m deep with slopes of 1.5:1, 
and a hydraulic gradient of 0.4%.   
 
As a safety measure, a basal drainage system above the borrow material wall has been designed to 
ensure that water from the tailings is evacuated and does not generate phreatic levels inside the tailings or 
in the borrow material wall.  These waters will be directed to evaporation pools.   
 
1.7 INFRASTRUCTURE AND SERVICES 

All ancillary facilities required for mine and plant operation are considered, including access requirements, 
a water supply source, and energy supply (including high tension electricity transmission lines). Buildings 
and other facilities such as workshops, truck shops, storage, communications and data, etc., have also 
been taken into account. 
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1.7.1 Access 

1.7.1.1 Main Access Road 

The main access road is 7.5 km long and connects the mining installations with provincial route 39.  The 
road will be 6 m wide, with railings and drain ditches on each side.  The road is made up of a stable layer of 
gravel.   
 
The roads at the open pit mine and to the waste dumps are also considered within the classification of main 
roads due to the load and traffic that they will be exposed to. These roads are 30 m wide with railings and 
drain ditches.  
 
1.7.1.2 Secondary Roads 

These roads connect the various installations within the mine and the processing plant, totalling some 14 
km, and are designed for light vehicles.  In some cases they are 6 m wide or less and connect the river 
water intake area, tailings dump and  infrastructure area with the main roads. These roads have an 
inclination less than 8% and have railings and drain ditches as required. 
 
1.7.2 Port Options 

The project produces copper concentrates that will be sold to international smelting companies probably 
located in Chile, Canada or Japan. The copper concentrate will be transported in trucks from the 
processing plant to smelter companies or ports in Chile depending on the destination of the concentrate, 
availability of Chilean smelting plants, and storage, freight and transport costs of the concentrate.  No new 
infrastructure or major modification requirements are forecast for the storage, loading and freight of the 
copper concentrates. 
 
1.7.3 Power Supply 

A 132 kV electrical connection from the city of Mendoza will supply the San Jorge project.  The total length 
of the power line is approximately 120 km.  Power supply will require an extension of the existing 
transformer station at Boulogne Sur Mer, the construction of a new 132 kV transfer station at Uspallata, 
and the construction of a transformer station located in the vicinity of the San Jorge deposit.   
 
For the distribution of medium voltage within the project, a 33 kV system will be installed.  
 
1.7.4 Water Supply 

Figure 1.7.1 summarises the 24-hour site water balance. 
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Figure 1.7.1  

San Jorge Site Water Balance 

 
 
Water is collected from an intake structure in the El Tigre de Yalguaraz River and transported to the raw 
water pond by a pipeline approximately 7 km long that will run underground and /or on the surface 
depending on surface conditions. Two options were studied to river water intake, one being a concrete 
Water Intake structure with a capture chamber and a charger chamber, and the other an HDPE-lined earth 
water dam, 7 km to the north of the process plant.  Further engineering studies are required to select the 
most effective option, but the concrete water intake structure option was adopted for the capital cost 
estimate. 
 
The raw water pond will have a volume of water set aside for the fire fighting system, and another to cover 
requirements for drinking water, preparation of reagents, ball mill refrigeration, pump sealing, dust 
suppression, and feeding the process water pond.  
 
The process water pond is designed to cover four hours of plant operation.  It receives water from the raw 
water pond and water recovered from the concentrate and tailings thickeners, from the concentrate filter 
and from the tailings pond.  It will supply process water for the ball mill and flotation plant.  
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1.7.5 Communications 

A conventional VHF radio communications system will be installed, with only one site repeater located in 
the primary crushing area to ensure communication between users. 
The project takes into account 99 portable radios, 25 of which will be mobile for linking mine equipment and 
light vehicles. The remainder will be utilised by operations and maintenance personnel, supervisors and 
contractor personnel.  
 
An IP type telephone system is included, with duplicate equipment for calls and lines. The system includes 
a device for connecting to the public network, voice mail and direct selection of extension number. The 
telephone switchboard will share installations with the data network which will have power and air 
conditioning back-up support systems. 
 
1.7.6 Truck Workshop 

The truck maintenance workshop has capacity for four trucks with an area to be used for washing trucks 
and three areas for maintenance.  The installation also incorporates an office building and a draining area 
located next to the washing area.  A workshop for minor maintenance will be installed in a separate area 
contained in a 100 m2 building where tyres also are stored. 
 
1.7.7 Buildings and Facilities 

The building inventory includes: 

� an administration office made up of six modular units 

� a fully equipped camp for supervisors 

� a kitchen/dining area for 150 people, also fully equipped 

� Plant installations include a fully-equipped change-room with capacity for 100 people, for maintenance 
and operations personnel 

� a gatehouse is provided at the entrance to the project site, with an area for registering people, 
administrative office and toilets. 

 
1.8 ENVIRONMENTAL MANAGEMENT 

1.8.1 Principal Environmental Baseline Findings 

The baseline for the Environmental Impact Assessment (EIA) for the San Jorge Project has been 
determined in various studies completed by several independent consultants, principally: 

� Vector Argentina S.A (Vector), 2007:  the Vector report provides a detailed description of the site 
environmental conditions such as climate and meteorology, hydrology, hydrogeology, archaeology, 
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flora and fauna, and social background of Uspallata.  Also included is a geological and seismic risk 
assessment.

� Water Management Consultants (WMC), 2007: WMC conducted a revision of the Vector baseline 
studies, focusing on hydrology and hydrogeology issues for the San Jorge project. 

 
1.8.1.1 Vegetation and Wildlife 

Vegetation studies were carries out during October, 2006.  A total of 22 sample points were chosen in 
order to represent as complete profile of ecosystems in the area as possible.  Wildlife studies were carried 
out during October, 2006 and May, 2007, at 10 of these sample points.  The results indicate that the area 
contains one endangered species, a small gray fox (psedalopex griseus), however, this does not represent 
a critical condition, nor signify a fatal flaw in the Project. 
 
1.8.1.2 Archaeology 

Archaeological sites were found in the project’s area of influence evaluated in a preliminary fashion by 
Vector in January 2007.  These sites will be explored and all archeological legacies will be preserved. 
 
1.8.1.3 Climate and Meteorology 

The San Jorge Project has a typical mountain arid climate: dry with irregular rainfall, cold winters and cool 
summers. The climate parameters are shown in Table 1.8.1. 
 

Table 1.8.1  
Climate Characteristics 

Uspallata Meteorological Station 

Rainfall in days per year 24.6 
Annual mean temperature 11.6 °C 
Annual mean  maximum temperature  21.4 °C 
Annual mean temperature of the warmest month 18.9 °C 
Annual mean temperature of the coolest month  4.9 °C 
Annual mean minimum temperature  2.6 °C 
Rainfall  147 mm 
Annual mean relative humidity 53 % 
Days per year with hail storm 2.3 
Days per year with cloudy sky 23.8 
Days per year with snowfall 3.1 
Days per year with mist 0.3 
Days per year with frost 128.2 
Days per year with dust storm 0.5 
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1.8.1.4 Air Quality  

Measurements of breathable (<10 μ) particulate matter (PM-10) and gas emissions concentrations such as 
carbon monoxide, carbon dioxide, sulphur dioxide, nitrogen dioxide and hydrocarbons were made to 
establish the baseline for air quality.  At all measurement points the concentrations are below the upper 
limit established by law. 
 
1.8.1.5 Soils 

The soil is highly restrictive to vegetation growth because of its geomorphology and the high temperature 
variation.  The soil geomorphology prevents water retention, nutrient retention and root growth, due to high 
permeability, and hence prevents agricultural development in the area.  
 
For the area of study, the Entisoles soil order has been identified; it is represented by typical Torriorthent 
soils: in these soils, a series of layers with variable particle size distribution belonging to a sequence of C 
horizons can be observed.  Superficially, the texture is loamy, and at depth it is loamy-silty, with moderate 
drainage.  The organic matter content is variable, but always poor.  The soil profiles have an important 
proportion of coarse framework (mineral fraction larger than 2 mm of diameter), averaging 31 % by volume. 
The average content of total nitrogen is low and the presence of phosphorus in most of the area is medium, 
with a slightly alkaline pH. 
 
1.8.1.6 Hydrology 

El Tigre de Yalguaraz Stream Basin 
This is the most important water flow in the project area. The El Tigre stream basin starts in the high 
mountain at an elevation of 5000 m.a.s.l and finishes before reaching Route 39 into the Yalguaraz Ranch 
at an elevation of 2000 m.a.s.l, approximately to 4.5 km to the north-east of the project. 
 
Quebrada Seca Stream Basin 
Quebrada Seca is a semi-permanent surface stream, which is dry for most of the year.  This stream starts 
in the mountains at an elevation of 3000 m.a.s.l. and finishes in El Barreal, a local low point where water 
accumulates during short, heavy rainfall, at an elevation of 2000 m.a.s.l., approximately 8 km to the south-
east of the project site. 
 
The EIA will include a general water balance for these two hydrologic systems, considering recharge, 
storage and discharge. 
 
1.8.1.7 Water Quality 

Coro has sampled the surface of the El Tigre de Yalguaraz stream and analysed the water to determine its 
physical and chemical quality, and to study the effects that the operation might have on it.  In general, the 
quality of the El Tigre de Yalguaraz stream is very good, as it originates from the melting of snow 
accumulated during winter. 
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1.8.2 Principal Environmental and Social Issues 
An environmental impact report for the geological exploration activities by Vector Argentina S.A (Vector) in 
1988 noted that the closest national park is the Aconcagua Provincial Park, 80 km to the west.  In addition, 
the report describes valuable archaeological and cultural sites that are located in the Cordón del Tigre, 
Ciénaga se Yalguraz, Arroyo del Tigre sites and along the Provincial Route 39 highway.  These sites have 
evidence of human activity from 7000 B.C. to 1500 A.D., and include Incan period features.   
 
In 2006, Coro commissioned Vector to conduct the Environmental Baseline Study of the San Jorge area.  
Baseline studies have been undertaken by various consultants including Vector, Dames and Moore, and 
Water Management Consultants.   These studies included: climate and meteorology; air quality; soils; 
hydrology; hydrogeology; flora and fauna; archaeology; and socioeconomic background.    
 
The Environmental Baseline Study was completed in the last quarter of 2007.  However, due to the 
importance of the water resource to the Argentinean Authorities and for the future Environmental Impact 
Assessment approval, Coro expanded the depth of the hydrology and hydrogeology studies, which still are 
being executed and scheduled to be completed on the second quarter of 2008.   
 
The local population is highly supportive of the project on an individual basis, based on work opportunities 
and development of local infrastructure.  In reference to the environmental issues, opinion is less 
favourable.  However, no specific opposition groups have been identified.  The community perceives that 
the factors most affected by the mining industry will be the natural resources, the quality of the water and 
the quality of the air.  It is therefore most important that a strategy for communication with all parties be 
developed in order to fully explain the potential impacts and the work that will be done to limit these impacts 
to the local mine site.  Local neighbourhood groups and the school community are seen as significant 
parties to involve in this communication process. 
 
It is planned to submit the EIA in July 2008. 
 
1.9 PERSONNEL 

A labour force has been built up from first principles.  Variations are predicted over time, reflecting changes 
in the mine workforce required.  The underlying assumption is that the mine and plant will operate on a 24 
hour, 7 day week basis, utilising a shift roster of 2 weeks on and a week off 
 
The proposed labour force totals 256 people including supervisory and technical personnel, plant and 
equipment operators and general labour for the mine, plant and administration (Table 1.9.1). 
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Table 1.9.1 
Personnel Summary 

Area Personnel 
Mining 130 
Plant & Infrastructure   91 
General & Administration   35 
Total 256

 
 
It is Coro’s intention that almost the entire work force will be drawn from Argentina, although a few key 
experienced personnel may need to be recruited form elsewhere in South America.  The participation of the 
local population will be maximised through recruitment and training programmes. 
 
1.10 PROPOSED PROJECT IMPLEMENTATION 

A project schedule was developed by GRD Minproc showing the execution plan for the San Jorge project. 
 
The main issues related to the schedule are described below: 

� In the long-term, the critical path is defined by the acquisition and assembly of key equipment (Ball 
Mill) which should take approximately 2 years. 

� Based on a engineering and construction approach the mineral production could commence in first 
quarter of 2012. 

 
Figure 1.10.1 shows a summarised Gantt chart prepared by GRD Minproc. 
 
 

Figure 1.10.1 
Project Implementation Schedule 
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The total mine production plant is shown in Table 1.10.1.  
 

Table 1.10.1 
Project Implementation Schedule 

Phase Start Finish Estimated Duration 
Construction Apr. - 2010 Apr. - 2012 24 months 
Pre-stripping Apr. - 2011 Apr. - 2012 12 months 
Mine Operation May. - 2012 May. - 2028 16 years 
Process Plant Operation May. - 2012 May. - 2028 16 years 
Mine Close-up Jun. - 2028 --- Variable 

 

1.11 CAPITAL COST ESTIMATE 

1.11.1 Estimate Basis and Summary Capital Cost 

The total capital cost for the project is estimated at $277.5 M (Table 1.11.1), and includes: 

� Pre-stripping and mine capital cost, prepared by NCL based on the final Mine Production Plan 

� Tailing disposal facility capital cost prepared by SRK based on a thickened tailing dam 

� Plant and infrastructure capital costs, including direct and indirect costs, plus an engineering allowance 
and a contingency of 13%.  

� Owner Cost and Working Capital provided by Coro. 
 

Table 1.11.1 
Capital Cost Estimate – Summary 

Description $’000
Pre-Stripping   23 119 
Mine*   41 160 
Process Plant 111 447 
Tailing Storage Facility     5 847 
Power Supply   13 722 
Other Services and Utilities Areas     4 888 
Infrastructure     4 085 
Indirect Cost   29 575 
Owner's and Other Costs   11 887 
Accuracy Allowance, Contingency and Working Capital   31 322 
Total Capital Cost 277 503 

*Initial mine capital costs only 
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Costs are quoted in first quarter 2008 US$; an exchange rate of US$1.00 to 3.00 Pesos has been used.  
Prices for major equipment items have been obtained from budgetary quotations, or similar recent projects, 
and they represent the total cost of the equipment, installed on site and ready to operate.  No account is 
taken of inflation over the life of the operation. 
 
1.11.2 Mine Capital Cost 

The initial mine equipment capital cost is estimated at $41.6 M, with a further $29.5 M required as 
deferred/sustaining capital over the life of the operation.  A further cost of $23.1 M is incurred for pre-
stripping of approximately 25 Mt of waste to access the deposit (Table 1.11.2). 
 

Table 1.11.2  
Summary of Mine Capital Cost 

Item Cost ($’000) 
Pre-stripping 23.12 
Initial Mining Fleet 36.97 
Support Facilities   4.64 
Sub-total 64.73
Deferred/sustaining Capital 29.44 
Total 94.17

Exclusions: 

� Mine offices were considered as part of the total project requirement and included in the administration 
area 

� Fuel Storage and supply will be provided by the fuel supplier. 
 
1.11.3 Process Plant Capital cost 

GRD Minproc has used its own cost database to estimate the Capital cost for the key components at this 
stage of the study, on the following basis: 

� The Equipment List was the basis of the estimate 

� PFD’s were the design basis 

� Major mechanical equipment pricing was based on budgetary quotations and GRD Minproc’s 
database. Minor equipment was factored as a percentage of the major mechanical equipment 

� Material Take–offs (MTOs) were developed for some areas such as the water supply system 

� Quantities of clearing, mass excavations and refill were estimated from general arrangement drawings 

� Primary crusher retaining wall estimate has been developed from a MTO and vendor quotes from 
other projects 
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� Concrete quantities were estimated based on sketches 

� Steel quantities were based on layout drawings and/or sketches 

� Operation camp, administration office and canteen are from budgetary quotes. For other buildings, all 
inclusive prices were developed based on $ per m2 

� Piping costs was developed for the water supply system.  Other piping costs were factored from the 
mechanical equipment, reflecting the type of installation based on experience of similar projects 

� Major electrical equipment associated with the power supply system was quoted (Eseyde).   Electrical 
costs in the process area were factored from the mechanical equipment depending on the type of 
installation based on experience of similar projects.  Medium voltage overhead lines for power 
distribution in each area were included in the previously mentioned factors 

� PLC control systems were estimated based on experience of similar projects. The communication 
system cost was based  on a budget quote 

� Field instrumentation was factored as a percentage of electrical cost at historical rates for industrial 
projects 

� Argentinean local budget prices are used for the earthworks, site development work, concrete supply, 
structural steel and cable 

� A design allowance is applied subjectively, based on the degree of engineering completed at the time 
of engineering design cut-off, and from a comparison with historical experience 

� The construction estimate was based on a construction management approach (EPCM).  Direct labour 
hours were developed using standard North American installation man-hours and productivity factors 
appropriate for the local site conditions 

� Construction contractor mobilization and demobilization cost are included in the labour price 

� Average labour productivity was based on current experience for construction projects in Argentina 

� Table 1.11.3 presents the direct cost for the plant by areas for the San Jorge project based on a 
10 Mt/a process plant. 
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Table 1.11.3  

Process Plant Summary 
10 Mt/a Process Plant 

Area Description  Total ($’000) 
0310 Primary Crushing 12 621 
0310 Secondary Crushing 6 855 
0310 Tertiary Crushing 18 494 
0320 Grinding 35 537 
0330 Flotation 21 924 
0350 Concentrate   7 237 
0360 Tailings Thickening   5 479 
0380 Reagents   3 301 

Total Direct Cost 111 447 
 
1.11.4 Tailings Disposal Capital Cost 

Capital cost estimates have been prepared based on preliminary schedules of quantities developed by 
SRK for major cost items associated with the thickened tailings disposal retained by a downstream earth 
embankment.  
 
The total initial capital cost is estimated at $5.9 M (Table 1.11.4). 

Table 1.11.4  
Tailing Initial Cost Summary 

Description $’000
Wall 3 439 
Drainage System 286 
Evaporation Pond 1 652 
Water Diverter Channel 214 
Pipe Support Platform 53 
Tailing Pipes 203 
Total Direct Cost 5 847 

 
Further capital costs of $23.7 M are incurred over the life of the operation (Table 1.11.5). 
 

Table 1.11.5  
Total Tailing Cost Summary 

Description Year
1

Year
2

Year
3

Year
4

Year
5

Year
6

Year
7

Year
8

Year
9

Year
10

$’000

Tailing Capital Cost 5 847 0 0 5 000 0 5 000 0 5 036 0 8 527  
Total Direct Cost 5 847   5 000  5 000  5 036  8 527 29 410
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1.11.5 Power Supply Capital cost 

Electrical Power Supply capital cost estimates was prepared by SIEyE, a consulting group (Table 
1.11.6). 
 

Table 1.11.6  
Power Supply Cost Summary 

Description $’000
132  kV Power  Lines 10 588 

132 kV - Boulogne  Sur  Mer  Substation Expansion       992 

132 kV - Mina San Jorge Substation Budget   2 142 

Total Direct Cost 13 722 
 
1.11.6 Other Services and Utilities Areas Capital cost 

Other services and utilities cost estimates are summarised in Table 1.11.7. 
 

Table 1.11.7  
Other Services and Utilities Cost Summary 

Description $’000
Water Supply 2 563 
Communications   810 
Control System   800 
Emergency Generator   715 
Total Direct Cost 4 888 

 
1.11.7 Infrastructure Capital Cost 

Infrastructure area capital cost, which includes earthworks, roads, operation camp, canteen, 
workshops, warehouse, administrations buildings and others, is summarised in Table 1.11.8. 
 

Table 1.11.8  
Infrastructure Cost Summary 

Description $’000
General Earthworks 600 
Access Roads 900 
Services Roads 385 
Buildings  1 700 
Met/Chem. Laboratory 500 
Total Direct Cost 4 085 
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1.11.8 Indirect Costs 

The estimate includes Indirect costs to cover contractor general expenses, temporary facilities, 
shipping, spare parts stock, EPCM contract and commissioning, etc.  Table 1.11.9 shows a cost 
breakdown and the percentage over the Direct cost of process plant, services and infrastructure. 
 

Table 1.11.9  
Indirect Cost Summary 

Description Percentage  $’000 
EPCM 9.9% 13 800 
Third Party Services 1.5%   2 100 
Freight and Duties 9.0%   5 352 
First Fills 1.0%   1 400 
Commissioning 0.8%   1 120 
Vendor Representatives 0.5%      700 
Spares 2.5%   1 487 
Temporary  Facilities 2.6%   3 616 
Total Indirect Cost  29 575 

 
1.11.9 Owners and Other Costs 

Owners Costs were supplied by Coro (Table 1.11.10).  These include: 

� Definitive metallurgical testwork, process flowsheet and plant design 

� Definitive feasibility study (DFS) work on drilling, resources, mining, geotechnical, hydrogeological and 
other technical studies 

� Environmental studies, submission and approval of the EIA, and construction and operating permit 
acquisition 

� Project team recruitment, training, salaries, expenses and bonuses 

� Construction insurance 
 

Table 1.11.10  
Owner Cost Summary 

Description $’000
Owner Cost   8 147 
Studies   3 740 
Total Owner Cost 11 887 
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1.11.10 Accuracy Allowance, Contingency and Working Capital 

The estimate includes an engineering accuracy allowance for the process plant, services and infrastructure 
based on the level of the information available for each revised area.  This allowance is in the order of 5%. 
 
Coro and GRD Minproc reviewed the estimate and evaluated areas and items contingent on unknown 
elements, which may have impact on the accuracy of the estimate.  The overall contingency applied is 8%. 
 Inflation, exchange risk, sovereign risk, etc. are not included.  
 
Working Capital represents one month of estimated operating costs as provided by Coro. 
 
Table 1.11.11 summarises accuracy allowance, contingency and working capital costs. 
 

Table 1.11.11  
Accuracy Allowance, Contingency and Working Capital 

Description $’000
Accuracy Allowance   9 073 
Contingency 14 516 
Working Capital   7 734 
Total Cost 31 322 

 
1.11.11 Deferred Capital Costs 

Deferred and sustaining capital costs for the project are estimated at $90.9 M (Table 1.11.12). 
 

Table 1.11.12  
Deferred and Sustaining Capital Cost Estimate 

Area $ (M) 
Mining 29.4 
Tailings 23.7 
Plant 17.8 
Mine Closure 20.0 
Total 90.9
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1.12 OPERATING COST ESTIMATE 

1.12.1 Summary (average) Operating Cost 

Annual operating costs vary according to the depth of the pit (mining) and head grade (off-site freight and 
concentrate treatment costs), but average $9.77/t ore over the operating life (Table 1.2.1). 
 

Table 1.12.1 
Average Estimated operating cost (Life of mine) 

Item Average cost ($/t ore) Proportion (%) 
Mining 3.14 32.1 
Plant & infrastructure 2.92 29.9 
G&A 0.65   6.7 
Off-site Costs* 3.06 31.3 
Total 9.77 100 

   *includes shipping 
 
Mining, treatment and off-site costs contribute almost equally to the overall cost. 
 
1.12.2 Mining 

As summarised in Section 1.3, mine operating costs were calculated from first principles, based on the 
mining schedule, haul profiles and equipment requirements.  Operating costs vary over time from $0.89/t to 
$1.63/t, averaging $1.15/t over the life of the operation. 
 
1.12.3 Plant and Infrastructure Operating Costs 

GRD Minproc has developed preliminary plant and infrastructure operating costs for the 10.0 Mt/a 
concentrator.  Annual plant and infrastructure operating costs have been calculated as $29.17 M, 
equivalent to $2.92/t of ore treated. 
 
1.12.3.1 Basis of Estimate 

Process plant operating costs were developed for a 10.0 Mt/a feed rate, without consideration of the effects 
of individual ore types.  Costs are presented in 1Q 2008 United States dollars.   
 
Data sources are summarised in Table 1.12.2. 
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Table 1.12.2 

Data Sources Summary 
Data Source 
Processing Factors Project Preliminary design criteria 
Power Cost Minera San Jorge SA 
Power Consumption Preliminary comminution testwork and factoring from similar projects within the 

GRD Minproc database 
Labour Rates Minera San Jorge SA  
Labour On-cost Minera San Jorge SA 
Rosters Minera San Jorge SA 
Recruitment Costs GRD Minproc In-house data 
Maintenance Factors GRD Minproc In-house data 
Training Allowance GRD Minproc In-house data 
Safety Allowance GRD Minproc In-house data 
Research and Development GRD Minproc In-house data 
Laboratory - Staff GRD Minproc In-house data 
Laboratory Costs GRD Minproc estimate 
Reagent Costs GRD Minproc In-house data 
Consumables Preliminary testwork  
General and Administrative Minera San Jorge SA 
Tax Rates Minera San Jorge SA 
Reagents and consumables:  
Flotation GRD Minproc experience and preliminary testwork 
Grinding GRD Minproc calculations and experience 
Flocculant GRD Minproc experience and preliminary testwork 
Other GRD Minproc In-house data 

 
A 90% average copper recovery for primary ore, 81% average copper recovery for enriched ore and 
concentrate copper grade of 25% has been assumed by GRD Minproc in order to calculate variable costs 
associated with concentrate production.   
 
Coro specified a power cost of $0.05/kWh.   
 
Mining and project administration costs are additional to the plant operating cost estimate: concentrator 
administration costs have been included, consisting of training and miscellaneous consumables and light 
vehicle operating costs only.  Concentrate transport from site and Argentinean taxes on consumables, 
maintenance materials and electricity have been excluded.  No allowance has been made for feeding the 
primary crusher or re-handling from ROM stockpile. 
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1.12.3.2 Summary of Plant and Infrastructure Operating Cost Estimate 

The annual plant operating cost is summarized in Table 1.2.2, and a breakdown by cost types is provided 
in Table 1.12.4.
 

Table 1.12.3  
Plant Operating Cost Summary (Typical Year) 

  10 Mt/a 

Fixed Costs $ '000/a $/t 

    Labour 1 651 0.17 
    Miscellaneous 1 680 0.17 
    Concentrator Admin 345 0.03 

  

Variable Costs   

    Power 10 654 1.07 
    Maintenance 2 756 0.28 
    Reagents and Consumables 12 088 1.21 

Total 29 173 2.92 
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Table 1.12.4 

Plant Operating Cost Summary by Area 
 10 Mt/a 
Description $ '000/a $/t 
Labour    
Superintendency      83 0.01 
Metallurgy       90 0.01 
Maintenance     694 0.07 
Plant Operation     784 0.08 
Subtotal   1 651 0.17 
Miscellaneous   
Research & Development      120 0.01 
Maintenance   1 210 0.12 
Operations     250 0.03 
Met Laboratory     100 0.01 
Subtotal   1 680 0.17 
Concentrator Administration   
Training Costs     75 0.01 
Safety Equipment      50 0.00 
Seminars      50 0.01 
Recruitment      50 0.01 
Consumables Allowance     120 0.01 
Subtotal     345 0.03 
Power   
Crushing and FOB Stockpile   1 079 0.11 
Grinding excluding mills     984 0.10 
Grinding mills   5 658 0.57 
Flotation inc regrind   1 913 0.19 
Concentrate Handling      163 0.02 
Tailings      259 0.03 
Reagents        45 0.00 
Water Services      197 0.02 
Air Services      356 0.04 
Subtotal 10 654 1.07 
Maintenance Materials   
Crushing and FOB Stockpile     806 0.081 
Grinding     861 0.086 
Flotation+Concentrate Handling     644 0.064 
Tailings       72 0.007 
Reagents       71 0.007 
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Table 1.12.4 
Plant Operating Cost Summary by Area 

 10 Mt/a 
Description $ '000/a $/t 
Buildings       62 0.006 
Environmental         7 0.001 
Infrastructure     234 0.023 
Subtotal   2 756 0.28 
Reagents and Consumables   
Crushing and FOB Stockpile   1 637 0.16 
Grinding   6 386 0.64 
Flotation   1 892 0.19 
Tailings High Density Thickening     489 0.05 
Concentrate Thickening       10 0.00 
Lime (pH control)   1 055 0.11 
Water Services     120 0.01 
Lab     153 0.02 
Filtration     345 0.03 
Subtotal 12 088   1.21 
Total 29 173   2.92 

 
1.12.4 General and Administrative Costs 

G&A costs are estimated to be $0.65/t ore or $6.50/a.  This figure covers a wide range of inputs, including: 

� Labour: site management, human resources, safety, training and environmental, laboratory, 
warehousing, transport and supplies, etc. 

� Light vehicles and other mobile equipment 

� Expenses such as insurance, personnel accommodation, canteen and transportation, computing and 
communications costs, consultants 

 
1.12.5 Off-site Costs 

Off-site costs cover the transport and treatment of concentrates, and include smelter deductions and 
smelting and refining charges.  Principal inputs used are: 

� Concentrate average grade:   26% Cu 

� Moisture:    9% 

� Concentrate loading and freight:  $85/t (wet) 

� Cu smelting TC/RC:   $70/t (dry) and $0.07/lb Cu 
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� Metallurgical losses:    Cu 3%, Au 10% 

� Refining charge gold:   $5/oz 
 
While annual off-site costs vary according to head grade, they average $3.06/t ore treated, or $30.6 M/a. 
 
1.13 CASHFLOW ANALYSIS 

1.13.1 Base Case 

A cashflow model was created utilizing the San Jorge mine production schedule, the associated metal 
grades, metal recoveries from the metallurgical test program, capital and operating costs as set out in the 
report, and base case metal prices of copper $1.65/lb and gold $600/oz as provided by Coro. 
 
The base case is for annual mine production to deliver 10.0 Mt/a (dry) of run-of-mine ore to the process 
facility; with an average annual metal production of 87 million lbs of copper and 39 300 ounces of gold.  
 
Initial (2009-2012) direct capital for mine, processing, water, power and 13% contingency is estimated at 
$269 M. Initial working capital is estimated at US$8 M.  Sustaining capital is estimated at $90 M, including 
mine closure costs.  Project net cash costs after by-product credits are estimated to average $0.69/lb Cu 
over project life.  
 
Cashflow modelling at base case metal prices shows that the project could generate a cumulative net after 
tax profit of $327 M, a 17.7% IRR, and a net present value discounted at 10% (NPV10) of $82.1 M, over 
the projected 16 year mine life.  These results are on a 100% equity basis, and assume zero inflation of 
costs or revenues over time.  Argentinean taxes are, however, included. 
 
Cautionary Statement: The economic evaluation includes the use of inferred resources that are too 
speculative geologically to have economic considerations applied to them that would enable them to be 
categorized as mineral reserves.  Equally, process parameters have not been defined, engineering designs 
have not been undertaken and the accuracy of capital and operating cost estimates is no better than ±30%. 
 Consequently, there is no certainty that the preliminary assessment will be realised. 
 
1.13.2 Sensitivity Analysis 

Sensitivity analysis was conducted for an Upside Pricing Case of $2.00/lb Cu and $600/oz of gold.  Under 
this scenario, after tax NPV10 increases from $82 M to $220 M and IRR improves from 17.7% to 28.6%. 
 
A 10% increase in operating costs (mine and process plant) decreases the Base Case IRR by 2.2% to 
15.2% and the Base Case NPV10 by $29 M to $53.1 M.  Similarly, a 10% increase in all capital costs 
decreases the Base Case IRR by 2.8% to 14.9% and decreases Base Case NPV10 by $24.8 M to $57.3 M. 
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Table 1.13.1  
Operating and Capital Cost Sensitivities 

 IRR (%) NPV10 (M) 
Base Case: $1.65 Cu, $600 Au 17.7 82.1 
Cost Sensitivity Cases:   
Revenue: Cu $2.00/lb 28.6 220.0 
Operating Cost +10% 15.2 53.1 
Operating Cost -10% 20.0 111.0 
Capital Cost +10% 14.9 57.3 
Capital Cost -10% 21.0 107.0 

 
1.14 CONCLUSIONS AND RECOMMENDATIONS 

1.14.1 Main Issues  

Geological Resources  
The San Jorge Property is host to a significant sized copper-gold porphyry system, which is considered to 
be an advanced-stage exploration property.   Because of the validation work undertaken by Coro in 2006 
and 2007, NCL is comfortable in using the historic data for resource estimation purposes.   
 
Based on the information reviewed by NCL, the drilled portion of the San Jorge porphyry system has been 
relatively well-defined although the system has not been closed in all directions.   There are also a number 
of regional geophysical targets that require further evaluation and follow-up exploration.   NCL also believes 
that the structural geology of the deposit requires further definition as the mineralisation appears to follow 
structural trends.   
 
The present NCL mineral resources are NI 43-101 compliant.   Using an economic envelope based on a 
copper price of US$1.50 /lb and a cut-off grade of 0.3% CuT, the Measured and Indicated resources 
estimated by NCL are 184 Mt grading 0.48% CuT and 0.21 ppm Au.   
 
Mining
Pit optimisation, mine design and scheduling have been completed for a 10 Mt/a process plant.  This work 
has utilised some Inferred Resources, and no formal mineral reserve exists.  However, an inventory of 150 
Mt at 0.47% CuT was scheduled for delivery to the plant based on a 0.3% cut-off grade.  Pre-stripping of 25 
Mt was required to access the ore ahead of production.  Annual average material movements are 
approximately 30 Mt representing a strip ratio of approximately 2:1 waste:ore. 
 
Equipment and support facilities for this schedule have defined and costed.   
 
The mine design work is preliminary, and is not yet supported by geotechnical and hydrogeological data. 
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Geotechnical Information
The area is in a high seismic zone, which needs to be taken into account in engineering design.  Little site 
geotechnical work has been completed, and more field investigations are required to make geotechnical 
design recommendations for the Feasibility Stage. 
 
Hydrogeological and Hydrological Information  
El Tigre de Yalguaraz Stream and Quebrada Seca Stream basins offer the opportunity to access both 
surface water and groundwater resources. El Tigre contains the most important water flow in the project 
area, and has been selected as the main source of water for this preliminary assessment.   
 
Wells have been investigated as an alternative or support source of water.  Four potential borefield 
locations were identified, but the number of wells and their configuration requires further study.  
 
Metallurgical Information  
The metallurgical testwork completed to-date serves as a preliminary basis to advance to a DFS study. 
More investigation is required to build up a full geometallurgical understanding of the deposit, and 
numerous metallurgical design parameters remain to be defined. 
 
Preliminary testwork indicates that the Primary ores are of moderate hardness for ball mill grinding.  The 
Primary sulphide material floated readily at typical liberation sizes, using standard sulphide flotation 
reagents, and achieves high copper recoveries.  Enriched ore can be concentrated by flotation, although 
with lower copper recovery than the Primary ore.  
 
Additional testwork will be necessary to optimise a processing route for this ore and better understand the 
geometallurgical boundaries. 
 
Some minor risk of concentrate contamination penalties from arsenic and aluminium is indicated and will 
require more detailed investigation. 
 
For preliminary assessment purposes, a three stage conventional crush with overflow ball mill grinding to 
P80 160 μm is proposed, followed by conventional flotation to produce saleable concentrates of copper 
with potential credits of gold and silver.  
 
Tailings
Following a trade-off for site selection, it has been concluded that the most appropriate site for tailings 
disposal is close and northeast of the plant site.  
 
The preferred tailings management option involves deposition of thickened tailings (67% solids) behind a 
dam wall.  The depository will be developed in two stages: the first stage considers the storage of 95 Mt, 
while the second stage reaches a final capacity of 150 Mt of tailings. 
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Power Supply 
Power supply will be obtained from Argentine electrical system (SADI) through a local distributor, 
EDEMSA.  The 132 kV transmission line operator is DISTROCUYO, which handles the networks and 
supervises all transmission activities in the region.  
 
The study to analyze the energy supply to the Project was done by the Argentine design company 
Servicios de Ingeniería Eléctrica y Electromecánica S.R.L. (SIEyE).  The selected alternative is to connect 
San Jorge to the local electrical network by means of an expansion of the 132 kV ET Boulogne, located at 
Mendoza,  the installation of a transmission line of 120 km, the construction of a new 132 kV sub-station at 
Uspallata and the erection of a transformation substation at San Jorge site.  
 
The integration of the new electrical requirement to the electrical grid was validated using the “Influence 
Area Method”, a methodology defined in the CAMMESA’s to determinate the benefits of an expansion in 
the electrical transmission network. 
 
Transport
The project will produce copper concentrates that will be sold to international smelting companies probably 
located in Chile, Canada or Japan. The copper concentrate will be transported in trucks from the 
processing plant to smelter companies or ports in Chile depending on the destination of the concentrate, 
availability of Chilean smelting plants, and storage, freight and transport costs of the concentrate.  No new 
infrastructure or major modification requirements are forecasted for the storage, loading and freight of the 
copper concentrates.  
 
A 7.5 km access road from provincial route 39 has been identified from a regional topography chart.   
 
Environmental and Social Issues 
The baseline for the Environmental Impact Assessment (EIA) for the San Jorge project has been 
determined.  No fatal flaws have been recognized, although a small gray fox (psedalopex griseus) is an 
Endangered species. 
 
Archaeological sites were found in the project’s area of influence and require additional evaluation. 
 
The local population is generally supportive of the project although concerns have been raised about the 
impact of the project on the environment, particularly the quality of the water and air.  . It is, therefore, most 
important that a strategy for communication with all parties be developed in order to fully explain the 
potential impacts and the work that will be done to limit these impacts to the local mine site.  Local 
neighbourhood groups and the school community are seen as significant parties to involve in this 
communication process 
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Project Implementation and Schedule 
 
An EPCM approach to project implementation is recommended.  A schedule has been developed, 
showing: 

� The DFS study decision can be taken in the next few weeks, but the final study cannot begin until key 
information from metallurgical testing at a DFS level is available, estimated to be November 2008, if 
the work begins in June 2008. 

� Environmental and legal issues (permits) should take approximately 1 year. 

� The critical path, thereafter, is defined by the acquisition and assembly of key equipment (ball mill) 
which should take approximately 2 years. 

� Power supply engineering must be completed in parallel with the DFS. This will allow sufficient time to 
ensure that the power supply will be ready on time when the plant construction starts.  

� Mineral production could commence in first quarter of 2012. 
 
Preliminary  Assessment Results  
It is emphasised that the results obtained from this study are based on Indicated and Inferred resources.  
Metallurgical testwork is at a preliminary stage, and minimal engineering has been undertaken.  No pit 
geotechnical or hydrogeological data is available, and the accuracy of the cost estimates is no better than 
±30%.  Other basic information has been assumed and needs to be confirmed.  Consequently, the financial 
modeling contains very significant uncertainties, and the outcome cannot be considered definitive. 
  
Cashflow modeling at metal prices of $1.65/lb and $600/oz for copper and gold, respectively, shows that 
the project could provide a 17.7% IRR, and a net present value discounted at 10% (NPV10) of $82.1 M. 
 
Sensitivity analysis shows that the copper price is the major variable.  Using $2.00/lb Cu and $600/oz gold 
indicated an after-tax NPV10 of $220 M and an IRR of 28.6%.  A 10% increase in operating costs (mine 
and process plant) decreases the Base Case IRR to 15.2% and the NPV10 to $53.1 M.  Similarly, a 10% 
increase in all capital costs decreases the Base Case IRR 14.9% and the Base Case NPV10 to $57.3 M. 
 
GRD Minproc recommends developing more detailed conceptual studies, with improved geological, 
geotechnical, metallurgical and process information, so as to achieve a final production rate strategy, 
confirmation of the proposed flowsheet and determination of plant size.  This work should be done prior to 
embarking on the Feasibility Study.  
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1.14.2 Further Work 

Resources 
NCL recommends that the nearby IP targets be evaluated, in order to increase the resources.   
 
The drilling program should be extended, checking if lateral resource extensions may be detected.   
 
Infill drilling, for conversion of the Inferred resources to Indicated, should also be addressed.   The 
investigation of a “core” of high grade in the primary zone should be carried out, to test for the presence of 
a significant tonnage of higher grade material.   
 
To facilitate future studies, Coro should organize the drilling and other project information in folders 
separated by hole and subject, with all relevant information.   
 
Metallurgical Testwork  
Additional testwork at a DFS level is necessary to optimize the process route and define the 
geometallurgical boundaries.  Recommendations for this have been submitted to Minera San Jorge. 
 
The testwork should include SMC variability analysis to confirm the potential for SAG milling.  Bond 
abrasion testing is recommended, as the outcome could materially affect process plant operating cost 
projections. 
 
Further grind size, regrind and cleaning optimization testwork is necessary to define relevant design criteria 
and support concentrate mass flow and quality predictions for the project. 
 
Some minor risk of concentrate contamination penalties from arsenic and aluminum is indicated and 
requires more detailed investigation.  
 
It is intended that the Oxide ore will be stockpiled for possible future processing.  Oxide ore does not 
concentrate effectively using typical sulphide flotation reagents, and would need to be processed by oxide 
specific reagents, or through an alternative process route such as leaching.   
 
There is evidence that it might be possible to produce saleable concentrates of copper with potential credits 
of gold, silver and molybdenum. The potential for selective flotation of molybdenum should be evaluated. 
 
Geotechnical Information
Sufficient geotechnical information related to the open pit design is not available. A full geotechnical study 
must be undertaken for the open pit mine, plant site and tailings site. 
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Hydrogeology And Hydrology  
Monitoring of the El Tiger de Yalguaraz stream should continue, to provide better records of fresh surface 
water availability in winter and summer seasons. Drill testing to define underground water sources is also 
recommended, in order to have back-up supplies in dry years.  
 
Licensing aspects of both groundwater and surface water extraction need to be defined and requirements 
in support of such applications determined. 
 
Tailings

� Detailed survey of an extended area of the proposed facility  

� Slurry parameters of the tailings from the operation: 
� SG, specific gravity  
� Grain size distribution  
�  Concentration of solids  

� Borrow material  
� Geotechnical characterization  
� Compaction testwork  

� Volume assessment 
 
A hydrological, hydrogeological and geotechnical study related to the tailings site should be undertaken in 
order to estimate the maximum water flow for the channel design, global water balance and conditions of 
infiltration. 
 
Condemnation Drilling
A general site layout has been developed.  Based on this, a condemnation drilling campaign should be 
developed to confirm the location of the main site infrastructure, i.e. tailings dam, waste dumps, plant, town 
site, offices and other buildings, etc.  
 
Access, Marketing and Product Transport 
Route surveys (geotechnical and archeological) should be completed to confirm the location of the access 
road to provincial route 39, and for the secondary roads connecting the various installations within the 
mine, tailings area and the processing plant. 
 
The copper concentrate will be transported in trucks from the processing plant to smelter companies or 
ports in Chile.  No new infrastructure or major modification requirements are forecast for the roads external 
to the plant. 
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Coro must advance discussions with potential smelters and end-users to determine the market for its 
product.  The availability of existing suitable storage facilities at any trans-shipment point or port must be 
determined and engineering undertaken if necessary. 
 
Power Supply Availability and Electrical Project   
In the next phase it is necessary to start discussions in order to have an agreement with the distributor 
EDEMSA about the availability and tariff for electrical supply, based on more detailed information about the 
plant electrical loads.   
 
In relation to the power line from Mendoza (120 km), topographic, geotechnical and archaeological surveys 
are required, and the power line route selected.  In addition, the route will determine if any land 
expropriations will be necessary for line construction.  Evaluation of the environmental impacts should be 
done early on so as to determine the necessary rights of way and other legal requirements. 
 
It is recommended to accelerate the electrical system implementation as far as possible, in order to provide 
power to the project at the earliest possible time.  Inquiries should be submitted for the main electric items 
such as main transformer, HV yard equipment, power line poles, line hardware and special control 
systems, so that the impact of delivery times can be incorporated in the overall project plan.  
 
Submission of The EIA 
Coro Mining Corp plans to submit the EIA in July 2008. 
 
Timing
It should be noted that all of the additional studies, field work and laboratory work recommended are 
generally independent of studies carried out in the course of the Feasibility Study, and should be done, 
where possible, prior to the Feasibility Study.  
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2. INTRODUCTION

2.1 GENERAL 

Coro Mining Corp (Coro), through its 100% owned subsidiary Minera San Jorge S.A, commissioned GRD 
Minproc Limited (GRD Minproc) to provide a Preliminary Assessment Technical Report (PATR) for the San 
Jorge Copper Property (the Property).    The Property is located approximately 110 km northwest of the 
provincial city of Mendoza, Argentina as shown in Figure 2.3.1.   
 
Coro is a Toronto Stock Exchange listed Canadian public company with its registered office at 1810-999 
West Hastings Street, Vancouver, British Columbia, V6C 2W2, Canada.   
 
The PATR is based on a recent resource model prepared by NCL Ingenieria y Construcción S.A.  (NCL), 
which is reported herein.   The PATR is preliminary in nature: further testwork, engineering design and 
costing in most areas will be required before a feasibility study can be completed.   The PATR has been 
prepared in accordance with form 43-101F (the “Technical Report”) of the Canadian Securities 
Administrators National Instrument 43-101 (NI 43-101). 
 
Porphyry style copper mineralisation was discovered at San Jorge during the 1960s, and exploration has 
continued, intermittently until the present.   A total of 30 021 m in 183 drill holes has been drilled on the San 
Jorge Property by five exploration companies, comprising 21 650 m of diamond drilling in 123 drill holes, 
and 8371 m of reverse circulation drilling in 60 drill holes.   
 
Recent work by Coro has included resource modelling, mining studies, geotechnical studies and review, 
metallurgical testwork, plant and infrastructure preliminary design and cost estimation.   Certain 
environmental assessments have also been completed. 
 
While sulphuric acid heap leaching and solvent extraction/electrowinning of copper oxide and supergene 
sulphide ores had previously been investigated, the PATR is based on flotation of copper oxide and 
sulphide ores. 
 
2.2 TERMS OF REFERENCE 

GRD Minproc and its sub-consultants involved in the PATR are not associates or affiliates of Coro, or of 
any company associated with Coro.   Fees for this PATR are not dependent in whole or in part on any prior 
or future engagement or understanding resulting from the conclusions of this report.  These fees are in 
accordance with standard industry fees for work of this nature. 
 
In preparing this report, GRD Minproc and its sub-consultants have relied on various reports, maps and 
technical papers listed in the References section at the conclusion of this report and on experience gained 
from similar deposits.   
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All measurement units used in this report are metric, and currency is expressed in US$ unless stated 
otherwise.   The currency used in Argentina is the Argentinean Peso.   The exchange rate as of 1st Quarter 
(Q1) 2008 was US$1 to 3.00 Pesos. 
 
2.3 CONTRIBUTORS TO REPORT 

Table 2.3.1 lists the various parties responsible for supplying data and other information for the PAR. 
 
Dan Greig, BSc (Hons.) Geology, Principal Geologist with GRD Minproc, was responsible for the overall 
preparation of the PATR as defined in National Instrument 43-101, Standards of Disclosure for Mineral 
Projects and in compliance with Form 43-101F1. 
 
Rodrigo de Brito Mello, P.Geo.  (Consulting Geologist, NCL Brazil office) served as the Qualified Person for 
those parts of the PATR relating to geology, resource estimation and mine engineering.   Mr. Mello 
completed a site visit from 22-26 October 2007. 
 
David Miranda, Mining Engineer, member of IIMCh (Chile) and AUSIMM (Australia), QP, Process Manager 
of GRD Minproc Chile, was responsible for those sections of the PATR relating to metallurgical testwork, 
process design, engineering and cost estimation. 
 
Gonzalo Vargas, employed by GRD Minproc as Engineer Manager, was responsible for engineering input 
and capital estimate for plant and infrastructure.  Mr Vargas visited the property in January 2008. 
 
Jorge Fuentes, employed by GRD Minproc as Project Director, was responsible for undertaking cash flow 
analysis.  Mr Fuentes visited the property in January 2008. 
 
Heriban Soto, MSc, PhD, QP, and Technical Director from SGS was responsible for supervising the 
metallurgical testwork and reporting.   
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Table 2.3.1  

Discipline Contributors and Responsiblities for PAR 
Discipline Section Responsible Party Qualified Person 
Overall 1-3, 19-25 GRD Minproc Dan Greig 
Geology and Resources 4 to 15, 17  NCL Ingenieria y 

Construcción S.A. 
Rodrigo de Brito Mello 

Mining 18.1 NCL Ingenieria y 
Construcción S.A. 

Rodrigo de Brito Mello  

Geotechnical* 18.2 Vector Argentina S.A. Eduardo Alvarez 
Hydrogeological* 18.3 Vector Argentina S.A Santiago Lucero 
Metallurgy and Plant Design 16 GRD Minproc David Miranda 
Cost Estimation (Plant and 
infrastructure) 

18.9 and 18.10 GRD Minproc David Miranda 

Tailings Management and 
Costing* 

18.4 SRK Consulting Jose Moreno 

Infrastructure Design and 
Costing 

18.5 GRD Minproc Gonzalo Vargas 

Cashflow Analysis 18.11 GRD Minproc Jorge Fuentes 
Environmental* 4.4, 4.6, 18.6 Vector Argentina S.A. Bernardo Parizek 

* limited work: sign-off not required 
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Figure 2.3.1  
Property Location Map 
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3.  RELIANCE ON OTHER EXPERTS 

 
The results and opinions expressed in this report are based on GRD Minproc’s and the other consultant’s 
field observations and the technical data and information listed in the References (Section 22).   While 
GRD Minproc has carefully reviewed all of the information provided by Coro, and believes the information 
to be reliable, that belief must be viewed in light of the constraints associated with reviewing the field 
observations and technical data of other parties.  
 
In particular, GRD Minproc has not reviewed any legal issues regarding the land tenure, or Coro’s 
corporate structure, nor independently verified the legal status or ownership of the Property, and has relied 
upon corporate legal opinion and land tenure opinion of Díaz Araujo & Asociados – Abogados supplied by 
Coro. 
 
The results and opinions expressed in this report are conditional upon the aforementioned data and 
information being current, accurate, and complete as of the date of this report, and the understanding that 
no information has been withheld that would affect the conclusions made herein.  GRD Minproc reserves 
the right, but will not be obliged, to revise this report and conclusions if additional information becomes 
known to GRD Minproc subsequent to the date of this report.  GRD Minproc does not assume responsibility 
for Coro’s actions in distributing this report. 
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4. PROPERTY DESCRIPTION AND LOCATION 

4.1 LOCATION 

The San Jorge Property is located in west-central Argentina in the Las Heras Department of the Province 
of Mendoza.   The Property is approximately 45 km north of the town of Uspallata, 110 km northwest of the 
provincial city of Mendoza and 250 km northeast of Santiago in Chile (Figure 4.1.1).  The property falls 
partly on the Yalguaraz Ranch, which covers approximately 118 000 ha.   
 

Figure 4.1.1  
Location and Access Plan 
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4.2 LAND TENURE 

The text and maps below have been provided by Coro’s lawyers.   GRD Minproc has not undertaken 
independent verification of the information presented by Coro.   
 
The Property comprises two Mining Concessions and 44 Mining Estacas that are owned by Global Copper 
Corp (Global).  These concessions and estacas cover a total of 444.6 ha (see Table 4.2.1) in two groups 
that are 4 km apart (Figure 4.2.1).  The first group is known as San Jorge and is centred at the approximate 
UTM coordinates of 2 453 577 E, 6 431 962 N (Figure 4.2.2).  The second, which is referred to as San 
Jorge Segunda, is centred to the east of San Jorge at the approximate UTM co-ordinates of 2 458 769 E, 
6 432 802 N (Figure 4.2.1 and Figure 4.2.3, and Table 4.2.1).  The San Jorge Segunda concessions host 
the mineralisation described in this report.   
 
An additional eight Mining Concessions and 24 Mining Estacas were held by Argentine Mineral 
Development (AMD) and were acquired by Minera San Jorge (MSJ), a 100% owned subsidiary of Global, 
on 26 September 2005 (Figure 4.1.1, Figure 4.2.2 and Figure 4.2.3, and Table 4.2.2).  These concessions 
and estacas cover a total of 10 127.4 ha.   
 
On 10 August 2006, Global optioned the San Jorge properties to Coro by means of a purchase agreement 
for Coro's Chilean subsidiary Minera Cielo Azul Ltda (Cielo Azul) to acquire Minera San Jorge.   Surface 
rights covering the property are held by the Estancia Yalguaraz; Coro has now acquired these rights, and is 
in final process of registration of the Estancia under its name.   
 

Table 4.2.1  
Mining Rights Held by Global’s Subsidiary Minera San Jorge 

Mining Tenure Type  Name  Area (ha) Dossier No. 
Mining concession  San Jorge San Jorge Segunda  30.2 55.4 789-M-1959 9-M-1962 

Sub total  2  85.7  
Mining Estacas     

 Sonia  8.3 300-G-92 

 Mario  8.2 302-D-92 
 Ricardo  8.2 303-A-92 

 Daniel  8.3 224-A-92 

 Liliana  8.3 910-B-95 
 Rogelio  8.3 230-F-92 

 Ernesto  8.2 911-G-95 

 Ana María  8.2 908-N-95 
 Alicia  8.3 905-Z-95 

 Víctor  8.3 909-R-95 

 Varadero  8.2 907-M-95 
 Emilia  8.2 906-M-95 

 Amalia  4.1 301-L-92 
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Table 4.2.1  
Mining Rights Held by Global’s Subsidiary Minera San Jorge 

Mining Tenure Type  Name  Area (ha) Dossier No. 
 Alejandro  8.3 320-G-93 
 Georgina  8.2 324-A-93 

 Roque  8.2 326-P-93 

 María Rosa  8.3 323-O-93 
 Porladu I  8.2 228-R-93 

 Porladu II  8.3 227-E-93 

 Eloisa  8.2 325-P-93 
 Pedro  8.2 322-T-93 

 Horacio I  8.2 226-P-92 

 Carlos  8.2 327-M-93 
 Gladys  8.3 321-T-93 

 Mariano  8.2 253-C-93 

 Viviana  8.3 328-G-93 
 Celina  8.3 319-F-93 

 Facundo  8.3 251-A-93 

 Alberto  8.2 318-Y-93 
 José  8.2 317-E-93 

 Pablo  8.3 254-C-93 

 Martín  8.2 315-F-93 
 Leonardo  8.3 316-T-93 

 Horacio  8.3 256-G-93 

 Raquel  8.3 314-G-93 
 Gustavo I  8.3 255-D-93 

 Silvia  8.2 249-A-93 

 Pascuala  8.3 313-M-93 
 Roberto  8.2 307-A-93 

 Luis  8.3 310-F-93 
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Figure 4.2.1  
Land Tenure Map 
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Figure 4.2.2  
San Jorge Property – Land Tenure Detail 
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Figure 4.2.3  

San Jorge Segunda – Land Tenure Detail 
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Table 4.2.2  

Mining Properties Transferred to MSJ on 26 September 2005 
Mining Tenure Type  Name  Area (ha) Dossier No. 
Mines     
 Algarrobo I  1562.5 384-A-95 
 Salmon I  1485 5-A-96 
 Jumbo I  1360 389-A-95 
 Delfin II  1575 4-A-96 
 Salmón II  1215 6-A-96 
 Mero II  990 9-A-96 
 Surubí  900 2975-M-05 
 Delfin I  900 3-A-96 
Sub Total  8  9987.5  
Estaca Minas of San Jorge 2     
 Nieves Esther  7 205-E-92 
 Maria Guillermina  5.8 204-M-92 
 Ana Maria Teresa  5.6 203-M-92 
 Luis Norberto  5.7 201-M-92 
 Willy Roberto  5.8 202-V-92 
 Jorge Luis  6 173-G-92 
 Jorge Ricardo  6.6 177-C-92 
 Elisea Beatriz  5.2 176-V-92 
 Mirta Beatriz  5.3 175-B-92 
 Eduardo Andres  5.3 172-L-92 
 Roberto Mario  4.7 174-G-92 
 Héctor  6 171-M-92 
Sub Total  12  67.9  
Estaca Mines of San Jorge     
 Beta  6 196-C-92 
 Gamma  6 186-B-92 
 Delta  6 197-L-92 
 Epsilon  6 194-V-92 
 Theta  6 187-G-92 
 Alfa  6 188-G-92 
 Jota  6 193-M-92 
 Omega  6 195-V-92 
 Sigma  6 189-M-92 
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MSJ has held the mining concessions and mining estacas listed in Table 4.2.1 since 31 March 2000.  
These have been registered with the mining authority in the name of MSJ.  The transfer of the additional 
concessions and estacas (Table 4.2.2) from AMD to MSJ occurred on 26 September 2005. 
 
4.3 AGREEMENT TERMS 

Pursuant to an agreement dated 9 August 2006, as amended 18 October 2006 (the “San Jorge 
Agreement”) among Coro, Cielo Azul, Global and Minera Global Copper Chile S.A.  (“Minera Global”, a 
subsidiary of Global), Coro, through Cielo Azul, acquired a 100% interest in the shares of MSJ from Minera 
Global for an aggregate purchase price of $1.0 million in cash and the issuance of 1 000 000 common 
shares to Minera Global.  (i) Coro paid Minera Global $300 000 and issued 333 333 common shares on 
9 August 2006, and paid $300 000 and issued 333 333 common shares on 10 May 2007; (ii) is required to 
pay $400 000 and issue 333 334 common shares on 10 May 2008; (iii) and upon the completion of a 
bankable feasibility study on the leachable copper resources at the San Jorge Property, on or before 
10 May 2009, pay to Minera Global $0.025/lb of contained leachable copper in the proven and probable 
reserve category defined by the feasibility study less the aggregate deemed price of the 1 000 000 
common shares previously issued, of which one-half of the final payment may be payable, at Global’s 
option, by the issuance of common shares of Coro.  Coro has the right to require Global and Minera Global 
to enter into a voting trust agreement in respect of the common shares owned by Global or Minera Global, 
pursuant to which Global and Minera Global will agree to vote their common shares as may be directed by 
Coro, but no such agreement has been entered into as of the date of this Prospectus.   
 
If Coro commences commercial production from the mineable, proven and probable sulphide copper 
reserves, Coro will pay to Global $0.02/lb of contained sulphide copper in the proven and probable reserve 
category defined by the feasibility study.  Coro has also agreed to pay to Global an annual royalty of 
$0.02/lb of contained leachable copper not defined in the leachable copper feasibility study and $0.015/lb 
of contained sulphide copper for any additional material not defined in the sulphide copper feasibility study. 
 Coro has a right of first refusal to acquire the royalty if Global assigns its rights under the San Jorge 
Agreement to a third party.   
 
In connection with the acquisition of MSJ and the San Jorge Property, Coro paid to Global $1 096 000 in 
respect of an assignment of an indemnity and release agreement which Global entered into with the former 
owner of the real property on which the San Jorge Property is located, and also indirectly acquired the real 
property effective 7 September 2006 in consideration for the payment of ARS$1 550 000.  The land was 
transferred to MSJ on 31 December 2006, and the transfer will be registered formally once MSJ receives 
approval of the Frontier Security Zone Commission of Argentina.   
 
Although the MSJ shares have been transferred to Coro, Coro has no obligation to satisfy the consideration 
not yet paid under the terms of the San Jorge Agreement.  If Coro determines not to proceed with 
completing the acquisition of MSJ, the MSJ Shares, and therefore the San Jorge Property, will be returned  
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to Minera Global with no further obligations by Coro, and the indemnity and release agreement and the real 
property will be purchased from Coro by Global or Minera Global.   
 
The San Jorge Agreement provides for Coro and Minera Cielo Azul to make certain payments in cash and 
by the issuance of common shares in the capital of Coro, on February 8, 2007, 2008 and 2009 (the 
“Payment Schedule”) and to complete the Leach Study (as defined in the San Jorge Agreement) on or 
before February 8, 2009. On October 18, 2006, Coro and Global agreed to amend the Payment Schedule 
to provide that the payments are to be made on May 10, 2007 and May 10, 2008. 
 
On June 12, 2008, Global, Minera Global, Coro and Minera Cielo entered into an amending agreement 
whereby, among other things, Coro is not longer obligated to complete the Leach Study. 
 
On January 23, 2009, Lumina Copper On January 23, 2009, Lumina Copper Corp. (previously Global) 
(“Lumina”), Minera Global, Coro and Minera Cielo entered into a further amending agreement to amend the 
Payment Schedule for the San Jorge project.  Under the amended terms, Coro will now pay US$500,000 
on May 10, 2009; US$2 million on May 10, 2010; US$4 million on May 10 2011; US$5 million on May 10, 
2012; and US$5 million on May 10, 2013, less the aggregate deemed value of the 1,000,000 common 
shares previously issued.  These payments will be treated as an advance payment on either: (i) the existing 
obligation to pay US$0.02 per pound of minable proven and probably copper reserves contained within the 
Sulphide Resources upon Commencement of Commercial Production (as defined in the San Jorge 
Agreement); or (ii) the existing obligation to pay US$0.025 per pound of minable proven and probable 
copper reserves contained within the Heap Leachable Copper Resources upon Commencement of 
Commercial Production from such resources, if any. If, after May 10, 2011, Coro completes a Bankable 
Feasibility Study (as defined in the San Jorge Agreement) on either of the Heap Leachable Copper 
Resources (as defined in the San Jorge Agreement) or the Sulphide Copper Resources (as defined in the 
San Jorge Agreement), or a combination of both, on the San Jorge project Coro will pay to Minera Global 
the balance of any amounts owing as noted above within six months from the date of completion of the 
Bankable Feasibility Study.  
 
Coro has also agreed to pay Lumina a net smelter return production royalty of 1.5% on all products other 
than copper, produced at the San Jorge project. 
 
 
4.4 PROPERTY AND TITLE IN ARGENTINA 

The following summary of regulations for exploration and exploitation concessions is based on information 
freely available and posted on the Argentinean government mining website 
(http://www.mineria.gov.ar/nlegal2.asp).   
 
The rights, obligations, and procedures for the acquisition, exploration, exploitation, and use of mineral 
substances in Argentina are regulated by the Argentinean Mining Code.  The Mining Code establishes two 
classes of minerals.  The first class comprises “metalliferous substances” such as gold, silver, copper and  
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lead, where ownership is vested in the Government, which in turn grants exploitation concessions to private 
companies; and Class 2, which comprises “other metalliferous substances’’, including earthy minerals and 
industrial minerals, that belong to the land owner.  Creek bed and placer deposits, as well as abandoned 
tailings and mine waste rock deposits, are included in the latter mineral class.   
 
4.4.1 Exploration 

Among other functions, the Mining Code administers the acquisition of exploration rights or concessions.  
Characteristics of an exploration concession, referred to as a cateo, include: 

� Exclusivity: the holder of the cateo has rights to any mineral discoveries made by a third party within 
the boundaries of the cateo.   

� Extent: Cateos are measured in 500 ha units, or fractions thereof.  No single cateo may exceed 
10 000 ha (20 units), and no person may hold more than 200 000 ha (20 cateos) in a single province.  
The exploration area within a cateo may be contiguous or separated.   

� Time: the holder of a cateo must assess the mineral potential within the granted exploration area (and 
apply for an exploitation right) within a time period based on the size of the cateo.  The exploration 
term is 150 days for the first 500 ha (1 unit) or fraction thereof, and an additional 50 days for each 
additional unit (or fraction thereof) within the cateo.  After 300 days, 50% of the exploration area over 
2000 ha (4 units) within the cateo must be relinquished.  At 700 days, 50% of the remaining area must 
be dropped.  Time extensions may be granted to allow for inclement weather, difficult access, and 
other factors.   

� Work: the holder of a cateo must present to the mining authority a minimum exploration work program 
and schedule.  The cateo may be revoked if the requirements of the work program and schedule are 
not met.    

� Application fee: a one-off fee of ARS $400 per 500 ha (1 unit) must be paid upon application for a 
cateo.   

 
4.4.2 Exploitation  

The Mining Code also regulates exploitation rights (mining concessions).   Priority for receiving a mining 
concession is given to the registered discoverer of a deposit, i.e.  the holder of the cateo.  A mining 
concession unit area, or pertenencia, is 6 ha for common mineral deposits and 100 ha for disseminated 
mineral bodies; each mining concession may consist of two or more pertenencias.  Application to the 
mining authority must include official cartographic coordinates of the deposit location and of the 
reconnaissance area, and a sample of the mineralisation discovered.  The reconnaissance area, which 
may be as much as twice the surface area projection of the deposit, is allocated to allow for potential 
geological extensions to mineralisation and for site layout and infrastructure development.  Excess area is 
released once the survey plans are approved by the mining authority.   
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Estaca Minas (Mine Estacas) are 6 ha extensions to existing surveyed mining concessions that were 
granted under previous versions of the mining code, and are the equivalent of mining concessions.  The 
granting of new estacas was eliminated from the mining code in August 1996.   
 
Once the application for a mine has been submitted, the holder of the exploitation concession may 
commence mining.  Any person opposed to the mine operation, whether a holder of an overlapping cateo, 
a land owner disputing the existence of the deposit or the class of the economic mineral, or a partner in the 
discovery who claims to have been neglected, must publicly register opposition to the operation in the 
Boletín Oficial or official publication of the mining authority.  Within 100 days of officially registering 
opposition, the person opposed to the mining operation must present legal documentation to support the 
claim against the location, nature, or assignment of the exploitation concession.   
 
Within 30 days after the resolution of any dispute against the location, nature, or assignment of the mining 
concession, the holder of the exploitation concession must submit a legal survey of the properties (lots) 
requested for the mining operation, within the maximum property limits allowed by the Mining Code.  The 
request is published in the Boletín Oficial and may also be subject to dispute.  Approval and registration of 
the legal survey request by the mining authority constitutes formal title to the mining property.   
 
A new mining operation is entitled to national, provincial, and municipal tax exemptions for five years.  The 
exemptions commence with the awarding of formal title to the mine.  Additional royalty payments to the 
government are subject to exemptions of three years.   
 
New exploitation concessions may also be awarded for mines that were abandoned or for which the 
original exploitation concessions were declared to have expired.  In such cases, the first person claiming 
interest in the property has priority.  A new exploitation concession is awarded after payment of the 
royalties owed since abandonment or expiry of the previous concession.  The concession is awarded in the 
condition left by the previous owner.   
 
A mining operation must fulfil three conditions as part of its exploitation concession:  

� Payment of mining royalties 

� Provision of minimum investment 

� Reactivation of the mine if it is shut down for more than four years, if required by the mining authority 
 
Mining royalties are paid to the state (national or provincial) under which the exploitation concession is 
registered, and are paid in equal instalments twice yearly.  A mining operation that has not paid its royalty 
within two months of the due date is given notice by the mining authority.  The exploitation concession 
under which the mine operates expires if the overdue royalty has not been paid within 45 days of being 
served notice.   
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The royalty is set by national law (presently Law No.  24.224 of the Mining Reorganization) according to the 
assigned category of the operation.  In general, the annual royalty due is ARS $80 per 6 ha pertenencia for 
common ore bodies held by the exploitation concession, or ARS $800 per 100 ha pertenencia for 
disseminated ore bodies.  The discoverer of the mine is exempt from paying royalties for three years from 
the date on which formal title to the deposit was awarded.   
 
The holder of the exploitation concession must also commit to investing over a five year period a sum that 
is at least three hundred times the value of the annual mining royalty in fixed assets.  For the first 
two years, 20% of the total required investment value (i.e.  the annual royalty for each year) must be made 
in each year.  For the final three years, the remaining 60% of the total required investment may be 
distributed in another manner.  The exploitation concession expires if the minimum required investment 
schedule is not met.   
 
If exploration or exploitation of the deposit is suspended for more than four successive years, the mining 
authority can require the holder of the concession to prepare and undertake a plan to activate or reactivate 
work at the property within a five year term.  Failure to present or complete the plan results in the expiration 
of the mining concession.   
 
4.5 ENVIRONMENTAL REGULATIONS 

The Environmental Protection Mining Code of Argentina, enacted in 1995, requires that each provincial 
government monitors and enforces the laws pertaining to sustainable development and protection of the 
environment.  A party wishing to commence or modify any mining-related activity as defined by the Mining 
Code, including prospecting, exploration, exploitation, development, preparation, extraction, and storage of 
mineral substances, as well as property abandonment or mine closure activity, must prepare and submit to 
the Provincial Environmental Management Unit (PEMU) an Informe de Impacto Ambiental or 
Environmental Impact Assessment (EIA) prior to commencing the work (Bastida, 2002).  Each EIA must 
describe the nature of the proposed work, its potential risk to the environment, and the measures that will 
be taken to mitigate that risk (http://www.mineria.gov.ar/nlegal2.asp).  The PEMU has a sixty-day period to 
review and either approve or reject the EIA; however, the EIA is not considered to be automatically 
approved if the PEMU has not responded within that period (Bastida, 2002).  If the PEMU deems that the 
EIA does not have sufficient content or scope, the party submitting the EIA is granted a thirty-day period in 
which to resubmit the document (http://www.mineria.gov.ar/nmedioIn.asp).   
 
If accepted by the PEMU, the EIA is used as the basis for creating a Declaración de Impacto Ambiental or 
Declaration of Environmental Impact (DEI), which the party must swear to uphold during the mining-related 
activity in question.  The DEI must be updated at least once every six months.  Sanctions and penalties for 
non-compliance to the DEI are outlined in the Environmental Protection Mining Code, and may include 
warnings, fines, suspension of Environmental Quality Certification, restoration of the environment, 
temporary or permanent closure of activities, and removal of authorization to conduct mining-related 
activities (http://www.mineria.gov.ar/nmedioIn.asp).   
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On 20 June 2007, the Provincial Government of Mendoza passed legislation prohibiting the use of certain 
toxic chemicals, including sulphuric acid, in any mining activity in the Province.  On 23 July 2007, Coro 
announced that it had filed an action to have this Provincial legislation declared unconstitutional.   
Meanwhile, the company is continuing its evaluation of processing methods for San Jorge that do not 
require the use of toxic chemicals.   
 
4.6 SOCIO-ECONOMIC BACKGROUND AND IMPACT 

The socio-economic background of the project is based on studies carried out by Vector. 
 
4.6.1 Demographics 

According to the 2001 census, there were 5217 inhabitants registered in Uspallata.  This represents 
2% of Las Heras’ population and only 0.3% of the population of Mendoza province.  Despite the 
demographic density of Las Heras of 20.25 inhabitants per square kilometre, in Uspallata it is only 
0.61 inhabitants per square kilometre. 
 
4.6.2 Housing 

About 34% of the houses are made of “adobe” (a mix of mud and clay) and 59% of the houses have 
from one to three rooms of which one is used as a kitchen.  About 40% of the inhabitants do not live in 
single family dwellings and 87.8% of the houses have at least 6 people living in them.  

4.6.3 Infrastructure and Services 

The community has neither sewerage nor a reticulated gas supply, and only 58% of the population 
has access to potable water. Electricity is supplied to 95% of the housing.  These figures differ from 
the better corresponding statistics on a departmental and provincial level.  
 
The main road access for Uspallata is National Route 7 which connects Mendoza with Santiago in 
Chile. Provincial Route 39 connects Uspallata with Barreales in San Juan Province. 

4.6.4 Employment 

In Uspallata about half of the population is under 24 years of age, and 60% percent is classified as 
economically active. However, 26.4% did not finish their schooling. About 30% of economically active 
people are unemployed.  The main economic activities are focused on agriculture, craftwork, tailoring 
and tourism. 
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4.6.5 Education and Health Service 

The community has five schools, of which two are primary, two are secondary and one is a 
kindergarten.  In addition, there are two schools for adults, one primary level and the other secondary. 
 
Regarding further education, Uspallata has a technical institute for management and administration:  
“Escuela Superior en Gestión de Empresas y Microemprendimientos”. 
 
Uspallata has one hospital which is classified as medium-low complexity. 
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5. ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND 
PHYSIOGRAPHY

5.1 ACCESSIBILITY 

Access to the Property is from the city of Mendoza, which is located in central-west Argentina in the 
Province of Mendoza (refer to Figure 4.1.1).   The international airport in Mendoza offers daily flights to 
Buenos Aires and Santiago, Chile.   The road from Mendoza to the Property consists of an all-weather 
paved road (Route 7) to Uspallata.   At Uspallata, the route turns north onto a well-maintained, provincial 
dirt road (Route 39) for 40 km.   A program to seal this road to Barreales has commenced.  The final 7 km 
to the Property is along a dirt road over gently undulating terrain.  The total driving time is approximately 2 
hours for the 157 km distance from Mendoza to the Property.   
 
Both Mendoza and Uspallata are located on Route 7, which is the main road traversing Argentina, 
connecting the Argentinean capital of Buenos Aires to Santiago, the capital of Chile. 
 
5.2 CLIMATE 

The climate in the region is regarded as dry, continental desert, with a high rate of evaporation.  The 
average annual temperature is 12.4°C.  Minimum and maximum temperatures recorded are -15°C and 
37.8°C, respectively.  Torrential, periodic rainfall of limited duration is common during the afternoons in the 
summer months.  Total annual average precipitation is approximately 174.3 mm.  Light snowfall is not 
uncommon in the winter months.  The mean annual relative humidity is 49%.   
 
In the open valley, strong winds are common in the spring months and the annual average wind velocity is 
25 km/h.  The prevalent wind direction is easterly.   
 
Exploration can be conducted year round.   
 
The vegetation is typified by sparse, low-lying brush, cactus and patches of thick-bladed grasses (Figure 
5.2.1).  Until July 1996, when the Estancia Yalguaraz was purchased by AMD, some 200 cattle grazed on 
the estancia.  Past agricultural practices destroyed the local environment, and the land is no longer suitable 
for pastoral usage.   
 
Wild fauna are reported to consist of nadu (a type of ostrich), guanaco, fox, puma and field mice.  A 
detailed list of the local flora and fauna of the Uspallata region is given in the environmental report by 
Vector (1988).   
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Figure 5.2.1  

San Jorge Physiography 

 
 
5.3 LOCAL RESOURCES AND INFRASTRUCTURE 

The Property contains very little developed infrastructure apart from the roads constructed for drill rig 
access, and a semi-permanent exploration camp installed by Falconbridge in the early 1970s.  The camp, 
at the time of the 2007 site visit was in a poor state of repair, but work was being done to accommodate 
personnel for an upcoming drill program.   
 
The condition of Route 7, which is a paved road, from Mendoza to Uspallata is good.   Route 39 is a dirt 
road in moderate to good condition from Uspallata to the turn off to the Property.   Some minor upgrading 
of this road would be required if the Property is developed.   The Property access road from Route 39 is 
little more than a dirt track which would also need upgrading if development were to progress.   
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Uspallata is located on Route 7 and is only 50 km from the Chilean border and 150 km from Santiago.  It 
would be the point of access for equipment and consumables for any planned mining operation. 
The city of Mendoza, which has a population of approximately 1 million people, is the closest major 
settlement.  The closest port facility is Valparaiso in Chile, located 156 km to the southwest of the Property 
(Figure 4.1.1).   The railroad from Argentina to Chile is currently not operable.  The nearest railhead to the 
Project site is in Mendoza.   
 
Local water sources are the Arroyo del Tigre drainage located 5 km north of San Jorge Property, and the 
floor of the Uspallata Valley to the east and south of the Property.   
 
Power is not available locally and would have to be either produced by generators on site, or brought in 
from the existing grid to the south of the Property.   
 
5.4 PHYSIOGRAPHY 

The Property lies along the western margin of the Uspallata Valley.   The valley is a 200 km long graben 
that is flanked by the Cordillera Frontal to the west, rising to elevations in excess of 5000 m.a.s.l., and the 
Pre-Cordillera to the east, which reaches elevations of approximately 3000 m.a.s.l.   Elevation on the 
Property varies from 2600-2700 m.a.s.l., whereas the base of the Uspallata valley floor is at 2200-2300 
m.a.s.l.   The principal geomorphological features in the area are alluvial fans cut by drainage channels, 
and the pediment associated with the Cordillera Frontal.   
 
Drainage is from the Cordillera Frontal, flowing east and then south into the Rio Uspallata, or into the 
enclosed basin of the Cienaga de Yalguaraz to the north of the Property.   
 
5.5 AN OVERVIEW OF ARGENTINA 

5.5.1 Introduction 

The Republic of Argentina is located in the southeastern portion of the continent of South America.  
Argentina is bordered to the south and west by Chile and to the north by Bolivia, Paraguay and Brazil.  
From north to south, the east side of Argentina is bordered by Brazil, Uruguay, and the Atlantic Ocean.  
Argentina shares the southern island territory of Tierra del Fuego with Chile, and continues to dispute 
ownership of the Islas Malvinas (Falkland Islands) off its eastern seaboard.   
 
With a landmass covering about 2.8 M km2, Argentina is the second-largest country in South America after 
Brazil, and the eighth largest in the world.  Argentina has a population of about 38 M, of whom some 16 M 
live in the capital, Buenos Aires.   
 
Sedentary tribes and nomadic hunters populated pre-Columbian Argentina.  These indigenous tribes 
generally resisted incursions and attempts at settlement by the Spanish.  Buenos Aires was not established  
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until 1580, and remained a relatively unimportant centre for 200 years.  The combination of Spanish 
colonisation and the introduction of previously unknown diseases from Europe decreased the numbers of 
native people in Argentina.  As the indigenous population declined in number, the Spanish settlers claimed 
the land to create huge cattle ranches (haciendas).   
 
Argentina achieved independence in 1816, after continued dissatisfaction with the political and economic 
domination imposed by Spain, and following the uprising and revolution of 25 May 1810.  However, 
independence revealed the split between the Federalists (conservative landowners, supported by the 
gauchos and rural working class) who advocated provincial autonomy and the Unitarists (cosmopolitan city 
dwellers of Buenos Aires) who welcomed the injection of European capital, immigrants and ideas.  Buenos 
Aires' central authority was eventually upheld in the Unitarist constitution of 1853, and a new era of growth 
and prosperity carried Argentina into the initial decades of the 20th century.   
 
5.5.2 Geography and Infrastructure 

Argentina can be separated into four major physiographic regions: the Andes Mountains in the west; the 
fertile lowland and subtropical rainforests in the north; a mix of humid and dry, flat expanses of the Pampas 
in the centre of the country; and the pastoral steppes and glacial zones of Patagonia in the extreme south.  
The principal rivers are the Paraná, Uruguay, and Paraguay Rivers, which drain into the Río de la Plata 
Basin in northern Argentina.  In the south, the Colorado and Negro Rivers, which originate in the Andes, 
flow to the Atlantic Ocean.   
 
Argentina’s climate ranges from subtropical in the north, to humid and warm in the centre, to cold in the 
south.  Climatic conditions in the Andes include erratic rainfall with flash floods in the summertime, searing 
heat, snow at higher elevations, and hot, dry winds.  The lowlands receive sufficient rainfall to support 
swampy forests and upland savannah.  Precipitation levels are generally greater in the eastern lowlands 
and summer flooding is common.  However, the lowland winters can be long and dry, and the summers 
uncomfortably hot.  Patagonia has mild weather conditions year-round in the east and experiences glacial 
conditions in the south.   
 
Argentina’s major cities include Buenos Aires, Cordoba, Rosario, and La Plata.  The country has some 
229 000 km of highways, 62 000 km of which are paved.  Other transportation infrastructure includes about 
38 000 km of railway line and more than 11 000 km of navigable waterways.  Argentina’s main ports and 
harbours include Bahía Blanca, Buenos Aires, Comodoro Rivadavia, Concepción del Uruguay, La Plata, 
Mar del Plata, Necochea, Río Gallegos, Rosario, Santa Fe, and Ushuaia.  There are about 1200 airports in 
Argentina, 32 of which receive regular commercial flights.  Ezeiza International Airport, located 34 km from 
Buenos Aires, serves many international airlines as well as the national airlines.  The other international 
airports in Argentina are generally used for flights to neighbouring South American countries only.   
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5.5.3 Demography and Government 

Approximately 85% of Argentina’s population is of European descent, with the remaining 15% comprised of 
mestizos (persons of mixed Spanish and indigenous background), indigenous, and other minorities.  
Spanish is the official language of Argentina, and is used for government and commerce.  Literacy of the 
Argentinean peoples is high with 97.1% of the population aged 15 and older being able to read and write 
(CIA World Factbook webpage, 2006).  There are 17 indigenous languages, which are not widely 
encountered outside of small towns and settlements.  Roman Catholicism accounts for 93% of the religious 
practice, with the Protestant, Jewish, Ukrainian Catholic, and Armenian Orthodox faiths making up the 
remainder.   
 
Argentina’s key industries include food processing, motor vehicles, consumer durables, textiles, chemicals 
and petrochemicals, printing, metallurgy, steel and agribusiness.  More than half of Argentina’s workforce is 
employed in the service sector, with the industrial sector (manufacturing, mining, and utilities) employing 
about 18%, and agriculture about 10%, of the workforce.   
 
Since independence from Spain in 1816, Argentina has undergone periods of foreign intervention and 
civilian, dictator, and military rule, coupled with economic problems and labour disputes.  Argentina 
returned to its constitution of 1853 after removing the repressive military government that ruled the country 
from 1976 to 1983 and which lost the territorial dispute over the Falkland Islands with Great Britain.  In an 
effort to tame rampant inflation, the Carlos Menem government opened the Argentinean economy to 
foreign investment, sold nationalized industries, and in 1991 pegged the peso one-to-one to the US dollar.  
By 1997, inflation had been reduced from 5000% to 1%, but at the cost of rising unemployment and a 
prolonged recession.   
 
The government of Fernando de la Rua, elected in 1999, initiated austerity plans to balance Argentina’s 
budget.  However, after four years of recession and unemployment running at 20%, the Argentinean people 
protested against the tough fiscal measures with strikes and demonstrations that became violent after the 
government instituted restrictions on bank withdrawals.  In December 2001, Argentina defaulted on a 
US$132 B loan repayment, and the country plunged into economic and political turmoil.  The de la Rua 
government resigned and the country was plagued by widespread civil chaos.   
 
On 1 January 2002, Eduardo Duhalde became Argentina's fifth president in 2 weeks.  Duhalde promptly 
unpegged the peso from the dollar, with the result that the peso devalued by more than 50% almost 
immediately.  The move was unpopular but necessary for Argentina to secure any further aid from the 
International Monetary Fund (IMF).   
 
Although the Peronists retain a strong grip on Argentinean politics the presidential elections held on 
27 April 2003 saw the party fail to unite behind a single candidate for the first time in its history.  The 
majority of the vote in the first round was split between the two Peronist candidates.  Carlos Menem, 
staging a comeback, took 24% of the votes narrowly beating the new comer Nestor Kirchner, who took  
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22% of the vote.  Carlos Menem, seeing his popularity fall, pulled out of the race, leaving Nestor Kirchner to 
become president.   
 
The National Constitution affirms that Argentina is a federal country with three levels of state: federal, 
provincial, and local.  The Constitution is based on the republican doctrine of the division of powers into 
three different areas: executive, legislative, and judicial.  The federal state is ruled by a presidential system. 
 The President, who holds executive power, is the head of both the state and the federal government, and 
is elected to a four-year term by direct universal suffrage.  Legislative power is controlled by a Congress 
that comprises a 257 member Chamber of Deputies, and a 72 member Senate.  Representatives in the 
Chamber of Deputies are elected to four-year terms, and members of the Senate are elected directly to a 
six-year term.  The Supreme Court, made up of nine judges, oversees judicial power.   
 
Administratively, Argentina is comprised of 23 autonomous provinces and 1 federal district.  Each of the 
provinces has its own government and courts that mirror the federal system.  
 
5.5.4 Business Investment Climate in Argentina 

Due to high unemployment rates, and an overvalued currency, Argentina’s economy began to falter in 
1999.  A three-year long recession was experienced, ultimately ending in the economic crisis of 2002.   
 
In late 2001, Argentina was forced to default on US$93 B of international debt, leading to a complete loss 
of confidence in the country by foreign investors.   
 
A sharp devaluation of the Argentinean Peso as well as other economic reforms has allowed Argentina’s 
economy to stabilize.  GDP continues to grow, surpassing levels seen prior to the crisis.  Unemployment 
levels remain high at 11.6%, however, during the peak of the crisis, unemployment had risen to over 25%.  
Inflation has settled at a rate of 9.6% (during the 2002 crisis, inflation rates increased by more then 10% a 
month).   
 
In 2005, gross domestic product (GDP) growth was estimated at 8.7% and the GDP of Argentina was 
approximately US$182 billion.  GDP growth has been maintained principally by the agriculture (9.5%), 
industry (35.8%), and services sectors (54.7%) (CIA World Factbook webpage, 2006).   
 
Due to the devaluation of the currency in 2002 and the current booming metal prices, Argentina’s mining 
sector has rebounded.  Currently over 80 companies are exploring in Argentina.  Argentina is considered to 
be under-explored, with only 25% of the Argentinean Andes having been explored.  The country hosts gold, 
copper, lead, zinc, natural borate, bentonite clay, and ornamental stone deposits.   
 
Mining Investment Law N° 24.196 has established a 30 year guarantee of fiscal stability for new mining 
projects and/or extension of existing projects.  This law was enacted in an effort to draw foreign investors 
into the country following the economic crisis.  The law allows for accelerated depreciation of capital goods, 
deductions in exploration costs, and access to machinery and equipment at international prices.   
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Depreciation of infrastructure occurs over a three-year time period (60% depreciation in the first year, 20% 
in the second and 20% in the third) while all other depreciation occurs in a straight line method of 33.33%.   
 
The major taxes that affect the mining sector are:  

� National Income Tax 33% 

� State Income Tax 1% of revenue (depending on province) 

� State Mining Tax Royalty 3% net smelter return (NSR) 
 
Some of the main producing mines in Argentina are Bajo de la Alumbrera (copper, gold), Cerro Vanguardia 
(gold, silver), Salar del Hombre Muerto (lithium), Farallon Negro (gold, silver) and Aguilar Mine (silver, lead, 
zinc).   
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6. HISTORY 

6.1 SUMMARY 

The first recorded exploration took place in the 1960s, when prospector Valeziano Martínez dug a number 
of pits at San Jorge to examine outcropping chrysocolla and malachite mineralisation.   His primary interest 
was, however, a copper vein located on the San Jorge Mining Concession.   This concession lies just over 
four km west of the main showing, which is known as San Jorge Segundo and which has been the focus of 
later exploration activity (refer to Figure 4.2.1).   
 
In 1964, F. Whiting, Chief Geologist of Minera Aguilar S.A. (Aguilar) visited the property and recognised the 
potential for a significant deposit of secondary copper mineralisation.   Aguilar optioned the Property, but, 
after a program that included mapping, pitting, trenching, surface sampling, geophysics and diamond 
drilling, exploration was discontinued and the Property dropped in 1968 (Table 6.1.1).   
 
Exploraciones Falconbridge Argentina S.A.  (Falconbridge) optioned the Property in 1973 and carried out a 
program that included detailed geological mapping, reinterpretation of regional geophysics, diamond drilling 
and metallurgical testing. 
 
In 1992, Recursos Americanos Argentinas (RAA) optioned the Property from Pedro Natalio Aldave.   From 
1992 to 1996, RAA carried out an exploration program that included geological mapping, surface sampling, 
re-evaluation of existing induced polarisation (I.P.) geophysical data, reverse circulation drilling, limited 
diamond drilling and metallurgical testing.   A resource was estimated, and a preliminary scoping study 
completed (MRDI, 1993).   
 
In 1994, Grupo Minero Aconcagua S.A.  (GMA), a subsidiary of Northern Orion, entered into a deal with 
RAA to continue exploration on the San Jorge Segunda Property; however, in June 1995 Northern Orion 
purchased RAA.   From 1994 to 1998 GMA carried out a program of mapping, re-sampling of trenches, 
reverse circulation and diamond drilling, and metallurgical testing.   During this time, a resource estimate 
(Simmerman, 1996), hydrological and environmental work (Hydro-Search, 1996, and Dames and Moore, 
1997), a scoping study and an initial feasibility study (Fluor Daniel Wright, 1997) were completed.   
 
In the 1990s, a junior exploration company called Argentine Mineral Development (AMD) acquired a 
number of mining concessions surrounding the San Jorge Segunda Concession.   In March 1999 an 
agreement was reached between GMA and AMD to jointly explore and develop the Project.   However, the 
JV agreement did not proceed and Minera San Jorge (MSJ) was formed by Northern Orion, and was 
designated as the holder of the San Jorge mining concessions on 1 August 2000.   
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Table 6.1.1  

Summary of the San Jorge Exploration History  
Year Company Activity 
Early 1960s  Valeziano Martinez  Pitting and general reconnaissance. 
1964-1968  Minera Aguilar S.A.   Mapping Pits, cuts + shafts (168.9 m) Trenching -9 trenches 

trending NW over 949 m with 397 samples Geophysics – I.P.  
(21 line km) Diamond drilling -32 drill holes (4900 m)  

Early 1970s  Exploraciones Falconbridge 
Argentina S.A.   

Detailed mapping Re-interpretation of the Aguilar IP and United 
Nations regional geophysics Diamond drilling – 4 drill holes 
(848 m) Metallurgical testing  

1992-1994  Recursos Americanos 
Argentinos S.A.   

Mapping and surface sampling Re-interpretation of existing I.P.  
data RC drilling – 43 drill holes (5359 m) Diamond drilling – 2 drill 
hole (165 m) Metallurgical testing Preliminary scoping study 
(MRDI, 1993). 

1994-1996  Grupo Minero Aconcagua 
S.A.  and Recursos 
Americanos Argentinos S.A. 
  

Surface mapping Geophysics -I.P.  (17.6 km), gravity (2.3 km) 
Trenching -selected re-sampling of the Aguilar trenches Diamond 
drilling -18 drill holes (5672 m) Metallugical testing. 

1996-1998  Grupo Minero Aconcagua 
S.A.   

RC drilling -19 drill holes (3,323 m) Geophysics – I.P., TEM and 
Ground Magnetics (?) Resource estimates (Simmerman 1996, 
Cobre Mantua, 1998) Hydrological studies (WMC 1996, Hydro-
Search Inc 1996) Environmental studies (Vector 1997, Dames and 
Moore 1997) Sulphur scoping report (Ruckmick and Roney, 1996) 
Initial feasibility study (Fluor Daniel and Wright Ltd., 1997) Mining 
quote (Henry Walker Ltd., 1997). 

2006-2007  Coro Mining Corp  58 Diamond Drill Holes (8769 m). 
 
In 2005, Lumina Copper Corporation (Lumina) acquired MSJ from Northern Orion.  On 18 May 2005, 
Lumina completed a plan of arrangement whereby Lumina transferred its holdings in MSJ to Global Copper 
Corporation (Global).  Global formally terminated the JV agreement between MSJ and AMD on 27 July 
2005.   
 
On 9 August 2006, Global optioned its 100% owned San Jorge property to Coro Mining Corp.     
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7. GEOLOGICAL SETTING 

7.1 REGIONAL GEOLOGY 

The San Jorge Property is located on the western periphery of a regional, north-south trending structure 
known as the Uspallata-Calisngasta-Iglesia Graben.   To the east of the graben lies the Pre-Cordillera and 
to the west is the Cordillera Frontal.   
 
The oldest rocks known to outcrop in the area are Devonian-aged marine greywackes, siltstones and 
shales that comprise the Cienaga de Medio Formation.   
 
Overlying the Cienaga de Medio Formation sediments are Carboniferous-aged sediments of the Yalguaraz 
Formation.  The Yalguaraz Formation comprises a heterogeneous group of lithologies ranging from pelite 
to impure sandstone, quartzite, sandstone, conglomerate and intraformational breccia.  These sediments 
were folded and faulted during the late Palaeozoic.  Fold axes trend north-south, while fault movement was 
reportedly transcurrent (Williams, 1996).   
 
Permo-Triassic intrusive activity was located along the margins of the graben.  The intrusives are 
characteristically small, porphyritic to aphanitic quartz-diorites and diorites to granodiorites, which have 
produced hornfelsing of the sediments along their contacts.  In general, these intrusives are not 
mineralized.   
 
To the west in the Cordillera Frontal, a thick sequence of felsic and andesitic volcanics of Permo-Triassic 
age, known as the Choiyoi Formation, are in angular unconformable contact with the Yalguraz Formation.  
These volcanics are intruded by a series of contemporaneous hypabyssal dykes and stocks.   
 
During the Tertiary period, the rapid Andean uplift of the Cordillera Frontal and the Pre-Cordillera produced 
significant alluvial deposits, which partially infilled the Uspallata-Calisngasta-Iglesia Graben.  In the central 
areas of the graben, the alluvial deposits may reach a thickness of over 200 m.  In some parts, these 
deposits are now dissected by younger drainages.   
 
The regional structural fabric is principally north-south and parallel to the graben.  Also important are north-
northwest, northeast, northwest and east-west striking fault systems.  Permian transcurrent movement 
appears to have been followed by a period of compression related to Andean uplift during the Tertiary, and 
finally by a tensional regime which resulted in graben formation. 
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7.2 LOCAL GEOLOGY 

At San Jorge, the Carboniferous sediments of the Yalguaraz Formation comprise (Williams, 1996):  

� Matrix-supported conglomerates, medium grey to grey-red in colour 

� Variably thin- to thick-bedded, fine to coarse-grained, poor to well-sorted arenites and sub-arenites 

� Sandstones, medium grey to grey-red in colour 

� Thinly bedded, darker grey siltstones 

� Thinly bedded, grey-green shales. 
 
The sediments are intruded by granite-porphyry and dacitic stocks and dykes of Permo-Triassic age 
(Figure 7.2.1).   
 
The granite porphyry outcrops in the southeast sector of the San Jorge hill (Figure 7.2.2), forming a tongue 
in the hanging-wall side of Falla Gorda, a major north-south trending fault immediately east of the San 
Jorge hill.   The intrusive is a distinctive light grey to pink-grey colour.   The phenocryst population, which 
may comprise up to 50% of the rock mass, is dominated by plagioclase feldspar, with anhedral to euhedral 
quartz-eyes, and lesser hornblende and pseudo-hexagonal biotite books.   The phenocrysts are typically 
coarse, ranging in size from 1.5 to 6 mm, with an average dimension of 4 mm.   
 
The contact with the sediments is near vertical but irregular, with localized brecciation, fracturing and 
veining.   Contact breccia is noted only along the northwest contact of the granite porphyry where it is a 
sharp contact.   The contact breccia is pale-coloured and comprises angular, silicified sedimentary and 
igneous clasts in a siliceous matrix which may contain minor tourmaline.   
 
Dacite porphyry has been observed in drill holes in the southwest and northeast sectors of the deposit in 
the form of dykes crosscutting both the granite porphyry and the sediments.   The dacite intrusive may be 
distinguished from the granite porphyry by its light to medium grey colour, and finer grained and more mafic 
matrix.   Phenocrysts consist of sub- to euhedral plagioclase up to 8 mm in size, quartz eyes, and euhedral 
to pseudohexagonal biotite books.   
 
An andesitic unit with flow structures has been identified from petrographic studies, but was included in the 
dacite porphyry group (Williams, 1996).   
 



San Jorge Cooper Concentrator Project 
Preliminary Assessment Technical Report 

 

 

  

Page 87

 
Figure 7.2.1  

Geology and Drill Hole Locations 
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Figure 7.2.2  
Contact Between the Granite Porphyry and the Sediments (Looking North) 

 
 
In the southern area of the Property, a dacite dyke some 150 m long and 3-6 m wide intrudes both the 
granite porphyry stock and the sediments.   This intrusive is characterized by coarse feldspar and biotite 
phenocrysts. 
 
Tourmaline breccias occur in scattered small outcrops along the western perimeter of the granite porphyry. 
  These breccias are dominantly crackle-textured to occasionally mosaic-textured, and consist of sub-
angular to angular clasts of sediments within a tourmaline-quartz matrix.   
 
The sediments are gently folded about a monoclinal axis trending N35°E and dipping between 15° and 40° 
to the west.  In addition, minor open, gently south-plunging congruent folds with amplitudes of less than 
3 m, occur at the northern end of the outcrop area.   
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The principal fault structures strike north-south and north-northeast (Figure 7.2.1), while secondary 
structures strike northwest and east-northeast.   Net fault displacement is normal and is considered to have 
preceded any strike-slip and reverse movement.   The main faults in this group are:  

� Falla Gorda, which is considered to be the most important structure on the Property.   The fault does 
not outcrop but has been inferred from drill holes to trend north-south to north-northeast and to dip 15° 
to 30° west.   The structure has proved difficult to trace with any degree of confidence and the sense of 
movement remains unknown.   

� Falla Raya Roja, which is noted in outcrop and in drill holes, strikes N5°E and dips steeply to the west. 
  The fault is postulated to be a normal fault with a 20 m down-throw to the west.   It is characterised by 
a 1 m wide zone of brecciation and a 2 m wide halo of fracturing.   

� Falla Flaca, which is inferred mostly from drill holes and is difficult to trace in outcrop.  The fault is 
described as a normal fault with a displacement of 25 m (Williams, 1996).   

� Falla Portazuela, which is known to occur to the northwest of the San Jorge mineralized zone and to 
the south of the area of outcrop.   This fault is defined mainly by drill holes and occurs as two 
segments; one striking north and the other north-northwest.   Both segments have a sub-vertical dip to 
the east.   The fault is typified by closely-spaced jointing.   

 
Several other fault zones have been identified in drill holes, and can be traced to surface where they 
appear as breccia zones up to 3 m wide.   
 
The mineralized stockwork in the San Jorge system is much stronger and better developed within the 
sediments than in the granite porphyry (Figure 7.2.3).   Within the sedimentary sequence the vein density 
decreases from the sandstones, to the conglomerates, to the siltstones and finally to the shales.  
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Figure 7.2.3  

Quartz-Sulphide Stockwork Veining 
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8. DEPOSIT TYPES 

Mineralisation at San Jorge is considered to be an Andean example of a porphyry copper-gold deposit. A 
generic description from Pantaleyev (1995) summarizes the common features of porphyries as large zones 
of hydrothermally-altered rock containing quartz veins and stockworks, sulphide-bearing veinlets, fractures 
and lesser disseminations in areas up to 10 km2

 
in size, that are commonly wholly or partially coincident 

with hydrothermal or intrusion breccias and dyke swarms.   Deposit boundaries are determined by 
economic factors that outline ore zones within larger areas of low-grade, concentrically zoned 
mineralisation.   World class examples of copper-gold porphyries include the Porgera and Lihir deposits in 
Papau New Guinea; Oyu Tolgoi in Mongolia, FSE-Lepanto Victoria deposit in the Philippines and the 
Kemess South deposit in British Columbia, Canada.   
 
Important geological controls on porphyry mineralisation include igneous contacts, cupolas and the 
uppermost, bifurcating parts of stocks and dike swarms.   Intrusive and hydrothermal breccias and zones of 
intensely developed fracturing due to coincident or intersecting multiple mineralized fracture sets commonly 
coincide with the highest metal concentrations.   
 
The effects of surface oxidation commonly modify porphyry deposits in weathered environments.   Low pH 
meteoric waters generated by the oxidation of iron sulphides leach copper from oxidized copper minerals 
such as malachite, chrysocolla, and brochantite, and re-deposit it as secondary chalcocite and covellite 
immediately below the water table in flat tabular zones of supergene enrichment.   The process results in a 
copper-poor leached cap lying above a relatively thin, but high-grade zone of supergene enrichment that 
caps a thicker zone of moderate grade primary hypogene mineralisation at depth.   
 
Alternatively, or in addition, a porphyry system may exhibit hypogene enrichment.   The process of 
hypogene enrichment may relate to the introduction of late hydrothermal copper enriched fluids along 
structurally prepared pathways, or the leaching and redeposition of hypogene copper, or a combination of 
the two.   The enriched copper mineralogy comprises, for example, covellite and chalcocite.   Such 
enrichment processes result in elevated hypogene grades.   
 
Other deposit styles that are commonly associated with porphyry deposits (spatially and genetically) 
include precious metal rich epithermal and other quartz vein systems, skarns, and exotic secondary copper 
deposits formed by the lateral migration of metal in low-pH fluids away from the main body of porphyry 
mineralisation.   
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9. MINERALISATION

9.1 GENERALITIES OF THE PORPHYRY COPPER SYSTEM 

The San Jorge copper+gold porphyry copper system is characterized by both repeated fracturing events 
and influxes of hydrothermal fluids that have resulted in the superimposition of hypogene alteration and 
sulphide mineralisation events.  Supergene alteration and mineralisation is superimposed on the hypogene 
alteration and mineralisation.   
 
Five mineralized zones are described by Williams (1996) from the San Jorge Property (Table 9.1.1 ).   
 

Table 9.1.1  
Mineralized Zones Defined at San Jorge (Williams, 1996) 

Mineralized Zone  Comment  
Gravels  Unconsolidated sediments and colluvium, which may host copper oxides in eroded 

grains 
Leached  Grades <0.2% copper, of which only a minor constituent is acid soluble 
Oxide  Grade >0.2% copper of which the majority is acid soluble 
Enriched  Secondary sulphide zone that contributes more than 30% of total contained copper 
Primary  Primary sulphides with a minor occasional secondary sulphide component 

 
Each of these five mineralized zones, together with an additional hypogene enriched category, are 
discussed in more detail below.   Figure 9.1.1 to Figure 9.1.7 show the distribution of the hypogene, 
enriched hypogene, supergene enriched, oxide and leach cap mineralisation on the Property.   
 
The San Jorge porphyry system shows a vertical zonation from hypogene mineralisation at depth, passing 
upwards into a supergene enriched zone, which is overlain by a zone of oxide mineralisation and finally by 
a poorly developed leached cap.   Superimposed on this basic zonation are lateral variations in the 
distribution of the mineralisation types that relate to the main north to south and north-northeast striking 
fault zones.   The porphyry system is ovoid in shape and covers an area of 1.1 km north-northeast by 700 
m north-northwest (Figure 9.1.7).   
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Figure 9.1.1  

Location of Cross-Sections (Shown in Figure 9.1.2 to Figure 9.1.5) 
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Figure 9.1.2  
Copper Zones, Section 8700E 
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Figure 9.1.3  

Copper Zones, Section 2725 N 
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Figure 9.1.4  

Copper Zones, Section 2925N 
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Figure 9.1.5  

Copper Zones, Section 3175N 
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Figure 9.1.6  

Alteration Section 8700 E 
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Figure 9.1.7  

Copper Mineralisation – Distribution of Primary Mineralisation 
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The following sequence of events has been proposed for the genesis of the San Jorge porphyry copper 
system:  

� Development of the porphyry copper system soon after the emplacement of the granite porphyry 

� Focusing of mineralisation between the Falla Gorda and the Falla Flaca  

� A compressional regime that resulted in a portion of both the granite porphyry and the porphyry copper 
system being faulted into the near-surface environment 

� Erosion and supergene processes resulted in the development of a leached cap, an oxide zone and 
secondary sulphide enrichment 

� Under a tensional regime the faults were re-activated and the permeability increased, thus facilitating 
the supergene process. 

 
The proposed hypogene hydrothermal vein sequence is as follows:  

� Tourmaline and chalcopyrite veins and breccia 

� Sheeted quartz-sulphide and tourmaline veining, best developed in the granite porphyry 

� Pyrite and arsenopyrite mineralisation as disseminations and in veins, with minor chalcopyrite 

� Molybdenite and chalcopyrite veining that is best developed in the granite porphyry 

� Chalcopyrite introduction with minor pyrite and pyrrhotite mainly as veins. 
 
The alteration system associated with the San Jorge porphyry trends north-south.   Although potassic, 
phyllic, propylitic and clay alteration styles have all been reported (Williams, 1996), the alteration does not 
have a classic concentric zoned distribution around a central intrusive body.   Rather, the distribution of the 
alteration zones is influenced by the principal faults, and, to a lesser extent, by the intrusive bodies (refer to 
Figure 7.2.1 and Figure 9.1.6).   A series of cross sections showing the irregular alteration distributions is 
included in Williams (1996).   
 
The generalized alteration sequence is described as:  

� Tourmaline 

� Sericite veinlets 

� Biotite veinlets and disseminations 

� Quartz-sericite veinlets and disseminations 

� Quartz-feldspar veinlets and potassium feldspar replacement of plagioclase 

� Chlorite alteration of mafics 

� Calcite veinlets. 
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The stockwork comprises a mixture of hairline fractures and quartz and/or calcite veins up to 3 cm wide 
(Figure 7.2.3).   The veins are generally sulphide-sericite-quartz, quartz-sulphide, quartz-potassium 
feldspar, quartz-calcite, tourmaline, tourmaline-sulphide or calcite.   In the coarser sediments, the vein 
density is described as 60 veins/metre, and in the porphyry as 40 veins/metre. 
   
Potassic alteration is characterized at San Jorge by the presence of potassium feldspar and biotite.   The 
potassic alteration does not appear as a well-defined core to the system.   Petrographic studies have 
suggested that pseudo-hexagonal books of biotite in the granite porphyry that appear to be primary are in 
fact comprised of secondary biotite (Williams, 1996).   In the sediments, biotite occurs as very fine 
disseminations and as discontinuous veinlets, the latter displaying a distinctive reddish-brown colour.   
Potassium feldspar replaces plagioclase in the granite porphyry and occurs in less than 2 mm wide quartz 
veins, which may contain up to 20% sulphides.   
 
Phyllic alteration is typified by variable amounts of silica and sericite.   The most abundant alteration 
observed is silicification, which affects all rock types and can obliterate the original rock texture.   In 
addition, silicification also occurs as quartz, quartz-sulphide and quartz-calcite veins, and as halos to 
quartz-sulphide veins.   
 
Sericite may be both spatially and temporally associated with the silicification.   Sericite occurs in less than 
2 mm wide veinlets with minor sulphides, as narrow, discontinuous selvages to quartz-potassium feldspar 
veinlets, as fine disseminations in the matrix, and as a selectively pervasive alteration of feldspar 
phenocrysts.   
 
Propylitic alteration is only weakly and patchily developed and manifests itself as chlorite and/or epidote 
and/or calcite.   It occurs sporadically in the hypogene zone rather than as an external alteration halo.   
Chlorite occurs in sediments at the margins of the main mineralized system, or with sphene, calcite and/or 
iron oxides in areas of the granite porphyry.   Epidote occurs in minor amounts, and mainly in association 
with the fault zones.   Calcite veinlets commonly cross-cut fracturing and are strongly associated with the 
sediments at depth in the footwall block of the Falla Gorda fault.   Calcite veinlets also occur at the northern 
extremity of the porphyry mineralisation.   Disseminations of calcite occur associated with weathered 
biotite.   
 
Clay alteration is typified by kaolinite, which is found in both the leached cap and in the fault gouge zones, 
and by montmorillonite, whose occurrence is restricted to fault gouge zones.   Kaolinite has also been 
observed replacing sericite in the granite porphyry (Williams, 1996).   
 
Tourmaline is a ubiquitous component throughout the system.  It occurs with sulphides in the matrix of 
hydrothermal breccias, as veinlets with or without sulphides, in the sediments most commonly proximal to 
the breccias, in the granite porphyry, and as disseminated rosettes in all rock types.   
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During the site visit some of the observed sediments that outcrop proximal to the granite porphyry 
appeared to be hornfelsed rather than showing hydrothermal-related alterations.   The hornfels 
development probably represents the earliest alteration event described in this section.   
 
Approximately 5 km to the west of the main San Jorge mineralisation, in the foothills of the Cordillera 
Frontal, and within the San Jorge mining concession lies a copper-mineralized vein that was explored 
during the 1960s (see Section 6).   There is a scarcity of information on this vein, and it was not inspected 
by NCL during the site visit.   
 
9.2 GRAVELS 

The gravels are not a major host of copper mineralisation.  However, an eroded component of the oxide 
mineralisation is hosted in the gravels peripheral to San Jorge Hill.  These gravels are best developed in 
the drainages, and in general grade <0.14% copper.   
 
9.3 HYPOGENE COPPER MINERALISATION 

The hypogene copper mineralisation at San Jorge comprises both low and high grade types.   Early, low-
grade hypogene copper mineralisation is hosted primarily in sediments, and to a lesser extent by the 
intrusives, as disseminations and in veins.   Chalcopyrite and pyrite, along with cubanite, mackinawite and 
marcasite, are the principal sulphide minerals.   They occur with lesser pyrrhotite, arsenopyrite, sphalerite, 
molybdenite, and minor galena and bornite.    
 
Molybdenite is regarded as an accessory sulphide; grades are typically less than 150 ppm Mo.   It occurs 
predominantly in quartz veins in the granite porphyry in association with chalcopyrite.  The sulphides occur 
as both disseminations and in veins.   
 
Gold has been observed in thin section in a siliceous matrix, but not as inclusions in sulphides.   There is 
no correlation between gold and arsenic, and its position in the paragenetic sequence is unclear.   
 
The highest grade hypogene copper mineralisation is hosted by the sediments.   Higher-grade intervals can 
exceed 1.0% copper.   Here, the pyrite content has been observed to remain static while the chalcopyrite 
content, especially in veins, increases significantly in comparison to the low-grade hypogene intervals 
(Williams, 1996).   
 
The higher grades of hypogene copper mineralisation (>0.5%) trend north to north-northeast before making 
a pronounced bend to trend to the northeast (Figure 9.1.7).   Although the reason for this is unclear, there 
would appear to be a strong structural control, possibly accompanied by a blind intrusion component 
(Williams, 1996).   
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9.4 SECONDARY COPPER CARBONATE AND SILICATE MINERALISATION 

Secondary copper mineralisation of the copper oxide zone extends over an area of 800 m by 400 m, trends 
north-northeast and is open to the east.   In general, oxide copper grades range between 0.22% and 1.43% 
Cu.   The average thickness of the zone is 60-90 m, although it may be thicker locally.   For example, over 
140 m of oxide mineralisation was encountered in drill hole AR-71, which was drilled near the intersection 
of a number of faults and a lithologic contact.   In the drainage to the south of San Jorge Hill, the oxide 
grade is significantly higher than that of the underlying primary mineralisation.   
 
The secondary copper minerals contained in the oxide zone are, in descending order of abundance, 
malachite, chrysocolla, pitch limonite, tenorite and bronchantite.   They occur as fracture linings, as 
disseminations, and as coatings on plagioclase grains.  Minor limonite also occurs sporadic in the oxide 
zone.   
 
9.5 LEACHED CAP 

The leached zone is of limited extent and is best developed along the western edge of the main 
mineralisation.   This zone is characterized by goethite with only a minor hematite and jarosite component, 
sporadic minor boxworks (after both pyrite and chalcopyrite), and silicification dominant over clay 
components.   Copper in the zone is contained primarily in limonite.   In general, copper grade within this 
zone ranges between 0.04% and 0.11% Cu.   
 
9.6 SECONDARY SULPHIDE SUPERGENE MINERALISATION 

The enriched secondary sulphide zone is assumed to be of a supergene origin.   It extends over an area of 
800 m by 400 m trending north-northeast, and extends to the west beyond the edge of the oxide 
mineralisation.   The enrichment is not well developed in the granite porphyry.   North to northeast and 
east-west trending fault zones appear to have a strong control on the distribution of the mineralisation.   
This structural control is also observed on a smaller scale with the mineralisation being described as 
typically associated with faults and fractures.   The thickest sections of supergene enrichment occur in the 
north-central and northeast sectors, whereas the highest grades are found in the southwest sector in the 
southern drainage.  Higher grade supergene-enriched mineralisation, grading >0.5% copper, is in general 
found overlying or proximal to zones of enriched hypogene mineralisation.   Lower-grade, supergene-
enriched mineralisation (<0.5% copper) generally occurs lateral to and/or overlying the higher-grade 
supergene-enriched zones.   
 
Typical minerals of the enriched secondary sulphide zone are chalcocite, digenite and covellite.   The 
chalcocite is described as “sooty” in the southern area of the deposit, and “steely” in the northern sector.   
Cuprite and native copper appear to have a limited distribution, having been identified in the southern (in 
drill holes DDH-12, SJD-09, SJD-12, AR-56 and AR-58) and northern (in drill hole DDH-11) drainage 
zones, and at the summit of the San Jorge Hill.   
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10. EXPLORATION

As described by AMEC (AMEC, 2007), five exploration programs have been completed over the San Jorge 
Property by five different exploration companies namely Aguilar, Falconbridge, RAA, GMA, and Coro 
(Table 6.1.1).   The exploration campaigns were undertaken between 1964 and 2007, and consisted of 
geological mapping, trenching, geophysics, and diamond (DD) and reverse circulation (RC) drilling.   The 
drill programs are described in Section 11. 
 
Trenches constructed by Aguilar and re-sampled by GMA run northwest across the outcrop that forms the 
San Jorge Hill.   The area of the trenches has been shown through drilling to be partially co-incident with 
better-developed hypogene, oxide and supergene enriched mineralisation (see Figures 9.8 to 9.11).   The 
GMA trench sampling program defined a copper anomaly approximately 300 m long by up to 100 m wide, 
trending north-northeast, and grading 0.3% to 1% total copper.   Oxide copper analyses indicated a low 
hypogene and secondary sulphide component.   
 
Between 1964 and 1998, several IP and magnetic surveys were completed over the San Jorge Property, 
as described by AMEC (AMEC, 2007).  Details of this work are not repeated in this PAR.  
 
Several untested I.P. and resistivity anomalies occur in the vicinity of the San Jorge deposit and these 
should be reviewed in detail to see if any additional drill targets can be outlined.  
 
In 1997 Quantec carried out a transient electromagnetic (TEM) survey as part of a water exploration study, 
on behalf of GMA.   The objectives of the survey were to determine the saturated thickness of the 
subsurface layers, and to define a basement depth.   The TEM survey was performed by the in-loop 
sounding method, which involved 200 m by 200 m loops positioned along survey lines at 200 m intervals.   
A total of 36.3 km were covered in six lines with 187 soundings.   
 
Figure 10.1.1 summarizes the findings of the TEM survey.  Basement depths were interpreted from the 
lower resistive strata of the TEM sections and are displayed as contours.  Thickness and resistivity of the 
saturated layer are also interpreted.  Local aquifers, which are expected to show resistivities between 30 
and 50 Ohm-m, have a better development to the east whereas Lines 1 and 2 and the far western part of 
Line 4 do not indicate any significant water resource.    
 
Downwards filtration of river water, meteoric water in the superficial cover, and clay in the conductive cover 
are possible explanations for conductive cover above the anticipated saturated level causing, for example, 
an irregular upper wet-dry interface in Line 4 (Quantec, 1997). 
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Figure 10.1.1 

Water Exploration Project In-Loop Sounding TEM Survey, Basement Depth Interpretation Plan Map 

 

 
In late 2006 and early 2007, Coro drilled 31 diamond drill holes which twinned a significant portion of the 
older drilling on which questions were raised in previous Technical Reports as to their suitability to be used 
in resource estimates under the current reporting legislation.   This program is described in the next 
section. 
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11. DRILLING

11.1 DRILLING   

The resource database contains data from a total of 182 drill holes (30 062.97 m) drilled on the San Jorge 
Property, between 1964 and 2007, by six different companies, including Coro.   This includes 21 380 m of 
diamond drilling in 120 drill holes, and 8,682 m of reverse circulation drilling in 62 drill holes.   A summary 
of the drill history is given in Table 11.1.1 .  Drill hole locations are given in Figure 11.1.1, and collar, depth, 
dip and azimuth data are documented in the NCL resource report (NCL, 2008). 
 

Table 11.1.1  
Summary of the San Jorge Drilling History  

Company  Year Type of 
Drilling

Number
of Holes 

Metres
Drilled

Hole
Numbering 

Hole
Diameter 

Aguilar  1964 – 1968 DD 32 4 900 
DDH-01 to 

32 
AQ, 

BQ,AX 

Falconbridge 1973 – 1974 
DD1

 
4 848.3 

DDH-33 to 
39 

NX, Q, 
NQ 

RAA   1993 – 1995 RC2 43 5 359.4 AR-01 to 74  
RAA 1994 DD 2 165 DDH-40-41 NQ 

RAA 1995 – 1996 
DD3 

18 5 672 
SJD-01 to 

19 
HQ, PQ 

GMA  1994 – 1996 RC 19 3 323 
SJC-01 to 

43 
 

AMD  1996 DD4 6 1024.17 
PUM-01 to 

06 
PQ 

Coro  2006-2007 DD 58 8769.4 SJ-T-01 to 
15; SJ-M-01 

to 16; 
SJIN01 to 27 

NQ 

Total   182.00 30 062 97 
1Data is available for only four of the five holes drilled by Falconbridge 
2Two RC holes (AR-59 and AR-64) are not included in the total metres for this campaign 
3One hole (SJC-13) is not included in the total metres for this campaign 
4Coro has limited information on the drilling (PUM 1 through PUM 6) conducted by AMD.  These holes were reportedly drilled 
peripheral to the deposit, prior to 1999.   
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Figure 11.1.1  
Drill Hole Location, Detail for San Jorge II Concession for all Drill Campaigns 
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Drilling was concentrated within the San Jorge Segunda mining concession where the centre of the known 
system partially outcrops.   Over the main part of the deposit holes were drilled on lines spaced roughly 50-
100 m apart, at 50 m stations widening up to 180 m spacing in the more peripheral areas (Figure 11.1.1).   
 
The initial 32 diamond drill holes drilled by Aguilar in 1964 to 1968, were primarily located to test the central 
area of mineralisation, although 13 of the holes were positioned in outlying areas.   Of the 32 holes, 26 
were vertical holes, while the other six dipped at 55-65° to the southeast.   
 
Falconbridge drilled four diamond holes in 1973 to 1974, all drilled vertically into the southwest sector of the 
deposit.   All of the Aguilar and Falconbridge drill core has been discarded and the aluminium core boxes 
sold for scrap.   
 
In 1996 GMA summarised the Aguilar and Falconbridge geological and geochemical data from the drill 
logs.   GMA noted that the logs for DDH-34 and DDH-37 were missing and that DDH-35 was not drilled.  
Coro has copies of the original logs, although the data is not complete and parts are illegible.   
 
From 1993 to 1995, RAA drilled 45 RC holes and one DD hole into the central area of the deposit.   Holes 
were also sited to the north and to the east to test for extensions to the mineralisation (Table 11.1.1  and 
Figure 11.1.1).   All but four of these holes were drilled vertically, the remainder being inclined at 50° to the 
west, east or northwest.   One of the vertical holes, AR-55, was collared to twin diamond drill hole DDH-16 
drilled by Aguilar.   No sample material exists from this drill campaign.   
 
GMA re-logged 43 of the 45 RC holes using a spoonful of sample chips from each sample interval that had 
been pasted by RAA to boards.   The re-logging recorded lithology, alteration and mineralisation.   Although 
the lithology and alteration descriptions showed a reasonable correlation to the RAA logs, neither the 
samples nor the original logs showed good correlations with the recorded copper grades.   Only 43 of the 
holes were re-logged, as AR-64 was not included due to its shallow depth and AR-59 was excluded 
because of poor documentation of results.   The results from drill holes AR-64 and AR-59 were also not 
included in the resource estimates.   Lithological, alteration and mineralisation logs exist for the single 
140 m DD hole (DDH-41).   RC rejects from the drilling campaign have been lost and were not available for 
review.   
 
From 1995 to 1996, RAA and GMA drilled 19 DD holes into and around the main area of the deposit.   
Thirteen of the holes were drilled vertically and five holes were drilled dipping 70-80° to the northeast, east 
and west.   Comprehensive logs recording lithology, alteration, mineralisation, geochemical and 
geotechnical data exist for these drill holes, although no information is available for SJD-13.   
 
Drill core from holes SJD1 to 19 (excluding SJD 13) and SJD 41 were recovered and is now stored on site. 
 All core and RC rejects from previous drilling campaigns has been lost.   
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GMA drilled on the Property in 1994 to 1996, completing 15 RC holes, all of which were drilled vertically.  
The majority of these drill holes were collared in the periphery to the main system.   Geological logs exist 
for the drill holes completed during this campaign. 
 
No information relating to protocols for core handling or security for this drilling was supplied to NCL.   
 
In late 2006 and during 2007, Coro completed 58 DD holes over the main part of the deposit.   Fifteen of 
these holes (SJ-T-01 to SJ-T-15) were drilled to twin older drilling to verify the previous assay results which 
were unsupported by any QAQC regime.   A further 16 holes were also drilled as twins, SJ-M-01 to SJ-M-
16, and were drilled specifically for metallurgical purposes.   Finally, 27 holes were drilled mainly to delimit 
the ore and to investigate the primary mineralisation.   NCL also used the results of these holes to validate 
the historic drilling.   The core from this campaign is stored on-site in a covered shed (Figure 11.1.2). 
 

Figure 11.1.2 
San Jorge Core Storage Facility 
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12.  SAMPLING METHODS 

12.1 SURFACE SAMPLING 

Aguilar cut over 949 m in nine trenches trending northwest to southeast, over the San Jorge Hill.   Samples 
were taken over 2 m intervals for the 794 m length of the trenches that was sampled.   No other information 
regarding either the sampling or analyses is available.   
 
GMA re-sampled six of the trenches that were constructed by Aguilar.   Samples were taken every 2 m.   
No other information regarding sampling methods or protocols is available.   
 
12.2 DRILL CORE AND CHIP SAMPLING 

Sample interval data for the different drill campaigns and core and chip recovery rates are summarized in 
Table 12.2.1.   Subsequent to the drilling carried out by Aguilar, sampling was generally either on 1 m or 
2 m intervals.   Overall the reported recoveries were good, with occasional moderate recoveries.   Only 
Aguilar reported poor recoveries, although it is noted that recoveries improved with time.   
 

Table 12.2.1  
Recovery and Sampling Interval Data for the Drill Campaigns 

Company  Recovery Sample Interval Drill hole Numbers 

Aguilar  Poor (improved with time) 0.2 to 18 m* DDH-01 to DDH-32 

Falconbridge  
76-97% � 1 m DD-33 to DDH-39 

RAA AR-01 to AR-55 Good  
AR56 to AR-74 Moderate 

1 m AR-01 to AR-74 

RAA Good 2 m (?) DDH-41 

RAA Good 2 m SJD-01 to SJD-19 

GMA  Good 1 to 2 m SJC-01 to SJC-15 

Coro  Good 1 to 2 m SJ-T-01 to SJ-T-15 and 
SJ-M-01 to SJ-M-16 

Note:  *Sample intervals were dependent on recovery and on grade. 
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Only limited data is available regarding sampling procedures employed for the RC and DD programs.   The 
drill chip samples from drill holes AR-56 through to AR-74, and SJC-01 to SJC-15 were weighed and 
quartered on site.  It is also recorded that for drill core from the DD holes SJD-01 to SJD-05, half-core 
samples were taken, while for DD holes SJD-06 to SJD-19 quarter-core samples were collected. 
 
RAA twinned diamond drill hole DDH-16, drilled by Aguilar, with reverse circulation drill hole AR-55.   Only 
limited analytical data is available for DDH-16 and therefore a detailed comparison cannot be made 
between the holes.   The data that is available is given in Table 12.2.2 along with comparative data for the 
same intervals for AR-55.   GMA (1996) surmised that “if the anomalously high results from DDH-16 
between 93 m and 100 m are discarded, the total copper grades over most of the lengths of these drill 
holes are within 10% of each another”.   However, data should not simply be discarded.   In addition, in the 
absence of any QAQC data for these drill holes, it is unknown which of the two laboratories can be 
considered reliable.   If the data is taken at face value, for the interval 34-132 m, an overall weighted 
average calculated for DDH-16 is 26% higher for copper than the length weighted average copper grade 
for the same interval in AR-55.   
 

Table 12.2.2  
Assay Comparison for DDH-16 and AR-55  

Copper Grades (%) 
Interval (m) DDH-16 AR-55 

0 – 28 NA NA 
28 -34 NA NA 
34 -40 0.60 0.75 
40 -49 0.92 0.62 
49 -53 0.56 0.65 
53 -56 1.65 1.04 
56 -76 0.97 1.07 
76 -79 1.57 0.97 
79 -81 1.45 2.53 
81 -93 1.55 2.30 

93 -100 7.70 1.47 
100 -112 0.61 0.73 
112 -122 0.51 0.48 
122 -132 0.63 0.40 
132 -138 NA 0.50 
138 -141 0.31 NA 

 



San Jorge Cooper Concentrator Project 
Preliminary Assessment Technical Report 

 

 

  

Page 112

12.3 CORO SAMPLING 

As part of its due diligence process in March 2006, Coro completed a re-assay of half core of the leachable 
portions of SJD-10 and SJD-14.  The correlation between the originals and re-assays for Total Cu (Figure 
12.3.1) is acceptable with a coefficient of correlation of 0.91.   
 

Figure 12.3.1  
Scatter Plot of Re-Assay Results 

 
 
A precision plot of the same data (Figure 12.3.2) indicates that at the 90th percentile, a precision of 27% for 
SJD-14, which is considered by NCL to be acceptable and 38% for SJD-10, which is questionable.   AMEC 
expressed its concern over these results as the samples were analyzed in different laboratories (probably 
with differing assay protocols) and the sample set is small.   
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Figure 12.3.2  
Precision Plot of Re-Assay Results 

 
 

During August to September 2006, Coro commissioned Rojas y Asociados to conduct a re-logging and 
sampling program of the remaining SJD drill core.   The logged metres and the number of samples taken 
from each hole are summarized in Table 12.3.1.   
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Table 12.3.1  

Summary of Re-Logging and Re-Sampling Campaign 
Hole No. From To Re-logged (m) Samples Taken 
SJD-01 0.00 500.00 500.00 8 
SJD-02 2.90 297.00 294.10 7 
SJD-03 2.50 310.80 308.30 6 
SJD-04 9.20 301.10 291.90 4 
SJD-05 18.25 302.00 283.75 6 
SJD-06 6.00 305.90 299.90 4 
SJD-07 7.20 305.40 298.20 9 
SJD-08 9.00 302.00 293.00 6 
SJD-09 9.20 297.00 287.80 5 
SJD-10 15.30 300.85 285.55 8 
SJD-11 139.00 495.00 356.00 11 
SJD-12 9.00 270.35 261.35 9 
SJD-14 4.40 300.85 296.45 8 
SJD-15 80.90 301.10 220.20 6 
SJD-16 12.15 175.75 163.60 5 
SJD-17 51.00 300.00 249.00 7 
SJD-18 42.70 300.00 257.30 6 
SJD-19 6.20 290.00 283.80 2 
SJD-41 6.50 134.60 128.10 0 

 5,358.30 119 
 
In general and despite the poor state of the core after being re-handled several times, both the due 
diligence sampling and the re-logging/re-assaying programs demonstrated acceptable correlations 
between original and check copper assays.   The gold assays demonstrated more scatter, commensurate 
with the sampling method (separate half core samples rather than splits of rejects or pulps) and original 
gold distribution.   
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13. SAMPLE PREPARATION, ANALYSES AND SECURITY 

13.1 SAMPLE PREPARATION 

No data was available pertaining to the laboratory protocols with regard to the preparation of samples for 
either the drill hole or trench sampling campaigns for the historical campaigns.   Coro’s DD holes SJ-01 to 
SJ-T-15 and SJ-M-01 to SJ-M-16 were prepared and analyzed at the Alex Stewart facility located in 
Mendoza, and DD holes SJ-IN-01 to SJ-IN-27 were prepared in ALS facilities in Mendoza, Argentina, and 
assayed in La Serena, Chile, all according to generally accepted industry standards.   
 
13.2 SAMPLE ANALYSES 

Information regarding the sample analysis was collected (and has been edited) from the AMEC 2007 
report:  
 
AMEC has no documentation of which laboratory was used by Aguilar.   It is likely that Aguilar analyzed all 
its trench and drill samples from drill holes DDH-01 through to DDH-32, at its laboratory in Mendoza.   No 
records or certificates relating to these analyses are known to exist.   Every sample was analysed for Cu, 
and composite samples taken over 5-63 m intervals were analysed for Au, Ag, Ni and Mo and occasionally 
for Zn and Pb.   Aguilar is reported to have collected and analyzed sludge samples every 1.5 m during 
drilling, where there was return.   
 
Falconbridge analyzed all samples from holes DDH-33 to DDH-39 at its laboratory in Buenos Aires.   Every 
sample interval was analyzed for Cu by AAS.   In addition, selected zones were analyzed for Au, Mo and 
As, however, none of these results can be located.   No quality control sample data was reported.   
 
Samples from the 45 RC holes AR-01 to AR-74 and DD hole DDH-41 drilled by RAA were analyzed at both 
the Aguilar and the SERCOC S.L. laboratories (Table 13.2.1).   Every one-meter sample was analyzed for 
total Cu, oxide Cu and Au.   SERCOC S.L.  (now American Assay or AA) used citric acid while the Aguilar 
laboratory used sulphuric acid during the determination of the oxide copper content of the samples (Table 
13.2.2).   
 

Table 13.2.1  
Analytical Laboratories 

Laboratory Drill holes 
Minera Aguilar AR-06 to AR-09 and AR-11 14 15 16 19 24 28 55 

SERCOC S.L.  (American Assay) AR-56 to 58, 60 to 63, 65 to74 
Bondar Clegg SJC-01 to SJC-05 

AR-01 to 5, 12 17, 21 22 25 27 35 36 39 
SJC-06 to 15 SGS Chile Ltda. 

SJD-01 to 12, 14 to19 
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Table 13.2.2  

Analytical Methods 
Element Digestion Analytical Method Laboratory 

Au 
Cu T 
Ag 
Mo 

CuOx 
CuS 

Unknown 
Unknown 
Unknown 

Sulphuric Acid 
Citric Acid 

NaCN 

Fire Assay 
Atomic Absorption 
Atomic Absorption 
Atomic Absorption 

Unknown 
Unknown 

SGS 
Bondar Clegg 

SERCOC (American Assay) 
Aguilar 

All laboratories 
All laboratories SGS, AA, 

Aguilar (2g) SERCOC (AA) 
(0.5g) SGS, AA 

 
Samples from 19 DD holes SJD-01 to SJD-19, drilled by RAA and GMA were analyzed at the SGS 
laboratory in Chile (SGS) (Table 13.2.1 and Table 13.2.2).   All the samples were analyzed for total Cu and 
Au every 2 m, for oxide Cu and soluble Cu where relevant, and for Ag and Mo every 40 m or approximately 
every twentieth sample.   Although samples for trace element analyses were submitted to American Assay 
(AA), the analyses were actually performed by ACME under a contractual agreement between the two 
laboratories.   This trace element data was not made available to AMEC.   AMEC was also not supplied 
with any check sample data or quality assurance and quality control data for this drilling.   
 
Samples from the final RC holes, SJC-01 to SJC-15, drilled by GMA, were analysed at both the Bondar 
Clegg and the SGS Chile laboratories.   Each 1 m sample interval from drill holes SJC-01 to SJC-05 was 
analyzed for total Cu, Au and Ag.   For drill holes SJC-06 to SJC-15, total Cu and Au (and, where relevant, 
oxide Cu) were obtained for each 2 m sample interval.   Trench samples taken by GMA were analyzed at 
the SGS Chile laboratory.   No check samples were included in either the RC or trench sample sequence.   
 
All Coro’s DD holes were sampled on a 2 m continuous basis, with core split on site and one half sent to 
the laboratory.   Samples were transported to the laboratory by Minera San Jorge personnel who 
maintained control and custody of them.   Samples from drill holes SJ-T-01 to 15 and SJ-M-01 to 16 were 
assayed at Alex Stewart (ASA) laboratory in Mendoza.   Samples from drillholes SJIN-01 to 27 were sent to 
the ALS Chemex preparation laboratory in Mendoza, Argentina, and assayed in the ALS Chemex 
laboratory in La Serena, Chile.   Samples were prepared using the following standard protocol: crushing to 
better than 75% passing -10 mesh, splitting and pulverizing a 1000 g sub-sample to 85% passing -200 
mesh.   All samples were analyzed for sequential copper (CuT, CuSol, CuCN) by atomic absorption, and 
for Au by fire assay.   A full QA/QC program, involving insertion of appropriate blanks, standards and 
duplicates, was employed with acceptable results, as detailed in the Item 13.4.   
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13.3 SAMPLE SECURITY 

Information regarding the sample security was repeated from the AMEC 2007 report:  
 
“No reference is made as to sample security during transportation or what (if any) procedures were in place 
to ensure a “chain of custody” for either the samples from the historical drill holes or the trench sampling 
campaigns.”   
 
Coro personnel state that samples taken during the Coro drilling campaigns were collected, suitably sealed 
and transported directly to the assay laboratory by Coro personnel. 
 
13.4 QA/QC 

Coro supplied NCL with the quality control data used to check its drilling programs. 
 
A total of 83 blanks were used, at least one for each batch of samples.   NCL reviewed the data, and found 
no indication of cross contamination.   
 
Copper and gold standards were used together with each batch; a total of 68 standards for gold, and 131 
for total copper were used.   The variation (Figure 13.4.1 and Figure 13.4.2) was considered as tolerable in 
both cases.   
 
Considering the reasonable results obtained and also that a significant part of the Coro campaign was 
intended to check the older campaigns, with adequate coincidence in terms of mineralized lengths and 
order of magnitude of the grades, NCL considers that the drilling database is of good quality and adequate 
for the preparation of mineral resource estimates.   
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Figure 13.4.1  

Copper Standards Graph 

 
 

Figure 13.4.2  
Gold Standards Graph 
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14. DATA VERIFICATION 

The site visit concentrated on reviewing various surface exposures, access, infrastructure and camp 
facilities.   In addition, NCL perused a few historical documents pertaining to the work carried out by 
Aguilar, Falconbridge, RAA and GMA.   
 
At present, the historical drill hole database cannot be completely verified and reliability be established. For 
the 37 diamond drill holes completed by Aguilar and Falconbridge there is apparently no sample remaining, 
incomplete analytical data, and apparently no quality control information and no analytical certificates.   
 
For the 19 DD holes drilled by RAA and GMA, there is a complete set of drill logs and a near complete set 
of certificates for the principal elements.   However no QAQC data was made available for AMEC to review. 
  
 
In total, 60 RC drill holes have been drilled by RAA and GMA.  Although some of the analytical certificates 
are present, all analyses were apparently done without any quality control samples.   
 
The trench sample database cannot be verified as there are no remaining reject or pulp samples.   The 
samples were analyzed without any quality control samples being inserted into the sample stream, and no 
analytical certificates for these samples were supplied to AMEC. 
 
Coro geologists created an Excel spreadsheet-format database of the drilling and trenching assay results 
from the available data.   The database reviewed by NCL contains records from 182 drill holes.  Assay 
certificates and drill logs from the Coro campaign were supplied to NCL, who selected a sample of five 
holes and checked the assay results and geological code, without noticing any defect.   
 
NCL concludes that the database reviewed is sufficiently free of errors to be used for exploration purposes. 
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15. ADJACENT PROPERTIES 

There are no other mining interests in the immediate vicinity of the San Jorge properties therefore this 
section is not applicable.   
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16. MINERAL PROCESSING AND METALLURGICAL TESTING 

16.1 REVIEW OF METALLURGICAL TEST WORK 

Preliminary metallurgical investigations were undertaken on selected diamond core samples from the main 
mineralised areas of the San Jorge Project in the second half of 2007.  The purpose of the testwork 
programs was to explore the metallurgical response of the primary, supergene and oxide mineralisation to 
flotation concentration, and to generate some basic comminution parameters.  The work undertaken is 
viewed as a scoping level of investigation.  As such, results from the testwork can only be deemed 
indicative as insufficient spatial and variability information is available to fully represent the San Jorge 
resource.  It is expected that a definitive metallurgical test program would be commenced in the next stage 
of project investigation. 
 
Metallurgical testwork samples were selected by Coro from diamond drill core within main mineralised 
zones.  The selection criteria included copper grade and material oxidation state, with three zonal 
classifications, “Oxide”, “Enriched” and “Primary” (fresh rock) defined using cyanide and acid soluble 
copper leach analysis.  The current geological understanding and preliminary mine plan indicates that the 
Primary ore type will represent 86% of the San Jorge life of mine (LOM) mill feed.  No Oxide material is 
included in the current mine plan.  
 
Metallurgical investigations were undertaken by SGS Mineral Services in Santiago, Chile.  SGS Mineral 
Services and the personnel managing and reporting on the test work program are considered by the author 
of this metallurgical section to be reputable and adequately experienced for the assignment undertaken.   
 
The primary revenue driver for the San Jorge project is copper with minor gold, silver and molybdenum as 
potential concentrate credits.  Molybdenum is typically less than 40 ppm within the main mineralised zone 
and is unlikely to justify inclusion of a molybdenite separation circuit. 
 
Results of the preliminary metallurgical investigation are summarised in the following sub-sections. 
 
16.1.1 Samples Properties 

Head assay ranges of the composite samples subjected to comminution and flotation testing are 
summarised in Table 16.1.1. 
 

Table 16.1.1  
Metallurgical Sample Grades 

Composite Cu % Fe % Mo % S % Au g/t Ag g/t 
Oxide 0.53 – 0.71 1.97 – 3.21 0.001 0.02 – 0.03 0.10 -0.21 2 
Enriched  0.52 – 1.29 1.17 – 3.78 0 - 0.001 0.41 – 0.74 0.18 – 0.76 3 - 4 
Primary 0.45 – 0.95 3.30 – 4.00 0.001 – 0.003 1.40 – 2.17 0.17 – 0.32 4 - 9 
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The composites were each made up from a limited number of mineralised intervals and are considered 
adequate for preliminary metallurgical assessment.  
 
QEMSCANTM technology has been applied to investigate modal distributions within four San Jorge 
composite samples.  Each sample returned similar mineralogical weightings.  Major minerals are quartz, 
mica/chlorite clays and K feldspar, with minor minerals plagioclase, pyrite, calcite, titanium-iron oxides, and 
other sulphides.  Chalcopyrite is the dominant copper-bearing mineral, ranging from 0.92 to 1.90 w/w% 
within fresh rock.  Other sulphides include traces of arsenopyrite, sphalerite, bornite, chalcocite and 
covellite.  
 
16.1.2 Comminution Testwork and Results 

Available comminution testwork data for core samples selected from the Primary mineralisation at San 
Jorge are summarised in Table 16.1.2. 
 

Table 16.1.2  
Comminution Testwork Results 

 No of Tests Range Average 
Bond BWi  at 150 μm closing screen (kWh/t) 8 12.8 – 14.5 13.7 

Bond IWi  (kWh/t) 2 9.7 – 11.1 10.4 

SMC DWi  1 11.1 11.1 

SG  3 2.57 – 2.73 2.67 

Bond Ai 7 0.2055 – 0.5999 0.3600 
 
Preliminary testwork indicates that the Primary ores are of moderate hardness for ball mill grinding and that 
there is no significant variance between sedimentary and igneous rock types.  The single SMC Drop 
Weight test returned a result consistent with material of extremely high competency.  Such a rock type is 
likely to be unfavourable for SAG milling of primary crushed material at the circuit capacity proposed.  
Further SMC variability analysis is recommended to confirm whether this test result is anomalous or 
descriptive of significant portions of the resource. 
 
Two bond impact work index tests indicate that the ore will require moderate to low crushing input energy 
and is, therefore, suitable for processing by a conventional staged crushing circuit.   
 
Preliminary Bond abrasion testing suggests that the San Jorge ores are of moderate although variable 
abrasion potential.  Two anomalous Ai results of 0.5999 and 0.5429 were returned for an altered granite 
and sedimentary rock sample respectively.  Further investigation as to the significance of these results is 
recommended, as the outcome could materially affect process plant operating cost projections. 
  
Preliminary grind float liberation investigations show that copper and gold rougher recovery from the San 
Jorge Primary and Enriched ores is relatively grind insensitive between P80 120 and 160 μm.  Further 
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variability testwork and economic assessment will be required to define an optimal design point, although 
the current understanding suggests that the P80 160 μm chosen for the preliminary assessment is unlikely 
to change significantly.  
 
The available comminution parameters indicate that either a three stage crush/ball mill circuit or a two 
stage crush/HPGR/ball mill circuit will be optimal for the San Jorge plant.  For preliminary assessment 
purposes, a three stage conventional crush with overflow ball mill grinding to P80 160 μm is proposed. 
 
16.1.3 Flotation Testwork and Results 

Industry standard bench scale laboratory testwork was carried out on the enriched and primary composites. 
Both open- and locked-cycle testwork were undertaken, based on a standard flotation circuit flowsheet 
including roughing, concentrate regrinding and two or three stages of cleaning.  Salient findings from the 
flotation tests are as follows: 

� Oxide ore: the oxide samples responded poorly to flotation using sulphide collector reagents.  
Rougher copper recovery varied between 19% and 24%, with concentrate grades in the order of 0.7% 
to 1.2%.  Gold recovery varied between 50% and 58%, with concentrate grades in the order of 0.3 g/t 
to 0.9 g/t.  Mineralogical investigation of the oxide material is recommended to define the copper 
mineral species.  Oxide-specific flotation collectors or activators may be worthy of testing; alternatively, 
leach lixiviants other than sulphuric acid, such as ammonium sulphate, could be considered.   

� Enriched ore: the enriched samples returned relatively high flotation recoveries and grades of copper 
and gold. The calculated copper recovery varied between 76% and 89%, with grades in the final 
concentrate in the order of 27% to 36%.  For gold, the recovery varied between 50% and 81%, with 
grades in the final concentrate in the order of 5 g/t to 11 g/t.  Rougher recoveries are considered 
reasonable for this type of ore.   

� Primary ore: the primary samples returned high recoveries and grades of copper and gold.  The 
calculated final copper recovery varied between 82% and 94%, with grades in the final concentrate in 
the order of 17% to 34%.  For gold the recovery varies between 55% and 92%, with grades in the final 
concentrate in the order of 3 g/t to 6 g/t.  These recovery ranges are considered comparable to typical 
primary copper ores.  Further regrind and cleaning testwork optimisation will be necessary to define 
relevant design criteria and support concentrate mass flow and quality predictions for the project. 

� The kinetics of rougher flotation for the primary samples is considered high and comparable to other 
known fast floating copper porphyry ores. 

� Arsenic has been identified as a potential concentrate contaminant which may attract revenue 
penalties.  Upgrade ratios of 16 to 25 for the enriched ores and 7 to 19 for the primary samples were 
measured from lock cycle flotation testwork.  The enriched samples tested had higher arsenic grades 
of 0.04% and 0.1% compared to the fresh rock samples which averaged 0.03%. This suggests arsenic 
contamination in concentrate is likely to be more significant in the early years of proposed production 
and that controlled blending practices or processes to reduce arsenic levels in the concentrate may be 
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justified.  Arsenopyrite has been identified in preliminary mineralogical investigation of the primary 
material.  Other potential concentrate impurities include aluminium which ranged from 1.8% to 2.8% in 
the concentrate, and fluorine and chloride which have not been reported.  

 
16.1.4 Metallurgical Summary 

In summary, the Primary sulphide material tested floated readily at typical liberation sizes, using standard 
sulphide flotation reagents, and achieves high copper recoveries.  There is strong evidence that it will be 
possible to produce saleable concentrates of copper with potential credits of gold, silver and molybdenum.  
This first pass metallurgical investigation indicates recoveries for the Primary ore of 90% copper and 74% 
gold.  Some risk of concentrate contamination penalties from arsenic and aluminium is indicated and will 
require more detailed investigation. 
 
It is intended that the Oxide ore will be stockpiled for possible future processing.  Oxide ore does not 
concentrate effectively using typical sulphide flotation reagents and would need to be processed by oxide 
specific reagents or an alternative process route such as leaching.   
 
Enriched ore does concentrate by flotation, although with lower copper recovery than the primary ore.  
Additional testwork will be necessary to optimise a processing route for this ore and better understand the 
geometallurgical boundaries. 
 
16.2 PROCESS DESIGN 

16.2.1 Development of Preliminary Flow Sheets  

A general process flow sheet has been developed within a framework of a conventional 
milling/concentration operation consisting of a three stage crush/ball mill circuit (Figure 16.2.1).  The 
individual components of the process are identified within this section of the report.  
 
16.2.2 Plant Site Selection  

The crusher and concentrator locations were defined following a site inspection.  A general facility layout is 
shown in Figure 16.2.2 and Figure 16.2.3.  A primary crushing facility will be installed to the northeast, 
close to the mine, so as to minimise ore transport.  From here ore will be sent by conveyor to the three 
stage crush/ball mill circuit located 700 m distant.  The concentrate Filter Plant will be located close to the 
concentrator. 
 
A preferred tailings storage facility area (TSF) has been identified to the north-east of the plant site. 
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16.2.3 Process Description  

The process proposed for San Jorge considers the following specific operations within its battery limits: 

� Ore Delivery and Rom Pad 

ROM ore is delivered by 170 t mine haul trucks, and dumped directly into the crusher dump pocket.  
Sufficient area will allow haul trucks to stockpile on the ROM pad while the crusher is shut down for 
maintenance, process blockages or to cater for future stockpiling requirements. 

� Three Stage Crushing and Conveying 

Ore is primarily dumped by trucks or can be fed by Front End Loader (FEL) from either side of the 
dump pocket into a Gyratory crusher.  A design rate of 2283 t/h is nominated.  The crusher dump 
pocket is sized to accept two volumetric truck loads.  A static rock breaker is situated at the feed bin to 
break/clear blockages.  Dust suppression water is sprayed within the dump hopper in coordination with 
the tipping of each truck load.  

The primary crusher discharges into a vault where the feed is reclaimed by an apron feeder, which, in 
turn, loads onto the secondary crusher scalping screen feed conveyor.  A self-cleaning magnet is 
suspended above the scalping screen feed conveyor for the removal of tramp metal.  

The scalping screen oversize material feeds into a secondary crusher and subsequently is combined 
with scalping screen undersize and conveyed to two tertiary sizing screens. The tertiary screen 
oversize returns to feed two tertiary crushers and is combined with tertiary screen undersize and 
conveyed to a Stockpile for mill feed. 

� Fine Ore Stockpile 

Variable speed apron feeders reclaim ore from beneath the stockpile and discharge onto the Ball mill 
feed conveyor.  The required air, water and fire suppression services will be run in the tunnel. 

� Grinding and Classification 

The mill feed conveyor transfers ore from the stockpile into the mill.  The feed rate is 1220 t/hr. The 
ball mill is a 7.8 m diameter by 12 m EGL, driven by dual pinion drive fixed speed motors of 7500 kW. 

Ball mill slurry discharges through a trommel into a hopper, is combined with process water, and 
pumped to a bank of cyclones for classification at a constant feed density.  The cyclone overflow 
stream reports to a flotation circuit feed tank, and the cyclone underflow stream gravity feeds back to 
the ball mill feed chute where it combines with fresh ore from the ball mill feed conveyer.  The ball mill 
trommel oversize falls into a bunker located beneath the trommel for removal by FEL. 

� Flotation and Regrind 

The grinding circuit cyclone overflow stream gravitates to a storage/conditioning tank which then feeds 
a single train of ten by 160 m3 rougher cells.  Concentrate from the rougher cells, cleaner scavenger 
and regrind mill combine in a hopper and is pumped to a bank of cyclones for reclassification.  The 
cyclone overflow stream flows to five by 50m3/hr cleaner cells, and the underflow reports back to the 
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re-grind mill for regrinding.  Cleaner cell tail feeds into the cleaner scavenger cell.  The rougher and 
cleaner scavenger tailings streams are pumped to a tails thickener for dewatering.  The cleaner cells 
concentrate feed a re-cleaner column flotation cell(s) for further upgrading, with the concentrate 
reporting to the concentrate thickening and storage facility and the tail returning to the cleaner cells.  

The flotation cells are an air-induced cell, using a duty standby centrifugal blower arrangement. 

� Concentrate Handling 

Concentrate from the re-cleaner flotation cell(s) is pumped over a vibrating screen to remove plastic 
and other extraneous material prior to thickening.  The vibrating screen underflow gravity flows to the 
concentrate thickener for dewatering.  The overflow water from the thickener reports to the process 
water pond.  The thickened slurry is pumped to the concentrate storage holding tank(s).  Slurry is then 
pumped into a plate and frame filter, where it is further dewatered and discharged onto a stockpile 
beneath the filter for removal by FEL.  Filter filtrate returns to the process water pond. 

� Tailings Thickening and Disposal 

The flotation cleaner scavenger and rougher tails slurry streams are combined, and pumped 
approximately 1 km to the tails thickener for dewatering.  The overflow water is pumped back to the 
process water pond for use in the processing plant.  The thickened slurry (nominally 67% solids) is 
then pumped to the tailings dam.  

� Reagents 

The collectors are delivered in one tonne bulka boxes, and are stored and mixed in the reagent mixing 
and storage area before being used in the flotation circuit.  Frother and promotor are supplied in 
1000 L containers and pumped to the flotation plant using metered pumps.  A lime slaking circuit will 
be used for producing a milk of lime product for use in the processing plant.  Flocculant is delivered in 
one tonne bulka bags, mixed using a dedicated floc mixing plant, and then stored in a tank(s) for use in 
the thickeners. 

� Water Systems 

Water is pumped from the process water pond and distributed back into the process plant area.  Water 
from the bore fields, dams and creeks will provide potable and raw water for personal consumption, 
fire fighting, gland seal water, cooling and dust suppression. 

 
16.2.4 Preliminary Equipment List  

The equipment was calculated for the maximum capacity of 27 000 t/day.  The major equipment is 
presented in Table 16.2.1. 
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Table 16.2.1  

Preliminary Equipment List 
 

Unit Item Equipment or Description No of Units Unitari Installed
Power (kW)

Gyratory 'Crusher 54 'x 75' 1 250
Apron Feeder 1.5 m wide by 8.5 m long 1 110
CV1 secondary scalping screen feed conveyor  1200 mm wide by 220 m long 1 150
Secondary scalping screen 14' x 24 SD 1 60
Secondary Crusher MP800 Std 1 600
CV2 Tertiary screen feed conveyor  1500 mm wide by 194 m long 1 250
Tertiary Screens 14' x 27' MS DD 2 65
Tertiary Crushers MP1000 SH 2 750
CV3 Tertiary crusher feed conveyor  1200 mm wide by 170 m long 1 150
CV4 Tertiary screen 1 undersize  1200 mm wide by 25 m long 1 55
CV5 Tertiary screen 2 undersize  1200 mm wide by 25 m long 1 55
CV6 FOB feed conveyor  1200 mm wide by 155 m long 1 150
FOB (1)-feeders(2) FOB-14h or 17,100 t live-2x55Kw 1 110

CV7 Ball Mill feed conveyor  1200 mm wide by 100 m long 1 150
Lime Silo 250 m3 1
Ball Mill 26’ ID, 40’ EGL,2PD 1 15.000
Cyc Feed Pump 550MCH 1 duty 1 stby 1.200
Hydrocyclones 26" (660 mm) 15 duty 5 stby

Rougher Float Cells OK 200TC-200 m3 8 200
Regring Mill Vertimill(R) - VTM1500WB 2 1120
Cleaner Cells OK U Cell-50 m3 5 75
Cleaner Scav Cells OK U Cell-75 m3 6 75
Re-Cleaner Column Column-2m diam x 12 m height 2

Tails Thickener (Deep Cone) 43x8,3 Deep Cone 1 150
Tails Pumps 12/10G-AH 1 duty 1 stby 550

Concentrate Thickener 16m High Rate-16 m diam 1 150
Concentrate Filter 130 m2 Plate and Frame-120 m2 1 150
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17. MINERAL RESOURCE AND MINERAL RESERVE ESTIMATES 

17.1 INTRODUCTION 

The main stages of the resource study are: 

� Analysis of exploration data and definition of the estimation of population 

� Generation and validation of composites 

� Validation of three-dimensional solids to the defined population 

� Statistic analyses of the composites of the different variables in each of the populations 

� Variography and anisotropy analyses.  Definition of preferential directions, calculation and adjustment 
of variograms per population and elements to be estimated 

� Detection and treatment of outliers 

� Definition of the Block Model 

� Definition of the estimation strategy and planes of Kriging by element and population 

� Estimation of grades for each element of the population 

� Categorization of resources 

� Validation of  Model through: 
� Comparative statistics between composites and estimated blocks 
� Analyses of smoothing of grades 
� Moving window analyses of composites and blocks estimated in specific directions 
� Visual validation of the block model 

� Final report of the geological resources by category 
 
GSLIB has been used for geostatistical analysis, while generation of the block model and interpolation of 
grades was completed using GEMCOM software.  The final model and database are available in Gemcom 
and ASCII format.   
 
17.2 AVAILABLE INFORMATION 

The basic information for this study has been provided by Coro and corresponds to a drilling database, with 
the following major information, details of which are presented in the subsequent sub-section: 

� Identification of 182 drill holes with UTM coordinates of collars, total length, interval, dip and azimuth 

� Samples with: intervals from and to, analyses of total copper (CuT %), sequential copper (CuS, Conc.  
and Cu Residual), gold and the type of mineralization (Oxide, Enriched or Primary) 
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� 16 sections East-West, each 50m apart, with the interpretation of mineralized zones (Oxide, Enriched 
and Primary) 

� Results of 133 specific gravity measurements. 

 
17.2.1  Drilling Database 

Table 17.2.1 and Table 17.2.2 present the information contained in the database. 
 

Table 17.2.1 
Database General Information  

Number of drill holes 182  
Metres 30 063  
Total samples 14 348  
   
 # Samples Meters 
Samples with CuT>0: 14 218 29 129 
Samples with CuS>0:   3 806   7 455 
Samples with CuCn>0:   3 806   7 455 
Samples with Au>0: 12 602 19 584 

 
17.2.2 Geological Interpretation 

Coro provided the geological interpretation of the zones according to the type of mineralization, through a 
set of 16 sections E-W, spaced 50 m apart, which cover the entire deposit.   The three zones of interest are 
Oxide, Enriched and Primary. 
 
Using the supplied sections, solids were generated for each zone of interest.   In conjunction with the Coro 
geologists, the preliminary solids have been smoothed with intermediate sections each 12.5 m apart, to 
improve consistency in 3D for each zone and to avoid overlap.   Three solids were generated through 
extrusions of 12.5m to each side.  The group of solids was checked for validity stability and inconsistency. 
 
Table 17.2.2 presents the codes utilized by Coro for the interpretation of the models. 

Table 17.2.2  
Mineral Zone Codes 

Code Description 

10 Oxide 

20 Enrichment 

30 Primary 

 
Figure 17.2.1 to Figure 17.2.3  display sections through the mineralisation solids.  
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Figure 17.2.1  
Interpretation Section 6 432 875N 

 
Figure 17.2.2  

Interpretation Section 6 432 825N 
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Figure 17.2.3  

Interpretation Section 6 432 775N 

 
17.3 SAMPLE STATISTICS 

Sample from the database were recoded according to the intersection between the drill holes and the 
mineralisation solids.   
 
Table 17.3.1 to Table 17.3.3 show the basic statistics per population, according to the original database 
codes and the new recoded solids. 
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Table 17.3.1  

Sample Statistic for CuT 
Domains Gravels Leached Oxide Enriched Primary

No.Samples 93 1435 3619 3127 5944
Minimun (%) 0.001 0.001 0.01 0.001 0.01
Maximun (%) 0.23 0.97 9.03 15.6 3.65
Average (%) 0.096 0.121 0.564 0.694 0.384

Standard Deviation (%) 0.055 0.098 0.592 0.961 0.296
Coefficient of Variation 0.573 0.808 1.050 1.384 0.772

No.Samples 151 1139 3708 2642 5775
Minimun (%) 0.001 0.001 0.001 0.001 0.02
Maximun (%) 1.71 1.86 9.03 15.6 3.76
Average (%) 0.161 0.117 0.557 0.716 0.421

Standard Deviation (%) 0.207 0.130 0.588 1.024 0.319
Coefficient of Variation 1.281 1.110 1.055 1.430 0.758

Original Raw Data (CuT)

Solid Coded Data (CuT)

 
 
 

Table 17.3.2  
Sample Statistic, CuS and CuCn 

CuS CuCN CuS CuCN
No.Samples 1346 1346 756 756
Minimun (%) 0.017 0.001 0.003 0.001
Maximun (%) 6.34 1.495 0.991 4.082
Average (%) 0.448 0.041 0.116 0.368

Standard Deviation (%) 0.473 0.108 0.125 0.525
Coefficient of Variation 1.055 2.659 1.081 1.429

No.Samples 1370 1370 716 716
Minimun (%) 0.003 0.00 0.003 0.00
Maximun (%) 6.34 2.10 4.02 4.08
Average (%) 0.427 0.04 0.140 0.38

Standard Deviation (%) 0.450 0.12 0.257 0.52
Coefficient of Variation 1.056 3.13 1.840 1.37

Original Raw Data

Solid Coded Data

Oxide Enriched
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Table 17.3.3 

Sample Statistic, Au 
Domains Gravels Leached Oxide Enriched Primary

No.Samples 80 1405 3212 2939 4966
Minimun (%) 0.01 0.01 0.01 0.01 0.01
Maximun (%) 0.52 3.96 7.66 6.5 4.24
Average (%) 0.091 0.161 0.230 0.204 0.195

Standard Deviation (%) 0.084 0.279 0.344 0.277 0.249
Coefficient of Variation 0.931 1.732 1.495 1.359 1.276

No.Samples 135 1075 3364 2520 4994
Minimun (%) 0.01 0.01 0.01 0.01 0.01
Maximun (%) 1.91 6.86 7.66 6.50 5.48
Average (%) 0.14 0.17 0.23 0.21 0.20

Standard Deviation (%) 0.22 0.35 0.32 0.28 0.26
Coefficient of Variation 1.61 2.00 1.39 1.34 1.29

Solid Coded Data (Au)

Original Raw Data (Au)

 
 
No significant differences between both types of codification in any of the elements under analyses were 
observed.  Only in the case of CuS and CuCn was some transfer of high sample values observed between 
the population of oxide and enrichment, probably because of the effects of the border, during the 
construction of the solids. 
 
17.4 COMPOSITE STATISTICS 

Composites of 5 m were generated for each drill hole, recognising the mineralisation type boundaries.  
Table 17.4.1 to Table 17.4.4 contain the basic statistics of composites per population. 
 

Table 17.4.1  
Composites Statistic, CuT 

Domain
No.of 

Composites Minimum (%) Maximun (%)
Average   

(%)
Standard 

Deviation (%)
Coefficient of 

Variation
Gravels 103 0.001 0.967 0.125 0.144 1.154
Leached 393 0.018 0.620 0.112 0.077 0.687

Oxide 1321 0.020 4.326 0.537 0.452 0.842
Enriched 858 0.037 11.320 0.730 0.881 1.206
Primary 2141 0.034 2.786 0.387 0.266 0.687

Total 4816 0.001 11.320 0.461 0.506 1.096

TOTAL COPPER (CuT)
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Table 17.4.2  

Composites Statistic, CuS 

Domain
No.of 

Composites Minimum (%) Maximun (%)
Average   

(%)
Standard 

Deviation (%)
Coefficient of 

Variation
Gravels 19 0.001 0.958 0.149 0.220 1.475
Leached 139 0.001 0.208 0.036 0.036 1.000

Oxide 562 0.009 3.097 0.429 0.382 0.889
Enriched 303 0.006 2.236 0.133 0.189 1.425
Primary 570 0.001 0.620 0.027 0.066 2.390

Total 1593 0.001 3.097 0.192 0.305 1.590

SOLUBLE COPPER (CuS)

 
 

Table 17.4.3  
Composites Statistic, CuCn 

Domain
No.of 

Composites Minimum (%) Maximun (%)
Average   

(%)
Standard 

Deviation (%)
Coefficient of 

Variation
Gravels 19 0.001 0.028 0.009 0.007 0.787
Leached 139 0.001 0.102 0.009 0.014 1.568

Oxide 562 0.001 1.182 0.046 0.118 2.537
Enriched 303 0.001 2.633 0.362 0.450 1.244
Primary 570 0.001 0.756 0.028 0.044 1.592

Total 1593 0.001 2.633 0.096 0.247 2.569

CIANURABLE COPPER (CuCN)

 
 
 

Table 17.4.4  
Composites Statistic, Au 

Domain
No.of 

Composites Minimum (%) Maximun (%)
Average   

(%)
Standard 

Deviation (%)
Coefficient of 

Variation
Gravels 96 0.010 0.520 0.075 0.068 0.898
Leached 366 0.010 3.182 0.167 0.248 1.482

Oxide 1073 0.010 3.826 0.226 0.238 1.054
Enriched 754 0.010 1.938 0.220 0.199 0.906
Primary 1746 0.010 2.598 0.196 0.184 0.941

Total 4035 0.010 3.826 0.203 0.209 1.029

GOLD (Au)

 
 
For each composite with sequential analyses of copper, the ratio of soluble copper (CuS/CuT) and 
leachable copper ((CuS+CuCn)/CuT) were calculated.   Such variables were utilized in the estimation.  The 
basic statistics of these variables by mineralisation population are shown in Table 17.4.5 and Table 17.4.6. 
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Table 17.4.5  

Composites Statistic, CuS/CuT 
 

Domain
No.of 

Composites Minimum (%) Maximun (%)
Average   

(%)
Standard 

Deviation (%)
Coefficient of 

Variation
Gravels 19 0.010 0.990 0.548 0.225 0.411
Leached 139 0.000 0.750 0.310 0.192 0.618

Oxide 562 0.143 0.980 0.738 0.202 0.274
Enriched 303 0.033 0.903 0.196 0.129 0.655
Primary 570 0.000 0.969 0.079 0.164 2.093

Total 1593 0.000 0.990 0.359 0.340 0.945

CuS/CuT

 
 

Table 17.4.6  
Composites Statistic, (CuS+CuCn)/CuT 

 

Domain
No.of 

Composites Minimum (%) Maximun (%)
Average   

(%)
Standard 

Deviation (%)
Coefficient of 

Variation
Gravels 19 0.010 1.000 0.626 0.248 0.396
Leached 139 0.000 1.000 0.407 0.215 0.528

Oxide 562 0.261 1.000 0.816 0.146 0.179
Enriched 303 0.107 0.965 0.612 0.201 0.329
Primary 570 0.000 0.984 0.150 0.193 1.280

Total 1593 0.000 1.000 0.501 0.340 0.678

(CuS+CUCn)/CuT

 
 
17.5 CONTACT ANALYSES 

The contact characteristics between the units have been reviewed according to the mean grade of the 
samples in relation to their distance to the contact.  Figure 17.5.1 and Figure 17.5.2 show the behaviour of 
the grades across the contacts between the units. 
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Figure 17.5.1  

Oxide-Enriched Contact (CuT) 
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Figure 17.5.2  

Enriched – Primary Contact (CuT) 
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Even though the Oxide-Enriched contact shows a smooth limit relating to total copper, the analyses using 
soluble and leachable copper shows an abrupt limit between these units.  Therefore, for consistency, hard 
boundaries were utilised between each mineralisation type for all estimations. 
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17.6 VARIOGRAPHY – CALCULATION AND ADJUSTMENT OF VARIOGRAMS  

Variography has been completed for CuT and Au for Oxide, Enriched and Primary zones, using 
correlograms.   These were calculated for distinct directions, according to visual tendencies: no preferential 
directions were detected in the horizontal plane of the population of Oxide and Enriched, whereas in 
Primary mineralisation, slight differences have been detected between N-S and E-W directions.  Down-hole 
correlograms were used to determine the nugget effect.  Table 17.6.1 to Table 17.6.3 show the parameters 
of the correlograms, which have been adjusted according to the defined directions. 
 

Table 17.6.1  
Correlograms  

Eje Azimut Dip Azimut Dip Azimut Dip

X' 0-180 0 0-180 0 0 0

Y' 0-180 0 0-180 0 90 0
Z' 0 -90 0 -90 0 -90

ENRICHED OXIDE PRIMARY

: 
 
 

Table 17.6.2  
Correlograms, Adjusted Models CuT  

X' Y' Z' X Y Z X Y Z X Y Z

Enriched (CuT) 0.1 0.5 5 5 30 0.4 280 280 75 - - - - - - - -

Oxide (CuT) 0.1 0.35 10 10 10 0.55 110 110 135 0.4 Inf Inf 135 - - - -

Primary (CuT) 0.1 0.2 30 20 20 0.1 30 20 Inf 0.4 75 220 130 0.2 75 220 Inf

Sill 3 Sill 4 Range (m)Sill 2Range (m)
1 st Structure

Sill 1

2nd Structure
Range (m)Domain Nugget

4th Structure
Range (m)

3rd Structure

: 
 

Table 17.6.3  
Correlograms, Adjusted Models Au  

X' Y' Z' X Y Z

Enriched (Au) 0.4 0.3 30 30 5 0.3 100 100 60

Oxide (Au) 0.4 0.35 5 5 20 0.25 60 60 220

Primary (Au) 0.4 0.35 45 45 15 0.25 60 60 190

Domain Nugget
1 st Structure 2nd Structure

Sill 1 Range (m) Sill 2 Range (m)

 
All the models are spherical. 
 
The experimental correlograms and the adjusted models of each population are shown in Figure 17.6.1 to 
Figure 17.6.13.   
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Figure 17.6.1  

Correlogram Horizontal – CuT, Oxide 
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Figure 17.6.2  
Correlogram Vertical – CuT, Oxide  
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Figure 17.6.3  

Correlogram Horizontal – CuT, Enriched 
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Figure 17.6.4  
 Correlogram Vertical – CuT, Enriched 

CuT - Correlogram Vert. - Enriched
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Figure 17.6.5  
Correlogram N0E – CuT, Primary  

CuT - Correlogram N0E - Primary 
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Figure 17.6.6  
Correlogram N90E – CuT, Primary  
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Figure 17.6.7  

 Correlogram Vertical – CuT, Primary 

CuT  - Correlogram Vert. Primary 
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Figure 17.6.8  

Correlogram Horizontal – Au, Oxide 

Au - Correlogram Hz - Oxide 
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Figure 17.6.9  

Correlogram Vertical – Au, Oxide 
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Figure 17.6.10  
Correlogram Horizontal – Au, Enriched 

Au - Correlogram Hz - Enriched 
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Figure 17.6.11  

Correlogram Vertical – Au, Enriched 
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Figure 17.6.12  

Correlogram Horizontal – Au, Primary 

Au - Correlogram Hz - Primary
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Figure 17.6.13  

Correlogram Vertical – Au, Primary 

Au  - Correlogram Vert. Primary 
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17.7 DEFINITION AND GENERATION OF THE BLOCK MODEL 

For the final estimation of the grades, it has been decided to utilize a block model of 10x10x5 m, without 
rotation.  Table 17.7.1 shows the model parameters. 
 

Table 17.7.1  
Definition of the Block Model 

Axis Origin No. of Blocks Extension 
(m)

X 2,458,300 120 10
Y 6,432,500 130 10
Z 2,700 140 5

Block Model Origin and Extension

 
17.7.1 Geological Model 

Using the interpretation of the Oxide, Enriched and Primary, the respective models were generated, 
assigning the codes defined per each block of the model, using the intersection of the blocks and the 
respective solids.  According to the blocks and the definition of the populations, a final model has been 
generated with a unique code for each block of the model.  Table 17.7.2 summarises the number of blocks 
in each domain, while Figure 17.7.1 to Figure 17.7.3 display grade cross-sections through the deposit. 
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Table 17.7.2  

Total Coded Blocks  
 
 

Figure 17.7.1  
Grades Au – Blocks and Samples – Section 6 432 775N 

Enriched 20,942
Oxide 33,648

Primary 370,425

Domain Total No. Of 
Blocks
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Figure 17.7.2  

Grades Au – Blocks and Samples – Section 6 432 825N 

Figure 17.7.3  
Grades Au – Blocks and Samples – Section 6 432 875N 
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17.7.2 Density Model 

A mean density has been assigned to each major unit (Table 17.7.3), using a set of 133 measurements of 
densities, divided according to each mineralised zone.  Three outliers were eliminated. 
 

Table 17.7.3  
Density by Mineralisation Type 

No Samples Minimum Maximum Average Std. Dv.
Enriched 22 2.325 2.920 2.600 0.116

Oxide 13 2.398 2.615 2.487 0.078
Primary 46 2.391 2.922 2.612 0.104
Leached 9 2.429 2.582 2.511 0.058

Mix. 9 2.394 2.751 2.526 0.127
Partial Leached 34 2.366 2.941 2.540 0.115

No Samples Minimum Maximum Average Std. Dv.
Enriched 20 2.469 2.743 2.598 0.073

Oxide 13 2.398 2.615 2.487 0.078
Primary 46 2.391 2.922 2.612 0.104
Leached 9 2.429 2.582 2.511 0.058

Mix. 9 2.394 2.751 2.526 0.127
Partial Leached 33 2.366 2.681 2.528 0.092

Original Data

Final Data

 
17.8 KRIGING STRATEGY AND CRITERIA OF CATEGORIZATION 

Grades of CuT and Au were estimated for each mineralisation type in GEMCOM using Ordinary Kriging. 
 
Seven kriging runs were executed, in sequential order.  The general concept was to fill the grade model 
using a series of search ellipses, which expanded from a base of 85% of the variogram sill4. 
 
The kriging plan is shown in Table 17.8.1. 

                                                  
4 The distance, where the correlogram reaches the value equivalent to 85% of the sill, is denominated D85. 
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Table 17.8.1  

Kriging Plan Parameters 
Estimation Plan  1 2 3 4 5 6 7 
Max.Nº Composite per Octant 4 4 4 4 4 4 4 
Minimum Nº of octants with Inf. 4 4 2 4 2 4 1 
Minimum Nº of composite 8 8 4 8 4 8 1 
Maximum Nº of composite 32 32 32 32 32 32 32 

Search Range 85D  2 x 85D  2 x 85D  3 x 85D  3 x 85D  5 x 85D  5 x 85D  

 
Each population of blocks is estimated with samples of the same population.  Capping was not utilized: it 
was assumed that outliers would be smoothed by the large number of composites utilized in the estimation. 
 
The utilized D85 in each population, are presented in Table 17.8.2. 
 

Table 17.8.2  

85D  by Direction and Population 

85D  - X 85D  - Y 85D  - Z 

CuT - Oxide 60 60 80 
CuT - Enriched 125 125 35 
CuT - Primary 45 125 120 
Au - Oxide 15 15 60 
Au - Enriched 35 35 20 
Au - Primary 30 30 55 

 
Grades of CuS and CuCn were not been estimated directly.   The final models of CuS and CuCn were 
estimated from the model of CuT and the estimation of the solubility ratios CuS/CuT and (CuS+CuCn)/CuT. 
  These variables are more stable and present lower variability.   Consequently, this approach avoids a 
common error which is generated when estimation for variables CuT, CuS and CuCn are undertaken with 
differing numbers of samples and Kriging runs, frequently resulting in solubility ratios greater than 1.   The 
advantage of the present method is that all blocks have solubility ratios between 0 and 1. 
 
Models of CuS/CuT and (CuS+CuCn)/CuT were generated by the inverse distance squared method.   Both 
estimations have utilized 4 and 32 composites. 
 
17.9 GRADES ESTIMATION RESULTS  

Table 17.9.1 and Table 17.9.2 summarize the results obtained.  The statistic of samples utilized is 
presented along with the numbers of blocks estimated and mean grade for each Kriging run and each 
mineralisation population.  
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Table 17.9.1  
Estimation Results CuT 

20,942 19,333 92.3% 1,257 6.0% 48 0.2% 304 1.5%
33,648 20,299 60.3% 11,727 34.9% 501 1.5% 1,121 3.3%
370,425 75,882 20.5% 154,662 41.8% 1,233 0.3% 138,648 37.4%

Total No. Of 
Blocks 

Estimated

No.Blocks Estimated in 1 st 
Pass

Number of 
Blocks

% of Total 
Estimated

Number of 
Blocks

% of Total 
Estimated

% of Total 
Estimated

No.Blocks Estimated in    2 
nd Pass

No.Blocks Estimated in 3 rd 
Pass

No.Blocks Estimated in 4 th 
to 7 th Pass

Number of 
Blocks

% of Total 
Estimated

Number of 
Blocks

 

Table 17.9.2  
Estimation Results Au 

20,942 2224 10.6% 12017 57.4% 286 1.4% 6415 30.6%
33,648 595 1.8% 3142 9.3% 758 2.3% 29153 86.6%
370,425 2868 0.8% 34997 9.4% 4444 1.2% 328116 88.6%

Number of 
Blocks

% of Total 
Estimated

% of Total 
Estimated

No.Blocks Estimated in    2 
nd Pass

No.Blocks Estimated in 3 rd 
Pass

No.Blocks Estimated       in 
4-7 th Pass

Number of 
Blocks

% of Total 
Estimated

Number of 
Blocks

Total No. Of 
Blocks 

Estimated

No.Blocks Estimated in 1 st 
Pass

Number of 
Blocks

% of Total 
Estimated
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17.10 CLASSIFICATION OF RESOURCES  

The classification of resources has been undertaken according to the number and location of samples in 
the neighbourhood of each block.   This criterion meets the requirements established at the CIM code. 
 
The first pass generates block estimates with a minimum of two drill intercepts, both within  distances 
shorter than the D85 (distance corresponding to the point where the correlogram reaches 85% of the sill); 
The second pass maintains the restriction of the number of drill intercepts, but enlarges the search range 
by twice the D85; The third pass uses the same search range as pass 2, but reduces the minimum number 
of composites and the number of octants criteria (Table 17.9.1).   These three passes generate the 
Measured and Indicated Resources (“demonstrated resources”).   
 
Only the pass 1 generated Measured Resources.   To separate Measured and Indicated Resources in this 
pass, the Kriging variance was utilized, since this parameter, in some way, indicates the error of estimation 
for each block.  For this separation, a threshold of 0.5 was used.   Finally, all the blocks estimated in the 
passes from 4 to 7, were categorized as inferred. 
 
The scheme for categorization of resources is summarised in Table 17.10.1. 
 

Table 17.10.1  
Kriging Passes and Resource Classification 

N° Kriging Search Range Nr of intercepts �2
k < 0.5 �2

k > 0.5 
1 D85 2 Measured Indicated 
2 2 x D85 2 Indicated Indicated 
3 D85/2 1 Indicated Indicated 
4 3 x D85 2 Inferred Inferred 
5 D85 1 Inferred Inferred 
6 5 x D85 2 Inferred Inferred 
7 5 x D85 1 Inferred Inferred 

 
The category codes utilized the model are 1 = Measured, 2 = Indicated and 3 = Inferred. 
 
17.11 RESOURCE MODEL VALIDATION 

The model was validated using three different methods, as follows:  

� Visual validation 

� Statistic validation 

� Moving window analysis. 
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17.11.1 Visual Validation 

Some plan views and vertical sections of the block model were selected and the grades of the blocks and 
the drill holes have been compared.  Also the resource classification was assessed comparing the existing 
information.   Examples are presented in Figure 17.11.1 to Figure 17.11.4. 
 
 

Figure 17.11.1  
Grades Au – Blocks vs Samples – Section 6 432 775N 
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Figure 17.11.2  
Resource Category – Section 6 432 775N 

 
 

Figure 17.11.3  
Grades Au – Blocks vs Samples – Section 6 432 825N 
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Figure 17.11.4  
Resource Category – Section 6 432 825N 

17.11.2 Statistical Validation 

The grades of composites and blocks have been compared statistically (Table 17.11.1 to Table 17.11.4).  
The following tables present a comparison of the basic statistic of composites and blocks per population.  
Also included in the comparative table are the declustered grades, obtained using the nearest neighbours 
method. 
 

Table 17.11.1  
Statistic Comparison, Blocks vs Composites – CuT 

Kriged Blocks 20,942 0.213 3.783 0.639 0.424 0.664
NN Blocks 20,942 0.037 11.320 0.634 0.759 1.197

Composites 858 0.037 11.320 0.730 0.881 1.206
Kriged Blocks 33,648 0.134 2.305 0.473 0.222 0.469

NN Blocks 33,648 0.020 4.326 0.469 0.382 0.814
Composites 1,321 0.020 4.326 0.537 0.452 0.842

Kriged Blocks 370,425 0.060 1.955 0.309 0.119 0.385
NN Blocks 370,425 0.060 1.954 0.309 0.119 0.385

Composites 2,141 0.034 2.786 0.387 0.266 0.687

Oxide

Primary

Domain Data Type No. Samples Average    
(%)

Standard 
Deviation (%)

Coefficient of 
Variation

CuT

Minimun    
(%) Maximun (%)

Enriched
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Table 17.11.2  
Statistic Comparison, Blocks vs Composites – Au 

Kriged Blocks 20,942 0.025 1.243 0.208 0.091 0.438
NN Blocks 20,942 0.010 1.718 0.206 0.186 0.900

Composites 754 0.010 1.938 0.220 0.199 0.906
Kriged Blocks 33,648 0.024 1.453 0.211 0.097 0.460

NN Blocks 33,648 0.010 3.826 0.208 0.200 0.958
Composites 1,073 0.010 3.826 0.226 0.238 1.054

Kriged Blocks 370,425 0.010 1.030 0.144 0.070 0.486
NN Blocks 370,425 0.010 2.598 0.140 0.133 0.954

Composites 1,746 0.010 2.598 0.196 0.184 0.941

Oxide

Enriched

Primary

Data Type No. Samples Minimun    
(%) Maximun (%) Average    

(%)
Standard 

Deviation (%)
Coefficient of 

Variation

Au

Domain

 
 
 

Table 17.11.3  
Statistic Comparison, Blocks vs Composites – CuS/CuT 

Kriged Blocks 20,942 0.058 0.699 0.202 0.061 0.302
NN Blocks 20,942 0.033 0.903 0.196 0.126 0.641

Composites 303 0.033 0.903 0.196 0.129 0.655
Kriged Blocks 33,648 0.164 0.961 0.741 0.119 0.161

NN Blocks 33,648 0.143 0.980 0.729 0.197 0.270
Composites 562 0.143 0.980 0.738 0.202 0.274

Kriged Blocks 370,425 0.000 0.750 0.415 0.046 0.112
NN Blocks 370,425 0.000 0.910 0.048 0.107 2.246

Composites 570 0.000 0.969 0.079 0.164 2.093

CuS/CuT

Domain Data Type No. Samples Minimun    
(%) Maximun (%) Average    

(%)
Standard 

Deviation (%)
Coefficient of 

Variation

Enriched

Oxide

Primary

 
 
 
 

Table 17.11.4  
Statistic Comparison, Blocks vs Composites – (CuS+CuCn)/CuT 

Kriged Blocks 20,942 0.220 0.935 0.595 0.105 0.177
NN Blocks 20,942 0.107 0.965 0.592 0.208 0.351

Composites 303 0.107 0.965 0.612 0.201 0.329
Kriged Blocks 33,648 0.373 0.978 0.818 0.084 0.103

NN Blocks 33,648 0.261 1.000 0.814 0.135 0.166
Composites 562 0.261 1.000 0.816 0.146 0.179

Kriged Blocks 370,425 0.030 0.819 0.107 0.068 0.631
NN Blocks 370,425 0.000 0.949 0.106 0.129 1.210

Composites 570 0.000 0.984 0.150 0.193 1.280

Enriched

Oxide

Primary

CUS+CuCN/CuT

Domain Data Type No. Samples Minimun    
(%) Maximun (%) Average    

(%)
Standard 

Deviation (%)
Coefficient of 

Variation

 
From the models CuT and estimated solubility, the models CuS and CuCn have been constructed.   
Statistical comparisons are shown in Table 17.11.5 and Table 17.11.6. 
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Table 17.11.5  
Statistic Comparison, Blocks vs Composites – CuS 

Kriged Blocks 20,942 0.027 0.782 0.122 0.071 0.582
NN Blocks 20,942 0.013 1.011 0.119 0.104 0.874

Composites 303 0.006 2.236 0.133 0.189 1.425
Kriged Blocks 33,648 0.053 2.113 0.359 0.194 0.540

NN Blocks 33,648 0.040 2.213 0.355 0.214 0.603
Composites 562 0.009 3.097 0.429 0.382 0.889

Kriged Blocks 370,425 0.000 0.367 0.011 0.011 1.000
NN Blocks 370,425 0.000 0.397 0.013 0.026 2.000

Composites 570 0.001 0.620 0.027 0.066 2.390

Standard 
Deviation (%)

Coefficient of 
Variation

Enriched

Oxide

Primary

CuS

Domain Data Type No. Samples Minimun    
(%) Maximun (%) Average    

(%)

 
Table 17.11.6  

Statistic Comparison, Blocks vs Composites – CuCn 

Kriged Blocks 20,942 0.031 2.594 0.278 0.276 0.993
NN Blocks 20,942 0.012 3.072 0.282 0.313 1.110

Composites 303 0.001 2.633 0.362 0.450 1.244
Kriged Blocks 33,648 0.000 0.709 0.036 0.035 0.972

NN Blocks 33,648 0.000 1.027 0.040 0.071 1.766
Composites 562 0.001 1.182 0.046 0.118 2.537

Kriged Blocks 370,425 0.001 0.269 0.018 0.009 0.500
NN Blocks 370,425 0.000 0.411 0.017 0.017 0.982

Composites 570 0.001 0.756 0.028 0.044 1.592

CuCN

Domain Data Type No. Samples Minimun    
(%) Maximun (%) Average    

(%)
Standard 

Deviation (%)
Coefficient of 

Variation

Enriched

Oxide

Primary

 
It is concluded that the estimation generates robust results, from a statistical point of view.   The differences 
between mean grades and declustered mean grades are generally low (±1-2%), in the populations of 
higher grades.   The major differences (higher than 10%) are produced in the populations with lower grade, 
with no economic significance. 
 
17.11.3 Moving Window Analyses 

For the moving window analyses of the block model, the mean and the declustered mean of the samples 
has been studied and compared with the block results (Figure 17.11.5 to Figure 17.11.7). 
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Figure 17.11.5  
Moving Window Analysis  CuT – Oxide 

CuT - E-W Trends - Oxide
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Figure 17.11.6  
Moving Window CuT - Enriched  

CuT - E-W Trends - Enriched
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Figure 17.11.7  
Moving Window CuT – Primary 

CuT - E-W Trends - Primary
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All moving windows graphs have been calculated using the Measured and Indicated Resources.   In 
general, the estimated mean behaves in a satisfactory way, similarly with the declustered mean.   
Excessive smoothing is not observed.   Generally, the declustered grades are lower than the mean 
samples, when the differences between them, are higher.   Moreover, declustered grades are normally 
situated between them and closer to the declustered mean.   From moving window and trends of presented 
grades, it is concluded that the model of estimated grades preserves the characteristics of the original 
samples (mean grade, global variability and trends). 
 
17.12 MINERAL RESOURCES  

The total mineral resources estimated for project at a range of cut-off grades, are presented in Table 
17.12.1. 
 

Table 17.12.1  
San Jorge - Total Resources 

Cut Off
CuT% kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU
0.40 14,595 0.66 79% 7% 0.24 6,911 0.55 76% 8% 0.21 21,506 0.63 78% 7% 0.23 400 0.45 68% 10% 0.14
0.30 19,425 0.59 77% 7% 0.23 12,852 0.46 74% 8% 0.20 32,276 0.53 76% 7% 0.22 1,054 0.39 59% 13% 0.12
0.20 23,061 0.53 76% 7% 0.23 16,785 0.41 73% 8% 0.19 39,845 0.48 75% 8% 0.22 1,475 0.35 62% 12% 0.13

Cut Off
CuT% kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU
0.40 19,149 0.75 19% 41% 0.23 1,174 0.52 18% 35% 0.22 20,323 0.74 19% 41% 0.23 362 0.53 20% 24% 0.06
0.30 24,315 0.67 20% 40% 0.21 1,648 0.47 18% 35% 0.20 25,963 0.65 20% 40% 0.21 395 0.52 19% 25% 0.07
0.20 25,114 0.65 20% 40% 0.21 1,695 0.46 18% 35% 0.20 26,809 0.64 20% 39% 0.21 395 0.52 19% 25% 0.07

Cut Off
CuT% kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU
0.40 24,447 0.56 3% 5% 0.25 44,567 0.49 3% 4% 0.20 69,014 0.52 3% 4% 0.22 17,860 0.46 3% 5% 0.16
0.30 36,043 0.49 4% 5% 0.23 100,157 0.41 3% 5% 0.18 136,200 0.43 4% 5% 0.19 70,311 0.37 3% 6% 0.14
0.20 47,409 0.44 4% 5% 0.22 169,760 0.35 4% 6% 0.17 217,170 0.37 4% 5% 0.18 193,510 0.30 4% 7% 0.13

Solubility

Measured Indicated Inferred
PRIMARY

Measured Indicated InferredMeasured + Indicated

Measured + Indicated

ENRICHED

Solubility Solubility SolubilitySolubility
Measured Indicated InferredMeasured + Indicated

OXIDE

Solubility

Solubility Solubility SolubilitySolubility

Solubility Solubility

 
A potentially economic pit shell with a copper price of US$1.50/lb has been generated using parameters 
shown in Table 17.12.2.   This pit captures virtually all of the Measured and Indicated Resources (Table 
17.12.3). 
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Table 17.12.2  
Parameters for an Potentially Economic Pit  

Angulo de talud 45 grados
Costo Mina referencial 1.1 US$/Ton
Precio Cu 1.5 US$/Lb
Costo Proceso Oxido 3.96 US$/ton
Costo Proceso Enriquecido 4.275 US$/ton
Costo Proceso Primario 4.275 US$/ton
Recuperacion Oxido 80 %
Recuperacion Enriquecido 87 %
Recuperacion Primario 93 %
Selling cost Oxido 0.181 US$/Lb
Selling cost Enriquecido 0.099 US$/Lb
Selling cost Primario 0.105 US$/Lb

 
Table 17.12.3  

Total In-pit Resources ($1.50/lb Cu) 

Cut Off
CuT% kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU
0.40 14,573 0.66 79% 7% 0.24 6,709 0.55 75% 8% 0.21 21,282 0.63 78% 7% 0.23 167 0.46 56% 15% 0.19
0.30 19,395 0.59 77% 7% 0.23 12,538 0.46 74% 8% 0.20 31,933 0.54 76% 7% 0.22 445 0.39 57% 14% 0.16
0.20 23,030 0.53 76% 7% 0.23 16,400 0.41 72% 8% 0.20 39,430 0.48 74% 8% 0.22 782 0.33 63% 11% 0.16

Cut Off
CuT% kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU
0.40 19,149 0.75 19% 41% 0.23 1,065 0.50 18% 36% 0.24 20,214 0.74 19% 41% 0.23 38 0.47 19% 26% 0.13
0.30 24,315 0.67 20% 40% 0.21 1,539 0.46 18% 36% 0.21 25,854 0.65 20% 40% 0.21 70 0.42 18% 33% 0.18
0.20 25,114 0.65 20% 40% 0.21 1,586 0.45 18% 35% 0.20 26,700 0.64 20% 39% 0.21 70 0.42 18% 33% 0.18

Cut Off
CuT% kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU
0.40 24,433 0.56 3% 5% 0.25 41,297 0.50 3% 4% 0.21 65,730 0.52 3% 4% 0.22 3,501 0.47 3% 5% 0.19
0.30 35,808 0.49 4% 5% 0.24 90,013 0.41 3% 5% 0.19 125,821 0.44 4% 5% 0.20 10,720 0.38 3% 5% 0.16
0.20 46,486 0.44 4% 5% 0.22 145,332 0.35 4% 5% 0.17 191,817 0.38 4% 5% 0.18 20,500 0.32 5% 6% 0.16

Solubility Solubility Solubility Solubility

Solubility Solubility Solubility Solubility

Solubility Solubility Solubility Solubility

OXIDE
Measured Indicated InferredMeasured + Indicated

ENRICHED
Measured Indicated InferredMeasured + Indicated

PRIMARY
Measured Indicated InferredMeasured + Indicated

 
17.13 MINERAL RESERVES  

The San Jorge copper concentrator project is at an early stage of investigation, particularly with regards to 
metallurgy, plant design and costing.   Consequently, no Mineral Reserves exist as defined by the CIM. 
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18. OTHER RELEVANT DATA AND INFORMATION 

18.1 MINING STUDIES 

18.1.1 Objectives 

This section contains the Mining Study report by NCL relating to the flotation option being considered in this 
PAR. 
 
The project is located in the province of Mendoza in Argentina, 50 km north from the town of Uspallata and 
110 km northwest of the city of Mendoza.   The San Jorge deposit is a copper±gold porphyry system that 
shows a vertical zonation from hypogene mineralization at depth, passing upwards into a supergene 
enriched zone, which is overlain by a zone of oxide mineralization and finally by a poorly developed 
leached cap.   The porphyry system covers an area of 1.1 km north-northeast by 700 m north-northwest 
and outcrops at surface.   The topography comprises a small hill about 200 to 300 m above the elevation of 
the surrounding area (2200 to 2300 m.a.s.l.). 
 
The objectives of this study are to define an optimized long term mine plan for the exploitation of the 
sulphide ore (secondary enrichment and primary ores), for treatment in a flotation plant.  Treatment 
options have been previously defined for 6 Mtpa and 10 Mtpa of plant feed, although the latter is now 
the preferred option. 
 
The study includes estimates of the mine capital and operating costs within an accuracy level defined 
as +/- 30%, within a 90% confidence range. 
 
18.1.2 Description of Main Activities 

The following activities were carried out as part of this mine study:

� Basic Data collection and modelling: the following data was collected, modelled within the design and 
planning software (Gemcom, Whittle 4X, PlanInt), and checked for consistency prior to the start of the 
in-pit resource definition stage. 
� Surface topography  
� Resources block model of February 2008 with rock types, density, CuT, CuS and CuCN grades, 

etc, estimated by NCL 
� Metallurgical parameters, provided by Coro 
� Slope angles for the design of the pit.  Preliminary input parameters were provided by Coro, and 

preliminary evaluation of the final pit carried out by E- Mining Technology 

� In-Pit Resource Analysis:  this activity included the analysis of all the potential mineable resources in 
the deposit covering the following items: 
� Total mineable resources inventory for open pit mining (tonnage - grade curves), calculated using 

Whittle 4X optimizing program 
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� Final pit selection  
� Definition of the open pit mining sequence, through the selection of mining phases based on the 

Whittle 4X series of mining envelopes 
� Mineable resource analysis for open pit mining 

� Long Term Mine Plan: this activity considered the elaboration of long term mine plans, within the limits 
of the previous analysis, to be used as a base for cash flow evaluation.  At this level, the study 
included: 
� Operational final pit design, including ramp layout  
� Operational mining phase design, with the same level of detail as the final pit 
� Definition of cut-off grade 
� Long term mine production schedules reported with the detail of tonnages and grades of all the 

different materials produced per annual periods 
� Analysis of haulage profiles, defining the best route per phase, bench and type of material, and 

calculation of transport cycles 
� Mine unit operation analysis (drilling, blasting, loading, hauling and ancillary equipment) and 

equipment selection for each of these, with a view to optimizing the productivity and minimizing 
the cost 

� Equipment fleet estimate, according to detailed calculation of hours required per period and 
performance of the different unit operations 

� Mine manpower estimate 
� Mine operating costs estimate per unit operation 
� Mine capital cost estimate including initial capital and replacement of equipment 

 
18.1.3 Open Pit Resource Analysis 

18.1.3.1 Mine Design Methodology 

A standard methodology for pit limit definition and determination of mining sequence has been followed 
(Figure 18.1.1), and can be summarized as follows: 

� Economic ultimate pit limits were calculated using the Whittle 4X software package.   This software 
applies the Lerchs-Grossmann algorithm for definition of optimal envelopes.   A series of nested 
envelopes for a given series of copper prices (or revenue factors) is produced 

� Practical design of the ultimate pit was carried out using Gemcom 

� The economic extraction sequence was established using the Whittle 4X series of optimum envelopes 
as guidance 

� Practical design of mining phases was performed with the same tools used for the final pit design 
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� Mine production scheduling was carried out with the use of a NCL customised scheduling program. 
This program controls all operational restrictions and reports all the details of the plan.   End-of-year 
plans were then produced with the same package 

� Equipment fleet was estimated from the mine production schedules, performance and operational 
indices of the main equipment, and using factors related to the main equipment for the auxiliary units.  
 A spreadsheet model was created for estimation of operating hours and number of units required.   
Hauling distances were obtained from the mine plan.   This model was also used to calculate 
equipment procurement schedules, manpower, capital expenses and operating costs. 

 
Industry standards were applied, according to the size of the operation and the equipment selected, to 
ensure a safe and productive operation for personnel, equipment and installations. 
 
Equipment and manpower productivity were estimated according to NCL experience and industry 
standards for the size of the equipment and mine production rate. 
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Figure 18.1.1  

Mine Planning Flowsheet
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18.1.4 Input Data

This section deals with the definition of the technical and economic input parameters for the estimation of 
the final optimum limits for the San Jorge pit.   
 
18.1.4.1 Resource Block Mode 

The resource model used in the Mine Study is the Resource Model estimated by NCL in February 2008.  
This model was developed in Gemcom format, and contained the information shown in Table 18.1.1. 
 

Table 18.1.1  
Block Model Information 

Block Model Comments 

Estimated grades CuT , CuS and CuCN  

Domains Gravels, Leached, Oxide, Enriched, Primary 

Resource category Measured, Indicated and Inferred resources 

 
18.1.4.2 Model Dimensions 

The main characteristics of the block model are shown in Table 18.1.2. 
 

Table 18.1.2  
Model Dimensions 

 
18.1.4.3 Topography 

Mine topography was provided by Coro and used for the NCL block model. 
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18.1.4.4 Density 

The in situ density values shown in Table 18.1.3 were used for the different domains. 
 

Table 18.1.3  
In Situ Density 

Rock Type Density 
Enriched 2.60 

Oxide 2.49 
Primary 2.61 
Leached 2.51 
Gravel 2.10 

 
18.1.4.5 Total Available Resources 

The total geological resources above 0.2%, 0.3% and 0.4% CuT cut off grades are shown in Table 18.1.4. 
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Table 18.1.4  
Geological Resources 

4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU

7% 0.24 6,911 0.55 76% 8% 0.21 21,506 0.63 78% 7% 0.23 400 0.45 68% 10% 0.14
7% 0.23 12,852 0.46 74% 8% 0.20 32,276 0.53 76% 7% 0.22 1,054 0.39 59% 13% 0.12
7% 0.23 16,785 0.41 73% 8% 0.19 39,845 0.48 75% 8% 0.22 1,475 0.35 62% 12% 0.13

4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU

41% 0.23 1,174 0.52 18% 35% 0.22 20,323 0.74 19% 41% 0.23 362 0.53 20% 24% 0.06
40% 0.21 1,648 0.47 18% 35% 0.20 25,963 0.65 20% 40% 0.21 395 0.52 19% 25% 0.07
40% 0.21 1,695 0.46 18% 35% 0.20 26,809 0.64 20% 39% 0.21 395 0.52 19% 25% 0.07

4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU kTon CUT H2SO4 CN AU

5% 0.25 44,567 0.49 3% 4% 0.20 69,014 0.52 3% 4% 0.22 17,860 0.46 3% 5% 0.16
5% 0.23 100,157 0.41 3% 5% 0.18 136,200 0.43 4% 5% 0.19 70,311 0.37 3% 6% 0.14
5% 0.22 169,760 0.35 4% 6% 0.17 217,170 0.37 4% 5% 0.18 193,510 0.30 4% 7% 0.13

Solubility

red Indicated Inferred
PRIMARY

red Indicated InferredMeasured + Indicated

Measured + Indicated

ENRICHED

ubility Solubility SolubilitySolubility
red Indicated InferredMeasured + Indicated

OXIDE

Solubility

ubility Solubility SolubilitySolubility

ubility Solubility
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18.1.5 Pit Optimization Parameters 
 
Optimum ultimate pit limits were calculated using the Whittle 4X packages.  The optimization considered 
the optimization parameters defined by Coro, as presented in Table 18.1.5.  
 

Table 18.1.5  
Pit Optimization Parameters 

 
For this stage of analysis a constant mining cost of $1.10/t was applied to ore and waste.   This set of 
parameters was used only for the Whittle optimization analysis; final costs for project evaluation were 
produced from a more detailed mining cost model and from updated metallurgical parameters and costs. 



San Jorge Cooper Concentrator Project 
Preliminary Assessment Technical Report 

 

 
  
 
 

Page 172 

 
18.1.6 In-Pit Resource Analysis 

Selection of the final pit limits was carried out with the above described resource block model and 
technical/economic parameters.   This analysis includes the definition of the following main parameters: 

� Total in pit resources inventory 

� Mine life (years) as a result of the inventory of in pit resources 

� Volume of waste produced over the life of the mine. 
 
18.1.7 Final Pit and Sequence Selection 
 
Using the pit optimization parameters shown in Table 18.1.5, a Whittle 4X run was carried out, which 
produced the series of pit envelopes summarized in Table 18.1.6. 
 
 

Table 18.1.6  
Summary of Whittle Analysis 

 
 

The incremental analysis of this series shows that after pit 7 ($1.30/lb), the incremental grades fall below 
0.3% and the incremental stripping ratio increases.   It is envisaged that the increments above $1.30/lb will 
add little value to the project once the operational constrains are included.   For this reason, the pit 7 
envelope was chosen as the ultimate optimum pit to be used for the final operational pit design. 
 
Gold grades were not reported as this stage; they were used for the scheduling exercise as average value 
per category of ore (Measured, Indicated, Inferred). 
 
Figure 18.1.2 shows the Whittle envelope selected for the final pit design. 
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Figure 18.1.2  

Final Optimum Pit Shell 

 

 
A pit was then designed with all the operational features, eliminating non-operational contours and adding 
the corresponding access ramps.   Inter-ramp angles of 50º were used, except for the superficial gravel 
unit, where slopes were adjusted to 45º, as per recommendations from E–Mining Technology, specialist 
geotechnical consultants. 
 
The geotechnical review recommended steeper angles for the deeper parts of the pit, with inter-ramp 
angles of 54º below 150 m depth.  This is an improvement that can be incorporated in subsequent studies. 
 
Ramps have been designed at 30 m width and 10% gradient, which is adequate for the use of trucks up to 
170 tonnes.   
 
Two pit exits are shown, to match the general layout of installations defined by Coro (Figure 18.1.3); one 
exit for the ore to the north of the pit, close to the position of the primary crusher and one exit to the south 
for the waste.    
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Enough capacity has been defined in the waste dumps to store all the waste material produced during the 
life of the mine.  Three waste dumps have been defined for San Jorge, denoted waste dump, low grade ore 
dump and oxide mineral dump (Figure 18.1.9).  The material destined for dumps will be made up of 145.3 
Mt of waste, 106.4 Mt of low grade ore and 40.5 Mt of potential oxide ore.   
 

Figure 18.1.3  
Final Operational Pit Design 

 
Five pit phases were designed with smoothed contours, following the sequence indicated by the Whittle 
series (Figure 18.1.4 to Figure 18.1.7), and incorporated with ramps giving access to the primary crusher 
and to the waste dumps.   Figure 18.1.9 shows the general site layout. 
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Figure 18.1.4  

Phase 1 Pit Design 

 

Figure 18.1.5  
Stage 3 Pit Design 
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Figure 18.1.6  

Phase 3 Pit Design 

 

Figure 18.1.7  
Phase 4 Pit Design 
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Figure 18.1.8  

Stage 5 (Final) Pit Design 

 

The tonnage – grade data of the phases and final pit are shown in Table 18.1.7 to Table 18.1.12.  These 
refer only to the “ore”, i.e.  Enriched plus Primary material.   It should be remembered that the final pit also 
contains 40.5 Mt of Oxide material at an average grade of 0.48% CuT and 0.36% CuS (at 0% CuT cut-off 
grade).   Total waste in the pit is 145 Mt. 
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Table 18.1.7  

Phase 1 In-pit Resource 

 

Table 18.1.8  
Phase 2 In-pit Resource 
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Table 18.1.9  

Phase 3 In-pit Resource 

 
Table 18.1.10  

Phase 4 In-pit Resource 
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Table 18.1.11  

Phase 5 In-pit Resource 

Table 18.1.12  
Tonnage-Grade Curve – Final Pit 
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Figure 18.1.9  
Waste Dumps and Infrastructure Location
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18.1.8 Mine Production Schedule 

18.1.8.1 Scheduling Criteria 

The basic criteria used for the development of the mine production schedule are: 

� A nominal plant capacity of 10 Mt/a 

� All categories of resources included 

� Gold grades included using the average value per ore type and category. 
 
18.1.8.2 Cut-off Grade  

A marginal cut-off grade of 0.17% CuT was calculated for a copper price of $1.50/lb, according to the 
economic parameters in Table 18.1.13. 
 

Table 18.1.13  
Marginal Cut-Off Grade 

 
 
 
An elevated cut-off grade was applied to improve the feed grade in the initial periods while maintaining a 
reasonably constant total movement of material. 
 
The cut-off grade profile used is shown in Table 18.1.14. 
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Table 18.1.14 

Cut-Off Grade Profile 
Period (year) Cut-off grade (CuT%) 

1 to 5 0.40 
6 to 17 0.30 

 
18.1.8.3 Mine Extraction Schedule 

The mine production schedule was developed using a NCL program structured to control the scheduling 
constraints and reporting of the results.   The input for the scheduling program consists of the tonnage 
grade curve of each bench in the five mining phases.   The schedule has been developed for each year. 
 
A summary of the mine extraction schedule is shown in Table 18.1.15. 
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Table 18.1.15 
Mine Extraction  and Plant Feed Schedule – 10 Mt/a Case 

C u C us Au C u C us Au C u C us Au C u C us Au
[% ] [% ] [g /t] [kt] [% ] [% ] [g /t] [kt] [% ] [% ] [g /t] [kt] [% ] [% ] [g /t] [kt] C uT C uS [kt] [kt] [kt] [kt]
.436 0.031 0.211 1�579 0.477 0.080 0.210 7�199 0.469 0.386 2�508 �747 12�956 24�997
.538 0.025 0.221 1�494 0.537 0.025 0.221 6�928 0.538 0.108 0.210 8�506 0.527 0.103 0.210 6�537 0.564 0.457 1�611 1�979 11�527 31�654

4�871 0.632 0.020 0.218 5�135 1.025 0.183 0.210 3�830 0.755 0.567 �347 2�876 13�023 30�083
8�753 0.534 0.016 0.208 1�253 1�460 0.205 0.209 4�764 0.482 0.373 �291 4�132 10�886 30�079
6�754 0.555 0.021 0.203 3�247 0.577 0.128 0.209 7�820 0.443 0.316 �918 �965 10�410 30�114
8�081 0.487 0.021 0.202 1�920 0.575 0.123 0.209 �871 0.508 0.352 �20 2�437 16�782 30�110
9�764 0.432 0.015 0.204 �237 1.248 0.209 0.208 �965 0.321 0.245 �1 3�670 15�478 30�114
9�924 0.423 0.013 0.200 �79 0.485 0.089 0.201 2�546 0.32 0.232 �2 5�310 12�254 30�114
9�527 0.411 0.015 0.188 �543 0.429 0.068 0.203 2�691 0.355 0.223 �12 5�540 11�807 30�121
9�864 0.361 0.016 0.182 �136 0.488 0.087 0.163 �134 0.301 0.159 �2 9�969 10�159 30�264
10�004 0.385 0.013 0.183 7�935 7�066 25�004
9�997 0.407 0.011 0.180 �3 0.321 0.097 0.135 �727 0.294 0.224 �1 5�599 8�681 25�008
9�995 0.396 0.013 0.180 �19 0.348 0.064 0.119 2�321 0.356 0.243 �0 9�292 3�377 25�004
10�000 0.405 0.013 0.178 �91 0.351 0.245 14�204 �728 25�024
10�000 0.37 0.014 0.174 14�148 �53 24�200
10�001 0.423 0.012 0.172 5�203 �143 15�346
7�155 0.389 0.01 0.166 6�760 �0 13�915

�1 �0 �0 136�184 0.432 0.015 0.188 8�506 0.527 0.103 0.21 21�077 0.721 0.134 0.209 40�497 0.478 0.363 5�713 100�763 145�329 451�152

P rimary E nric hed
Total

e�for�firs t�year P roc es s ed Ore�for�firs t�year P roc es s ed
Oxide

L ow�G rade
E nriched

L ow�G rade
Primary

Was te
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Additional features of the resulting mine plans are: 

� Pre-stripping of 25 Mt

� Average material movement 30 Mt/a

End-of-year plans showing the progress of the pit and the waste dump are shown in Figure 18.1.10 to 
Figure 18.1.13. 

Figure 18.1.10 
End of Year 1 

 
Figure 18.1.11  
End of Year 5 

10 Mtpa 

10 Mpa 
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Figure 18.1.12  
End of Year 10 

 
 

Figure 18.1.13 
End of Year 15 

 
 

10 Mtpa 

10 Mtpa 
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18.1.9 Mining Operation and Equipment Requirements 

The type and quantity of mining equipment to satisfy the mine production schedule requirements are 
presented in this section. 

 
18.1.9.1 Equipment Selection Criteria 

The following criteria were adopted for mine equipment selection: 

� Medium capacity units, consistent with the size of the operation 

� Proven technology, similar to many other operations of similar type 

� Flexibility in operations, where required 

� High productivity in waste removal as well as high selectivity for ore extraction 
 
The equipment was selected for a standard mining operation with conventional drill, blast, load and haul, 
plus all the regular services of face and road maintenance.   The equipment selection includes two options, 
for different type and size of loading and hauling equipment: 
 
Case 1

� Diesel drills of 7-7/8” diameter for waste and ore 

� 25 yd3 front end loaders for waste and ore 

� 120 t capacity trucks (type Cat 785) 
 
Case 2 

� Diesel drills of 7-7/8” diameter for waste and ore 

� 29 yd3 hydraulic shovels for waste and ore  

� 170 t capacity trucks (type Cat 789) 

Auxiliary equipment includes 450 hp trackdozer, 450 hp wheeldozer, 275 hp motorgrader and 30 m3 water 
truck.   The same fleet of auxiliary equipment has been applied in both cases. 
 
18.1.9.2 Operating Time Definition 

The following parameters have been adopted for equipment fleet calculation: 

� 365 days of operation per year 

� Two 12 hrs shifts per day 

� Two meal breaks per shift (one of 40 min and the other of 20 min) 
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Figure 18.1.14 shows the definitions used for equipment time allocation and calculation of the main 
operational indices. 
 

Figure 18.1.14  
Operating Time Definition 

 

TOTAL ANNUAL HOURS 

AVAILABLE HOURS 
SCHEDULED/ NON SCHED.  

MAINTENANCE 

OPERATIVE HOURS 
SCHEDULED LOSSES 

RESERVE 

EFFECTIVE HOURS OP.  LOSSES 

The following definitions apply:  
 
1. Maintenance time: applies when the equipment is :  

� In maintenance 
� Waiting for maintenance personnel 
� Waiting for maintenance equipment or spare parts 
� Travel time to workshops 
� Waiting time within the workshops 

 

                       
 Availability (%) = Available Hours/ Total Annual Hours 

            
Use of Availability (%) = Operative Hours/ Available Hours 

            
Operational Losses (%) = Effective Hours/ Operative Hours 
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2. Scheduled losses: time allocated for: 

� Meal breaks 
� Shift change 
� Blasting 
� Refuelling 
� Meetings, etc. 

 
3. Reserve : the equipment is available but has not been allocated to a face. 

4. Operational losses: time allocated for: 

� Working face preparation 
� Training 
� Accidents/incidents 
� Equipment movement 
� Equipment inspection, etc. 

 
The general concept is that operational hours correspond to all the time when the odometer is working. It is 
a management issue to avoid any scheduled loss or reserve to operational losses. 
 
The maintenance concept is to use a MARC contract with a specialized contractor (supplier of equipment 
or similar), as a base case.   In this concept the availability will correspond to the MARC availability (the 
value that is guaranteed by the contractor) less the time used for other maintenance activities not included 
in the MARC (such as change of tyres).   A comparison with owner’s maintenance costs is included in the 
operating costs section. 
 
The above mentioned operational indices have been estimated for all major units of equipment according 
to the experience of similar operations.   
 
18.1.9.3 Drilling Performance  

A general design of the drilling and blasting patterns has been carried out.   Penetration rate was estimated 
at 40 m/hr for both waste and ore.   A drilling pattern of 5.0x6.5 m was adopted as shown in Table 18.1.16. 
Additional drilling of 10% was considered for buffer lines in smooth blasting for final contour of phases. 
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Table 18.1.16  

Drilling Design Parameters 

 
As a result of these calculations an annual production capacity has been estimated as shown in Table 
18.1.17. 
 

Table 18.1.17 
Drill Annual Production Capacity 
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18.1.9.4 Blasting Design Parameters 

The main assumptions for blasting design are: 

� Use of ANFO as primary blasting agent 

� 30% of drill holes with water that will require the use of emulsions. 

The explosives requirements have been calculated according to the blasting design showed in Table 
18.1.18. 
 

Table 18.1.18 
Blasting Design Parameters 

 
 
18.1.9.5 Loading Equipment Performance  

Front End Loader 
Front end loader performance has been calculated upon the basis of the operational indices and detailed 
estimate of the times involved in the loading activity.  Table 18.1.19  shows the performance calculation. 
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Table 18.1.19  

Front End Loader Performance 

 
 
Hydraulic Shovel 
Hydraulic shovel performance has been calculated in a similar way with the results shown in Table 18.1.20. 
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Table 18.1.20 

Hydraulic Shovel Performance 

 
 
 
18.1.9.6 Haulage Distance Calculation 

 
The haulage distances were measured in the yearly snapshots of the pit and waste dumps, for every type 
of material mined and every phase (Table 18.1.21).  The distances are divided between ramp upwards and 
downwards (at 10% gradient) and horizontal transport. 
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Table 18.1.21  
Haluage Distances – 10 Mt/a Case 
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18.1.9.7 Truck Speeds 

Truck speeds were determined upon the basis of typical values obtained from suppliers’ information and 
similar operations.   The values used are shown in Table 18.1.22 and Table 18.1.23 or two different truck 
sizes. 
 

Table 18.1.22 
Average Speeds –120 ton truck  

 Flat Ramp

 0% + 10% - 10% 

 Km/hr Km/hr Km/hr 

LOADED 45 14 30 

EMPTY 45 35 30 

 

Table 18.1.23  
Average Speeds –170 ton truck 

 Flat Ramp

 0% + 10% - 10% 

 Km/hr Km/hr Km/hr 

LOADED 45 12 25 

EMPTY 45 35 30 
 
18.1.9.8 Fixed Times in Truck Cycle 

The truck cycles include other fixed times for loading, tipping, queuing, etc, estimated at 4 min per cycle for 
the combination front end loader/120 t truck, and 4.4 min per cycle for the hydraulic shovel/170 t truck 
combination. 

18.1.9.9 Main Equipment Requirement 

The number of units required was obtained by dividing the annual capacity of every piece of equipment, by 
the corresponding tonnage.   Summaries of the numbers of units of main equipment required are presented 
in Table 18.1.24 and Table 18.1.25 
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Table 18.1.24  
Main Equipment Required – 10 Mtpa – FEL/120 ton truck 

Table 18.1.25  
Main Equipment Required – 10 Mtpa – Hydraulic Shovel/170 ton truck 

 
 

These tables show advantages in terms of the use of bigger trucks, as they allow for a reduction in the 
number of units, which impacts in a reduction of manpower and associated infrastructure

 
18.1.9.10 Auxiliary Equipment Requirement 

The auxiliary equipment selection has been made taking into account the size and type of the main fleet for 
loading and hauling, the geometry and size of the pits, and the number of roads and waste dumps that will 
operate at the same time.   This fleet is composed of track dozers (450 hp), wheel dozer (450 hp), grader 
(275 hp) and water trucks (30 m3).   The number of units in this case has been determined as a function of 
the number of units in the main loading and hauling fleet and the total rock movement in the pit.   The units 
required are listed in Table 18.1.26 
 

Table 18.1.26 
Number of Auxiliary Equipment 

 10 Mtpa 
 FEL Shovel 
BULLDOZER 4 3 
WHEELDOZER 2 2 
GRADER 2 2 
WATER TRUCK 2 2 

The following items have been included in the list of support equipment for maintenance (to be operated by 
the maintenance contractor): 

� 1 Fuel truck 
� 1 Lube truck 
� 1 Tyre handler 
� 4 Light Units 
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It has been assumed that other service elements such as cranes will be provided by the maintenance 
contractor.   The MARC contract has been assumed including components and spare parts for major and 
minor repairs, oil and grease for lubrication.   It does not include tyres repair, wearing elements and fuel. 
 

18.1.9.11 Equipment Acquisition Program 

Table 18.1.27 and Table 18.1.28 summarize the schedules of acquisitions adopted for the two truck fleets, 
considering new equipment to absorb increases in production.  Given the short life of the project, there is 
no replacement of units during the life of the mine.  Instead, the life of the trucks has been extended to 
avoid replacements with short life, increasing the maintenance cost in 20% from year 11 ahead. 
 

Table 18.1.27  
Schedule of Mine Equipment Acquisition – 10 Mtpa – FEL and 120 ton Truck 
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Table 18.1.28 
Schedule of Mine Equipment Acquisition – 10 Mtpa – Hydraulic Shovel and 170 ton Truck 

A fuel station is also required.  This is assumed to be provided by the fuel supplier and has not been 
included in the capital cost estimate. 
 
Fuel consumption has been estimated at a maximum of 17 600 L/day, mainly in trucks and front end 
loaders, that will report to the fuel station for supply.   Equipment with less mobility (drills and bulldozers), 
will be re-fuelled using a service truck.   A fuel tank for 15 days of operation (250 m3) is proposed. 
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18.1.10 Mine Capital Cost 

 
18.1.10.1 Equipment price 

Prices for all major pieces of equipment have been obtained from similar recent projects these prices are 
shown in Table 18.1.29 and they represent the total cost of the equipment on site and ready to operate.   
 

Table 18.1.29 
Unit Price of Equipment 

EQUIPMENT $'000 
  
DRILLING RIG - D45K  800 
HYFRAULIC SHOVEL 5 365 
FRONT END LOADER 3 350 
TRUCK 120 Ton 1 800 
TRUCK 170 Ton 2 200 
BULLDOZER D10 1 000 
WHEELDOZER 834G  780 
GRADER CAT 16M  700 
WATER TRUCK 2 400 
  
FUEL/LUBE TRUCK  200 
TIRE HANDLER  300 
LIGHTS  20 

18.1.10.2 Equipment Capital Cost  

According to the schedule of acquisitions and the above mentioned equipment prices, the capital 
expenditure for mine equipment results are summarised for the two equipment fleets in Table 18.1.30 and 
Table 18.1.31 
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Table 18.1.30 
Equipment Capital Cost – 10 Mtpa – FEL and 120 ton Truck 

 
Table 18.1.31 

Equipment Capital Cost – 10 Mtpa – Hydraulic Shovel and 170 ton Truck 

 
Further to the equipment acquisition, the mine capital cost considers the following items. 

� Mine offices (excluded - considered as part of the total project requirement and included in the 
administration area) 

� Maintenance shop: the truck shop is equipped with compressed air system, lubrication system, bridge 
crane of 25 t of capacity, water supply and sewage, system to treat effluents and solid residues, 
storage of lubricants, storage of tyres, warehouse for spare parts and components storage, etc. 

� Explosives magazine and supply (excluded - provided by explosives contractor).  Criteria for location 
of the explosives magazine are described below 
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� Fuel Storage and supply (excluded - provided by fuel supplier) 

� Water supply

� Road between the truck shop and the mine
 
The capital expenditure for these items, has been estimated (Table 18.1.32). 
 

Table 18.1.32 
Other Mine Investment 

OTHER MINE INVESTMENT $'000 
ACCESS ROADS  400 
MAINTENANCE SHOP 4 000 
TYRES STOCK  180 
SOFTWARE / HARDWARE  60 
TOTAL 4 640 

 
18.1.10.3 Explosives Magazine 

An estimate of the total explosives requirements is shown in Table 18.1.33. 

Table 18.1.33  
Explosives Consumption 

 10 Mtpa 
Explosives consumption (gr/t)  208 
Total rock moved (Kt/year) 30 000 
Explosives (kg/year) 6240 000 
Explosives (kg/month) 520 000 
Explosives (kg/week) 130 000 

According to the Argentinean law (Decree 302/83), for the amount of explosives that will be stored for one 
month of operation, the minimum distances from the explosives deposit are: 

� Houses or inhabited places  690 m  

� Roads    420 m  - 210 m with safety barricades 

� Other installations   180 m  - 366 m with safety barricades 

A summary of the capital expenditure for the different cases analysed is shown in Table 18.1.34 
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Table 18.1.34 
Summary of Mine Capital Expenditure 

 
Initial Capital 

Cost 
Total Capital 

Cost 
CASE $’000 $’000 
10 Mtpa - FEL / 120t Truck 42 530 89 620 
10 Mtpa - Hyd Sh / 170t Truck 41 610 71 050 

 
 

18.1.11 Mine Operating Cost 

18.1.11.1 General 

Mine operating costs have been calculated annually for all the mine life periods.  The basis used in 
developing these costs were the required equipment operating hours, the unit rates applied to the different 
types of equipment, personnel requirements, and unit costs for materials, services and labour.   
 
The mine area direct costs include all mine operations to feed ore to the primary crusher and the removal 
and haul of waste to the disposal site.  All costs associated with operation and maintenance of the mine is 
included.  Blasting operations and maintenance of main equipment have been considered for contractors. 

 
18.1.11.2 Cost Basis and Consumption 

Fuel
Fuel costs correspond to prices at the mine site, and have been estimated at $0.50/L.   Consumption for 
each item of equipment is based upon information from vendors and similar cases as shown in Table 
18.1.35.  Trucks fuel consumption represents an average given the characteristics of the hauling profiles.  

Table 18.1.35 
Fuel Consumption 

EQUIPMENT LT/HR 

DRILL RIG 65 

HYDRAULIC SHOVEL 230 

FEL 165 

TRUCKS 120 t 100 

TRUCKS 170 t 140 

TRACK DOZER 70 

WHEELDOZER 40 

MOTORGRADER 35 

WATER TRUCK 75 
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Operations Supplies & Consumables 
Operations supplies and consumables include drilling steels (bits, rods, and stabilizers), tyres for trucks and 
auxiliary equipment; wear parts for loading and auxiliary equipment, etc.   These items are described 
separately for each one of the different units of equipment. 
 
Contractors
In the operations area, contractors have been considered for blasting and for maintenance of mine 
equipment. 

 
18.1.11.3 Equipment Hourly Cost 

Table 18.1.36 to Table 18.1.40 contain summaries of the hourly costs of the main mine equipment.   
Lubricants are included in the MARC costs 
 

Table 18.1.36 
Drills Hourly Cost

Table 18.1.37 
Front End Loader Hourly Cost
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Table 18.1.38 
Hydraulic Shovel Hourly Cost

Table 18.1.39 
Trucks 120 ton Hourly Cost

Table 18.1.40  
Trucks 170 ton Hourly Cost

A summary of the hourly cost of the mine auxiliary equipment is presented in Table 18.1.41. 
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Table 18.1.41 
Auxiliary Equipment Hourly Cost 

18.1.11.4 Blasting 

Blasting costs are based upon the blasting parameters presented in the corresponding section.  Explosives 
considered are ANFO and emulsion for wet holes that have been estimated as 30% of the total.   Explosive 
prices are $550/t for ANFO and $650/t for emulsion.   

The blasting cost also includes the fixed cost of the contractor that, according to referential numbers from 
similar size projects is $300k /year. 
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18.1.11.5 Mine G&A 

Mine General and Administrative costs include all the items related with mine personnel (camp, transport, 
etc.), and have been estimated at $0.03/t of material moved. 

18.1.11.6 Manpower Cost 

Manpower cost has been estimated separately from the corresponding unit operations, according to the 
mine labour estimates that are described in the next section, applying rates with on-costs provided by Coro. 
  Summaries of the labour costs per period of the mine plan are shown in Table 18.1.42 and Table 18.1.43 
for the two fleet options. 
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Table 18.1.42 
Labour Cost - 10 Mtpa – FEL and 120 ton Truck 
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Table 18.1.43 
Labour Cost - 10 Mtpa – Hydraulic Shovel and 170 ton Truck 
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18.1.11.7 Cost per Unit Operation 

The cost per unit operation and period of the plan was calculated using the above described parameters.  
Summary of these estimates are shown in Table 18.1.44 and Table 18.1.45.   Average mining costs vary 
between $1.15/t and $1.29/t, depending on the size of the mine and the equipment fleet utilized.   The 
hydraulic shovel combined with bigger trucks results in a significant cost reduction compared to the front 
end loader and smaller trucks combination, and consequently the former has been adopted for the financial 
analysis. 
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Table 18.1.44 
Cost per unit operation - 10 Mtpa – FEL and 120 ton Truck 

 

Table 18.1.45 
Cost per unit operation - 10 Mtpa – Hydraulic Shovel and 170 ton Truck 
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18.2 GEOTECHNICAL STUDIES 

No geotechnical studies have been undertaken for the open pit, although some preliminary opinions have 
been provided by Vector.  Batter slopes of 70O and 48O were recommended for rock and superficial 
deposits, respectively.  These were determined on the basis of high core recovery and observation of the 
dips of the main faults. 
 
Pit geotechnical drilling and analysis is required as a matter of priority to support more detailed feasibility 
studies. 
 
Site geotechnical investigations for a proposed leach-extraction-electrowinning plant to treat Oxide ores 
commenced in June 2007.  This option has been shelved due to the Mendoza Province ban on use of 
sulphuric acid, and the survey was put on hold at the end of July 2007.  The preliminary results of the site 
survey are generally applicable for the purpose of the PAR, but detailed surveys are required to support a 
DFS. 
 
Key findings of work completed are: 

� This is a high seismic area.  The maximum potential earthquake is Ms 7.6 with a frequency of 400-500 
years. 

� Flash flooding in the area is possible, and deviation of surface water must be considered. 

� From SPT tests, the foundation soils are classified as very dense. 

� Adequate borrow material for civil works and concrete exists in the El Tigre stream basin, within 8 km 
of the plant site. 

 
18.3 HYDROLOGY AND HYDROGEOLOGY 

18.3.1 Regional Hydrology 

Table 18.3.1 and Figure 18.3.1 show the Yalguaraz and Uspallata basins and the hydrological 
characterization of the area influenced by the project. 
 
El Tigre de Yalguaraz Stream Basin 
This is the most important water flow in the project area. The El Tigre de Yalguaraz stream basin starts in 
the high mountain at an elevation of 5000 m.a.s.l and finishes before reaching Route 39 into the Yalguaraz 
Ranch at an elevation of 2000 m.a.s.l, approximately to 4.5 km to the north-east of the project. 
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Table 18.3.1  

Morphological Parameters of the Basins Studied 
BASIN AREA

km²

MAIN RIVERBED 
LENGTH 

km

MAXIMUM 
ELEVATION 

m.a.s.l.

MINIMUM 
ELEVATION 

m.a.s.l.
Del Tigre 
 100.00 23.50 5075 2550 

Quebrada 
Seca 32.00 9.50 3600 2550 

Quebrada Seca Stream Basin 
Quebrada Seca is a semi-permanent surface stream, which is dry for most of the year.  This stream starts 
in the mountains at an elevation of 3000 m.a.s.l and finishes in El Barreal, a local low point where water 
accumulates during short, heavy rainfall, at an elevation of 2000 m.a.s.l, approximately 8 km to the south-
east of the project site. 
 

Figure 18.3.1  
Yalguaraz and Northern Section of Uspallata Basins 
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The EIA will include a general water balance for these two hydrologic systems, considering recharge, 
storage and discharge. 
 
18.3.1.1 Hydro-geological Description  

The low-flow temporary streams (or arroyos) disappear under the alluvial deposits that extend from the 
mountain fronts into the lower sector of the sub-basin.  These watercourses are part of the underground 
water recharge that makes up the Yalguaráz Aquifer.  
 
This depression, filled with quaternary sediments, has an area of approximately 150 km2.  To the north and 
south, it is separated from other underground basins existing in the Uspallata-Calingasta Valley by 
basement structural highs.  
 
In order to determine its structure and relation to other nearby basins, ten Vertical Electrical Soundings 
(VES) were conducted (Figure 18.3.2 and Table 18.3.2) 
 

Table 18.3.2  
VES locations 

Sounding COORD. Y COORD. X 
SEV 1 2464054 6422661 
SEV 2 2464557 6426836 
SEV 3 2465123 6430374 
SEV 4 2467706 6436907 
SEV 5 2458075 6434367 
SEV 6 2457474 6436319 
SEV 7 2466358 6433967 
SEV 8 2463138 6431115 
SEV 9 2461581 6432030 
SEV 10 2460072 6432282 
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Figure 18.3.2 
VES cross sections
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18.3.1.2 Results 

Based on the results obtained at each of the VESs and their integration in continuous profiles in order to 
determine the underground dynamics, four locations were identified to place future wells for monitoring 
purposes and water table control. 
 

Table 18.3.3  
Location of the monitoring wells 

IDENTIFICATIÓN COORD. Y COORD. X DEPTH (m) 
SJ_PM_1 2457352 6436271 70 
SJ_PM_2 2463620 6430974 150 
SJ_PM_3 2464853 6437457 150 
SJ_PM_4 2460266 6429756 250 

 
18.3.1.3 Conclusions and recommendations 

The four programmed exploration wells were completed, and the following conclusions and 
recommendations were prepared:  

� Well SJ_PM_3 was the only one that went through the complete alluvial layer, reaching the hydro-
geological basement at 142 m.  

� At Well SJ_PM_2, the water level is almost at the last part of the tubing, with seasonal variations, but 
there is no correspondence between this level and that of well SJ_PM_3. 

� Integrating these results with the interpretation of SEV7 and SEV4, and considering the rock outcrops 
corresponding to Cerro del Tigre and smaller units, it could be inferred that in this sector there may be 
a basement block higher than the surroundings.  

� This higher block would divide the underground waters in this area, and there would be no 
communication between both sub-basins.  

� Arroyo del Tigre would contribute width-wise in all its cones - both the present and the old ones - 
therefore, it would recharge the underground waters whose flow moves towards Yalguaraz and the 
ones with tendency towards the depocenter, located towards the south.  

� Although the superficial area of Uspallata Valley is located along only one tectonic depression -
approximately 40 km long - the behaviour of the underground basin is different from this model, and 
there exist very important local subdivisions.  

� To determine a possible basin closure in the southern aquifer, a further programme is recommended, 
comprising a morphological-structural analysis of the Uspallata Valley Northern area, the investigation 
of the subsoil by means of Vertical Electrical Soundings in the possible closure areas, and the 
verification of the indirect studies by means of exploratory wells, located based on the geophysical 
exploration results.  
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� From the new exploration wells, a piezometric level outline should be prepared for the area of 
influence, which could be affected by the Project activities.  

� If a borefield is required to supply water for the project, it should be placed in the area surrounding 
exploratory well No. 1, since groundwater is shallowest in that area.  

� The borefield test well should be planned to be at least at 150 m deep, and electrical profiling should 
be carried out to define the most convenient tubing design. 

 
18.3.2 Mine Hydrogeology 

No details have been developed to-date regarding groundwater in the open pit area.  Water is presumed to 
be present at depth, based on the assumption that significant quantities of emulsion explosives will be 
required, but there is no reference to or costing of pit dewatering. 
 
Pit hydrogeology needs to be assessed as a matter of some priority to support definitive studies. 
 
18.4 TAILINGS TREATMENT 

SRK Consulting undertook, firstly, a trade-off analysis for 95 Mt of concentrator tailings at a rate of 17 000 
t/d, and then an expansion of the capacity to 150 Mt at a rate 27 000 t/d for an estimated life of mine of 15 
years. 
 
The alternatives considered for the trade-off study were conventional tailings disposal by raising the wall 
with cycloned sand, and thickened tailings disposal retained by a downstream earth embankment. 
    
A site visit was conducted, and various alternative sites were considered for an initial screening for the 
location of the facility.   The preferred option was located in a level area immediately downstream of the 
future plant. 
 
Conventional tailings includes a starter wall to contain early tailings production; its height is calculated to 
assure that the sand produced by cycloning is enough to build progressively the downstream wall to a final 
elevation with sufficient freeboard at all times to prevent overtopping.   A 40 m high starter wall is required 
with a volume of 10 Mm3 of borrow material.   The tailings slurry is 38% solids by weight and is conducted 
from the process cells to a distribution tank.   The slurry then is pumped directly to cyclones arranged along 
the crest of the embankment, which will separate the stream into overflow and underflow.   The former is 
discharged into the tailings deposit while the latter is disposed directly downstream of the wall.   It is 
assumed that the beach slope at the tailings pond will be in the order of 0,5% and that the cyclone wall will 
be raised with a slope of 1:3 V:H.   At least 5 m of freeboard is kept from the tailings to the spillway.   The 
supernatant water is pumped back to the plant by means of a vertical pump fixed to a barge.   The water 
collected from the drains would be pumped from the collection pond back to the plant or to the tailings 
pond. 
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Thickening the tailings offers several advantages over conventional disposal, depending on specific site 
conditions.   These tailings are densified by means of high rate thickeners that dewater the tailings to high 
solids content and allow quick recovery of the process water from the tailings.   Based on similar copper 
projects, it has been assumed that the tailings at San Jorge could be thickened to 67% solids, achieving a 
beach slope of at least 4%.   The thickened tailings are pumped from the thickener underflow to a 300 m 
long manifold.   Seven spigots arranged along the manifold discharge the tailings directly into the basin.   
As the tailings beach starts building up, pipes are added to the spigot ends, and an upstream slope of 8% 
is generated using bulldozer to support the discharge pipes into the deposit.   Thickened tailings can form 
beach slopes that are stable in time, however a confining wall is necessary to prevent the tailings flowing 
out of the designated area and to prevent runoff in contact with the tailings from being released to the 
environment.   The height of this wall was estimated in 20 m including a freeboard of at least 5 m.   
 
Surface water in both cases is managed by a diversion channel that runs upstream of the tailings area and 
releases the clean water into a natural water course. 
 
Both alternatives are considered equally viable, however the flat topography of the site does not favour 
conventional disposal with cyclone walls because of the high volume of compacted borrow material 
necessary to build the starter wall.   Thickened tailings, on the other hand, reduce the risk of infiltration into 
the ground because of the dewatering process. 
 
The trade-off analysis included a cost estimate based on major cost items and standard rates from SRK 
experience with other projects.   
 
It was concluded that thickened tailings appears to be the best alternative considering the characteristics of 
the project and site conditions that makes it more cost-effective than conventional disposal for this 
particular operation. 
 
The second study which was presented as an addenda to the previous one, considered the development of 
the tailings disposal in two phases.  The first one considered the deposit of 95 Mt as shown previously; and 
the second, which expands the deposit to reach 150 Mt.  This study also considered 67% solid weight 
tailings and a 4% beach slope. 
 
At the end of the first stage, the tailings discharge points will be changed by pumping from the thickener to 
a horizontal pipe located 300 m to the south of the existing one.   Deposition will be performed in the same 
way as the first stage, where initial elevation will increase from 2575 masl to 2590 masl, reaching a 
maximum elevation of peak deposit cone of 2595 masl.   To carry out this stage, the starter wall will be 
expanded up to 8 m height in the central part and 250 m long to the south. 
 
The second report contains the design criteria, volumetric calculations, a cost estimate based on major cost 
items and standard rates from SRK experience, and a preliminary water balance based on the Vector 
hydrological report of April 2007.  Figure 18.4.1 shows the preferred layout of the tailings dam. 
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Figure 18.4.1  
Layout of Preferred Tailings Dam option 
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18.5 INFRASTRUCTURE 

All ancillary facilities required for the mine and plant are considered within this section of the study, 
including access requirements, a water supply source, and energy supply (including high tension electricity 
transmission lines). Buildings and other facilities such as workshops, truck shops, storage, communications 
and data, etc. have also been taken into account. 
 
18.5.1 Access 

18.5.1.1 Main road 

The main road of 7.5 km. connects the mining installations with provincial route 39.  The route is mostly 
straight with curves between 50 and 300 m radius and a range of slopes from 0 to 6 %.  The road will be 6 
m wide, with railings and drain ditches on each side.  The road is made up of a stable layer of gravel.   
 
The roads at the open pit mine and to the waste dumps are also considered within the classification of main 
roads due to the load and traffic that they will be exposed to. These roads are 30 m wide with railings and 
drain ditches.  

 
18.5.1.2 Secondary roads 

These roads connect the various installations within the mine and the processing plant. There are about 14 
km of new and improved existing secondary roads designed for light vehicles.  In some cases they are 6 m 
wide or less and connect the river water intake area, tailings dump and infrastructure areas with the main 
roads. These roads have an inclination less than 8% and have railings and drain ditches as required. 
 
18.5.2 Port Options 

The project produces copper concentrates that will be sold to international smelting companies probably 
located in Chile, Canada or Japan. The copper concentrate will be transported in trucks from the 
processing plant to smelter companies or ports in Chile depending on the destination of the concentrate, 
availability of Chilean smelting plants, and storage, freight and transport costs of the concentrate.  No new 
infrastructure or major modification requirements are forecast for the storage, loading and freight of the 
copper concentrates. 
 
18.5.3 Power Supply 

A 132 kV electrical connection from the city of Mendoza will supply the San Jorge project.  The total length 
of the power line is approximately 120 km.  Power supply will require an extension of the existing 
transformer station at Boulogne Sur Mer, the construction of a new 132 kV transfer station at Uspallata, 
and the construction of a transformer station located in the vicinity of the San Jorge deposit.   
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For the distribution of medium voltage within the project, a system of 33 kV of simple bar made up of seven 
inner-type compact cells and air lines of distribution in 33 kV in simple circuit installed in pre-strained 
concrete slab structures is considered.  
 
Figure 18.5.1 shows a diagram with the current electrical system in the project area. 
 

Figure 18.5.1 
Proposed Power supply to Site 
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18.5.4 Water Supply 

Water is collected from an intake structure in the El Tigre de Yalguaraz River and transported to the raw 
water pond by a pipeline approximately 7 km long that will run underground and /or on the surface 
depending on surface conditions.  
 
The raw water pond will have a volume of water set aside for the fire fighting system, and another to cover 
requirements for drinking water, preparation of reagents, ball mill refrigeration, pump sealing, dust 
suppression, and feeding the process water pond.  
 
The process water pond is designed to cover four hours of plant operation.  It receives water from the raw 
water pond and water recovered from the concentrate and tailings thickeners, from the concentrate filter 
and from the tailings pond.  It will supply process water for the ball mill and flotation plant.  
 
Two options were studied to river water intake:   

 
Option 1: Concrete Water Intake: water intake as a concrete structure with a capture chamber and a 
charger chamber.  The capture chamber is 4 m long, 1.5 m wide and 2 m depth. It includes a spillway to 
feed the charger chamber and steel gate with gear reducer and wheel drive, to permit partial or total water 
return to El Tigre de Yalguaraz River, and remove the material settled in the chamber.  The charger 
chamber is 4 m long, 1.5 m wide and 1.5 m deep.  It includes a pipeline connection to feed water to the 
process plant.  It includes also a spillway for total or partial water return to El Tigre de Yalguaraz River, 
when the pipe is obstructed or when the plant wants to regulate water feed flow.  The system includes steel 
structure, platform, handrails and ladders required for operation and maintenance. 
 
Option 2: Earth Water Dam HDPE Lined: the raw water intake is designed as a small earth dam on the El 
Tigre de Yalguaraz River, 7 km to the north of the process plant.  In the absence of knowledge of available 
dam construction material properties and in recognition of the high seismicity of the Mendoza Province, the 
batter slopes for the earth dam have been taken to be 3:1 H:V.  With a maximum dam wall height of 6 m, 
the dam provides 13 700 m3 storage, with 0.5 m freeboard. The storage allows for sedimentation which, 
depending on stream bed load characteristics, will require periodic removal. 
 
The upstream face of the dam is waterproofed by means of a 1.5 mm HDPE lining protected by felt 
geotextile with a facing of rock riprap. 
 
A simple decant pipe intake will serve as the raw water intake.  With the top of the dam wall at 2700 mRL 
and the water treatment plant roughly 5 km downstream at 2600 mRL, the plant site water supply system 
will be primarily gravity fed. 
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A 9 m wide service corridor allows access to the dam site. The corridor accommodates a 3 m wide track 
with pipeline bench and drainage either side.  Earthworks are minimal cut to fill with maximum grades of 
20%, but only for short distances. 
 
One of theses alternatives will be selected following an option study in the next engineering phase, but the 
concrete water intake structure option was adopted for the PATR capital cost estimate. 
 
Figure 18.5.2 shows the site balance of water over a 24 period. 
 

Figure 18.5.2 
San Jorge Project Water Balance 

 

18.5.5 Communications 

A conventional VHF radio communications system will be installed, with only one site repeater located in 
the primary crushing area to ensure communication between users. 
 
The repeater comprises a 20 ft marine container, duly conditioned for electronic equipment (air 
conditioning, fire extinguishers, switch boards, internal and external wiring).  An antenna tower at least 24 
m high will be built next to the container; it will be self supported with lighting arresters.  A surrounding 
enclosure for adequate protection of the R/E is required.  
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The project takes into account 99 portable radios, 25 of which will be mobile for linking mine equipment and 
light vehicles. The remainder will be utilised by operations and maintenance personnel, supervisors and 
contractor personnel.  
 
An IP type telephone system is included, with duplicate equipment for calls and lines. The system includes 
a device for connecting to the public network, voice mail and direct selection of extension number. The 
telephone switchboard will share installations with the data network which will have power and air 
conditioning back-up support systems. 
 
18.5.6 Truck workshop 

The truck maintenance workshop has capacity for four trucks with an area to be used for washing trucks 
and three areas for maintenance.  The surface of the workshop is 1000 m2.  The installation also 
incorporates an office building of 216 m2 and a draining area of 300 m2 located next to the washing area.  A 
workshop for minor maintenance will be installed in a separate area contained in a 100 m2 building where 
tyres also are stored. 
 
18.5.7 Buildings and facilities 

The building inventory includes an administration office of 186 m2 made up of six modular units, providing 
areas for individual work and common spaces.  Additionally, there is a camp for supervisors, made up of 
two by one-level pavilions with 24 rooms with single beds, with bathroom shared between two bedrooms.  
All bedrooms are fully equipped.  
 
A dining area of 225 m2 is provided for 150 people, made up of six modular units for a self-service area, 
dining, kitchen and bathroom.  This building is fully equipped.  
 
Plant installations also include a change-room of 400 m2 with capacity for 100 people, for maintenance and 
operations personnel.  This building will be delivered with lockers, showers, toilets and hot water tanks.  
 
Finally, an entrance gatehouse of 47 m2 is provided at the entrance to the project site, with an area for 
registering people, administrative office and toilets. 
 
18.6 PERSONNEL 

A labour force has been built up from first principles.  Variations are predicted over time, reflecting changes 
in the mine workforce required.  The underlying assumption is that the mine and plant will operate on a 24 
hour, 7 day week basis, utilising a shift roster of 2 weeks on and a week off. 
 
The proposed labour force totals 256 people including supervisory and technical personnel, plant and 
equipment operators and general labour for the mine, plant and administration (Table 18.6.1). 
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Table 18.6.1 

Personnel Summary 
Area Personnel 
Mining 130 
Plant & Infrastructure   91 
General & Administration   35 
Total 256

 
 
It is Coro’s intention that almost the entire work force will be drawn from Argentina, although a few key 
experienced personnel may need to be recruited form elsewhere in South America.   
 
The participation of the local population will be maximised through recruitment and training programmes. 
 
18.7 PROPOSED PROJECT IMPLEMENTATION 

A project schedule was developed by GRD Minproc showing the execution plan for the San Jorge project. 
 
The main issues related to the schedule are described below: 

� In the long-term, the critical path is defined by the acquisition and assembly of key equipment (Ball 
Mill) which should take approximately 2 years. 

� Based on an engineering and construction approach the mineral production could commence in first 
quarter of 2012. 

 
Figure 18.7.1 shows a summary Gantt chart prepared by GRD Minproc. 
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Figure 18.7.1 
Project Implementation Schedule 

The total project schedule is shown in Table 18.7.1.  
 

Table 18.7.1 
Total Project Schedule 

Phase Start Finish Estimated Duration 
Construction Apr. - 2010 Apr. - 2012 24 months 
Pre-stripping Apr. - 2011 Apr. - 2012 12 months 
Mine Operation May. - 2012 May. - 2028 16 years 
Process Plant Operation May. - 2012 May. - 2028 16 years 
Mine Close-up Jun. - 2028 --- Variable 

 
18.8 MARKETS 

The final product to be produced by the San Jorge Project is copper concentrate, which will be sold to 
international smelting companies probably located in Chile, Canada or Japan.  A more precise projection of 
the market will be prepared during the next feasibility study phase. 
 
18.9 ENVIRONMENTAL CONSIDERATIONS 

This section describes the principal environmental social aspects of the San Jorge project.  It has been 
summarised from reports by Coro’s environmental consultants and reviews the existing baseline 
information for the area.   
 
The demographics and socio-economic aspects are discussed in Section 4, along with information on 
environmental permitting in Argentina. 
 



San Jorge Cooper Concentrator Project 
Preliminary Assessment Technical Report 

 

 
  
 
 

Page 227 

 

18.9.1 Principal Environmental Baseline Findings 

The baseline for the Environmental Impact Assessment (EIA) for the San Jorge Project is based upon 
studies completed by various consultants: 
 
Vector Argentina S.A - 2007 
Vector Argentina S.A (Vector) conducted the baseline studies for Coro.  The Vector report provides a 
detailed description of the site environmental conditions such as climate and meteorology, hydrology, 
hydrogeology, archaeology, flora and fauna, and social background of Uspallata.  Also included is a 
geological and seismic risk assessment. 
 
Water Management Consultants 2007 
Water Management Consultants (WMC) conducted a revision of the Vector baseline studies, focusing on 
hydrology and hydrogeology issues for the San Jorge project. 
 
18.9.1.1 Vegetation and Wildlife 

Vegetation studies were carries out during October, 2006.  A total of 22 sample points were chosen in 
order to represent as complete profile of ecosystems in the area as possible.  Wildlife studies were carried 
out during October, 2006 and May, 2007, at 10 of these sample points. 
 
The results indicate that the area contains one endangered species, a small gray fox (psedalopex griseus), 
however, this does not represent a critical conditions, nor signify a fatal flaw in the Project. 
 
18.9.1.2 Archaeology 

Archaeological sites were found in the project’s area of influence evaluated in a preliminary fashion by 
Vector in January 2007.  These sites will be explored and all archeological legacies will be preserved. 
 
18.9.1.3 Climate and Meteorology 

The San Jorge Project facilities extend over the Yalguaraz ranch in Las Heras Department of Mendoza 
province between 32º 10´ and 32º 15´ S, and 69º 20´ and 69 º 28´ W.  In general it is a typical mountain 
arid climate: dry with irregular rainfall, cold winters and cool summers. The climate parameters are shown 
in Table 18.8.1.  
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Table 18.9.1  

San Jorge Climate Characterisitics 
Uspallata Meteorological Station 

Rainfall in days per year 24.6 
Annual mean temperature 11.6 °C 
Annual mean  maximum temperature  21.4 °C 
Annual mean temperature of the warmest month 18.9 °C 
Annual mean temperature of the coolest month  4.9 °C 
Annual mean minimum temperature  2.6 °C 
Rainfall  147 mm 
Annual mean relative humidity 53 % 
Days per year with hail storm 2.3 
Days per year with cloudy sky 23.8 
Days per year with snowfall 3.1 
Days per year with mist 0.3 
Days per year with frost 128.2 
Days per year with dust storm 0.5 

18.9.1.4 Air Quality  

Measurements of breathable (<10 μ) particulate matter (PM-10) and gas emissions concentrations such as 
carbon monoxide, carbon dioxide, sulphur dioxide, nitrogen dioxide and hydrocarbons were made in the 
various areas where the project facilities will be installed to establish the baseline for air quality.  The 
results for points to the north, south, east and west of the project area, identified respectively as PNORTE, 
PSUR, PESTE and POESTE are shown in Table 18.9.2. 

Table 18.9.2  
Air Quality Measurements  

 Unit  LCM  PNORTE  PSUR  PESTE  POEST
E  

Law 
24.585  

Total 
Hydrocarbons 
(HCT) 

mg/m3 1.0  <1.0  <1.0  <1.0  <1.0 N.E  

Carbon Monoxide 
(CO) 

mg/m3 0.1  <0.1  <0.1  <0.1  <0.1  0.010 
(a) 

Ozone (O3) mg/m3 0.001  0.090  0.077  0.096  0.110 0.120 
(a)  

Sulphur Dioxide 
(SO2) 

mg/m3  0.001  <0.001  0.031  <0.001  <0.001 0.080 
(b)  

Nitrogen Dioxide 
(NO2) 

mg/m3 0.001  0.083  0.90 0.066  0.85 0.100 
(b)  

Particulate Matter 
finer than 10 um 
(PM-10) 

mg/m3 0.001  0.030  0.033  0.028  0.036 0.050 
(b)  

(a) 8 hours period                        (b) 1 year period 
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At all measurement points the concentrations are below the upper limit established by law. 
 

18.9.1.5 Soils 

The soil is highly restrictive to vegetation growth because of its geomorphology and the high temperature 
variation.  The soil geomorphology prevents water retention, nutrient retention and root growth, due to high 
permeability, and hence prevents agricultural development in the area.  
 
For the area of study, the Entisoles soil order has been identified; it is represented by typical Torriorthent 
soils: in these soils, a series of layers with variable particle size distribution belonging to a sequence of C 
horizons can be observed.  Superficially, the texture is loamy, and at depth it is loamy-silty, with moderate 
drainage.  The organic matter content is variable, but always poor.  The soils described are located in 
foothill areas, where the presence of boulders in the profile is typical, with hydraulic erosion that varies from 
moderate to severe. The textures go from sandy to loamy, and the most common one is loamy-sandy.  The 
profiles have an important proportion of coarse framework (mineral fraction larger than 2 mm of diameter), 
varying between 8 and 61 %, with an average of 31 % in volume. The average content of total nitrogen is 
low and the presence of phosphorus in most of the area is medium, with a slightly alkaline pH. 

 
18.9.1.6 Hydrology 

Figure 18.9.1 shows the Yalguaraz and Uspallata basins and the hydrological characterization of the area 
influenced by the project - the El Tigre de Yalguaraz and Quebrada Seca stream basins is summarised in 
Table 18.9.3. 
 
El Tigre de Yalguaraz Stream Basin 
This is the most important water flow in the project area. The El Tigre de Yalguaraz stream basin starts in 
the high mountain at an elevation of 5,000 m.a.s.l and finishes before reaching Route 39 into the Yalguaraz 
Ranch at an elevation of 2,000 m.a.s.l, approximately to 4.5 km to the north-east of the project. 

Table 18.9.3  
Morphological Parameters of the Basins Studied 

BASIN AREA

km²

MAIN RIVERBED 
LENGTH 

km

MAXIMUM 
ELEVATION 

m.a.s.l.

MINIMUM 
ELEVATION 

m.a.s.l.
Del Tigre 
 100.00 23.50 5075 2550 

Quebrada 
Seca 32.00 9.50 3600 2550 

Quebrada Seca Stream Basin 
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Quebrada Seca is a semi-permanent surface stream, which is dry for most of the year.  This stream starts 
in the mountains at an elevation of 3000 m.a.s.l and finishes in El Barreal, a local low point where water 
accumulates during short, heavy rainfall, at an elevation of 2000 m.a.s.l, approximately 8 km to the south-
east of the project site. 
 

Figure 18.9.1  
Yalguaraz and Northern Section of Uspallata Basins 

 

The EIA will include a general water balance for these two hydrologic systems, considering recharge, 
storage and discharge. 
 
18.9.1.7 Water Quality 

Coro has sampled the surface of the El Tigre de Yalguaraz stream and analyzed the water to determine its 
physical and chemical quality, and to study the effects that the operation might have on it. 
 
In general, the quality of the El Tigre de Yalguaraz stream is very good, as it originates from the melting of 
snow accumulated during winter. 
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18.9.2 Summary of Main Environmental and Social Issues for the Project 
The San Jorge concentrator project is not intrinsically a high risk type of project in terms of the technology 
used or the reagents involved, and conventional means will be implemented to minimise the impact on the 
environment and the local inhabitants.  The environmental setting itself is relatively benign: there are no 
permanent inhabitants on the property, and the climate and soil conditions mitigate against agricultural use 
for the land.  The main environmental issues facing the project are the potential impact of mining, 
processing and disposal of wastes generated by the operation on the existing air and water quality, over 
both the life of the operation and following closure.  The seismic risk is recognised and will be managed in 
the design of equipment support, buildings, waste dumps etc.  Items requiring management include: 

� Access to the open pit will be closed on closure, by means of a security berm around the perimeter. 

� Waste rock: it is anticipated that a portion of the waste rock will carry minor sulphides and will have 
potential on exposure to air and water to develop acid drainage over time.  This will be managed by 
isolation of such waste materials beneath a cover of non-acid producing waste rock. 

� Tails dam: sulphide-bearing tails, derived from the cleaner/scavenger flotation circuit will be deposited 
sub-aquaeously and subsequently covered with non-acid producing material.  Drainage from the tails 
dam will be collected in a sump and returned to the dam. 

� Tanks and equipment used in the operation will be washed and the effluent placed in lined ponds for 
evaporation.  Soils under storage tanks, the fuel depot and workshop/washdown areas will be tested 
and contaminated material removed for disposal in a lined area.  

� Raw water and process water ponds will be evaporated and then filled with soil and rehabilitated. 

� Surface water will by-pass the mine, tails dam and waste areas by means of diversion channels and 
berms where necessary. 

� During operations, dust generation will be a potential issue, arising principally from roads (especially 
mine haul roads) and the crushing circuit.  This will be controlled by spraying water regularly on the 
roads, and by water sprays in the crushing circuit. 

� Reagents and fuel arriving on site will be stored in concrete-lined and bunded containment areas. 

� A domestic waste disposal facility will be established on site.  Recycling will be encouraged. 

� At closure, all equipment and buildings will be dismantled and sold or recycled as appropriate.  
Concrete slabs and foundations will be demolished and covered, where necessary by sterile rock. 

� All dangerous materials generated during operations or closure will be separated and disposed of in 
recognised/certified facilities. 

� Slopes will be reduced on waste dumps where necessary, and recontouring of the remainder of the 
site undertaken.  Revegetation will be undertaken using plants suitable for the poor soil and arduous 
climatic conditions. 

� Monitoring arrangements will be agreed with the relevant authorities as part of the operating and 
closure permits. 
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18.9.3 Socio-economic Impacts 

The opinion of Uspallata Valley people over of the impact of the mining operation on the community is 
generally highly favourable, reflecting the expectation that there will be significant opportunities for 
employment and that local infrastructure will be improved. 
 
In reference to the environmental issues, the opinion is less favourable, although some of this arises from 
ignorance or misconceptions about the impact of the project on the environment.  Many people believe the 
project will be both beneficial and harmful simultaneously. At this stage, however, no groups have 
expressed formal opposition to the development of the project. 
 
The community perceives that the factors most affected by the project will be the air and water quality. It is 
recommended that Coro develops a strategy to communicate effectively with the local population the 
proposal for development of San Jorge in terms of scale, potential environmental impact and solutions 
proposed to minimise those impacts. 
 
Due to the shortage of participation of the inhabitants in community organizations, it will be necessary to 
take advantage of those who operate as models in the zone: local neighbourhood groups and the school 
community, where the percentage of young people is significant.  The latter stand to gain most from 
development of the project in terms of training, job opportunities and long-term improvements in local 
facilities. 
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18.10 CAPITAL COST ESTIMATE 

18.10.1 Estimate Basis and Summary Capital Cost 

The total capital cost for the project is estimated at $277.5 M (Table 18.9.1), and includes: 

� Pre-stripping and mine capital cost, prepared by NCL based on the final Mine Production Plan 

� Tailing disposal facility capital cost prepared by SRK based on a thickened tailing dam 

� Plant and infrastructure capital costs, including direct and indirect costs, plus an engineering allowance 
and a contingency of 13%.  

� Owner Cost and Working Capital provided by Minera San Jorge S.A. 

 

Table 18.10.1  
Capital Cost Estimate - Summary 

Description $’000 
Pre-Stripping   23 119 
Mine*   41 160 
Process Plant 111 447 
Tailing Storage Facility*     5 847 
Power Supply   13 722 
Other Services & Utilities Areas     4 888 
Infrastructure     4 085 
Indirect Cost   29 575 
Owner's and Other Costs   11 887 
Accuracy Allowance, Contingency & Working Capital   31 322 
TOTAL CAPITAL COST 277 503 

*initial capital costs only 
 

Costs are quoted in first quarter 2008 US$.   Prices for major equipment items have been obtained from 
budgetary quotations, or similar recent projects, and they represent the total cost of the equipment, 
installed on site and ready to operate.  No account is taken of inflation over the life of the operation. 

 
18.10.2 Pre-stripping 

The capital cost for pre-stripping considers the cost of removal and dumping of sufficient waste, low grade 
ore and oxide material to allow access to the Enriched ore for processing.  Capital costs consider all the 
mine activities for pre-stripping 25 Mt as per the mining study (Table 18.10.2). This work will proceed 
before and during plant construction, and it is assumed that the work would be carried out by the Client. 
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Table 18.10.2 
Pre-stripping capital cost 

ACTIVITY $/t $’000 
DRILLING 0.102 2 545 
BLASTING 0.155 3 879 
LOADING 0.141 3 528 
HAULING 0.284 7 095 
ANCILLARY 
EQUIPMENT 0.136 3 389 
LABOR  0.077 1 933 
G&A  0.030     750 
      
TOTAL 0.925 23 119 

 
18.10.3 Mine Capital Cost 

18.10.3.1 Equipment Capital Cost  

According to the schedule of acquisitions and the current equipment prices based on the hydraulic shovel 
and 170 tonne capacity tracks, the capital expenditure for mine equipment is described in Section 18.1 and 
summarised in Table 18.10.3.  

Table 18.10.3  
Initial Equipment Capital Cost – Hydraulic Shovel / 170 tonne Truck

Equipment Description 
Unitary 
Price Qty Price ($’000) 

        
DRILLING RIG -  D45K 800 4 3 200 
DRILLING RIG - PANTERA 1500 350 2 700 
HYDRAULIC SHOVEL- RH170 5 365 2 10 730 
TRUCK 789 2 200 5 11 000 
BULLDOZER D10 1 000 3 3 000 
WHEELDOZER 834G 780 2 1 560 
GRADER CAT 16M 700 2 1 400 
WATER TRUCK  2 400 2 4 800 
FUEL/LUBE TRUCK 200 1 200 
TIRE HANDLER 300 1 300 
LIGHTS 20 4 80 
        
TOTAL      36 970 
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Total Capital Cost during the mine time life, including equipment acquisitions and replacements, is shown 
in the Table 18.10.4. 
 

Table 18.10.4 
Equipment Capital Cost – Hydraulic Shovel / 170 ton Truck 

MAJOR EQUIPMENT PRICE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 TOTAL

 $’000                  $’000 

                    

DRILLING RIG -  D45K 800 3 200                 3 200 

DRILLING RIG - PANTERA 1500 350 700       700          1 400 

HYDRAULIC SHOVEL- RH170 5 365 10 730                 10 730 

TRUCK 789 2 200 11 000 4 400  4 400    2 200 2 200   2 200      26 400 

BULLDOZER D10 1 000 3 000 1 000      3 000 1 000         8 000 

WHEELDOZER 834G 780 1 560       1 560          3 120 

GRADER CAT 16M 700 1 400       1 400          2 800 

WATER TRUCK 2 400 4 800       4 800          9 600 

TOTAL  36 390 5 400 0 4 400 0 0 0 13 660 3 200 0 0 2 200 0 0 0 0 0 65 250 

                    

MINOR EQUIPMENT PRICE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 TOTAL

 $’000                   

FUEL/LUBE TRUCK 200 200      200           400 

TIRE HANDLER 300 300      300           600 

LIGHTS 20 80      80           160 

TOTAL $ 580      580           1 160 

                    

TOTAL EQUIPMENT CAPITAL COST $’000 36 970 5 400 0 4 400 0 0 580 13 660 3 200 0 0 2 200 0 0 0 0 0 66 410 

 

18.10.3.2 Mine Facilities Capital Cost  

Further to the equipment acquisition, the mine capital cost considers also the following facilities items 
(Table 18.10.5): 

� Maintenance shop. The truck shop is equipped with compressed air system, lubrication system of 25 t 
capacity bridge crane, water supply and sewage, a system to treat effluents and solid residues, 
storage of lubricants, storage of tyres, warehouse for spare parts and components storage, etc 

� Road between the truck shop and the mine 
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Table 18.10.5 

Other Mine Investment 

DESCRIPTION $’000
ACCESS ROADS 400 
MAINTENANCE SHOP 4 000 
TIRES STOCK 180 
SOFTWARE/HARDWARE 60 
    
TOTAL 4 640 

Exclusions: 

� Mine offices were considered as part of the total project requirement and included in the administration 
area 

� Fuel Storage and supply will be provided by the fuel supplier 
 
Total mining capital expenditure totals $41.61 M initially, with a further $29.44 M over the mine life. 
 

18.10.4 Process Plant Capital cost 
GRD Minproc has used its own cost database to estimate the Capital cost for the key components at this 
stage of the study, on the following basis: 

� The Equipment List was the basis of the estimate 
� PFD’s were the design basis 
� Major mechanical equipment pricing was based on budgetary quotations and GRD Minproc’s 

database. Minor equipment was factored as a percentage of the major mechanical equipment 
� Material Take–offs (MTOs) were developed for some areas such as the water supply system 
� Quantities of clearing, mass excavations and refill were estimated from general arrangement 

drawings 
� Primary crusher retaining wall estimate has been developed from a MTO and vendor quotes from 

other projects 
� Concrete quantities were estimated based on sketches 
� Steel quantities were based on layout drawings and/or sketches 
� Operation camp, administration office and canteen are from budgetary quotes. For other 

buildings, all inclusive prices were developed based on $ per m2 
� Piping costs was developed for the water supply system.  Other piping costs were factored from 

the mechanical equipment, reflecting the type of installation based on experience of similar 
projects 
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� Major electrical equipment associated with the power supply system was quoted (Eseyde).   
Electrical costs in the process area were factored from the mechanical equipment depending on 
the type of installation based on experience of similar projects.  Medium voltage overhead lines for 
power distribution in each area were included in the previously mentioned factors 

� PLC control systems were estimated based on experience of similar projects. The communication 
system cost was based  on a budget quote 

� Field instrumentation was factored as a percentage of electrical cost at historical rates for 
industrial projects 

� Argentinean local budget prices are used for the earthworks, site development work, concrete 
supply, structural steel and cable 

� A design allowance is applied subjectively, based on the degree of engineering completed at the 
time of engineering design cut-off, and from a comparison with historical experience 

� The construction estimate was based on a construction management approach (EPCM).  Direct 
labour hours were developed using standard North American installation man-hours and 
productivity factors appropriate for the local site conditions 

� Construction contractor mobilization and demobilization cost are included in the labour price 
� Average labour productivity was based on current experience for construction projects in 

Argentina 
 

Table 18.10.6 presents the Direct capital cost by areas. 
 

Table 18.10.6 
Process Plant Summary 
10 Mt/a Process Plant 

Area Description  Total ($’000) 
0310 Primary Crushing 12 621 
0310 Secondary Crushing 6 855 
0310 Tertiary Crushing 18 494 
0320 Grinding 35 537 
0330 Flotation 21 924 
0350 Concentrate   7 237 
0360 Tailings Thickening   5 479 
0380 Reagents   3 301 

TOTAL DIRECT COST 111 447 
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18.10.5 Tailings Capital cost 

Capital cost estimates have been prepared based on preliminary schedules of quantities developed by 
SRK for major cost items associated with the thickened tailings disposal retained by a downstream earth 
embankment.  
 
The total initial capital cost is estimated at $5.9 M (Table 18.10.7). 
 
 

Table 18.10.7 
Tailing Initial Cost Summary 

Description $’000 
Wall 3 439 
Drainage System 286 
Evaporation Pond 1 652 
Water Diverter Channel 214 
Pipe Support Platform 53 
Tailing Pipes 203 
TOTAL DIRECT COST 5 847 

 
Further capital costs of $23.7 M are incurred over the life of the operation (Table 18.10.8). 
 

Table 18.10.8 
Total Tailing Cost Summary 

Description Year Year Year Year Year Year Year Year Year Year $’000 
  1 2 3 4 5 6 7 8 9 10   
Tailing Capital Cost 5 847 0 0 5 000 0 5 000 0 5 036 0 8 527  
TOTAL DIRECT COST 5 847   5 000  5 000  5 036  8 527 29 410

 
18.10.6 Power Supply Capital cost 

Electrical Power Supply capital cost estimates was prepared by the consulting group SIEyE (Table 
18.10.9).  It should be noted that the power supply company will pay the bulk of the capital for the 
feeder line, and recoup its investment by a small impost on unit power costs. 
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Table 18.10.9 

Power Supply Capital Cost Summary 

Description $’000 

132  kV Power  Lines 10 588 

132 kV - Boulogne  Sur  Mer  Substation Expansion       992 

132 kV - Mina San Jorge Substation Budget   2 142 

TOTAL DIRECT COST 13 722 
 
18.10.7 Other Services and Utilities Areas Capital cost 

Other services and utilities cost estimates are summarised in Table 18.10.10. 
 

Table 18.10.10 
Other Services and Utilities Cost Summary 

Description $’000 
Water Supply 2 563 
Communications   810 
Control System   800 
Emergency Generator   715 
TOTAL DIRECT COST 4 888 

 
 
18.10.8 Infrastructure Capital cost 

Infrastructure area capital costs, which include earthworks, roads, operation camp, canteen, 
workshops, warehouse, administrations buildings and others, are summarised in Table 18.10.11. 
 

Table 18.10.11 
Infrastructure Capital Cost Summary 

Description $’000 
General Earthworks    600 
Access Roads    900 
Services Roads    385 
Buildings  1 700 
Met/Chem. Laboratory     500 
TOTAL DIRECT COST 4 085 
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18.10.9 Indirect Costs 

The estimate includes Indirect costs to cover contractor general expenses, temporary facilities, 
shipping, spare parts stock, EPCM contract and commissioning, etc.  Table 18.10.12 shows a cost 
breakdown and the percentage over the Direct cost of process plant, services and infrastructure. 
 

Table 18.10.12  
Indirect Cost Summary 

Description Percentage  $’000 
EPCM 9.9% 13 800 
Third Party Services 1.5%   2 100 
Freight and Duties 9.0%   5 352 
First Fills 1.0%   1 400 
Commissioning 0.8%   1 120 
Vendor Representatives 0.5%      700 
Spares 2.5%   1 487 
Temporary  Facilities 2.6%   3 616 
Total Indirect Cost  29 575 

 
18.10.10 Owners and Other Costs 

Owners Costs were supplied by Coro Table 18.10.13.  These include: 

� Definitive metallurgical testwork, process flowsheet and plant design 

� Definitive feasibility study (DFS) work on drilling, resources, mining, geotechnical, hydrogeological and 
other technical studies 

� Environmental studies, submission and approval of the EIA, and construction and operating permit 
acquisition 

� Project team recruitment, training, salaries, expenses and bonuses 

� Construction insurance 
 

Table 18.10.13  
Owner Cost Summary 

Description $’000
Owner Cost   8 147 
Studies   3 740 
Total Owner Cost 11 887 

 
18.10.11 Accuracy Allowance, Contingency and Working Capital 

The estimate includes an engineering accuracy allowance for the process plant, services and infrastructure 
based on the level of the information available for each revised area.  This allowance is in the order of 5%. 
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Coro and GRD Minproc reviewed the estimate and evaluated areas and items contingent on unknown 
elements, which may have impact on the accuracy of the estimate.  The overall contingency applied is 8%. 
 Inflation, exchange risk, sovereign risk, etc. are not included.  
 
Working Capital was provided by Coro, and represents one month of estimated operating costs. 
 
Table 18.10.14 summarises accuracy allowance, contingency and working capital costs. 
 

Table 18.10.14  
Accuracy Allowance, Contingency and Working Capital 

Description $’000
Accuracy Allowance   9 073 
Contingency 14 516 
Working Capital   7 734 
Total Cost 31 322 

 
18.11 OPERATING COST ESTIMATE 

18.11.1 Summary (average) Operating Cost 

Annual operating costs vary according to the depth of the pit (mining) and head grade (off-site freight and 
concentrate treatment costs), but average $9.77/t ore over the operating life (Table 18.11.1). 
 
 

Table 18.11.1 
Average Operating Cost (Average life of Mine) 

Item Average cost ($/t ore) Proportion (%) 
Mining 3.14 32.1 
Plant & infrastructure 2.92 29.9 
G&A 0.65   6.7 
Off-site Costs 3.06 31.3 
Total 9.77 100 

Mining, treatment and off-site costs contribute almost equally to the overall cost. 
 
18.11.2 Mining 

As summarised in Section 18.1.11, mine operating costs were calculated from first principles, based on the 
mining schedule, haul profiles and equipment requirements.  Operating costs vary over time from $0.89/t to 
$1.63/t, averaging $1.15/t over the life of the operation. 
 



San Jorge Cooper Concentrator Project 
Preliminary Assessment Technical Report 

 

 
  
 
 

Page 242 

 

18.11.3 Plant and Infrastructure 

GRD Minproc has developed preliminary process operating costs for the 10.0 Mt/a concentrator.  Overall 
annual plant operating costs have been calculated as $29.17 M, equivalent to $2.92/t of ore treated. 
 
18.11.3.1 Basis of Estimate 

Process plant operating costs were developed for a 10.0 Mt/a feed rate, without consideration of the effects 
of individual ore types.  Coro has specified a power cost of $0.05/kWh.  A 90% average copper recovery for 
Primary ore, 81% average copper recovery for Enriched ore and concentrate copper grade of 25% has 
been assumed by GRD Minproc in order to calculate variable costs associated with concentrate production. 
 
Costs are presented in 1Q 2008 United States dollars, using an exchange rate of $1.00 to 3.00 pesos 
where appropriate.  Data sources are summarised in the Table 18.11.2. 
 

Table 18.11.2 
Data sources summary 

Data Source 
Processing Factors Project Preliminary design criteria 
Power Cost Minera San Jorge SA 
Power Consumption Preliminary comminution testwork and factoring from similar projects 

within the GRD Minproc database 
Labour Rates Minera San Jorge SA  
Labour On-cost Minera San Jorge SA 
Rosters Minera San Jorge SA 
Recruitment Costs GRD Minproc In-house data 
Maintenance Factors GRD Minproc In-house data 
Training Allowance GRD Minproc In-house data 
Safety Allowance GRD Minproc In-house data 
Research and Development GRD Minproc In-house data 
Laboratory - Staff GRD Minproc In-house data 
Laboratory Costs GRD Minproc estimate 
Reagent Costs GRD Minproc In-house data 
Consumables Preliminary testwork  
General and Administrative Minera San Jorge SA 
Tax Rates Minera San Jorge SA 
Reagents and consumables:  
     Flotation GRD Minproc experience and preliminary testwork 
     Grinding GRD Minproc calculations and experience 
     Flocculant GRD Minproc experience and preliminary testwork 
     Other GRD Minproc In-house data 

 
Mining and project administration costs are additional to the plant operating cost estimate; concentrator 
administration costs have been included, consisting of training and miscellaneous consumables and light 
vehicle operating costs only.  Off-site concentrate transport and treatment costs are reported separately.  
Argentinean taxes on consumables, maintenance materials and electricity are excluded.  No allowance has 
been made for feeding the primary crusher or re-handling from ROM stockpile. 
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18.11.3.2 Summary of Plant Operating Cost Estimate 

Inputs to the plant operating cost as provided in Table 18.11.3.  The annual plant operating cost is 
summarized in Table 18.11.4, and a breakdown by cost types is provided in Table 18.11.5.  Further detail 
of the labour cost is provided in Table 18.11.6. 

Table 18.11.3 
Plant Operating Cost Summary - Inputs 

Annual Design Capacity 10 Mt/a Units 

Runtime Crushing Circuit 6570 h/a 

Runtime Grinding and Flotation Circuit 8200 h/a 

Power Cost  5 c/kWh 

Hourly Design Capacity Grinding and Flotation 1220 t/h 

Copper Recovery 90/81 %      

 
Table 18.11.4 

Plant Operating Cost Summary (Typical Year) 
  10 Mt/a 

Fixed Costs $ '000/a $/t 

    Labour   1 651 0.17 
    Miscellaneous   1 680 0.17 
    Concentrator Admin     345 0.03 

  
Variable Costs   

    Power 10 654 1.07 
    Maintenance   2 756 0.28 
    Reagents and Consumables 12 088 1.21 

Total 29 173 2.92 
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Table 18.11.5 

Plant Operating Cost Summary by Area 
10 Mt/a 

Description $ '000/a $/t 

Labour  

Superintendency      83 0.01 

Metallurgy       90 0.01 

Maintenance     694 0.07 

Plant Operation     784 0.08 

Subtotal   1 651 0.17 
Miscellaneous  

Research & Development      120 0.01 

Maintenance   1 210 0.12 

Operations     250 0.03 

Met Laboratory     100 0.01 

Subtotal   1 680 0.17 

Concentrator Administration 

Training Costs     75 0.01 

Safety Equipment      50 0.00 

Seminars      50 0.01 

Recruitment      50 0.01 

Consumables Allowance     120 0.01 

Subtotal     345 0.03 
Power  

Crushing and FOB Stockpile   1 079 0.11 
Grinding excluding mills     984 0.10 
Grinding mills   5 658 0.57 
Flotation inc regrind   1 913 0.19 
Concentrate Handling      163 0.02 
Tailings      259 0.03 
Reagents        45 0.00 
Water Services      197 0.02 
Air Services      356 0.04 
Subtotal 10 654 1.07 
Maintenance Materials  

Crushing and FOB Stockpile     806 0.081 

Grinding     861 0.086 

Flotation+Concentrate Handling     644 0.064 
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10 Mt/a 
Description $ '000/a $/t 

Tailings       72 0.007 

Reagents       71 0.007 

Buildings       62 0.006 

Environmental         7 0.001 

Infrastructure     234 0.023 
Subtotal   2 756 0.28 
Reagents and Consumables   

Crushing and FOB Stockpile   1 637 0.16 

Grinding   6 386 0.64 

Flotation   1 892 0.19 

Tailings High Density Thickening     489 0.05 

Concentrate Thickening       10 0.00 

Lime (pH control)   1 055 0.11 

Water Services     120 0.01 

Lab     153 0.02 

Filtration     345 0.03 

Subtotal 12 088   1.21 
Total 29 173   2.92 
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Table 18.11.6 

Plant Operating Labour Force 
LABOR Supervisor Employee Total SHIFT 
Plant Management         

Management         
Superintendent 1 0 1 4 X 3 
Clerical 0 1 1 4 X 3 

Metallurgy         
Metallurgist 2 0 2 4 X 3 

Maintenance         
Maintenance Manager 1 0 1 4 X 3 
Planning 1 0 1 4 X 3 
Mechanical Shift Supervisor 3 0 3 4 X 4 
Electrical Shift Supervisor 3 0 3 4 X 4 
Crushing – Mechanical 1 0 2 2 4 X 4 
Crushing – Mechanical 2 0 3 3 4 X 4 
Grinding – Mechanical 1 0 2 2 4 X 4 
Grinding – Mechanical 2 0 3 3 4 X 4 
Flotation/Cocnetrates– Mechanical 2 0 3 3 4 X 4 
Shift Mechanical 2 0 10 10 4 X 4 
Electrical Technicians 1 0 5 5 4 X 4 
Instrumentation & Control Technician 1 0 3 3 4 X 4 

Plant Operations         
Shift supervisor 5 0 5 4 X 4 
Primary Crusher Operator 0 5 5 4 X 4 
Secondary/Tertiary Crusher Operator 0 5 5 4 X 4 
Control Room Operator 0 5 5 4 X 4 
Grinding Operator 0 5 5 4 X 4 
Flotation Operator 0 5 5 4 X 4 
Filter And Concentrates Operator 0 5 5 4 X 4 
Tailing Operador 0 5 5 4 X 4 
General Operador 0 5 5 4 X 4 

Services (Lime Plant, Reagents, Balls Charging)     
       Services Operator 0 3 3 4 X 4 

Total Plant Labour 16 75 91   
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18.11.4 General and Administrative Costs 

G&A costs are estimated to be $0.65/t ore or $6.50/a.  This figure covers a wide range of inputs, including: 

� Labour: site management, human resources, safety, training and environmental, laboratory, 
warehousing, transport and supplies, etc. 

� Light vehicles and other mobile equipment 

� Expenses such as insurance, personnel accommodation, canteen and transportation, computing and 
communications costs, consultants 

 
18.11.5 Off-site Costs 

Off-site costs cover the transport and treatment of concentrates, and include smelter deductions and 
smelting and refining charges.  Principal inputs used are: 

� Concentrate average grade:   26% Cu 

� Moisture:    9% 

� Concentrate loading and freight:  $85/t (wet) concentrate 

� Cu smelting TC/RC:   $70/t (dry) concentrate, and $0.07/lb Cu 

� Metallurgical losses:    Cu 3%, Au 10% 

� Refining charge gold:   $5/oz 
 
While annual off-site costs vary according to head grade, they average $3.06/t ore treated, or $30.6 M/a. 
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18.12 ECONOMIC EVALUATION 

18.12.1 Base Case 

A financial model was created utilizing the San Jorge mine production schedule, the associated metal 
grades, metal recoveries estimated from the preliminary metallurgical test program, capital and operating 
costs as set out earlier, and base case metal prices of copper $1.65/lb and gold $600/oz as provided by 
Coro. 
 
Cautionary Statement: The economic evaluation includes the use of inferred resources that are too 
speculative geologically to have economic considerations applied to them that would enable them 
to be categorized as mineral reserves.  Equally, process parameters have not been defined, detailed 
engineering designs have not been undertaken and the accuracy of capital and operating cost 
estimates is no better than ±30%.  Consequently, there is no certainty that the preliminary 
assessment will be realised. 

The base case is for annual mine production to deliver 10.0 Mt/a (dry) of run-of-mine ore to the process 
facility; with an average annual metal production of 87 million lbs of copper and 39 300 ounces of gold.  
 
Initial (2009-2012) direct capital for mining, processing, water, power and a 13% contingency is estimated 
at $269 M. Initial working capital is estimated at US$8 M.  Sustaining capital is estimated at $90 M, 
including mine closure costs.  Project net cash costs after by-product credits are estimated to average 
$0.69/lb Cu over the project life.  
 
Taxes applied against the cashflow were provided by Coro and are summarised in Section 18.11.2. 
 
Modelling at base case metal prices shows that the project could generate a cumulative net after-tax profit 
of $327 M, a 17.7% IRR, and a net present value discounted at 10% (NPV10) of $82.1 M, over the projected 
16 year mine life. 
 
Other key assumptions and inputs are included in Table 18.12.1 
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Table 18.12.1  

Inputs to Economic Evaluation 
General Economics No price or cost escalation 
 Un-leverage economics 
 Net cash flow after federal, state and local taxes 
Mining Average Mining Rate= 28 million t/a or 77 300 t/day 
 Mining average unit cost = $0.98/ton, includes mine G&A 
Sulfide Processing Sulfide ore processing (milling) rate=27 000 t/day 
 Sulfide ore average processing unit cost = $2.92/t, including 

processing G&A 
Copper Enriched Ore Cu sulphide grade average = 0.72% 
 Enriched Ore Cu sulphide recovery = 81% 
 Enriched Ore Cu concentrate grade = 32% 
 Primary Ore Cu sulphide grade average = 0.43% 
 Primary Ore Cu sulphide recovery = 90% 
 Primary Ore Cu concentrate grade = 26% 
 Total Ore Cu sulphide grade average = 0.47% 
 Total Ore Cu sulphide recovery = 88.6% 
 Total Ore Cu concentrate grade = 26.9% 
 Cu concentrate loading and freight to smelter = $85.00/t 
 Cu smelting = $70.00/t concentrate 
 Cu refining = $0.07/lb Cu 
 No Cu oxide recovery. Capital and operating cost to recover the Cu 

oxide not included 
 
 
 
Gold 

 
 
 
Enriched Ore Au grade average = 0.21g/t 

 Enriched Ore Au recovery = 63% 
 Primary Ore Au grade average = 0.19 g/t% 
 Primary Ore Au recovery = 74% 
 Total Ore Au grade average = 0.19%g/t 
 Total Ore Au recovery = 72.5% 
 Au refining = $5/oz 
Other Plant-Wide General & Administrative Expense s= $0.65/t ore  

(average $6.5 M/a) 
 Working Capital = six month of cash flow. Initial working capital  

= $7.70 M 
 Energy price = $0.05/kWh 
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18.12.2 Taxes 

Coro has advised that the following taxes are applicable against the project: 

� Income tax: 35% of net profit 

� Export duty: 10% to the revenue of selling the concentrate less commercialisation and transport costs 
(land transport, maritime transport, insurance and TC/RC) 

� Provincial mineral royalty: 3% of the mine entrance value. Mine entrance value is the value obtained in 
the first phase of commercialisation, less the direct and/or operative costs required to take the mineral 
from mine entrance to such stage, with the exception of the expenses and/or direct or indirect costs 
related to the extraction process. 

� VAT: 21.0%, recoverable after six months 
 
18.12.3 Sensitivity analysis 

The project’s sensitivity to changes in revenue, capital and operating costs was tested with the following 
observations (Table 18.12.2): 

� When the copper price was increased to $2.00/lb, NPV10 increased to $220 M and the IRR to 28.6%. 

� A 10% increase in operating costs (mine and process plant) decreased the Base Case IRR by 2.2% to 
15.2% and the Base Case NPV10 by $29 M to $53.1 M. 

� A 10% increase in total capital costs decreased the Base Case IRR by 2.8% to 14.9% and decreased 
Base Case NPV10 by $24.8 M to $57.3 M. 

 
Table 18.12.2  

Revenue, Operating and Capital Cost Sensitivities 
 IRR (%) NPV10 (M) 
Base Case: $1.65 Cu, $600 Au 17.7   82.1 
Cost Sensitivity Cases:   
Revenue: Cu $2.00/lb 28.6 220.0 
Operating Cost +10% 15.2   53.1 
Operating Cost -10% 20.0 111.0 
Capital Cost +10% 14.9   57.3 
Capital Cost -10% 21.0 107.0 
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19. REQUIREMENTS FOR TECHNICAL REPORTS ON PRODUCTION AND 
DEVELOPMENT PROPERTIES 

This section is not applicable to the San Jorge Property as it is not at a development or production stage.   
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20. INTERPRETATION AND CONCLUSIONS 

20.1 GEOLOGY AND RESOURCES 

The San Jorge Property is host to a significant sized copper-gold porphyry system, which is considered to 
be an advanced-stage exploration Property.   Because of the validation work undertaken by Coro in 2006 
and 2007, NCL is comfortable in using the historic data for resource estimation purposes.   
 
Based on the information reviewed by NCL, the drilled portion of the San Jorge porphyry system has been 
relatively well-defined although the system has not been closed in all directions.   There are also a number 
of regional geophysical targets that require further evaluation and follow-up exploration.   NCL also believes 
that the structural geology of the deposit requires further definition as the mineralisation appears to follow 
structural trends.   
 
Although the general grade of the hypogene mineralisation is low, there are discrete areas of higher-grade 
hypogene material, which appear to be associated with faulting.   A later influx of copper-rich solutions into 
these fault zones and/or fault intersections is manifested primarily by an increase in the abundance of 
chalcopyrite-bearing veins.   Superimposed on the hypogene mineralisation is a supergene-enriched zone, 
an oxide zone and a poorly-developed leached cap.   The supergene-enriched zone, is characterized by 
chalcocite, digenite and covellite, and like the hypogene-enriched zones, is better developed in, and 
proximal to, the main fault zones.   The oxide zone, which is dominated by malachite and chrysocolla 
mineralisation, and the leached zone have a greater lateral persistency.   
 
NCL believes that the north-northeast-trending fault systems were the main influence on the distribution of 
mineralisation, and were the principal conduits for the hydrothermal fluids.   However, the interplay between 
the north-northeast, east-west and northwest systems also appears to have had a significant influence on 
the distribution of mineralisation.   Associated with the main fault zones and the regions where interplay 
occurs are the zones of higher-grade hypogene, supergene-enriched and often oxide mineralisation.   
 
The present NCL mineral resources is NI 43-101 compliant.   Using a cut-off grade of 0.3% CuT, the 
Measured and Indicated resources estimated by NCL are 184 Mt grading 0.48% CuT and 0.21 ppm Au. 
  
20.2 MINING 

Pit optimisation, mine design and scheduling have been completed for a 10 Mt/a process plant.  This work 
has utilised Inferred Resources, and no formal mineral reserve exists.  However, an inventory of 157 Mt at 
0.47% CuT was scheduled for delivery to the plant based on a 0.30% cut-off grade.  Pre-stripping of 25 Mt 
was required top access the ore ahead of production.  Annual average material movements are 
approximately 30 Mt representing a strip ratio of approximately 2:1 waste:ore. 
 
Equipment and support facilities for this schedule have defined and costed.  An option study indicated that 
a hydraulic shovel and 170 t trucks represented the most cost effective option. 
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The mine design work is preliminary, and is not yet supported by geotechnical and hydrogeological data. 
 
20.3 METALLURGICAL INFORMATION AND PROCESS DESIGN 

In general, the metallurgical testwork completed to-date serves as a preliminary basis to advance to a DFS 
study. More investigation is required to build up a full geometallurgical understanding of the deposit, and 
numerous metallurgical design parameters remain to be defined. 
 
Preliminary testwork indicates that the Primary ores are of moderate hardness for ball mill grinding.  The 
single SMC Drop Weight test returned a result consistent with material of extremely high competency.  
Such a rock type is likely to be unfavourable for SAG milling of primary crushed material at the circuit 
capacity proposed.  Further SMC variability analysis is recommended to confirm this conclusion. 
 
The Primary sulphide material floated readily at typical liberation sizes, using standard sulphide flotation 
reagents, and achieves high copper recoveries.  Enriched ore can be concentrated by flotation, although 
with lower copper recovery than the Primary ore.  
 
Additional testwork will be necessary to optimise a processing route for this ore and better understand the 
geometallurgical boundaries. 
 
Some risk of concentrate contamination penalties from arsenic and aluminium is indicated and will require 
more detailed investigation. 
 
The available comminution parameters indicate that either a three stage crush/ball mill circuit will be 
favoured for the San Jorge plant. For preliminary assessment purposes, a three stage conventional crush 
with overflow ball mill grinding to P80 160 μm is proposed followed by a conventional flotation to produce 
saleable concentrates of copper with potential credits of gold and silver.  

20.4 GEOTECHNICAL INFORMATION  

The area is in a high seismic zone, which needs to be taken into account in engineering design.   
 
Little site geotechnical work has been completed, and more field investigations are required to make 
geotechnical design recommendations for the Feasibility Stage. 
 
20.5 HYDROGEOLOGICAL AND HYDROLOGICAL INFORMATION. 

Within the immediate project area, the El Tigre de Yalguaraz Stream and Quebrada Seca Stream basins 
offer the opportunity to access both surface water and groundwater resources. El Tigre de Yalguaraz 
contains the most important water flow in the project area, and has been selected as the main source of 
water for this preliminary assessment.   
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Wells have been investigated as an alternative or support source of water.  Four potential borefield 
locations were identified, but the number of wells and their configuration requires further study.  

20.6 TAILINGS  

The preferred tailings management option involves deposition of thickened tailings (67% solids) behind a 
dam wall.  The depository will be developed in two stages: the first stage considers the storage of 95 Mt, 
while the second stage reaches a final capacity of 150 Mt of tailings. 
 
Given the climatic conditions and the proposed strategy to deposit tailings in layers of 20 cm, evaporation 
will be high, and the potential for recovering water will be maximised in the high density thickener.  
  
20.7 TRANSPORT   

The project will produce copper concentrates that will be sold to international smelting companies probably 
located in Chile, Canada or Japan. The copper concentrate will be transported in trucks from the 
processing plant to smelter companies or ports in Chile depending on the destination of the concentrate, 
availability of Chilean smelting plants, and storage, freight and transport costs of the concentrate.  No new 
infrastructure or major modification requirements are forecasted for the storage, loading and freight of the 
copper concentrates.  
 
A 7.5 km access road from provincial route 39 has been identified from a regional topography chart.   
 
20.8 POWER SUPPLY 

Power supply will be obtained from Argentine electrical system (SADI) through a local distributor, 
EDEMSA.  The 132 kV transmission lines operator is DISTROCUYO, which handle the networks and 
supervises all the activities of transmission in the area.  
 
The study assumes that San Jorge will be connected to the local electrical network by means of an 
expansion of the 132 kV ET Boulogne, located at Mendoza,  the installation of a transmission line of 120 
km, the construction of a new 132 kV sub-station at Uspallata and the erection of a transformation 
substation at San Jorge site.  
 
20.9 ENVIRONMENTAL AND SOCIAL ISSUES 

The baseline for the Environmental Impact Assessment (EIA) for the San Jorge project has been 
determined.  No fatal flaws have been recognised, although a small gray fox (psedalopex griseus) is an 
Endangered species. 
 
Archaeological sites were found in the project’s area of influence and require additional evaluation. 
 
The local population is generally supportive of the project although concerns have been raised about the 
impact of the project on the environment, particularly the quality of the water and air.  It is, therefore, most 
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important that a strategy for communication with all parties be developed in order to fully explain the 
potential impacts and the work that will be done to limit these impacts to the local mine site.  Local 
neighbourhood groups and the school community are seen as significant parties to involve in this 
communication process. 

20.10 PROJECT IMPLEMENTATION   

An EPCM approach to project implementation is recommended.  A schedule has been developed, 
showing: 

� The DFS study decision can be taken in the next few weeks, but the final study can not begin until key 
information from metallurgical testing at a DFS level is available, estimated to be November 2008, if 
the work begins in June 2008. 

� Environmental and legal issues (permits) should take approximately 1 year. 

� The critical path, thereafter, is defined by the acquisition and assembly of key equipment (ball mill) 
which should take approximately 2 years. 

� Mineral production could commence in first quarter of 2012. 

� Power supply engineering must be completed in parallel with the DFS. This will allow sufficient time to 
ensure that the power supply will be ready on time when the plant construction starts.  

20.11 PRELIMINARY ASSESSMENT RESULTS  

It is emphasised that the results obtained from this study are based partly on Inferred resources.  
Metallurgical testwork is at a preliminary stage, and minimal engineering has been undertaken.  No pit 
geotechnical or hydrogeological data is available, and the accuracy of the cost estimates is no better than 
±30%.  Other basic information has been assumed and needs to be confirmed. 
 
Consequently, the cashflow modelling contains very significant uncertainties, and the outcome cannot be 
considered definitive. 
  
Cashflow modelling at metal prices of $1.65/lb and $600/oz for copper and gold, respectively, shows that 
the project could provide a 17.7% IRR, and an NPV10 of $82.1 M. 
 
Sensitivity analysis shows that the copper price is the major variable.  Using $2.00/lb Cu and $600/oz gold 
indicated an after-tax NPV10 of $229 M and an IRR of 29.2%.  A 10% increase in operating costs (mine and 
process plant) decreases the Base Case IRR to 15.2% and the NPV10 to $53.1 M.  Similarly, a 10% 
increase in all capital costs decreases the Base Case IRR 14.9% and the Base Case NPV10 to $57.3 M. 
 
GRD Minproc recommends developing more detailed trade-off studies, with improved geological, 
geotechnical, metallurgical and process information, so as to achieve a final production rate strategy, 
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confirmation of the proposed flowsheet and determination of plant size. This work should be done prior to 
embarking on the Feasibility Study.  
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21. RECOMMENDATIONS FOR FURTHER WORK 

21.1  RESOURCES   

NCL recommends that the nearby IP targets be evaluated, in order to increase the resources.   
 
The drilling program should be extended, checking if lateral resource extensions may be detected.   
 
Infill drilling, for conversion of the Inferred resources to Indicated, should also be addressed.   The 
investigation of a “core” of high grade in the primary zone, should be carried out to test for the presence of 
a significant tonnage of higher grade material.   
 
To facilitate future studies, Coro should organize of the drilling and other project information in folders 
separated by hole and subject, with all relevant information.   
 
21.2 METALLURGICAL TESTWORK   

Additional testwork at a DFS level is necessary to optimise the process route and define the 
geometallurgical boundaries.  Recommendations for this have been submitted to Minera San Jorge. 
 
These testwork should include SMC variability analysis to confirm the potential for SAG milling.  Bond 
abrasion testing is recommended, as the outcome could materially affect process plant operating cost 
projections. 
 
Further grind size, regrind and cleaning optimisation testwork is necessary to define relevant design criteria 
and support concentrate mass flow and quality predictions for the project. 
 
Some minor risk of concentrate contamination penalties from arsenic and aluminium is indicated and 
requires more detailed investigation.  
 
It is intended that the Oxide ore will be stockpiled for possible future processing.  Oxide ore does not 
concentrate effectively using typical sulphide flotation reagents, and would need to be processed by oxide 
specific reagents, or through an alternative process route such as leaching.   
 
There is evidence that it might be possible to produce saleable concentrates of copper with potential credits 
of gold, silver and molybdenum. The potential for selective flotation of molybdenum should be evaluated. 
 
21.3 GEOTECHNICAL INFORMATION  

Sufficient geotechnical information related to the open pit design is not available. A full geotechnical study 
must be undertaken for the open pit mine, plant site and tailings site.   



San Jorge Cooper Concentrator Project 
Preliminary Assessment Technical Report 

 

 
  
 
 

Page 258 

 

21.4 HYDROGEOLOGY AND HYDROLOGY  

Monitoring of the El Tigre stream should continue, to provide better records of fresh surface water 
availability in winter and summer seasons. Drill testing to define underground water sources is also 
recommended, in order to have backup supplies in dry years.  
 
Licensing aspects of both groundwater and surface water extraction need to be defined and requirements 
in support of such application determined. 
 
21.5 TAILINGS   

Investigation must include the following: 

� Detailed survey of an extended area of the proposed facility  

� Slurry parameters of the tailings from the operation: 
� SG, specific gravity  
� Grain size distribution  
�  Concentration of solids  

� Borrow material  
� Geotechnical characterization  
� Compaction testwork  

� Volume assessment 
 
A hydrological, hydrogeological and geotechnical study related to the tailings site should be undertaken in 
order to estimate the maximum water flow for the channel design, global water balance and conditions of 
infiltration. 
 
21.6 CONDEMNATION DRILLING  

A general site layout has been developed.  Based on this, a condemnation drilling campaign should be 
developed to confirm the location of the main site infrastructure, i.e. tailings dam, waste dumps, plant, town 
site, offices and other buildings, etc.  
 
21.7 ACCESS AND PRODUCT TRANSPORT 

Route surveys (geotechnical and archeological) should be completed to confirm the location of the access 
road to provincial route 39, and for the secondary roads connecting the various installations within the 
mine, tailing and the processing plant. 
 
The copper concentrate will be transported in trucks from the processing plant to smelter companies or 
ports in Chile. No new infrastructure or major modification requirements are forecast for the roads external 
to the plant. 
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21.8 POWER SUPPLY AVAILABILITY AND ELECTRICAL PROJECT   

In the next phase it is necessary to start discussions in order to have an agreement with the distributor 
EDEMSA about the availability and tariff for electrical supply, based on more detailed information about the 
plant electrical loads.   
 
In relation to the power line from Mendoza (120 km), topographic, geotechnical and archaeological surveys 
are required, and the power line route selected.  In addition, the route will determine if any land 
expropriations will be necessary for line construction.  Evaluation of the environmental impacts should be 
done early on so as to determine the necessary rights of way and other legal requirements. 
 
It is recommended to accelerate the electrical system implementation as far as possible, in order to provide 
power to the project at the earliest possible time.  Inquiries should be submitted for the main electric items 
such as main transformer, HV yard equipment, power line poles, line hardware and special control 
systems, so that the impact of delivery times can be incorporated in the overall project plan.  
 
21.9 ESTIMATED COSTS OF FURTHER WORKS 

A breakdown of costs associated to the various studies, field work investigation and laboratory analysis is 
presented below in Table 21.9.1. The costs shown are a very rough estimate based on current market 
values. It is recommended that Minera San Jorge obtain valid service quotations in order to have an 
accurate value. The estimated costs have been separated by estimated engineering fees and costs of field 
work/laboratory as these are usually carried out by separate contractors. 
 

Table 21.9.1  
Estimated Costs of Further Works 

Description 
Engineering Fees 

US$ 000’s 
Field Works/ Laboratory 

US$ 000’s 
Resources 100 500 
Metallurgical Testwork 50 400 
Geotechnical Work 250 200 
Hydrogeology and Hydrology 250 350 
Tailings 200 100 
Condemnation 100 600 
Route surveys 50 20 
Surveys for Electrical project. 70 50 

 
21.10 TIMING 

It should be noted that all of the additional studies, field work and laboratory work recommended are 
generally independent of studies carried out in the course of the DFS. 
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These works provide the continuity into the DFS. The continuity of these activities is crucial for the 
achievement of the schedule and objectives for the DFS stage and project development. 
 
The estimated time to complete each work is the following: 

� Resource study is 3 months. 
� Metallurgical testwork varies from 3 to 6 months. 
� Geotechnical investigation is 9 months. 
� Hydrology study is 9 months. 
� Tailings investigation is 7 months. 
� Condemnation drilling is 5 months. 
� Route survey to study the access roads and the electrical supply routing are both 2 months. 

 
21.11 SUBMISSION OF THE EIA 

Coro plans to submit the EIA in July 2008. 
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A list of drawings included in the report is provided under the Table of Contents. 
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ANNEXURES

There are no annexures to this report. 
 


