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1.0 SUMMARY 

 

1.1 INTRODUCTION 

 

In 2008 Malbex Resources Inc. (Malbex) acquired three blocks of mining concessions in the 

El Indio Gold Belt (also called the El Indio Metallogenic Belt) in San Juan Province, 

Argentina.  The El Indio Gold Belt contains the El Indio, Tambo, Veladero and Pascua-Lama 

deposits.  At the time of the acquisition, the three properties, which comprised Malbex’s Valle 

del Cura project, were the Del Carmen, Los Despoblados and Los Amarillos properties.  Since 

2010 exploration work by Malbex has concentrated on the Del Carmen property. 

 

The Del Carmen property is comprised of eleven contiguous mining concessions with a total 

area of 15,129 ha.  The concessions are controlled by the Instituto Provincial de 

Exploraciones y Explotaciones Mineras de San Juan (IPEEM), a provincial government 

mining entity responsible for holding title to certain of the province’s mineral rights, and for 

soliciting and administering bids for exploration and mining licenses in these areas.  Malbex 

San Juan S.A., an indirect subsidiary of Malbex, holds a 100% direct interest in the Del 

Carmen property through its exploration agreements with IPEEM. The details of this 

agreement are presented in Section 4 of this report. Surface rights to the Del Carmen property 

belong to the Province of San Juan. The Los Despoblados and Los Amarillos concessions 

were returned to IPEEM after initial exploration results proved disappointing.   

 

Malbex has retained Micon International Limited (Micon) to review the exploration results 

from the Del Carmen property, update a previous mineral resource estimate for the Rojo 

Grande deposit thereon and prepare a preliminary economic assessment (PEA), supported by 

a National Instrument 43-101 (NI 43-101) Technical Report allowing its disclosure to the 

public.  This Technical Report has been prepared on behalf of Malbex.   

 

The Valle del Cura project is located on the eastern flank of the Andes Cordillera, adjacent to 

the Chile/Argentina border, approximately 280 km northwest of the provincial capital city of 

San Juan, a drive requiring some 4 to 4.5 hours (see Figure 1.1).  San Juan is located some 90 

to 120 minutes’ drive north of Mendoza, a city with an international airport serviced by 

multiple daily flights. The Valle del Cura project is located in a relatively remote region at 

elevations between 3,700 and 5,200 masl. Utilities and services are largely absent in the area 

except for the Veladero mine and Pascua-Lama advanced project which are serviced by a 

good all-weather, private gravel road.  Limited cell phone coverage and medical services are 

available at Veladero and the mine generates its own electrical power on site. An ample 

supply of labour is to be found in the regional communities to the east of the project at lower 

elevations. 
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Figure 1.1  

Property Location Map 

 

 

 
North is at the top of the map.  (From Stewart and Warman, 2011) 

 

1.2 GEOLOGY AND MINERALIZATION 

 

The El Indio Gold Belt consists primarily of Oligocene to Miocene volcanic rocks and 

associated high-sulphidation epithermal gold-silver-copper deposits extending from 

approximately 29˚S to 30˚S, and from 69˚30’W to 70˚W. The El Indio Gold Belt is part of the 

Main Cordillera of Chile and Argentina (the Andes), which was formed by tectonic plate 

1 400 km
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convergence, interrupted by periods of regional extension. During the Miocene, the region 

was dominated by the eastward-subducting Nazca plate, which gradually flattened from a 

~35˚ dip to near horizontal. Variations in the depth to the subducting plate, and in the rate of 

plate convergence, led to multiple episodes of compression, volcanism, and related 

hypabyssal intrusion and mineralization. All significant volcanic activity related to economic 

mineralization concluded prior to flattening and eastward migration of the Nazca plate. 

 

The Valle del Cura was first explored in the late 1980s by Argentine government geologists, 

who identified scattered gold anomalies in the Veladero Sur area and surrounding region 

during field examinations of hydrothermal alteration centres identified through satellite 

imagery.  There does not appear to have been any significant exploration activity on any of 

the three Malbex properties prior to 1994. During the latter half of that decade and early years 

of the new millennium, the Del Carmen, Despoblados and Los Amarillos properties were 

explored by Barrick Gold Corporation (Barrick), Peñoles, Lac Minerals (Lac) and Argentina 

Gold Corporation. 

 

This work has confirmed the presence of significant areas of hydrothermal alteration, 

associated with high-sulphidation style epithermal mineralization, at the Del Carmen 

property.  Associated silicification, vuggy silica outcrops, steam heated zones, veining and 

hydrothermal brecciation with sulphidized, grey to black, and siliceous matrices (black matrix 

breccias) were also discovered.  In addition, anomalous values of gold, silver and copper were 

identified, particularly at Del Carmen, but also at the other properties.   

 

However, while extensive hydrothermal alteration and locally interesting gold and silver 

grades were found, limited drilling by predecessor companies did not encounter economic 

grades over mineable widths. These previous operators chose not to continue their exploration 

efforts. 

 

Barrick’s Veladero mine is located some 75 km north of the Del Carmen property.  In 2011, 

Barrick published mineral reserves containing over 17 million ounces of gold and 670 million 

ounces of silver for the two deposits (see Section 23 for details).  The deposit is considered to 

be high-sulphidation epithermal deposits and the mineralization is associated with alteration 

styles similar to those found at the Del Carmen property and discussed in this report. 

 

1.3 EXPLORATION AND DRILLING 

 

At the time of Micon’s first site visit in March, 2009, Malbex had only recently acquired the 

projects and received the required approvals for exploration activity. Exploration had just 

commenced and was focused on prospecting and check sampling to confirm the results of 

previous explorers. No geophysical work, drilling or other more advanced exploration had yet 

been undertaken by Malbex.   

 

The initial prospecting and check mapping completed by Malbex confirmed the presence of 

extensive hydrothermal alteration, vuggy silica, veining and black matrix hydrothermal 

breccia mineralization at the Del Carmen property. However, observations by Malbex 
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geologists indicate that during previous mapping, various styles of silica flooding, veining and 

vuggy silica were not always fully distinguished. Such observations can be important in 

identifying the location of mineralization and drill targets in a high-sulphidation alteration 

profile. At Del Carmen, Malbex’s sampling had also confirmed the presence of gold and 

silver mineralization at surface. 

 

Available documentation of the previous mapping and prospecting indicated that earlier 

exploration activities at Del Carmen were incomplete, in the sense that they had covered only 

a portion of the claims. Prospecting by Malbex led to the conclusion that earlier efforts 

concentrated on the most visually obvious areas of hydrothermal alteration. There were 

known colour anomalies and areas of hydrothermal alteration and copper mineralization 

which appeared to be unexplored or under-explored based on available records at the time of 

acquisition. A number of potential drill targets remained at the large area of hydrothermal 

alteration found at Del Carmen. Malbex concluded that exploration opportunities for high-

sulphidation epithermal mineralization remained at Del Carmen. 

 

In the 2009-2010 field season Malbex commenced drilling at Del Carmen, testing targets such 

as Cresta de Gallo, Brecha Límite, Ladera Sur de las Tórtolas, Naciente Quebrada Pedregosa, 

Quebrada Pedregosa and Rojo Grande.  Initial drill results at Rojo Grande were encouraging 

and in 2010-2011 drilling was concentrated there with 20 of that season’s 25 holes drilled at 

that location.  In the 2011-2012 season, again drilling was largely concentrated on the Rojo 

Grande, although some other targets were tested.  In total 39 holes have been drilled on Rojo 

Grande of which 37 intersected the mineralization.  Most holes encountered significant widths 

(up to 200 m) of gold-silver mineralization averaging approximately 1 g/t Au and 13 g/t Ag. 

 

The drilling program has outlined a body of high-sulphidation epithermal gold-silver 

mineralization 800 m long, approximately 250 m wide and up to 270 m in height with 

potentially economic levels of precious metals. 

 

1.4 MINERAL RESOURCES 

 

In early 2011 Malbex approached Micon to review the exploration results to-date and 

complete an initial, independent mineral resource estimate for the Rojo Grande deposit.  Mr. 

B. Terrence Hennessey, P.Geo., of Micon visited the project site during the period March 21 

to 25, 2011 to review the exploration activities, geology and mineralization at the deposit. 

 

Micon received from Malbex the following data: 

 

 Drill hole database with collar location, down-hole survey, assay and geology data. 

 

 Sectional interpretation of the drilling of the Rojo Grande deposit.  

 

 Three-dimensional model of the topography. 

 

 Results for the Malbex assay quality assurance/quality control (QA/QC) program. 
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 Access to ALS Global laboratories for direct retrieval of assay certificates related to 

the Del Carmen exploration program. 

 

 QA/QC procedure descriptions. 

 

 A bulk density (specific gravity) dataset. 

 

 Initial metallurgical test results for Rojo Grande and Naciente Quebrada Pedregosa 

target drill core samples. 

 

For this PEA the mineral resource model has been updated with the 2011-2012 drilling. 

 

The database was validated and verified by Micon as described later in this report (Sections 

12 and 14) with particular attention paid to data entry and geological domain definition.   

 

While still a relatively early stage project, it was apparent that the drilling and other 

exploration completed to date have resulted in sufficient sample density in three dimensions, 

and confidence in the geological interpretation, for Micon to reasonably estimate an inferred 

mineral resource for the Rojo Grande deposit. 

 

In the process of completing the estimate Micon has interpreted the available data and come 

to the following conclusions: 

 

 Based on a nominal 50-m and 100-m spaced sectional drilling pattern, a reasonably 

large body of potentially economic, low grade, potentially open pittable gold-silver 

mineralization approximately 800 m long, has been identified. 

 

 Malbex’s QA/QC program lends sufficient confidence to the assay data generated for 

it to be used in a resource estimate. 

 

 Outlier values in the gold assay population have been analyzed and top cuts were 

applied. However, the assay data are well enough behaved that only a few assays 

needed to be capped. 

 

 A single wide body of low grade oxide mineralization has been modelled for grade 

interpolation. 

 

 Drilling has not yet found the full strike extents of the mineralization and the deposit 

may still remain open to the southwest. 

 

 The resources were estimated using Ordinary Kriging and were checked against an 

Inverse Distance Squared interpolation.  Based on the variable 50-m to 100-m spaced 

drilling and the relatively sparse data coverage, the mineral resources have been 

classified as inferred under the CIM guidelines. 
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 Potentially open pittable mineral resources have been estimated and were reported 

using a Whittle pit shell, operating costs from similar operations in South America and 

metallurgical recovery from initial tests of Rojo Grande mineralization.  The mineral 

resources have an approximate average cut-off grade of 0.3 g/t Au. 

 

The resulting estimate of inferred mineral resources for the Rojo Grande deposit is detailed in 

Section 14 of this report. The mineral resources estimated for the Rojo Grande deposit are 

presented in Table 1.1 below. The effective date of the mineral resource estimate is April 9, 

2013. 

 
Table 1.1  

Rojo Grande Deposit Inferred Mineral Resources 

 

Million 

Tonnes 

Gold Grade 

(g/t) 

Silver Grade 

(g/t) 

Gold 

Ounces 

Silver 

Ounces 

30.97 1.01 11.0 1,010,000 10,964,000 
1) Mineral resources which are not mineral reserves do not have demonstrated economic 

viability. The estimate of mineral resources may be materially affected by environmental, 

permitting, legal, title, taxation, socio-political, marketing, or other relevant issues. 

(2) The quantity and grade of reported inferred resources in this estimation are conceptual in 

nature and there has been insufficient exploration to define these inferred resources as an 

indicated or measured mineral resource. It is uncertain if further exploration will result in 

upgrading them to an indicated or measured mineral resource category.  

(3) The 0.3 g/t gold equivalent cut-off grade was derived from an assumed open pit/heap leach 

operation with recoveries of 70% for gold and 40% for silver, a mining cost of US$1.50/tonne 

for ore and $1.40/tonne waste, process cost of US$3.50/tonne and general & administrative 

costs of US$2.50/tonne. The costs were derived from similar operations and the recoveries 

from initial metallurgical testwork. Assumed prices of $1,125/oz for gold and $20/oz for silver, 

based on 3-year trailing averages, were also employed. 

 

1.5 MINING 

 

The resource block model, discussed in Section 14.0 was used as the basis for the open pit 

design.  The mine design process involved the following steps: 

 

 Generation of an economically-optimized ultimate open pit shell using Whittle 4.4 

software. 

 Design of an ultimate pit and three intermediate phases.  The portions of the mineral 

resource within these pit designs were included in the mine plan that served as the 

basis of this scoping study. 

 Selection of a fleet of drilling, loading, hauling and auxiliary equipment required to 

achieve the conceptual production schedule. 

 Estimation of mine capital expenditures and operating costs to the level of accuracy 

appropriate for a Preliminary Economic Assessment. 
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This study assumes a contractor fleet will be deployed to develop project access and carry out 

pre-stripping of the pit, and construct the heap leach buttress dam as well as crushing and 

agglomerating platforms. The contractor fleet will remain until Year 2 to assist in the 

construction of the first stage of the heap leach operation. An owner operated fleet will be 

commissioned in Year 1 of the project with a capacity to sustain an annual production rate of 

approximately 14Mt per year 

 

In order to achieve adequate capacity on the heap leach pad, a large basement layer will be 

constructed at a grade of approximately 10% (6° slope). This basement layer will be 

constructed in three stages from west to east. A sequence of eleven 10-m leach lifts will be 

constructed upon the basement layer as it advances east. The maximum elevation of the waste 

rock storage and heap leach facility will be 4655 m. 

 

1.6 PROCESSING 

 

The selected process for the Project is a conventional three stage crushing circuit, with a 

valley fill heap leach. Gold and silver recovery will be provided by carbon adsorption 

columns followed by stripping and regeneration followed by electrowinning and smelting to 

produce doré bars (gold and silver with minor impurities) for shipment offsite to third party 

refiners. 

 

The design capacity of the processing facilities is 5 Mt/y of leach feed. Crushing, pad loading, 

leaching and gold recovery will operate 24 hours a day, seven days a week. Due to the 

region’s low rainfall, control of the project water balance will be a critical issue in leach 

operations. To minimize evaporative losses, leach solution will be applied to the heap with 

“drippers”, which will also be buried to minimize freezing problems in the winter. 

 

1.7 INFRASTRUCTURE 

 

The access from the Del Carmen camp area to the mine and process facilities will consist of a 

general upgrade and realignment of the existing exploration road.   

 

The total connected electrical load for the project is estimated to be approximately 11 MW. 

When full production is achieved, the average running load is estimated to be between 6.0 and 

7.0 MW. For the power requirements of the project, a diesel plant with a total on-site 

electrical capacity of 10 MW has been selected. 

 

The fresh water supply for the Project will be sourced from a series of boreholes. Potable 

water for the camp area will be supplied from the fresh water system and after treatment in a 

treatment plant will be stored in a potable water tank.  Potable water for the process plant and 

crusher areas will be supplied in vessels containing treated water.   

 

Uncontaminated surface water will be diverted around the heap leach pad and the waste rock 

dumps and discharged into the natural environment downstream of the site facilities. Run-off 

from the plant site area will be collected in the site run-off pond and typically allowed to 
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overflow to the environment. If required, water from the run-off pond will be returned to the 

leach pad periodically, reducing the amount of make-up water required. 

 

1.8 SOCIAL AND ENVIRONMENTAL ISSUES 

 

There is no known history of commercial mineral production or development from the Del 

Carmen concessions. At present, there are no known environmental liabilities for the site 

other than the outstanding reclamation for exploration activities such as drill pads and roads if 

the site is abandoned in the future. 

 

Vegas, local patches of wet grassland, are located along the stream riparian areas and 

predominantly in the main Cura valley. Although not protected, these areas harbour most of 

the vegetation and wildlife species in the area and are recognized as important, high value 

ecosystems. The vegas support the large local population of guanacos along with various bird 

species such as geese, ducks and raptors. Rabbits and fox have also been observed along with 

very rare reported sightings of puma. 

 

It is recommended that a solid baseline water quality sampling program (including quality 

assurance and quality control) be continued in the next phase of project design. It is also 

recommended that baseline hydrological studies be initiated to obtain sufficient data to 

support the future assessment of hydrological effects as well as to support the assessment of 

water supply requirements for ore processing. Additional work should also be completed to 

map and characterize periglacial features at the project site. 

 

Assumptions have been made for this PEA for foundation conditions and material 

characteristics for pit slopes, waste rock dump and heap leach designs. It is recommended that 

geotechnical work be completed to more accurately define these assumptions in the next stage 

of project design. A seismic hazard assessment is recommended to be completed to define 

design criteria for the pit, heap leach and waste rock dump. This information will also help 

assess risks for the environmental permitting as well. 

 

1.9 CAPITAL COSTS 

 

Capital cost estimates for the PEA are summarized in Table 1.2. The estimate is made in third 

quarter, 2013 US dollars. No provision for escalation has been made in the estimate. 

 
Table 1.2  

Summary of Capital Cost Estimates 

 

Item 
Initial  

$ (000) 

Sustaining 

$ (000) 

LOM Total 

$ (000) 

Mining 56,650 - 56,650 

Processing 106,751 5,000 111,751 

Infrastructure 19,800  19,800 

Indirect Costs 34,072  34,072 

Contingency 39,117  39,117 

TOTAL 256,390 5,000 261,390 
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1.10 OPERATING COSTS 

 

Life-of-mine total mine site operating costs are summarized in Table 1.3. The estimate 

assumes contract mining for the initial pre-stripping, early waste mining and leach pad 

construction. An owner-operated fleet is introduced in Year 1 for ore and waste mining. 

Mining costs include the placing of material on the leach pad. Processing costs include on-site 

power generation, crushing, screening and agglomeration, leaching of the heaped material, 

and gold/silver recovery from the pregnant solution. General and Administrative costs include 

other site cash costs, including ongoing environmental management expenses. 

 
Table 1.3  

Summary of LOM Operating Costs 

 

Category 
LOM Total 

$ 000 

$/t 

Treated 

$/oz 

Gold 

Mining 265,386 7.08 315.17 

Processing 258,172 6.89 306.61 

G&A 59,135 1.58 70.23 

Total  Mine Site Costs 582,693 15.55 692.01 

 

1.11 ECONOMIC ANALYSIS 

 

Table 1.4 summarizes the main technical assumptions and economic parameters for the 

project. 

 
Table 1.4  

Base Case Technical Assumptions 

 

Item Unit Value 

LOM process feed tonnage M t 37.462 

Waste rock mined M t 98.366 

Stripping ratio W/O 2.63 

Gold grade to leach pad g/t Au 0.87 

Silver grade to leach pad g/t Ag 9.97 
   

Gold Recovery to doré  % 80 

Silver Recovery to doré % 32 
   

Payable gold production 000 oz  842 

Payable silver production 000 oz 3,806 
   

Mine life (at full production) years 7.5 
   

Net Revenue $ M 1,214 

Site Operating Costs $ M 583 

LOM Capital $ M 261 

Net cash flow $ M 370 

Taxation $ M 130 

After tax cash flow $ M 240 
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This preliminary economic assessment is preliminary in nature; it includes inferred mineral 

resources that are considered too speculative geologically to have the economic 

considerations applied to them that would enable them to be categorized as mineral reserves, 

and there is no certainty that the preliminary economic assessment will be realized. 

 

Table 1.5 summarizes the life-of-mine cash flows for the project. 

 
Table 1.5  

Base Case - LOM Cash Flow 

 

 LOM Total  

($ thousand) 

$/t 

Milled 

$/oz  

Gold 

 Gold Revenue   1,267,652  33.84 1,400.00 

 Mining   265,386   7.08   315.17  

 Processing   258,172   6.89   306.61  

 G&A   59,135   1.58   70.23  

Direct site costs   582,693   15.55   692.01  

 Transport, TC/RC   5,894   0.16   7.00  

 By-product credits (silver) (86,141) (2.30) (102.30) 

 Cash Operating Costs   502,446   13.41   596.71  

 Royalties   44,718   1.19   53.11  

 Production Taxes   -    -     -    

 Total Cash Costs   547,164   14.61   649.81  

 Depreciation   258,831   6.91   307.39  

 Mine Closure\Reclamation   2,300   0.06   2.73  

 Total Production Costs   808,295   21.58   959.93  

 

The base case cash flow demonstrates that a pre-tax internal rate of return (IRR) of 16.7% is 

achievable, resulting in a net present value at a discount rate of 7% (NPV7) of $165.9 million 

before tax and $77.9 million after tax (see Table 1.6). 

 
Table 1.6  

Base Case - Results of Evaluation 

 

Discount Rate (%) 
NPV ($ million) 

before tax 

NPV ($ million)  

after tax 

5 214.7 116.7 

7 (base case) 165.9 77.9 

9 123.1 43.8 

Internal Rate of Return (%) 16.7 12.0 

 

Figure 1.2 shows the sensitivity of the after-tax cash flow discounted at 7% (NPV7) to 

variation over a range of 30% above and below the base case in metal prices, capital 

expenditure and operating costs. Metal prices may also be used as a proxy for grade and 

recovery. 
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The results show that adverse changes in operating and capital costs of more than 20% are 

required to reduce NPV7 to less than zero. However, the project is less robust with respect to 

metal prices, since an adverse change of more than 10% will reduce NPV7 to less than zero. 

 
Figure 1.2  

NPV Sensitivity Diagram 

 

 
 

1.12 CONCLUSIONS 

 

Malbex has discovered a body of high-sulphidation epithermal gold-silver mineralization at 

the Rojo Grande deposit on its Del Carmen property.  

 

On the basis of this study of the project, Micon concludes that exploitation of the Rojo Grande 

resources in the Del Carmen Project area could potentially yield positive economic returns, 

and that further development is warranted. 

 

The project base case described in this study provides a reasonable basis on which to proceed 

with delineation of further resources and preliminary engineering designs required to further 

optimize the project during the pre-feasibility stage. 

 

Micon has prepared a plan of exploration activity and an associated budget involving 

trenching to identify possible extensions of Rojo Grande, and further drilling to define and 

extend it.  A summary of the proposed exploration program can be found in Section 26 of this 

report.  The proposed exploration budget for Del Carmen totals US$5,219,000 as set out in 

Table 1.7 below. 

 

Micon considers the proposed exploration program to be reasonable and warranted in light of 

the observations made in this report. Should it align with management’s strategic goals it is 

Micon’s recommendation that the company conduct the proposed exploration program.  
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Table 1.7  

Proposed Del Carmen Exploration Budget 

 

Item Number Rate (US$/unit) Unit Cost (US$) 

Auxiliary Equipment  (for road/drill pad construction, trenching) 

dozer 960 210 hour 201,600 

fuel 70 1.80 hour 120,960 

wheel loader 960 200 hour 192,000 

fuel 60 1.80 hour 103,680 

backhoe 480 90 hour 43,200 

fuel 30 1.80 hour 25,920 

mob/demob 2 15,000 move 30,000 

support truck 4 6,000 metre 24,000 

Trenching 

assaying 1,000 45 assay 45,000 

Drilling 

drilling 12,000 250 metre 3,000,000 

fuel 75 1.80 hour 324,000 

mob/demob 2 10,000  20,000 

water truck and driver 4 10,000 metre 40,000 

2 m samples 5,000 45 assay 225,000 
 

Camp 4  months 278,260 
 

Salaries 4  month 64,000 
 

Vehicles 4 1,800 month 7,200 
     

Subtotal    4,744,820 

Contingency  10%  474,482 

Grand Total    5,219,302 
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2.0 INTRODUCTION 

 

At the request of Mr. Joseph Hamilton, President and CEO, of Malbex Resources Inc. 

(Malbex), Micon International Limited (Micon) has been retained to update the mineral 

resource estimate on the Rojo Grande deposit at the Del Carmen property in the El Indio Gold 

Belt of San Juan Province, Argentina and to prepare a Preliminary Economic Assessment 

(PEA) for the deposit.  The property is located approximately 75 km to the south of Barrick 

Gold’s Veladero deposit. 

 

This Technical Report has been prepared on behalf of Malbex to support the public disclosure 

of the results of the PEA. The PEA is based on the open pit mining of the Rojo Grande 

deposit followed by crushing and valley fill heap leach.  Gold and silver recovery will be 

provided by carbon adsorption columns followed by carbon stripping, electrowinning and 

smelting to produce doré bars (gold and silver with minor impurities) for shipment offsite to 

third party refiners. The base case design capacity of the mine and processing facilities is 5 

Mt/y of leach feed. 

 

The PEA has been completed under the direction of Christopher Jacobs, C.Eng., B. Terrence 

Hennessey, P.Geo., of Micon has taken responsibility for the mineral resource estimate and 

Dayan Anderson, MMSA developed the mine plan and mining associated cost estimates. 

Richard M. Gowans, P.Eng., has reviewed the metallurgical testwork and is responsible for 

the process design and associated cost estimates.   

 

This report follows the format and guidelines of Form 43-101F1, Technical Report for 

National Instrument 43-101 (NI 43-101), Standards of Disclosure for Mineral Projects, and its 

Companion Policy NI 43-101CP, as brought into effect by the Canadian Securities 

Administrators on June 30, 2011. 

 

The Del Carmen property is located on the eastern flank of the Andean Cordillera, adjacent to 

the Chile/Argentina border in San Juan Province, approximately 220 km northwest of the 

provincial capital city of San Juan.  

 

The Del Carmen property is comprised of eleven contiguous mining concessions, with an area 

of 15,129 ha.  The concessions are controlled by the Instituto Provincial de Exploraciones y 

Explotaciones Mineras de San Juan (IPEEM), a provincial government mining entity 

responsible for holding title to certain of the province’s mineral rights, and for soliciting and 

administering bids for exploration and mining licenses in these areas.  Malbex San Juan S.A., 

an indirect subsidiary of Malbex, holds a 100% direct interest in the Del Carmen concession 

through its exploration agreements with IPEEM.  Malbex negotiated agreements with IPEEM 

on two other properties in the area, Los Despoblados and Los Amarillos, but returned these to 

IPEEM after initial exploration results proved disappointing.  These two properties are not the 

subject of this report. 

 

The Del Carmen property lies adjacent to the Valle del Cura, part of the El Indio Gold Belt of 

north-central Chile and Argentina.  The El Indio Gold Belt consists primarily of Oligocene to 
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Miocene volcanic rocks and associated high-sulphidation epithermal gold-silver-copper 

deposits (e.g., El Indio, Tambo, Veladero and Pascua-Lama) extending from approximately 

29˚S to 30˚S, and from 69˚30’W to 70˚W. 

 

The property has two large, identified hydrothermal alteration systems and associated 

anomalous precious metals concentrations consistent with high-sulphidation style epithermal 

mineralization. It has been the subject of previous, yet apparently incomplete, exploration 

programs since 1994-95 which had limited success in discovering precious metals 

mineralization with minable widths and grade. 

 

B. Terrence Hennessey, P.Geo., of Micon, visited Malbex’ San Juan offices and the Del 

Carmen property during the period March 21 to 25, 2011 to review exploration results and 

examine drill core. The property had previously been visited during the period March 10 to 

14, 2009 to review the early stage exploration activities, geology and mineralization styles in 

order to prepare a Technical Report in support of Malbex reverse takeover of Arapaho Capital 

Corp.  The most recent site visit was completed in the company of Dr. Peter Stewart, P.Geo., 

who was Malbex’s Vice President of Exploration at that time, and the various project 

geologists responsible for the property. Mr. Hennessey is a Professional Geoscientist (P.Geo.) 

registered in the province of Ontario. He has over 30 years of experience in mineral 

exploration, mine operations, resource estimation and consulting. Mr. Hennessey is a Vice 

President of Micon and an author of this report. He is a “qualified person” (QP) and 

independent of Malbex as defined in NI 43 101. 

 

Christopher Jacobs, CEng, MIMMM, is a Vice President and senior consultant in mineral 

economics with Micon, he visited the site between 18 and 21 March, 2013.  He is a chartered 

engineer and holds an MBA, with over 30 years’ experience in the management of mineral 

exploration and mining operations. Mr. Jacobs is responsible for the PEA and for supervising 

the preparation of the Technical Report 

 

Dayan Anderson BSc., MMSA, visited the site between 18 and 21 March, 2013.  She.is a 

qualified Mining Engineer with 17 years of experience in open mine design and operations, 

strategic and tactical mine planning, reserve estimation and environmental management.  Ms. 

Anderson is responsible for the PEA mine design, mine schedule and associated mine capital 

and operating cost estimates.   

 

Richard Gowans is a registered Professional Engineer (P.Eng.) in the province of Ontario and 

has over 30 years of experience as a metallurgist in the minerals industry.  He has reviewed 

the metallurgical testwork and completed the PEA process design and associated costs 

estimates presented in this report.  He has not visited the property. 

 

All currency amounts in this report are stated in US or Canadian dollars (US$, CDN$), as 

specified, with commodity prices in US dollars (US$).  Quantities are generally stated in SI 

units, the Canadian and international practice, including metric tons (tonnes, t), kilograms 

(kg) or grams (g) for weight, kilometres (km) or metres (m) for distance, hectares (ha) for 

area, litres (L) for volume and grams per tonne for gold (g/t Au) and silver (g/t Ag) grades.  
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Base metal grades are usually expressed in weight percent (%).  Geochemical results or 

precious metal grades may be expressed in parts per million (ppm) or parts per billion (ppb).  

(1 ppm = 1 g/t). Elevations are given in metres above sea level (masl). Precious metal 

quantities may also be reported in troy ounces (ounces, oz), a common practice in the mining 

industry. 

 

Micon is pleased to acknowledge the helpful cooperation of the management and field staff of 

Malbex, all of whom made any and all data requested available and responded openly and 

helpfully to all questions, queries and requests for material. 
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3.0 RELIANCE ON OTHER EXPERTS 

 

Micon has reviewed and analyzed exploration data provided by Malbex, its consultants and 

previous operators of the property, and has drawn its own conclusions therefrom, augmented 

by its direct field examination.  Micon has not carried out any independent exploration work, 

drilled any holes or carried out any significant program of sampling and assaying.  However, 

epithermal mineralization and strong alteration are visible at surface on the concessions.  

Some of the colour anomalies from the hydrothermal alteration are quite large, extending for 

kilometres, and are visible from satellite photos.   

 

The regional presence of economically important gold and silver mineralization is established 

by the published mineral resources and mineral reserves of Barrick Gold Corporation 

(Barrick) for its Veladero and Pascua-Lama deposits. The local presence of gold and silver 

mineralization has been substantiated by the independent samples collected by Micon and the 

previous exploration work of Barrick and Minera Argentina Gold S.A. (MAGSA) on the Del 

Carmen property, although the work by others did not establish any potentially economic 

mineralization. The independent samples collected by Micon come from mineralized 

exposures at surface. Some of them independently confirm the presence of gold at grades 

similar to those claimed in the mineral reserves at Veladero and Pascua-Lama.  

 

While exercising all reasonable diligence in checking, confirming and testing it, Micon has 

relied upon the data presented by Malbex, and any previous operators of the project, in 

formulating its opinion. 

 

The various agreements under which Malbex holds title to the mineral lands for this project 

have not been thoroughly investigated or confirmed by Micon and Micon offers no opinion as 

to the validity of the mineral title claimed. The descriptions were provided by Malbex as 

received from the Instituto Provincial de Exploraciones y Explotaciones Mineras de San Juan 

(IPEEM), a provincial government mining entity responsible for holding title to certain of the 

province’s mineral rights, and for soliciting and administering bids for exploration and mining 

licenses in these areas.  IPEEM is the optionor of the Malbex concessions. 

 

The description of the property is presented here for general information purposes only, as 

required by NI 43-101. Micon is not qualified to provide professional opinion on issues 

related to mining and exploration title, land tenure, royalties, permitting and legal and 

environmental matters. Accordingly, the author has relied upon the representations of the 

issuer, Malbex, for Section 4 of this report, and has not verified the information presented 

therein. 

 

The conclusions and recommendations in this report reflect the authors’ best judgment in light 

of the information available at the time of writing.  Micon reserves the right, but will not be 

obliged, to revise this report and conclusions if additional information becomes known to it 

subsequent to the date of this report. Use of this report acknowledges acceptance of the 

foregoing conditions. 
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Those portions of the report that relate to the location, property description, infrastructure, 

history, deposit types, exploration, drilling, sampling and assaying (Sections 4 to 11) are 

taken, at least in part, from information provided by Malbex. Section 16, adjacent properties, 

is largely taken from public documents filed on SEDAR (www.sedar.com) by Barrick Gold. 

 

The description of Environmental Studies, Permitting and Social or Community Impact given 

in Section 20 of this report was prepared by Micon’s Senior Environmental Scientist,  

Ms. J. Hill, R.P.Bio, on whose expertise Micon has relied. 

 

The requirements of electronic document filing on SEDAR (System for Electronic Document 

Analysis and Retrieval, www.sedar.com) necessitate the submission of this report as an 

unlocked, editable pdf (portable document format) file. Micon accepts no responsibility for 

any changes made to the file after it leaves its control. 

 

 

  

http://www.sedar.com/
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4.0 PROPERTY DESCRIPTION AND LOCATION 

 

The information in this section was taken from Stewart and Warman (2011) and various 

Malbex documents filed on SEDAR (Malbex 2012a and 2013b). 

 

4.1 LOCATION 

 

The Del Carmen property consists of eleven contiguous mining concessions in the 

Department of Iglesia, San Juan Province, northwestern Argentina (see Figure 4.1; Table 4.1). 

The property is located in the Andean Cordillera, adjacent to the Chile/Argentina border at the 

southern end of the Valle del Cura, a north-south valley in the central axial region of the 

Andes, approximately 220 km northwest of the provincial capital city of San Juan.   

 

The Del Carmen property is located about 10 km east of the latitude/longitude intersection of 

30˚S, 70˚W.  The silicified ledge at the Rojo Grande deposit (see Section 7, Geological 

Setting and Mineralization) is intersected by UTM lines 2412000 mE and 6681000 mN 

(projection system Gauss-Kruger, datum Campo Inchauspe, Zone 2).  All maps in this report 

use this projection and coordinate system.  

 

4.2 MINERAL TENURE 

 

The mining concessions that comprise the Del Carmen property are registered in the name of 

the Instituto Provincial de Exploraciones y Explotaciones Mineras (IPEEM) in accordance 

with the provisions of Decree 2987/90 enacted by the Government of San Juan.  IPEEM is an 

arms-length entity created by Province of San Juan law 6029 to hold mining rights in 

accordance with Mining Code regulations and to enter into exploration and exploitation 

agreements with third parties for their development. Malbex San Juan S.A., an indirect 

subsidiary of Malbex Resources Inc., holds a 100% direct interest in Del Carmen through an 

‘Exploration with Option to Exploit’ agreement with IPEEM.  Similar exploration agreements 

were completed with IPEEM for the Despoblados and Los Amarillos properties, nearby 

properties in the Valle Del Cura. The latter two properties were returned to IPEEM in 2011 

and 2012, respectively, after initial exploration results proved disappointing.  (Despoblados 

and Los Amarillos are not subjects of this report and only limited reference to them will be 

made.  Their locations can be seen in Figures 4.1 and 5.1.) 

 

In Argentina mining concessions are “map staked” and no corner posts or other physical 

monuments are placed in the field. Should the properties proceed to production field staking is 

later required by law under the mining authority’s supervision. 
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Figure 4.1  

Property Location Map 

 

 

 
North is at the top of the map.  (From Stewart and Warman, 2011) 

 

The Del Carmen property covers a total area of 15,129 ha (Table 4.1).  The area of each 

concession has been corrected since Hennessey (2009) by inputting corner coordinates from 

the San Juan catastral (official record of mining concessions) in conjunction with IPEEM 

officials into GIS software which then calculates the area covered by each concession (Figure 

4.2).  
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Surface rights to the Del Carmen property belong to the Province of San Juan. 

 

The locations of the known altered and mineralized zones on the concessions are described in 

Section 7. No known mining or mine development has taken place on the property, hence 

there are no mine workings, tailings or waste deposits to be described. 

 
Table 4.1  

Del Carmen Concessions 

 

Concession No. Name 
Surface Area 

(ha) 
Status 

339067-I-92 DC II 1,328.9 Mining Concession 

339075-I-92 DC X 1,431.0 Mining Concession 

339088-I-92 DC XXIII 1,500.0 Mining Concession 

339095-I-92 DC XXX 1,500.0 Mining Concession 

339104-I-92 DC XXXIX 1,369.0 Mining Concession 

339108-I-92 DC XLIII 1,123.0 Mining Concession 

339111-I-92 DC XLVI 1,339.0 Mining Concession 

339121-I-92 DC LVI 992.7 Mining Concession 

339124-I-92 DC LIX 1,405.1 Mining Concession 

339131-I-92 DC LXVI 1,489.2 Mining Concession 

339139-I-92 DC LXXIV 1,651.0 Mining Concession 

Total Area 15,129.0  

 

Figure 4.2  

Del Carmen Property Concession Map 

 

 
North is at the top of the map as shown by the map grid. (From Stewart and Warman, 2011) 
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4.3 MINING LAW IN ARGENTINA 

 

Two types of minerals rights connected to mining activities are granted under Argentinean 

Law: 

 

1. Exploration Permits or cateos, which are limited in duration;  

 

2. Mining Concessions (sometimes referred to as “mines”) which can be requested either 

through the “manifestaciones de descubrimiento” or “request for abandoned mines” 

procedures. 

 

All concessions comprising the Del Carmen property are Mining Concessions (Table 4.1). 

 

Under the Argentinean Mining Code provisions, the mining concessions are unlimited in 

duration and remain the concessionaire’s property as long as the Mining Code obligations are 

satisfied, mainly the annual canon payments, legal labour, legal survey and minimum 

investment commitment.  

 

Under Argentinean Law, mineral deposits are the property of the provincial or federal 

government, depending on their location.  In the case of Del Carmen, the mineral rights are 

held for the Province of San Juan through IPEEM but private individuals or companies are 

entitled to benefit and dispose of the discovered mineral deposits in accordance with the 

Mining Code provisions (Mining Code, Section 8). The private property of the mineral 

deposits is granted by the government to private individuals in accordance with the provisions 

of the Mining Code through the legal concession procedure (Mining Code, Section 10). 

 

The law distinguishes mineral rights from surface ownership. As mining activity is considered 

in the public interest (Mining Code, Section 13), surface owners cannot prohibit mining 

activities within their property, although the regulations provide for notice and 

indemnification to surface owners and procedures for obtaining easements. The Mining Code 

also provides regulations for obtaining easements for those activities that need to be located 

outside the concession boundaries.  

 

An approved Environmental Impact Report (EIR) is not a condition to maintain the mining 

concession title in good standing but is a pre-requisite to carrying out mining-related activities 

on the properties. An EIR needs to be submitted for every type of mining activity 

(prospecting, exploration, exploitation, development, extraction, etc.). An approved 

environmental report needs to be updated every two years.  Malbex has submitted updates to 

EIRs filed by previous concession operators for the exploration stage.  In addition to the EIR, 

additional permits are required for such items as camp installations, water usage, waste 

disposal, etc.  The current EIR permit is valid until December 14, 2013. 
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4.4 AGREEMENTS 

 

Malbex San Juan S.A., an indirect subsidiary of Malbex, holds a 100% direct interest in the 

Del Carmen concessions through the ‘Exploration with Option to Exploit’ agreement with 

IPEEM. The Agreement effectively grants Malbex the exclusive right to carry out prospecting 

and exploration activities with the option to undertake exploitation and commercial trading 

activities of “First Category” ores and minerals (which comprises practically all metals 

including gold, silver and copper) located in the project area.   

 

The Exploration Agreement with IPEEM covers four phases of exploration (the first three 

phases have durations of 12 months each, and the last one of 24 months), commencing on 

September 12, 2008, during which period the Company has the exclusive right to carry out 

prospecting and exploration activities on the concessions.  The option to exploit carries an 

initial 30 year term, which can be renewed for the life span of any mine developed on the 

property.  Under the Exploration Agreements, the Company must (i) pay the annual 

concession fees (canon payments) to the Province of San Juan on behalf of IPEEM and which 

total approximately US$1,000, (ii) make total monthly payments of US$6,400 to IPEEM, and 

(iii) make exploration expenditures during each phase set out in the Exploration Agreements 

(Table 4.2). 

 
Table 4.2  

Malbex Exploration Expenditure Commitments to IPEEM 

 

Property 
US$ million 

Phase 1 Phase 2 Phase 3 Phase 4 Total 

Del Carmen 1.5 2.5 6.0 10.0 20.0 

 

The exploration contract is rescindable if either technical or economic reasons justify the 

repeal, provided those reasons are verifiable, objective and valid with reference to recognized 

industry standards.  IPEEM may grant extensions to the term of the Exploration Agreements 

upon proper justification. On August 10, 2009, IPEEM granted Malbex a six month extension 

for exploration expenditures required during Phase 1 of each of the Exploration Agreements, 

which were originally required to be made by September 12, 2009.  Under the terms of the 

extension, Malbex was required to make the Phase 1 exploration expenditures by March 12, 

2010.  Phase 2 commenced on March 12, 2010, with Phase 3 and Phase 4 commencing on 

March 12, 2011, and March 12, 2012 respectively.  Malbex reports (Malbex 2013a and 

2013b) that total exploration expenditures on the Del Carmen property now exceed the 

$USD20 M sum set out in Table 4.2.  Malbex has now completed enough exploration to earn 

in to the project and only needs to complete an economic evaluation prior to March, 2014 to 

fulfill the earn-in requirements.  This PEA report constitutes that economic evaluation. 

 

Subsequent to the earn-in annual extensions to the project agreement can be had by 

submitting a work plan for the project. The agreement is renewable until a production 

decision is reached, at which time IPEEM is reduced to a royalty interest. 
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Upon commencing commercial production on a discovery, royalties to be paid by Malbex 

include a 3% royalty of the production value over “pithead value” to the Province of San 

Juan, and a sum equivalent to 2% of the gross sales of the minerals and/or metals extracted 

from the properties, corresponding to the respective bimonthly period, to IPEEM. 

 

Under Section 22 of Argentinean Federal Law 24.196, “Pithead value” of minerals and/or 

metals reported by a mine operator is defined as the value obtained during the first 

commercialization stage thereof, less direct and/operating costs required to take the pithead 

mineral to such stage, except for direct or indirect expenses and/or costs inherent to the 

extraction process.  

 

4.5 ENVIRONMENTAL LIABILITIES AND LEGISLATION 

 

There is no known history of commercial mineral production or development from the Del 

Carmen concessions. At present, the known environmental liabilities are limited to the need to 

rehabilitate drill roads and pads should the property be abandoned at some point in the future. 

 

Argentina’s National Congress recently passed a law banning mining activities on glaciers 

and in periglacial regions in Argentina. In its December, 2012 Annual Information Form 

(AIF) (Malbex 2012b) Malbex reported the following in this regard: 

 
“In October 2010, Argentina’s National Congress passed Federal Law 26.639, which purports 

to ban all mining activities under glaciers and in periglacial regions in Argentina and 

empowers the Instituto Argentino de Nivologia, Glaciologia y Ciencias Ambientales 

(‘‘IANIGLA’’) to create a nationwide inventory of glaciers and periglacial regions.  Although 

the definitions of the terms “glacier” and “periglacial” contained in Federal Law 26.639 are 

subject to more detailed definitions to be contained in regulations enacted by the President of 

Argentina, Presidential Decree 207/2011 made under Federal Law 26.639 was limited to the 

scope of the glacial and periglacial inventory and did not contain any provisions in respect of 

the “glacier” and “periglacial” definitions.  On November 2, 2010, at the request of the 

Argentine Mining Labour Association and the San Juan Mining Chamber, among others, a 

federal judge sitting in the Province of San Juan suspended the application of several parts of 

Federal Law 26.639, including the ban on mining activities on glaciers and in periglacial 

regions in the Province of San Juan pending ruling on the constitutionality of the law.  The 

injunction was overturned by the Supreme Court of Argentina, although a final decision about 

this lawsuit is still pending.  In addition to the foregoing and any other legal challenges to 

Federal Law 26.639 that may be brought, the full impact of the law can only be determined 

once the definitions of “glacier” and “periglacial” are clarified by further Presidential 

regulations and IANIGLA completes the glacial and periglacial region inventory, which the 

law mandates to be completed within a 180 day period from October 28, 2010.  San Juan 

province has also enacted its own glacier protection law, which does not contain a general ban 

on mining activities and is aimed only at protecting glaciers.  San Juan province is also 

conducting its own glacier inventory.  Although the glacial inventory has not yet been 

completed, the San Juan authorities have indicated that the survey conducted up to this time 

has not found glaciers affecting any mining activities currently being conducted.” 

 

“Malbex has completed two glacier studies of the Del Carmen Project and has identified 

several small bodies of year-round snow and ice that may meet the definition of a glacier 
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under the provincial law.  There are five small (less than one hectare) bodies of snow and ice 

that straddle the border between Chile and Argentina, approximately one kilometre away from 

Rojo Grande. The Corporation plans to continue to complete additional glacier-related studies, 

if and when necessary.  It is not possible to fully assess the impact of Federal Law 26.639 or 

the San Juan provincial law on the activities of the Corporation at this time, and either law 

could adversely impact and potentially curtail much of the mining activities of both foreign 

and domestic firms in the region and may adversely affect the ability of the corporation to 

develop a mining project on certain of the concessions.  This could have a material, adverse 

effect on the operations, financial condition and results of operations of the Corporation.” 
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5.0 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE 

AND PHYSIOGRAPHY 

 

The information in this section was taken from Stewart and Warman (2011). 

 

The closest major population and commercial centre to the Del Carmen property is the 

provincial capital of San Juan, approximately 220 km southeast of the Valle del Cura.  By 

road, the distance is approximately 370 km, via paved National Highway No. 40 north from 

San Juan to Provincial Road No. 436 (paved) which passes through the villages of Iglesia, Las 

Flores and Pismanta, and ultimately the village of Tudcum. Barrick maintains an 

approximately 170-km long, all-weather, private gravel road leading from Tudcum over the 

Conconta Pass (approximate elevation 4,950 m) into the Valle del Cura and onward to the 

Veladero mine and Pascua-Lama mine development site.  The Del Carmen property is 

accessed by a 15-km long gravel road spur from the Veladero mine road in the Valle del Cura 

(Figure 5.1).  Travel time to the Del Carmen camp from the city of San Juan is approximately 

4 to 4.5 hours by road. 

 

San Juan is serviced by an airport with daily flights to Buenos Aires while the airport at 

Mendoza, 120 minutes’ drive to the south, is served by daily jet service to Santiago, Chile and 

Buenos Aires. 

 

The Del Carmen property occurs in the Cordillera Frontal, the rugged central region of the 

Andean Cordillera.  The concessions range in elevation from 3,700 to 5,200 m with deeply 

incised, steep-sided and U-shaped valleys characterizing the region. Cerro de los Tortólas, an 

extinct Miocene andesitic volcano, reaches an elevation of 6,300 m about 3 km north of the 

Del Carmen property. The Del Carmen property occupies the Quebrada del Media and several 

unnamed tributary watersheds in the upper reaches of the Rio del Valle del Cura. 

 

Vegetation is very limited, restricted to local patches of wet grassland, called vegas, adjacent 

to Rio Valle del Cura and tributary streams. The vegas support the large local population of 

guanacos along with various bird species such as geese and ducks.  Rabbits and fox are also 

observed along with very rare reported sightings of puma. Talus covered slopes and colluvial 

soils with minor rock outcrops predominate in the valley with colluvium, alluvium and glacial 

till filling the valley floor. 

 

Permanent habitations and public infrastructure are absent in the Valle del Cura, although 

emergency medical facilities and cell phone coverage are available at Barrick’s Veladero 

mine.  The Veladero mine generates its own electricity from diesel generators and a windmill.  

No electrical power grid extends into the area. 

 

The area has a sub-arid, sub-polar, alpine climate that is typically sunny but also windy. 

Subzero temperatures are common through the Andean winter (April to October).  The 

highest annual temperatures occur from December through February, when maximum 

daytime temperatures generally range between 10º and 22ºC, with lows between 5º and -5ºC. 
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The winter months from June through August have daytime highs generally between -10º and 

10ºC, and night time lows of -10º to -30ºC.   

 
Figure 5.1  

Road Access to the Valle del Cura Project 

 

 
(from Hennessey, 2009) 

 

Mean annual precipitation is estimated to be approximately 200 mm at 4,400 m elevation, 

with precipitation occurring mainly as snow.  Winter conditions can be severe, with strong, 

intense winds, blowing snow, and extreme cold, which combine to adversely affect access and 

field operations.  Snow blockages, rock falls and gravel sent airborne by strong gusty winds 

are a common hazard on access roads. The extreme winter weather creates a seasonal, 

challenging operating environment and exploration activities are typically suspended between 

mid-May and early-October. 

 

 

  

N 
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6.0 HISTORY 

 

The information in this section was taken from Stewart and Warman (2011). 

 

The Valle del Cura region was first explored in the mid-1980s by the Argentine government 

and Minera Aguilar S.A., mainly as field examinations of hydrothermal alteration centres 

visible on satellite imagery of the El Indio Gold Belt which included the El Indio, Veladero 

and Pascua-Lama mine areas (Figure 6.1).  Two hydrothermal alteration zones were identified 

at Del Carmen including Del Carmen Norte, the host of the Rojo Grande deposit and the 

subject of this report.   

 

As access on the Argentina side of the El Indio Gold Belt was difficult and several of the 

visible alteration zones had been placed into protected provincial mineral reserves including 

Del Carmen (Sillitoe, 2000), there is no recorded exploration of the Del Carmen alteration 

zones prior to 1994. 

 
Figure 6.1  

El Indio Gold Belt Hydrothermal Alteration Zones Visible in Satellite Imagery 

 

 
(From Sillitoe, 2000) 

 

Lac Minerals Ltd. (Lac), a Canadian exploration company, was awarded exploration rights to 

the Del Carmen and Veladero areas by IPEEM following a competitive bidding process in 

1993.  This was subsequently overturned and the property was granted to Minera Argentina 

Gold S.A. (MAGSA), a Canadian junior who had also participated in the tender process.  Lac 

N 
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then entered into a 60:40 joint venture agreements with MAGSA for both Del Carmen and 

Veladero.  Lac was acquired in July, 1994 by Barrick Gold Corporation (Barrick) before the 

subsequent field season and an agreement was reached whereby MAGSA became the 

operator at Veladero with 60% ownership of that property while Barrick with 60% ownership 

at Del Carmen conducted the exploration there.  

 

Barrick conducted exploration programs at Del Carmen from 1994 to 1998.  The ultimate 

program was conducted in 1999-2000 by MAGSA, which had been acquired by Homestake 

by this time.  The exploration consisted of: 1) prospecting and geological mapping, 2) rock 

chip and talus fines geochemical sampling, 3) induced polarization (IP)/resistivity and 

magnetometer geophysical surveying, 4) petrographic and PIMA (portable infrared mineral 

analyzer) mineralogical studies and 5) reverse circulation (RC) drilling. The work was 

described previously in detail by Hennessey (2009) and annual field campaigns are 

summarized in Section 9, Exploration. Exploration work focused on the Del Carmen Norte 

alteration system with only less intensive programs of geological mapping (1:5,000 scale), 

prospecting, magnetometer surveying and five RC holes totalling 1,003 m of drilling at Del 

Carmen Sur, approximately 5 km south of Del Carmen Norte. The exploration activities 

undertaken by Barrick and MAGSA are summarized in Table 6.1. 

 

Drill intercepts based on multi-metre intervals meeting a 0.1 g/t Au lower cut-off are tabulated 

in Table 6.2. Available documentation is insufficient to define collar locations with 

confidence and assay data are lacking for several holes. None of the pre-Malbex drill hole 

data are considered acceptable for use in an NI 43-101 compliant resource estimation.  The 

distribution of pre-Malbex drill collars based on available data is shown in Figure 6.2.  

 

No exploration was carried out at Del Carmen after the 1999-2000 field season until February, 

2009 when Malbex initiated exploration of the property. 
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Figure 6.2  

Map Showing Approximate Collar Locations of Pre-Malbex Drill Holes 

 

 
Drill holes noted as red Stars.  North is at the top of the map as shown by the map grid.   

(From Stewart and Warman, 2011) 
 



 

 30 

Table 6.1  

Compilation of 1994-2000 Barrick and MAGSA Exploration Activities at Del Carmen 

 

Description 
Annual Field Campaign 

Total 94-95 95-96 96-97 97-98 98-99 99-00 

Road construction and 

cleaning (km) 
60 32    55 147 

Number of Samples/Amount of Work 

Talus Fines 923 265 37   503 1,728 

Rock Chips 600 1,809 227   2,542 5,178 

PIMA  322 197    519 

Geophysics        

IP/Resistivity (km)  24     24 

Magnetometer (km)      86.2 86.2 

Drilling All Reverse Circulation 

Drill Holes* 10 15 5 10  13 53 

Metres* 1,275 2,158 1,770 3,205  2,767 11,175 
* - Includes 5 holes for 1003 m at Del Carmen Sur 

 
Table 6.2  

Compilation of Multi-metre Intercepts, Barrick and MAGSA Drilling, Del Carmen Norte 

(Intercepts >0.1 g/t Au) 

 

Hole From To 
Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 
Target 

RDH 95 01 

To 

RDH 95 10 

   no assay data Ladera Sur de las Tortólas 

and other sites on north 

periphery 

RDH 96 11 42 77 35 0.33   

Rojo Grande  

114 129 15 0.47  

135 140 5 0.72  

RDH 96 11A 70 87 17 0.64  

RDH 96 12    no significant values 

RDH 96 12A    no significant values 

RDH 96 13 9 36 27 0.34  

RDH 96 14 188 213 25* 0.30  

RDH 96 15 33 72 39 0.49  

87 110 23 0.17  

115 150 35* 0.26  

RDH 96 16 101 109  0.37  

RDH 96 16A    no significant values 

RDH 96 17    no significant values 

RDH 96 18 79 99 20 0.28  

RDH 96 19    no significant values 

RDH 96 20 87 90 3 0.57  

RDH 96 21      no significant values 

RDH 96 22    no assay data 

Lion King 

RDH 97 23 21 36 15 0.26  

74 91 17 0.20  

RDH 97 24B 199 202 3 0.43  

336 354 18* 0.15  

RDH 97 25A 0 7 7 0.22  
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Hole From To 
Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 
Target 

  16 23 7 1.29  

111 142 31 0.79  

RDH 97 26 0 8 8 0.18  

39 46 7 0.17  

59 62 3 2.22  

146 149 3 0.62  

218 226 8 0.33  

237 252 15 0.20   

RDH 98 27 95 103 8 0.69 82.9 

Below Cerro Amarillo 

108 152 44 0.34 17.9 

161 167 6 0.60 75.9 

181 216 35 0.83 32.6 

351 359.5 8.5* 0.41  

RDH 98 28    no significant values 

RDH 98 29 277 281 4 1.20  

285 299 14 0.20  

334 349 15* 0.80   

RDH 98 30      no significant values 

Cerro Amarillo 

RDH 98 31 243 250 7 0.15  

358 367 9 0.33  

372 400 28* 0.73  

RDH 98 32    no significant values 

RDH 98 33    no significant values 

RDH 98 34    no significant values 

RDH 98 35      no significant values 

RDH 98 36      no significant values 

Rojo Grande, exact 

locations unknown 

RDH 98 37    no significant values 

RDH 98 38 31 60 29 0.23  

93 108 15 0.28  

RDH 98 39 1 19 18 0.15  

36 154 118 0.56  

includes 50 83 33 1.04  

and 111 134 23 0.72  

RDH 98 40 94 108 14 0.22  

132 169 37 0.17 10.8 

179 223 44 0.31  

246 250 4* 0.30  

RDH 98 41 20 28 8 0.19  

161 178 17 0.26  

RDH 98 42    no significant values 

RDH 98 43      no significant values 
* - Interval ends at end of hole 
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7.0 GEOLOGICAL SETTING AND MINERALIZATION 

 

The information in this section was taken from Stewart and Warman (2011). 

 

7.1 GEOLOGICAL SETTING 

 

7.1.1 Regional Geology 

 

The Del Carmen property occurs in the upper region of the Valle del Cura within the El Indio 

Gold Belt.  The Belt consists of Eocene to Pliocene extrusive volcanic deposits and shallowly 

emplaced intrusions deposited on a basement of Carboniferous-Triassic sedimentary, volcanic 

and intrusive rocks.  The El Indio Gold Belt hosts several high-sulphidation epithermal gold-

silver ± copper deposits (e.g. El Indio, Tambo, Veladero and Pascua-Lama) that span the 

Chilean-Argentinean border and extend from approximately 29˚S to 30˚S, and from 69˚30’W 

to 70˚W.   

 

The El Indio Gold Belt occurs within a belt of Tertiary volcanic and related intrusive rocks 

bounded by steep faults that were formed by Tertiary tectonic plate convergence, interrupted 

by periods of regional extension.  During the Oligocene-Miocene, the region was dominated 

by the eastward-subducting Nazca plate, which gradually flattened from a ~35˚ dip to near 

horizontal. Variations in the depth to the subducting plate, and in the rate of plate 

convergence, led to multiple episodes of compression, volcanism, and related hypabyssal 

intrusion and mineralization.  Significant volcanic activity related to economic mineralization 

concluded by the late Pliocene prior to flattening and eastward migration of the Nazca plate 

(Martin et al., 1995; Bissig et al., 2001, 2002, 2003; Chouinard et al., 2005 and references 

therein) (see Figure 7.1). 
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Figure 7.1  

Position of El Indio Gold Belt Relative to Zone of Flat-Slab Subduction  

(Indicated by Basement Uplifts and Flare in Depths 

to Benioff Zones to the East (Fernandez, 2009)) 
 

 
(From Stewart and Warman, 2011) 

 

The oldest geologic units in the Valle del Cura are the Carboniferous-Triassic igneous and 

sedimentary basement.  The Choiyoi Group (equivalent to the Permian-early Jurassic Pastos 

de Blancos Group in Chile; Martin et al., 1995) consists of Permian caldera-related felsic ash 

flows intruded by Triassic Cholloy and Pascua-Lama felsic intrusions at Pascua-Lama.  

 

The red beds and other clastic rocks of the Eocene Rio de Sal Formation locally overlie the 

basement rocks.  The Valle del Cura Formation unconformably overlies the Rio del Sal 

Formation and Choiyoi Group, and marks the main Eocene volcanic episode in the Valle del 

Cura (Table 7.1). The multi-coloured Formation consists of an approximately 700-m thick 

sequence of tuffs, conglomerates, volcanic arenites, dacitic ignimbrites and rhyolite lava 

flows that spans much of the length of Valle del Cura (Figure 7.2).  Stratigraphic relationships 

and potassium-argon (K/Ar) age dates show these rocks range from middle Eocene to early 

Oligocene in age (Litvak et al., 2007). 

 

The Valle del Cura Formation appears to be locally unconformably overlain by the Doña Ana 

Group of late Oligocene to early Miocene age (Martin et al., 1995; Litvak et al., 2007).  The 

Doña Ana Group is divided into the lower 27 to 23 Ma Tilito Formation, which is mainly 

composed of rhyolitic and dacitic lavas and ignimbrites, and the upper 22 to 18 Ma Escabroso 

Formation, which is characterized by andesitic and basaltic lava flows (Martin et al., 1995). 

 

N 
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Table 7.1  

Stratigraphic Table for the Valle del Cura Region 

 

Age Sedimentary Units Volcanic and Intrusive Units 

Pliocene 

Los Bañitos Formation  

 

(Conglomerate, arenite and 

subordinate pelite) 

   

 

Miocene 

 
 

 Vacas Heladas 

Ignimbrite 

(Dacite tuff) 
Tambo 

Formation 

(Dacite tuff) Cerro de las 

Tórtolas 

Formation 

(Andesite and 

dacite) 

 
La Ollita Formation  

(Conglomerate, red arenite, and 

pelite with interbedded evaporite) 

  

Oligocene 

Doña Ana Group  

(Dacite and andesite tuff, and volcanic breccia) 

Valle del Cura Formation  

(Conglomerate, breccia and 

arenites) 

Valle del Cura Formation: Intercalated volcanics  

(rhyolite and rhyolite ignimbrite) 

 

Eocene  

 

 

 

  

Paleocene Rio de la Sal Formation? 

(Conglomerate, breccia, lithic 

arenite, pelite and margas, (marl)) 

Río Frío Basalt 

(Basalt) 

Cretaceous    
 

Triassic 

(Arenite and conglomerate) 

Guanaco Sonso Formation 

Choiyoi Group 
Permian 

Inguaguas Supergroup 

Pascua Lama Formation 

 

The second peak of volcanic arc activity in the region is marked by the Cerro de las Tórtolas 

Formation (17.2 to 13.3 Ma; Martin et al., 1995).  In Argentina this unit is divided into an 

andesitic to basaltic lower section (16 to 14 Ma) and a dacitic upper section (13 to 10 Ma).  

This formation is broadly distributed in the Valle del Cura, but the upper section is restricted 

to the highest levels of the Cerro de las Tórtolas volcano (Litvak et al., 2007).  The latter peak 

is about seven kilometres north of Rojo Grande.  

 

The late Miocene Vacas Heladas ignimbrites (12.7 to 11 Ma), the youngest volcanic rocks in 

the region, are homogenous crystalline dacitic tuffs found to extend into Valle del Cura from 

the Vacas Heladas volcano on the north slope of Cerro de las Tórtolas volcano, where they 

unconformably overlie Eocene-Miocene sequences. A small rhyolite dome in the Veladero 

area known as the Cerro de Vidrio Formation is dated at 2 Ma (Bissig et al., 2002).  
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Figure 7.2  

Geological Map of the Valle del Cura  

(Simplified From Cardó et al., 2005, 2007) 

 

 
North is at the top of the map as shown by the map grid.  (From Stewart and Warman, 2011) 
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The regional structure in the El Indio Gold Belt, and the Valle del Cura, is dominated by 

northerly-trending high-angle reverse and normal faults and similarly trending folds. These 

structures developed in response to periods of crustal shortening and relaxation related to 

eastward-directed subduction. A subordinate structural trend is defined by west-northwest 

faults (e.g., the 120˚ Pascua-Lama-Veladero, or PLV, structural corridor) which may reflect 

the fabric of the Precambrian basement rocks. The eastern margin of the Valle del Cura is 

marked by the Colangüil Fault, a high-angle reverse fault that places uplifted Triassic and 

older basement rocks on the east against the younger Eocene to Miocene volcanic sequences 

to the west (Charchaflié et al., 2007; Chouinard et al., 2005 and references therein). 

 

7.1.2 Geology of the Del Carmen Property 

 

The Del Carmen property occupies the upper drainages of Rio Valle del Cura.  The entire 

property has not been mapped by Malbex and the following is based on published maps and 

reports (Martin et al., 1995; Cardó et al., 2005, 2007; Litvik et al, 2007) and maps provided as 

records of previous work on the property. Mapping by Malbex has focused on the Del 

Carmen Norte alteration system, plus preliminary mapping of the Del Carmen Sur alteration 

system.  Results of the alteration mapping can be seen in Section 9 of this report. 

 

Permo-Triassic rhyolitic lavas and tuffs and subordinate volcaniclastic rocks assigned to the 

Choiyoi Group form the faulted eastern margin of the Valle del Cura (Figure 7.2). Presumed 

bedded volcanic rocks of the Valle del Cura Formation are exposed in the lower reaches of 

Quebrada del Medio (see Figure 6.2 for location). These rocks appear to be overlain to the 

west by fresh andesitic to dacitic lavas, breccias, tuffs and volcaniclastic rocks that extend 

east and southward from Cerro de los Tórtolas.  

 

No rocks from Del Carmen Norte have been dated by radiometric methods, hence neither the 

age of the altered hosts nor the period of hydrothermal activity is known.  Nonetheless, the 

Del Carmen Norte alteration system is hosted by andesitic and dacitic lithologies.  

Hydrothermal alteration on the northern wall of Quebrada del Medio is seen to transition 

upward into fresh appearing andesite.  The altered rocks at Del Carmen Norte are currently 

interpreted as part of the Oligocene Doña Ana Formation, the principal host for mineralization 

at the former El Indio-Tambo mine (Martin et al., 1995).  The Doña Ana Formation is an 

approximately 500-m thick sequence of andesitic tuffs, ignimbrites and pyroclastic breccias, 

with intercalations of dacitic lavas as well as sandstone and conglomerate units rich in 

volcanic detritus. Andesitic to dacitic volcanic and volcaniclastic rocks of the Cerro de las 

Tórtolas Formation extend from the 6,300 m peak of the volcano almost to the floor of Valle 

del Cura north of the Del Carmen property. The Cerro de los Tortólas Formation volcanic 

rocks are locally overlain by Vacas Heladas Ignimbrites on the western side of the Valle del 

Cura.  The Valle del Cura is occupied primarily by unconsolidated Pleistocene to Holocene 

alluvial, colluvial and glacial sediments (Figure 7.2). 
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7.2 MINERALIZATION 

 

Exploration of the Del Carmen property has validated interpretations that discoloured 

volcanic rocks in satellite imagery of the Valle del Cura represent exposures of hydrothermal 

alteration. Two large systems on the property, Del Carmen Norte and Del Carmen Sur, 

(Figure 7.3) consist mainly of altered andesite and lesser dacite. Each shows the alteration 

styles and zonation typical of high-sulphidation epithermal deposits such as those at Veladero 

and Pascua-Lama. The reader is referred to Section 16 of this report for a brief description of 

the high-sulphidation epithermal mineralization styles seen at these nearby deposits. 

 

Gold-silver mineralization in high-sulphidation epithermal deposits typically occurs as 

disseminations in zones of intense silicification, commonly characterized as vuggy silica due 

to open spaces (vugs) in silicified rocks produced by complete hydrothermal dissolution of 

feldspar phenocrysts in the originally porphyritic host. The silicified zone is typically 

enveloped by quartz-alunite alteration where original feldspar phenocryst sites are occupied 

by alunite. The quartz-alunite zone is succeeded by quartz-kaolinite alteration.  

 

This typical sequence (silica, quartz-alunite, quartz-kaolinite) is: 

 

 zoned outward from fractures as at Cresta del Gallo, and 

 controlled by lithological variations at Rojo Grande.  

o silicified volcanic breccia vs. andesitic flows and tuffs. 

o silicified brecciated margin vs. massive interior of dacite flow-dome. 

 

Fresh disseminated pyrite (1 to 3%) is common in the quartz-kaolinite zone, but typically 

minor in quartz-alunite alteration and absent in vuggy silica. Silicified rocks typically show 

variable iron staining with hematite, goethite and/or jarosite. There does not appear to be a 

consistent relationship between gold grade and the type of iron mineral or degree of staining.  

 

Elevated gold (>0.1 g/t) occurs most commonly in strong to intense silicification, especially 

where hydrothermal brecciation has occurred. However, some quartz-alunite alteration 

contains gold in similar concentrations.  

 

Barren siliceous alteration has been mapped at Cerro Amarillo, the highest topographic 

position at Del Carmen Norte, and to the south along the ridge crest which forms the 

international border.  The absence of metals, including iron, and the siliceous nature plus 

abundant kaolinite indicates preservation of the steam-heated zone of alteration that formed 

higher in the system than the other alteration styles. The preservation of steam-heated 

alteration highlights the apparent limited erosion and good preservation of the Del Carmen 

Norte hydrothermal system. 
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Figure 7.3  

Del Carmen Norte and Sur Location Map 

 

 
(From Stewart and Warman, 2011)  

Del 
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8.0 DEPOSIT TYPES 

 

The information in this section was largely taken from Stewart and Warman (2011). 

 

Hydrothermal mineral deposits formed from rising fluids, under boiling conditions, within 

about 1 to 1.5 km of the earth's surface or water table, (often less than 400 m) and in a typical 

temperature range of 170° to 280°C (low temperature) are commonly referred to as 

epithermal deposits (White, 2011).  The fluids are typically understood to have been sourced 

from deep seated porphyry copper-gold deposits. 

 

The gold and silver deposits that form at shallow crustal depths are interpreted to be 

controlled principally by the tectonic setting and composition of the mineralizing 

hydrothermal fluids.  Three classes of epithermal deposits (high-sulphidation, intermediate-

sulphidation and low-sulphidation) are recognized by differences in host lithologies (which is 

an expression of the tectonic setting), the form and style of mineralization, the geometry of 

alteration zoning and the ore composition (Hedenquist et al., 2000; Hedenquist and White, 

2005) (See Table 8.1).  Overlapping characteristics and gradations between epithermal classes 

may occur within a district or even within a single deposit.  The appropriate classification of a 

newly discovered epithermal prospect can have important implications for exploration. 

 

High-sulphidation deposits typically occur directly over the porphyry mineralization but in 

low- and intermediate-sulphidation types the fluids may travel some distance laterally 

(kilometres) before deposition of gold-silver concentrations. The metal deposition commonly 

occurs as a result of fluid mixing with ground water where the deposition can occur in or near 

the boiling zones. However, the deposition of silica can occur over a considerable depth 

extent. 

 

High-sulphidation and intermediate-sulphidation systems are hosted by subduction-related 

andesite-dacite volcanic arc rocks, which are dominantly calc-alkaline in composition. Low-

sulphidation systems are more restricted, generally to rift-related bimodal (basalt, rhyolite) or 

alkalic volcanic sequences. The gangue mineralogy, metal contents and fluid inclusion studies 

indicate that near-neutral pH hydrothermal fluids with low to moderate salinities form low- 

and intermediate-sulphidation class deposits whereas high-sulphidation deposits are related to 

more acidic fluids with variable low to high salinities. Low- and intermediate-sulphidation 

deposits are typically vein-style while high-sulphidation deposits commonly consist primarily 

of replacement and disseminated styles of mineralization with subordinate veining. 

 

The Rojo Grande deposit is interpreted to be a high-sulphidation, epithermal gold-silver 

deposit.  Current mapping indicates that the controlling boiling elevation, and therefore the 

most prospective area for exploration, in the Rojo Grande area of the Del Carmen Norte 

alteration system, occurs approximately from 4,600 to 4,800 m.  Malbex reports that this is 

consistent with observations made on the same system by Barrick, immediately over the 

Chilean border, near Brecha Limite. 
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Table 8.1  

Characteristics of Epithermal Deposit Classes  

(Compiled from Hedenquist et al., 2000; Hedenquist and White, 2005) 

 

Characteristic 
Low 

Sulphidation 

Intermediate 

Sulphidation 

High 

Sulphidation 

Metal Budget 
Au - Ag, 

often sulphide-poor 

Ag - Au ± Pb - Zn; 

typically sulphide-rich 

Cu - Au - Ag; 

locally sulphide-rich 

Host Lithology 
bimodal basalt-rhyolite 

sequences. 

andesite-dacite; 

intrusion centred district. 

andesite-dacite; 

intrusion centred district. 

Tectonic Setting rift (extensional) arc (subduction) arc 

Form and Style of 

Alteration/Mineralization 

vein arrays; open space 

veins dominant; 

disseminated and 

replacement ore minor; 

stockwork ore common; 

overlying sinter 

common; bonanza zones 

common. 

vein arrays; open space 

veins dominant; 

disseminated and 

replacement ore minor; 

stockwork ore common; 

productive veins may be 

km-long, up to 800 m in 

vertical extent. 

veins subordinate, 

locally dominant; 

disseminated and 

replacement ore 

common; stockwork ore 

minor. 

Alteration Zoning 

ore with quartz-illite-

adularia (argillic);barren 

silicification and 

propylitic (quartz-

chlorite-calcite ± 

epidote) zones; vein 

selvedges are commonly 

narrow. 

ore with sericite-illite 

(argillic-sericitic);deep 

base metal-rich (Pb-Zn ± 

Cu) zone common; may 

be spatially associated 

with HS and Cu 

porphyry deposits. 

ore in silicic core (vuggy 

quartz) flanked by 

quartz-alunite-kaolinite 

(advanced argillic); 

overlying barren 

lithocap common; Cu-

rich zones (enargite) 

common. 

Vein Textures 

chalcedony and opal 

common; laminated 

colloform-crustiform; 

breccias; bladed calcite 

(evidence for boiling). 

chalcedony and opal 

uncommon; laminated 

colloform-crustiform 

and massive common; 

breccias; local 

carbonate-rich, quartz-

poor veins; 

rhodochrosite common, 

especially with elevated 

base metals. 

chalcedony and opal 

uncommon; laminated 

colloform-crustiform 

veins uncommon; 

breccia veins; 

rhodochrosite 

uncommon. 

Hydrothermal Fluids 

low salinity, near neutral 

pH, high gas content 

(CO2, H2S); mainly 

meteoric. 

moderate salinities; 

near neutral pH. 

low to high salinities; 

acidic; strong magmatic 

component? 

Examples 

McLaughlin, CA; 

Sleeper and Midas, NV; 

El Peñón, Chile; 

Hishikari, Japan. 

Arcata Perú; Fresnillo 

Mexico; Comstock NV; 

Rosia Montana 

Romania. 

Pierina, Perú; 

Summitville, CO. 
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9.0 EXPLORATION 

 

Exploration of the Del Carmen property by predecessor companies is discussed in Section 6, 

History, and in Hennessey (2009) a previous Malbex Technical Report. The information in 

this section was taken, in part, from Stewart and Warman (2011) and the September 2012 AIF 

(Malbex 2012b). 

 

Malbex has completed exploration at Del Carmen over the course of four field seasons, 2008-

2009, 2009-2010, 2010-2011 and 2011-2012. The work performed by Malbex in 2008-2009 

was described in detail previously by Hennessey (2009). The work up to the 2010-2011 

season was described in Stewart and Warman (2011). 

 

9.1 2008-2009 SEASON 

 

In 2008-2009 fieldwork by Malbex at the Del Carmen property focused on the larger and 

most accessible hydrothermal alteration zone at Del Carmen Norte. The program was 

intended to:  

 

 Re-open and rehabilitate road access to Del Carmen Norte. 

 

 Confirm the presence of encouraging gold and silver values in outcrops in the high-

sulphidation epithermal alteration system identified in previous work by Barrick and 

MAGSA. 

 

 Map the hydrothermal zonation, structures and breccia bodies that host gold-silver 

mineralization in detail (1:5,000 and 1:2,500 scales). 

 

 Initiate systematic sampling of Del Carmen Norte altered and mineralized zones by 

grab and channel samples, including hand-dug trenches. 

 

Malbex completed these tasks between February and April of 2009 and demonstrated the 

occurrence of widespread gold and silver mineralization on surface at Del Carmen Norte.  A 

summary of the sample results can be seen in Table 9.1.  

 
Table 9.1  

Summary and Highlights, 2008-2009 Rock Sampling  

 

Number of Samples 

Total 1,477 

with >0.1 g/t Au 571 (39 %) 

with >0.5 g/t Au 332 (22 %) 

with >5.0 g/t Au 64 (4.3 %) 

Maximum Values 

Au 165 g/t 

Ag 2,670 g/t 

Cu 21.1 % 

As 41 with >10,000 ppm (detection limit) 

Sb 8 with >10,000 ppm (detection limit) 

Hg 6 with >100 ppm (detection limit) 
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Existing ASTER satellite imagery of the El Indio Gold Belt including the Del Carmen 

property was purchased, processed and interpreted (Fernández, 2009).  Both the Del Carmen 

Norte and Del Carmen Sur alteration systems are visible in the imagery and are interpreted 

from different responses at different frequencies to represent mainly kaolinite and alunite 

alteration with lesser areas of silica (Figure 9.1). Existing Ikonos satellite images were 

purchased and orthorectified images of the Del Carmen property were also prepared.  

 
Figure 9.1  

Aster Image of Del Carmen Property (Yellow Outline) 

With Alteration Minerals Interpreted by Fernandez (2009) 

 

 
Red box - Del Carmen Norte, green box - Del Carmen Sur, yellow outline - concession boundary. 

North is at the top of the map as shown by the map grid.  (From Stewart and Warman, 2011) 
 

The data from the 1995-1996 IP/resistivity survey conducted for Barrick by Quantec 

Argentina were provided to Malbex with the permission of the common partner, IPEEM. 

Quantec was contracted to reprocess and interpret these data using modern software (Langer 

et al., 2009). In addition to pseudo sections and a surface map of the survey results which 
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focused on the Rojo Grande area, Quantec prepared -50 m, -100 m, -150 m and -200 m depth 

slices showing variations in chargeability and resistivity with increasing depth.  An example 

of the -50 m depth slice is given in Figure 9.2. 

 
Figure 9.2  

Resistivity Map, Barrick IP Survey, -50 m Depth Slice 

 

 
White represents high resistivity at Rojo Grande. CSAMT survey lines (dashed), 2009-2010 holes 

(white circles) and 2010-2011 holes (red and blue circles). 100-m spaced topographic contours. 

North is at the top of the map as shown by the map grid. (From Stewart and Warman, 2011) 
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Significant results from the 2008-2009 exploration program included: 

 

 Confirmation of mappable high-sulphidation-style hydrothermal alteration and 

zonation (silicification, quartz-alunite, quartz-kaolinite zones) at Del Carmen Norte. 

 

 Confirmation of outcropping gold-silver mineralization at targets previously identified 

(Rojo Grande, Cresta del Gallo, Brecha Límite and Brecha Límite Norte, Ladera sur 

de los Tortólas, Hillside Lode (aka Lion King), Brecha Oportuna). 

 

 Identification of outcropping gold-silver mineralization at new targets (Naciente 

Quebrada Pedregosa, Quebrada Pedregosa) (see Section 9.2). 

 

 Compilation of numerous targets to be drilled in following field season. 

 

9.2 2009-2010 SEASON 

 

The second season of fieldwork at Del Carmen began in late October, 2009 with the 

mobilization of heavy equipment to the site, and installation of camp and related 

infrastructure to house roughly 50 people. Mobilization of the drilling contractor followed in 

early November. The exploration program finished with the closure of the camp in early May, 

2010 and the onset of Andean winter weather. 

 

Exploration activities in the 2009-2010 season consisted of: 

 

 cleaning, repair and construction of approximately 60 km of access roads at Del 

Carmen Norte and Del Carmen Sur, and construction of 21 drill pads at Del Carmen 

Norte, 

 

 mapping and rock sampling at the Quebrada Pedregosa, Rojo Grande and Brecha 

Límite targets, 

 

 approximately 800 m of mechanical trenching at Brecha Límite and Ladera Sur del 

Tórtolas targets, 

 

 precision GPS surveying of drill collars (up to RDHC-10-025), access roads, and other 

points of interest by professional surveyors, Geotop S.A. of San Juan, 

 

 acquisition of GeoEye 1 satellite imagery of the entire Del Carmen property (Parma 

and Graffigna, 2010) (Figure 9.3), 

 

 127.25 line-km of ground magnetic surveying over an approximately 3.5 by 4.5 km 

area covering the entire Del Carmen Norte alteration system (Figure 9.4) (Langer et 

al., 2010), 
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 14.1 line-km of Controlled Source Audio-Frequency Magnetotelluric (CSAMT) 

geophysical surveying on five lines at 400-m spacing over the same area as the ground 

magnetic survey (Figure 9.4) (Langer et al., 2010), 

 

 4,710 m of diamond drilling in 32 holes (see Section 10.1) with 3,875 core samples 

submitted for assay, 

 

 property visit and report by R. Sillitoe, PhD, internationally known expert on 

epithermal and copper porphyry deposits (Sillitoe, 2010), 

 

 collection of 70 stream sediment samples from small tributaries to Quebrada del 

Medio that sample discoloured volcanic rocks outside the Del Carmen Norte alteration 

system, 

 

 commissioning of a preliminary glacier study of the Del Carmen property (Peruca, 

2010), and 

 

 prospecting, mapping and rock sampling of the Del Carmen Sur alteration system. 

 

Figure 9.3 is a satellite image of Del Carmen Norte showing the colour anomaly associated 

with the alteration system. 

 

Significant results from the exploration program included: 

 

 Identification of gold-silver mineralization in hydrothermal breccias cutting silicified 

but more weakly mineralized volcanic rocks at Rojo Grande. 

 

 Identification of CSAMT resistivity anomalies (>1,000 ohm/m) including: 

o those coincident with outcropping silicified rocks at the Rojo Grande target and 

the near-surface IP resistivity anomaly and within the large magnetic low that 

characterizes the Del Carmen Norte visible alteration zone (Figure 9.6), 

o a highly resistive zone coincident with and beneath the steam-heated alteration on 

the eastern and southern slopes of Cerro Amarillo, and which reaches a maximum 

width of approximately 1,000 m on survey line 1800N (Figure 9.7), and 

o several other resistivity anomalies, both at surface and at depth, within the Del 

Carmen Norte alteration system (Figure 9.6). 

 

The results of the drilling program are discussed in Section 10, Drilling. 

 

The key finding from the 2009-2010 exploration program was the identification of Rojo 

Grande and the central portion of the Del Carmen Norte alteration system as the most 

promising areas to discover and define a mineral resource in the 2010-2011 season. 

 

Complete gold and silver assay results for all holes drilled by Malbex in the 2009-2010 season 

are provided in Appendix A of Stewart and Warman (2011). 
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Figure 9.3  

GeoEye 1 Image of Del Carmen Norte  

 

 
North is at the top of the map as shown by the map grid.  (From Stewart and Warman, 2011) 

 



 

 47 

Figure 9.4  

Coverage of IP Geophysical Survey by Barrick at Del Carmen Norte 

Within Larger Malbex-Surveyed Area (CSAMT and Magnetometer) 

 

 
North is at the top of the map as shown by the map grid.  (From Stewart and Warman, 2011) 

 

Figure 9.5 shows the results of alteration mapping at Del Carmen Norte and the location of 

the initial drill holes.   
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Figure 9.5  

Map of Alteration Zonation at Del Carmen Norte with 2009-2010 Drill Holes 

 

 
(From Stewart and Warman, 2011) 
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9.3 2010-2011 SEASON 

 

The third season of fieldwork began in late October, 2010 with the mobilization of heavy 

equipment to the site, and installation of camp and related infrastructure to house 

approximately 60 people. Two drill rigs were mobilized in November, 2010 by Major Drilling 

of Mendoza, and worked to the end of the field season and the onset of Andean winter 

weather. 

 

Exploration activities during the 2010-2011 season focused principally on diamond drilling at 

Rojo Grande and Cerro Amarillo supported by geological mapping of the central portion of 

the Del Carmen Norte alteration system.  The results of the drilling program are discussed in 

Section 10, Drilling. 

 

Key activities undertaken in the 2010-2011 season include: 

 

 Construction and/or repair of 55.55 km of access roads and 36 additional drill pads. 

 

 Geological mapping and rock chip sampling outward from the Rojo Grande area to the 

south, including identification of a new target area known as Cerro Martita on the 

north side of Quebrada Pedregosa, and to the southwest and west from Rojo Grande 

toward Cerro Amarillo and the CSAMT resistivity anomalies. 

 

 Collection of 179 grab and rock chip samples.  

 

 Completion of 5,538 m of diamond drilling in 25 holes including 20 holes for 3,880 m 

at Rojo Grande and 5 holes which tested Cerro Amarillo.  

 

 Metallurgical (bottle roll) testing of five samples (three from Rojo Grande, two from 

Naciente Quebrada Pedregosa) by McClelland Laboratories of Sparks, NV (see 

Section 13.0, Mineral Processing and Metallurgical Testing). 

 

 Commissioning of a combined field and satellite image glacier study of the Del 

Carmen property (Milana, 2011). 

 

Key results to date from the 2010-2011 exploration program include: 

 

 Expansion of the Rojo Grande mineralized zone to 800 m strike length, approximately 

200 m in horizontal width and up to 280 m vertical extent (extent of modelled 

mineralized envelope, See Section 14.2.1). 

 

 Discovery of higher gold grades in holes DDHC-11-042, -046, -047, -052 and -055 at 

Rojo Grande (see Section 10.2). 
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Figure 9.6  

Compiled Geophysical Information and 2009-2010 Drill Holes, Del Carmen Norte 

 

 
North is at the top of the map as shown by the map grid.  (From Stewart and Warman, 2011) 



 

 

5
1
 

Figure 9.7  

Controlled Source Audio-Frequency Magnetotelluric Pseudosections  

(Looking to Northeast for Line 2600N (top) and Line 1800N (bottom)) 

 

 

 
(From Stewart and Warman, 2011) 
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 Identification of both andesite and dacite-dominated altered regions at Rojo Grande 

(Sillitoe, 2011).  Alteration is zoned around massive dacite porphyry interpreted as 

one or more sub-volcanic dacite domes. Higher grade mineralization in DDHC-11-042 

and -046 is spatially associated with a dacite dome. 

 

9.4 2011-2012 SEASON 

 

The fourth field season began in early November, 2011 with the re-establishment of the camp.  

Eventually three drill rigs belonging to Grupo Synergy and Mendrill S.A. were mobilized and 

worked to the end of the field season.  Exploration activities during 2011-2012 focused on 

diamond drilling at Rojo Grande and various geophysical targets developed this year.  Malbex 

reports that the principal activities in the 2011-2012 exploration season were:  

 

 the construction and/or rehabilitation of about 55 km of access roads and construction 

of 35 drill pads; 

 

 mechanical trenching to better expose alteration and mineralization, mainly at Rojo 

Grande, Cerro Amarillo and Lion King;  

 

 geological mapping (1:2000 scale) within the Del Carmen Norte alteration system, 

(see Figure 9.8) mainly outward from the Rojo Grande area and the collection of 146 

channel and rock chip samples; 

 

 diamond drilling of 29 holes totaling 7,346.8 m of core;  

 

 column leach metallurgical testing of seven composite samples from Rojo Grande by 

McClelland Laboratories of Sparks, Nevada;  

 

 44 line-km of TITAN (induced polarization/resistivity) geophysical surveying by 

Quantec Geoscience of Toronto on 16, 200-m spaced grid lines covering the entire Del 

Carmen Norte alteration system (see Figure 9.9), and  

 

 surveying of drill hole collars and selected points (and installation of permanent 

markers) in the Del Carmen Norte grid by GEO Referencia of San Juan. 

 

The main goals of the exploration program were to verify the earlier, large CSAMT resistivity 

anomalies at Cerro Amarillo, and elsewhere at Del Carmen Norte, with the TITAN survey, to 

increase the size of the Rojo Grande deposit and to drill test as many geophysical anomalies 

and other geological and/or geochemical targets removed from the Rojo Grande deposit as 

possible.  The 2011-2012 drilling program is discussed in more detail below in Section 10.  

Significant results from the 2011-2012 exploration program reported by Malbex were: 

 

 “the TITAN survey identified numerous resistivity and chargeability anomalies (some 

combined) at Del Carmen Norte, including several anomalous zones identified by the 

CSAMT survey,” 
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 “although resistivity anomalies at Rojo Grande coincide closely with the extent of 

silicification known from surface mapping and drilling, numerous other resistivity 

anomalies, especially those below 200 metres depth, remain unexplained by drill 

tests,” 

 

 “mineralization intersected in holes 57A, 60, 63, 64, 69/78, 80 and 84 expands the 

dimensions of the Rojo Grande mineralized envelope,” 

 

 “drill testing at the previously defined Brecha Limite, Lion King, Naciente Quebrada 

Pedregosa, Quebrada Pedregosa, Cerro Frio and Ladera Sur Tortolas targets did not 

encounter potentially economic gold-silver grades over significant widths,” 

 

 “drill testing at the new Cerro San Pablo targets did not encounter potentially 

economic gold-silver grades, and” 

 

 “no drill testing of the newly identified Virgin de Fatima and Don Guillermo targets 

was accomplished.”  (See Figure 9.8 for locations.) 

 

Malbex concluded that  

 
“The mixture of positive (Rojo Grande) and negative (outside of Rojo Grande) results 

obtained from drilling of TITAN geophysical anomalies indicates some level of uncertainty 

about the effectiveness of the Titan resistivity anomalies in identifying silicification below the 

surface, especially at +200 m depth.” 

 

As described in Section 8, mapping has indicated that the important boiling elevation, and 

therefore mineralization control, in the Rojo Grande area is between 4,600 and 4,800 m 

elevation. To date most of the important mineralized intersections have occurred here. 

Communication with Barrick, which has been exploring the same system in nearby Chile, 

confirm this observation. 

 

9.5 2012-2013 SEASON 

 

Having met the expenditure requirements under the agreement for acquiring its interest in the 

Del Carmen property, Malbex did not establish the field camp for the 2012-2013 season. 

Office compilation work and further examination of drill core was conducted. 
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Figure 9.8  

Alteration Map of Central and Southern Sectors of Del Carmen Norte 
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Figure 9.9  

Titan Geophysical Lines 
 

 



 

 56 

10.0 DRILLING 

 

Drilling on the Del Carmen property by predecessor companies is discussed in Section 6, 

History, and in Hennessey (2009) a previous Malbex Technical Report. The information in 

this section was taken, in part, from Stewart and Warman (2011) updated to reflect the most 

recent drill results disclosed in the Malbex 2011 third quarter MD&A and more recent, 

relevant press releases. 

 

The drilling completed to date at Del Carmen, and the related drill hole collar location 

information, is summarized in Tables 10.1 through 10.3. Rojo Grande drill holes are 

highlighted in yellow. 

 
Table 10.1  

2009-2010 Malbex Drill Hole Collar Information 

(Rojo Grande Drilling Highlighted in Yellow) 

 

Hole ID Easting* Northing* Az Dip 
Depth 

(m) 

Elevation 

(masl) 
Target 

DDHC-09-001 2,413332 6,680,231 150 45 155 4,780 Cresta de Gallo 

DDHC-09-002 2,413242 6,680,137 150 45 200 4,774 Cresta de Gallo 

DDHC-09-003 2,413,242 6,680,137 150 65 150 4,774 Cresta de Gallo 

DDHC-09-004 2,412,883 6,679,869 150 45 150 4,691 Cresta de Gallo 

DDHC-09-005 2,412,829 6,679,788 150 45 150 4,696 Cresta de Gallo 

DDHC-10-006 2,412,581 6,679,562 150 65 200 4,695 Cresta de Gallo 

DDHC-10-007 2,410,733 6,681,199 330 65 34.8 4,895 Brecha Límite 

DDHC-10-008 2,410,682 6,681,162 330 60 121.6 4,896 Brecha Límite 

DDHC-10-009 2,410,827 6,681,586 330 45 200.1 4,838 Brecha Límite 

DDHC-10-010 2,410,847 6,681,740 330 65 110.25 4,847 Brecha Límite 

DDHC-10-011 2,411,575 6,682,168 110 45 150 4,767 Ladera Sur de las Tórtolas 

DDHC-10-012 2,411,563 6,682,265 105 45 104.15 4,761 Ladera Sur de las Tórtolas 

DDHC-10-013 2,411,648 6,682,308 235 45 122.15 4,767 Ladera Sur de las Tórtolas 

DDHC-10-014 2,410,835 6,681,677 305 45 95.15 4,856 Brecha Límite 

DDHC-10-015 2,410,914 6,681,869 140 45 81 4,832 Brecha Límite 

DDHC-10-016 2,410,914 6,681,869 140 70 98.15 4,832 Brecha Límite 

DDHC-10-017 2,411,790 6,680,743 345 45 86.85 4,806 Rojo Grande 

DDHC-10-018 2,411,790 6,680,740 345 70 118.15 4,806 Rojo Grande 

DDHC-10-019 2,411,938 6,680,837 345 45 103.95 4,791 Rojo Grande 

DDHC-10-020 2,411,960 6,680,775 345 45 190.35 4,803 Rojo Grande 

DDHC-10-021 2,410,737 6,681,193 310 60 120.25 4,895 Brecha Límite 

DDHC-10-022 2,410,700 6,681,133 330 60 149.35 4,886 Brecha Límite 

DDHC-10-023 2,412,135 6,679,364 330 45 245.15 4,854 Naciente Quebrada Pedregosa  

DDHC-10-024 2,412,135 6,679,364 330 60 222.45 4,854 Naciente Quebrada Pedregosa  

DDHC-10-025 2,412,135 6,679,364 295 60 194.25 4,854 Naciente Quebrada Pedregosa  

DDHC-10-026 2,412,133 6,679,362 10 60 176.25 4,853 Naciente Quebrada Pedregosa  

DDHC-10-027 2,412,526 6,679,918 330 45 198.5 4,766 Quebrada Pedregosa  

DDHC-10-028 2,412,526 6,679,918 330 60 200.25 4,766 Quebrada Pedregosa  

DDHC-10-029 2,412,285 6,679,638 315 45 161.1 4,775 Quebrada Pedregosa  

DDHC-10-030 2,412,621 6,680,124 285 45 155.05 4,760 Quebrada Pedregosa  

DDHC-10-031 2,411,960 6,680,769 165 45 101.05 4,808 Rojo Grande 

DDHC-10-032 2,411,972 6,680,730 300 45 164.15 4,800 Rojo Grande 

* - projection system Gauss-Kruger, datum Campo Inchauspe, Zone 2, rounded to nearest metre.   

masl = metres above sea level. 
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Table 10.2  

2010-2011 Malbex Drill Hole Collar Information 

(Rojo Grande Drilling Highlighted in Yellow) 

 

Hole ID Easting* Northing* Az Dip 
Depth 

(m) 

Elevation 

(masl) 
Target 

DDHC-10-033 2,411,864 6,680,651 325 45 127.3 4,850 Rojo Grande 

DDHC-10-034 2,411,931 6,680,605 325 60 162.5 4,877 Rojo Grande 

DDHC-10-035 2,412,054 6,680,769 310 70 200.5 4,855 Rojo Grande 

DDHC-10-036 2,411,700 6,680,650 310 50 199.5 4,865 Rojo Grande 

DDHC-10-037 2,412,091 6,680,967 140 50 140.2 4,833 Rojo Grande 

DDHC-10-038 2,411,700 6,680,650 90 60 233.0 4,865 Rojo Grande 

DDHC-10-039 2,412,091 6,680,967 0 90 194.8 4,833 Rojo Grande 

DDHC-11-040 2,412,033 6,680,909 330 60 204.5 4,840 Rojo Grande 

DDHC-11-041 2,411,791 6,680,063 0 -90 283.5 5042 Cerro Amarillo 

DDHC-11-042 2,412,033 6,680,909 0 90 139.0 4,840 Rojo Grande 

DDHC-11-043 2,412,230 6,681,000 300 60 158.5 4,815 Rojo Grande 

DDHC-11-044 2,412,230 6,681,000 120 60 45.0 4,815 Rojo Grande 

DDHC-11-044A 2,412,233 6,680,992 120 60 221.0 4,815 Rojo Grande 

DDHC-11-045 2,411,936 6,679,941 330 -60 368.5 5034 Cerro Amarillo 

DDHC-11-046 2,412,077 6,680,849 330 70 238.65 4,845 Rojo Grande 

DDHC-11-047 2,412,084 6,680,839 150 -70 222 4,843 Rojo Grande 

DDHC-11-048 2,411,625 6,680,204 0 -90 425 5,054 Cerro Amarillo 

DDHC-11-049 2,412,010 6,681,032 150 -50 230.7 4,794 Rojo Grande 

DDHC-11-050 2,411,683 6,680,640 0 -90 188.5 4,869 Rojo Grande 

DDHC-11-051 2,411,568 6,680,441 0 -90 380 4,974 Cerro Amarillo 

DDHC-11-052 2,412,015 6,680,868 0 -90 286 4,841 Rojo Grande 

DDHC-11-053 2,411,497 6,680,623 0 -90 201 4,940 Cerro Amarillo 

DDHC-11-054 2,412,068 6,680,939 0 -90 171.9 4,840 Rojo Grande 
DDHC-11-055 2,411,862 6,680,765 0 -90 231.5 4,832 Rojo Grande 
DDHC-11-056 2,412,033 6,680,909 150 -60 285 4,845 Rojo Grande 

* - projection system Gauss-Kruger, datum Campo Inchauspe, Zone 2, rounded to nearest metre.   

masl = metres above sea level. 

 
Table 10.3  

2011-2012 Malbex Drill Hole Collar Information 

(Rojo Grande Drilling Highlighted in Yellow) 

 

Hole ID Easting* Northing* Az Dip 
Depth 

(m) 

Elevation 

(masl) 
Target 

DDHC-11-057 2411821 6680565 0 -90 134.5 4879.99 Rojo Grande 

DDHC-11-057A 2411822 6680567 0 -90 296.3 4879.90 Rojo Grande 

DDHC-11-058 2411968 6680572 0 -90 179 4899.57 Rojo Grande 

DDHC-11-059 2411961 6680933 0 -90 154.5 4818.75 Rojo Grande 

DDHC-11-060 2411883 6680511 0 -90 440 4886.85 Rojo Grande 

DDHC-11-061 2412051 6681057 0 -90 194.5 4790.74 Rojo Grande 

DDHC-12-062 2412141 6681000 0 -90 323.5 4825.70 Rojo Grande 

DDHC-12-063 2411928 6680979 0 -90 230.5 4801.07 Rojo Grande 

DDHC-12-064 2411751 6680484 0 -90 475 4912.94 Rojo Grande 

DDHC-12-065 2412617 6680413 0 -90 400.5 4706.29 Lion King 

DDHC-12-066 2412482 6680266 0 -90 449.5 4775.55 Lion King 

DDHC-12-067 2411697 6680380 0 -90 182.5 4963.59 Rojo Grande 

DDHC-12-068 2411269 6680751 0 -90 422.5 4946.24 Cerro San Pablo 

DDHC-12-069 2411710 6680894 0 -90 350.4 4798.31 Rojo Grande 

DDHC-12-070 2412155 6680543 0 -90 102 4980.82 Filo Martita 

DDHC-12-071 2410764 6681452 0 -90 204.5 4868.24 Brecha Limite 

DDHC-12-072 2411471 6682283 90 -55 314.3 4794.99 Ladera Sur Tortolas 
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Hole ID Easting* Northing* Az Dip 
Depth 

(m) 

Elevation 

(masl) 
Target 

DDHC-12-073 2411895 6680891 0 -90 144.3 4824.31 Rojo Grande 

DDHC-12-074 2411554 6682613 0 -90 200 4869.24 Ladera Sur Tortolas 

DDHC-12-075 2412265 6682011 0 -90 377.7 4807.32 Ladera Sur Tortolas 

DDHC-12-076 2411972 6680812 0 -90 246 4838.91 Rojo Grande 

DDHC-12-077 2413265 6680788 0 -55 148.6 4738.13 Cerro Frio 

DDHC-12-078 2411709 6680898 115 -60 100 4797.93 Rojo Grande 

DDHC-12-079 2412046 6680744 0 -90 114 4856.78 Rojo Grande 

DDHC-12-080 2411670 6680535 0 -90 329.5 4909.82 Rojo Grande 

DDHC-12-081 2412021 6679548 130 -55 197.9 4895.17 NQP 

DDHC-12-082 2411722 6680757 0 -90 240 4831.99 Rojo Grande 

DDHC-12-083 2412020 6679549 0 -90 187.3 4895.45 NQP 

DDHC-12-084 2411855 6680522 0 -90 246 4887.76 Rojo Grande 

* - projection system Gauss-Kruger, datum Campo Inchauspe, Zone 2, rounded to nearest metre.   

masl = metres above sea level. 

 

Summary results for the drilling completed at Del Carmen are set out the following sections. 

 

10.1 2009-2010 SEASON RESULTS 

 

Significant results from the 2009-2010 drilling program included: 

 

 Drill intercepts of potentially economic gold-silver mineralization including: 

o Hole DDHC-10-32 at Rojo Grande with 142 m grading 0.88 g/t gold and 13.7 g/t 

silver beginning at a down hole depth of 22 m and continuing to the end of the 

hole. 

 

o Hole DDHC-10-23 at Naciente Quebrada Pedregosa which encountered 49 m 

grading 1.11 g/t gold beginning at 128 m, and a lower intercept of 16 m grading 

2.64 g/t gold and 6.1 g/t silver. 

 

Results for 2009-2010 drilling in the Rojo Grande area are summarized in Table 10.4 
 

Table 10.4  

Significant Intercepts, 2009-2010 Season 

(based on 0.1 g/t Au cut-off) 

 

Target 

(holes drilled) 
Hole ID 

From 

(m) 

To 

(m) 

Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 

AuEq 

(g/t) 

Cu 

(%) 

Rojo 

Grande (6) 

DDHC-10-017 9.0 50.0 41.0 1.18 31.2 1.70   

including 19.0 30.0 11.0 3.42 67.2 4.54   

which includes 27.0 30.0 3.0 6.45 25.5 6.88   

DDHC-10-018 5.0 20.0 15.0 1.07 27.3 1.53   

including 15.0 19.0 4.0 2.66 34.1 3.23   

DDHC-10-019 13.0 40.0 27.0 0.27 6.4 0.38   

DDHC-10-020 5.5 130.0 124.5 0.57 8.8 0.72   

including 14.0 31.0 17.0 0.65 21.0 1.00   

including 60.0 68.0 8.0 1.15 6.8 1.26   

and including 87.0 97.0 10.0 1.46 15.7 1.72   

DDHC-10-020* 167.0 190.4 23.4 0.13 10.9 0.31   

DDHC-10-031 13.0 48.0 35.0 0.94 13 1.15   

includes 40.0 47.0 7.0 1.83 5.3 1.91   
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Target 

(holes drilled) 
Hole ID 

From 

(m) 

To 

(m) 

Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 

AuEq 

(g/t) 

Cu 

(%) 

DDHC-10-032 22.0 164.2 142.2 0.88 13.7 1.11   

includes 23.0 57.0 34.0 1.27 13.6 1.50   

includes* 124.0 164.2 40.2 1.45 19.6 1.78   

Naciente 

Quebrada 

Pedregosa (4) 

DDHC-10-023 41.0 46.0 5.0 2.71 0.1 2.71   

DDHC-10-023 71.0 92.0 21.0 1.69 0.1 1.69   

including 71.0 77.0 6.0 4.32 0.1 4.32   

DDHC-10-023 128.0 177.0 49.0 1.11 0.1 1.11   

including 135.0 157.0 22.0 2.20 0.1 2.20   

and including 146.0 149.0 3.0 9.02 0.1 9.02   

DDHC-10-023 189.0 205.0 16.0 2.64 6.1 2.74   

DDHC-10-024 42.0 49.0 7.0 2.88 0.2 2.88   

DDHC-10-024 52.0 64.0 12.0 2.01 0.1 2.02   

DDHC-10-024 122.0 144.0 22.0 2.75 0.3 2.75   

includes 122.0 135.0 13.0 4.31 0.3 4.31   

DDHC-10-025 51.0 76.0 25.0 0.98 0.1 0.98   

DDHC-10-025 117.0 124.0 7.0 1.50 0.8 1.51   

DDHC-10-025 128.0 145.0 17.0 0.41 0.5 0.42   

DDHC-10-026 72.0 82.0 10.0 1.25 0.1 1.25   

Quebrada 

Pedregosa (4) 

DDHC-10-027 38.0 66.0 28.0 1.53 0.7 1.54   

includes 50.0 58.0 8.0 3.86 0.6 3.87   

DDHC-10-027 76.0 79.0 3.0 3.23 0.8 3.24   

DDHC-10-027 113.0 119.0 6.0 0.53 0.7 0.54   

DDHC-10-027 124.0 134.0 10.0 0.52 1.5 0.54   

Brecha 

Límite (4) 

DDHC-10-007 24.0 34.8 10.8 0.78 11.6 0.97   

DDHC-10-008 18.0 53.0 35.0 2.22 42.9 2.94   

including 30.0 46.0 16.0 4.03 81.7 5.39   

DDHC-10-021 25.0 55.0 30.0 0.48 12.3 0.68   

includes 32.0 38.0 6.0 1.15 39.1 1.80   

DDHC-10-022 68.0 106.0 38.0 0.34 6.4 0.45   

Brecha Límite 

Norte (5) 

DDHC-10-015 29.0 32.0 3.0 2.60 368.7 8.75 2.46 

DDHC-10-016 56.0 61.0 5.0 0.53 217.7 4.16 2.06 

Ladera Sur 

Tortólas (3) 

DDHC-10-011 9.0 27.0 18.0 0.35 26.7 0.80   

includes 23.0 25.0 2.0 1.77 201 5.12 2.13 

DDHC-10-012 4.0 39.0 35.0 0.42 5.8 0.52   

DDHC-10-012 91.0 92.0 1.0 2.78 175 5.70 0.68 

DDHC-10-013 26.0 32.0 6.0 0.98 13.1 1.20   

Cresta del  

Gallo (6) 

DDHC-09-002 13.5 40.5 27.0 0.50 3.71 0.56   

including 21.5 32.5 11.0 0.91 4.04 0.98   

Notes: Intercepts are based on a 0.1 g/t Au cut-off, with up to 3 continuous metres of internal dilution. Those in 

bold are based on a 0.5 g/t Au cut-off. Those marked with an asterisk (*) ended in mineralization. Gold-

equivalent (AuEq) values use 60 g/t Ag = 1 g/t Au (based on the 3-year average gold:silver price ratio) and 

assuming 100% metallurgical recovery. There are insufficient data to calculate true widths of the intercepts at 

this time. Abbreviations: gold (Au), silver (Ag), metres (m) and grams per tonne (g/t). 

 

10.2 2010-2011 SEASON RESULTS 

 

Drilling in the 2010-2011 season concentrated on the Rojo Grande target on approximately 50 

to 100-m spaced lines in order to complete sufficient drilling to support an initial resource 

estimate for the zone. The second drill rig was also used to test the large CSAMT resistivity 

anomaly at Cerro Amarillo, immediately southwest of Rojo Grande. 25 holes for 4,600 m 

have now been completed at Rojo Grande. Of these holes DDHC-10-36 and DDHC-11-44 

missed the interpreted mineralized envelope. 
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Table 10.5 sets out summary drill results for all holes disclosed in Stewart and Warman 

(2011). Gold and silver assays for these holes are provided in Appendix B of that report. 

 
Table 10.5  

Significant Intercepts, 2010-2011 Season 

(based on 0.1 g/t Au cut-off) 

 

Target Hole ID From To 
Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 

AuEq 

(g/t) 
Date 

Rojo 

Grande 

DDHC-10-033 37.0 107.0 70.0 0.46 12.8 0.67 
Press Release 

Jan 12, 2011 
DDHC-10-034 59.0 132.0 73.0 0.74 17.4 1.03 

including 79.0 95.0 16.0 0.97 20.0 1.3 

Rojo 

Grande 

DDHC-10-035 16.0 36.0 20.0 0.54 10.0 0.71 

Press Release 

Feb 8, 2011 

and 139.0 188.0 49.0 1.41 3.2 1.46 

including 176.0 184.0 8.0 7.08 11.6 7.27 

DDHC-10-036 129.0 137.0 8.0 0.25 2.0 0.28 

DDHC-10-037 7.5 37.0 29.5 0.18 4.5 0.25 

and 42.0 45.0 3.0 0.65 0.1 0.65 

DDHC-10-038 55.0 77.0 22.0 0.41 8.8 0.56 

and 87.0 111.0 24.0 0.9 13.3 1.12 

DDHC-10-039 51.0 69.0 18.0 0.27 6.5 0.38 

and 86.0 172.0 86.0 0.77 9.3 0.92 

Rojo 

Grande  

DDHC-11-040 7.0 90.0 83.0 0.19 5.2 0.28 

Press Release 

Feb 22, 2011 

including 18.0 36.0 18.0 0.29 5.1 0.34  

and 119.0 138.0 19.0 0.7 4.1 0.77 

including 120.0 130.0 10.0 1.14 5.1 1.23 

and 154.0 204.5 50.5 0.16 5.4 0.25 

DDHC-11-042 13.0 116.0 103.0 2.84  6.4 2.94 

including (at  

0.3 g/t cut-off) 
67.0 96.0 29.0 9.61 10.1 9.78 

which includes  84.0 95.0 11.0 23.47 10.9 23.65 

which includes  85.0 90.0 5.0 48.34 15.4 48.6 

Rojo 

Grande  

DDHC-11-043 10.0 13.0 3.0 0.12 5.2 0.20 

Press Release 

Mar 25, 2011 

and 18.0 27.0 9.0 0.11 5.3 0.20 

and 60.0 64.0 4.0 0.27 5.0 0.36 

and 70.0 76.0 6.0 0.27 3.0 0.32 

and 81.0 93.0 12.0 0.20 4.8 0.28 

and 144.0 149.0 5.0 0.21 2.6 0.25 

DDHC-11-044A no significant intercepts 

DDHC-11-046 6.0 64.0 58.0 2.67 21.5 3.03 

or 18.0 64.0 46.0 3.31 25.2 3.73 

which includes 18.0 58.0 40.0 3.75 29.9 4.25 

and 106.0 238.7 132.7 2.10 10.8 2.28 

or (@ 0.25 g/t) 106.0 198.0 92.0 2.91 13.4 3.14 

which includes 112.0 116.0 4.0 2.40 4.2 2.47 

which includes 122.0 145.0 23.0 5.51 20.4 5.85 

which includes 156.0 190.0 34.0 3.32 17.6 3.61 

which includes 231.0 233.0 2.0 1.39 12.9 1.60 

Mineralized intercepts are based on a 0.1 g/t Au cut-off, with no more than 3 m of internal dilution.  Gold-

equivalent (AuEq) values are calculated using 60 g/t Ag = 1 g/t Au and assuming 100% metallurgical recovery.   
 

Summary drill results for the remaining holes drilled in the 2010-2011 field season are set out 

in Table 10.6, as disclosed in press releases available at www.malbex.ca and the Malbex 2011 

third quarter MD&A. 

http://www.malbex.ca/
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Table 10.6  

Most Recent Significant Intercepts, 2010-2011 Season 

(based on 0.1 g/t Au cut-off) 

 

Target Hole ID From To 
Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 

AuEq 

(g/t) 
Date 

Cerro 

Amarillo 

DDHC-11-041 142.0 144.0 2.0 0.11 0.1 0.11 

Press Release 

May 11, 2011 

 219.0 224.0 5.0 0.16 0.1 0.16 

DDHC-11-045 81.0 83.0 2.0 0.16 0.4 0.17 

 103.0 105.0 2.0 0.13 0.3 0.14 

DDHC-11-048 250.0 262.0 12.0 0.19 0.5 0.20 

 283.0 285.0 2.0 0.17 1.3 0.19 

 294.0 319.0 25.0 0.50 0.7 0.51 

DDHC-11-051 181.0 184.0 3.0 0.22 1.5 0.25 

 194.0 205.0 11.0 0.63 2.5 0.67 

 221.0 228.0 7.0 0.20 1.3 0.22 

 235.0 240.0 5.0 0.33 2.4 0.37 

 255.0 287.0 32.0 0.22 2.3 0.25 

 371.0 372.0 1.0 1.37 3.3 1.42 

Rojo 

Grande 

DDHC-11-047 21.0 38.0 17.0 2.72 71.0 3.90 

 131.0 142.0 11.0 0.20 0.2 0.20 

DDHC-11-049 9.0 91.0 82.0 0.71 9.4 0.87 

 112.0 132.0 20.0 0.14 3.8 0.20 

 136.0 201.0 65.0 0.59 6.2 0.70 

 205.0 210.0 5.0 0.22 0.2 0.22 

DDHC-11-050 24.0 26.0 2.0 0.77 0.3 0.77 

 30.0 34.0 4.0 0.87 0.3 0.87 

 62.0 77.0 15.0 0.18 0.5 0.18 

DDHC-11-052 13.0 280.0 267.0 2.05 29.3 2.54 

which includes 44.0 60.0 16.0 4.38 14.2 4.62 

and 116.0 137.0 21.0 4.41 78.5 5.72 

and 171.0 205.0 34.0 8.31 70.1 9.48 

Cerro 

Amarillo 

DDHC-11-053 17.00 29.00 12.00 0.31 1.3 0.33 

Press Release 

June 6, 2011 

and 35.00 62.00 27.00 0.55 2.0 0.59 

which includes 40.00 53.00 13.00 0.85 2.0 0.88 

Rojo 

Grande 

DDHC-11-054 64.00 82.70 18.70 0.79 7.8 0.92 

and 109.00 171.90 62.90 0.80 11.4 0.99 

which includes 116.00 127.00 11.00 1.46 12.9 1.67 

and 135.00 161.00 26.00 1.04 14.4 1.28 

DDHC-11-055 1.00 105.00 104.00 1.96 25.2 2.38 

which includes 42.00 100.00 58.00 2.95 35.0 3.54 

and 143.00 210.00 67.00 0.51 1.5 0.54 

which includes 183.00 193.00 10.00 0.89 2.5 0.93 

and 213.00 225.00 12.00 0.37 1.9 0.41 

DDHC-11-056 7.00 46.00 39.00 0.23 5.7 0.33 

and 56.00 70.00 14.00 2.89 45.4 3.64 

and 105.00 147.00 42.00 1.10 4.0 1.16 

which includes 128.00 141.00 13.00 2.12 6.3 2.22 

and 164.00 174.00 10.00 0.42 0.3 0.42 

and 189.00 198.00 9.00 0.31 1.2 0.33 

Mineralized intercepts are based on a 0.1 g/t Au cut-off, with no more than 3 m of internal dilution.  Gold-

equivalent (AuEq) values are calculated using 60 g/t Ag = 1 g/t Au and assuming 100% metallurgical recovery. 
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10.3 2011-2012 SEASON RESULTS 

 

Drilling during the 2011-2012 field season concentrated on infill or definition drilling of the 

Rojo Grande deposit although several other showings and geophysical anomalies were tested 

including, Lion King, Cerro San Pablo, Filo Martita, Brecha Limite, Ladera Sur Tortolas, 

Cerro Frio and NQP.   

 

Summary drill results for the remaining holes drilled in the 2011-2012 field season are set out 

in Table 10.7 as disclosed in the company’s press releases available at www.malbex.ca. 

 
Table 10.7  

Significant Intercepts, 2011-2012 Season 

 

Target Hole ID 
From 

(m) 

To 

(m) 

Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 

AuEq 

(g/t) 
Date 

Rojo 

Grande 

DDHC‐11‐057A 55.0 164.0 109.0 2.05 7.3 2.17 

Press Release 

January 12, 2012 

including 63.0 71.0 8.0 3.99 0.7 4.00 

and 120.0 143.0 23.0 4.01 17.2 4.30 

DDHC‐11‐058 162.0 167.0 4.0 1.48 1.9 1.51 

DDHC-11-059 17.0 31.0 14.0 0.22 6.8 0.33 

Press Release 

March 2, 2012 

and 134.5 154.5 20.0 0.12 12.7 0.33 

DDHC-11-060 126.0 190.0 64.0 0.26 nsv nsv 

and 258.0 264.0 6.0 0.52 14.6 0.76 

and 269.0 329.0 60.0 0.33 3.87 0.39 

DDHC-11-061 - - - nsv nsv nsv 

DDHC-12-062 68.0 97.0 29.0 0.24 5 0.32 

and 111.0 149.0 38.0 0.37 10.4 0.54 

including 137.0 147.0 10.0 0.89 16.9 1.17 

DDHC-12-063 28.0 37.0 9.0 0.42 3.9 0.49 

and 53.0 69.0 16.0 0.39 3.5 0.45 

and 73.0 230.5 157.5 0.42 7.7 0.55 

DDHC-12-064 83.0 94.0 11.0 0.26 nsv nsv 

Press Release 

April 25, 2012 

and 101.0 162.0 61.0 0.30 1.8 0.33 

and 170.0 184.0 14.0 0.52 nsv nsv 

and 204.0 231.0 27.0 0.37 1.7 0.40 

Lion 

King 

DDHC-12-065 306.0 324.0 18.0 1.10 19.5 1.43 

Including* 320.0 323.0 3.0 5.66 76.6 6.94 

and 334.0 354.0 20.0 0.61 4.9 0.69 

Including* 335.0 340.0 5.0 1.11 12.7 1.32 

and 374.0 382.0 8.0 0.41 nsv nsv 

DDHC-12-066 84.0 86.0 2.0 0.49 16.7 0.77 

and 136.0 140.0 4.0 0.47 31.5 0.99 

and 405.5 407.0 1.5 0.58 34.4 1.15 

Rojo 

Grande 
DDHC-12-067** 168.0 183.0 15.0 0.29 2.7 0.34 

Cerro 

San 

Pablo 

DDHC-12-068 10.0 29.0 19.0 0.46 3.8 0.52 

including 14.0 21.0 7.0 0.79 7 0.91 

and 181.0 183.0 2.0 0.42 160.7 3.09 

Rojo 

Grande 
DDHC-12-069 no significant intercepts 

Filo 

Martita 
DDHC-12-070 no significant intercepts 

Brecha 

Limite 

DDHC-12-071 20.0 34.0 14.0 0.22 1.8 0.25 

and 133.0 156.0 23.0 0.20 3 0.25 

Ladera DDHC-12-072* 22.0 24.0 2.0 1.07 1.5 1.10 

http://www.malbex.ca/
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Target Hole ID 
From 

(m) 

To 

(m) 

Length 

(m) 

Au 

(g/t) 

Ag 

(g/t) 

AuEq 

(g/t) 
Date 

Sur 

Tortolas 
and* 126.0 132.0 6.0 1.25 30.6 1.76 

Rojo 

Grande 

DDHC-12-073 63.0 78.0 15.0 3.87 4.3 3.94 

Including* 63.0 67.0 4.0 9.07 5.2 9.16 

Press Release 

June 21, 2012 

and Including* 70.0 73.0 3.0 6.10 4.6 6.18 

and** 90.0 144.3 54.3 0.18 2.3 0.22 

Ladera 

Sur 

Tortólas 

DDHC-12-074 no significant intercepts 

DDHC-12-075 2.0 10.0 8.0 0.12 nsv 0.12 

 21.0 28.0 7.0 0.19 nsv 0.19 

 40.0 50.0 10.0 0.12 nsv 0.12 

 60.0 136.0 76.0 0.16 nsv 0.16 

 206.0 218.0 12.0 0.35 nsv 0.35 

 230.0 268.0 38.0 0.18 nsv 0.18 

 284.0 326.0 42.0 0.17 nsv 0.17 

 358.0 366.0 8.0 0.21 8.1 0.35 

 372.0 376.0 4.0 0.22 nsv 0.22 

Rojo 

Grande 

DDHC-12-076 6.0 60.0 54.0 0.42 9.7 0.58 

 47.0 56.0 9.0 1.00 21.8 1.36 

 78.0 94.0 16.0 0.41 12.9 0.63 

 100.0 125.0 25.0 0.21 nsv 0.21 

 167.0 190.0 23.0 1.82 2.1 1.85 

includes* 174.0 184.0 10.0 3.72 4.5 3.79 

Cerro 

Frio 
DDHC-12-077* 42.0 50.0 8.0 1.08 nsv 1.08 

Rojo 

Grande 

DDHC-12-078 15.0 48.0 33.0 0.27 7.8 0.40 

includes 38.0 46.0 8.0 0.40 17.2 0.68 

DDHC-12-079 19.0 30.0 11.0 0.70 1.7 0.73 

 35.0 43.0 8.0 1.33 nsv 1.33 

DDHC-12-080 79.0 82.0 3.0 0.88 nsv 0.88 

 100.0 167.0 67.0 2.76 14.8 3.01 

includes 116.0 123.0 7.0 2.25 34.5 2.83 

and includes* 134.0 152.0 18.0 8.06 19.8 8.39 

which includes 150.0 152.0 2.0 40.27 11.8 40.47 

NQP DDHC-12-081* 178.0 187.0 9.0 1.51 nsv 1.51 

Rojo 

Grande 
DDHC-12-082 23.0 48.0 25.0 0.55 2.3 0.58 

NQP DDHC-12-083 0.0 5.0 5.0 1.31 nsv 1.31 

Rojo 

Grande 

DDHC-12-084* 27.0 29.0 2.0 2.19 nsv 2.19 

 62.0 94.0 29.0 0.61 0.5 0.62 

includes 62.0 77.0 12.0 1.06 nsv 1.06 

 138.0 169.0 31.0 0.33 nsv 0.33 

Intercepts are based on a 0.1 g/t Au cutoff, with up to 3 continuous metres of internal dilution. Those marked 

with an asterisk (*) are based on a 1.0 g/t Au cutoff.  Those marked **ended in mineralization.  Gold-equivalent 

(Au-EQ) values are calculated using 60 g/t Ag = 1 g/t Au and assuming 100% metallurgical recovery.  There are 

insufficient data to calculate true widths of the intercepts.  Abbreviations: gold (Au), silver (Ag), metres (m), 

grams per tonne (g/t) and no significant values (nsv). 

 

Plan views of the drill hole locations and example cross and longitudinal sections of the Rojo 

Grande drilling are shown in Figures 10.1 to 10.5. 
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Figure 10.1  

Del Carmen Norte Drill Hole Locations and Targets 

 

 
(From Malbex, 2012) 
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Figure 10.2  

Rojo Grande Drill Grid Lines 

(Rojo Grande Area in Red Section Lines) 

 

 
(From Malbex 2012) 

1 km 
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Figure 10.3  

Malbex Drill Holes at Rojo Grande  

(Showing gold (red) and silver (blue) histograms on drill hole traces.) 

 

 
(From Malbex, 2012).  For clarity histograms are not plotted on vertical holes. 

 

200 m 
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Figure 10.4  

Rojo Grande Cross Section 2600 Looking Northeast,  

(Holes DDHC-11-40, -042, -046, -047, 052 and -056) 

 

 
(From Malbex, 10/2011) 
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Figure 10.5  

Rojo Grande Longitudinal Section B-B’ Looking Northwest,  

 

 
(From Malbex, 2012) 



 

 69 

10.4 DRILLING PROCEDURES 

 

Cored drill holes have been completed using wire-line diamond drill rigs.  Rigs and drilling 

crews were supplied by Boart Longyear S.A. of Mendoza (2009-2010 season) and Major 

Drilling S.A. of Mendoza (2010-2011 season) and Grupo Synergy and Mendrill S.A. (2011-

2012 season). Boart Longyear used a truck mounted CS 3001 unit while Major used a truck 

mounted Major-50 rig and a self-propelled, crawler-mounted UDR 200.  Grupo Synergy used 

a new track-mounted Dip Gold 1500 rig and Mendrill used a Boyles 56.  Water for the rigs 

was supplied by water trucks which access water from Quebrada del Medio, approximately 3 

km east of Rojo Grande. 

 

Core produced was either HQ-3 (61 mm, Boart Longyear) or HQ (63.5 mm, Major) diameter 

from the upper portion of the holes or NQ (48 mm diameter) core from deeper sections.  

Grupo Synergy and Mendrill also started with HQ and reduced to NQ when necessary.  PQ 

(85 mm diameter) core was obtained from the upper portion of certain holes in the 2010-2011 

season, in addition to HQ and NQ core at deeper depths.  Dip angles ranged from -45° to 

vertical.  Core recoveries were typically 85 to 95% but noticeably lower in zones of enhanced 

fracturing, powdery quartz-alunite, intense quartz-kaolinite alteration and strongly weathered 

near-surface intervals. 

 

Core was placed in wooden core trays by drill staff at the rig.  Initial inspection of the core 

was usually completed by a company geologist at the rig.  Wooden lids were secured before 

transport by truck to the Del Carmen camp for detailed inspection, logging and sampling.  See 

Section 11 for details of the logging and sampling procedures. 

 

Drill hole collar locations up to DDHC-10-25 were determined by Geotop S.A., a San Juan 

based survey contractor, using a high-precision GPS unit in 2010, and subsequent holes up to 

DDHC-11-053 were surveyed by Geotop S.A. in 2011.  Holes drilled in 2011-2012 were 

surveyed by GEO Referencia of San Juan.  

 

Down-hole survey measurements were conducted approximately every 50 m and at the end of 

each drill hole.  The survey instrument (Reflex EZ-SHOT by Boart Longyear, Reflex EZ-AQ 

by Major Drilling) was lowered down the hole, either during drilling or at completion of each 

hole.  The tools give the azimuth (readable to < 1°) and dip (readable to < 1°) of each 

measured depth in the drill hole. 

 

It is Micon’s opinion that the logging and data collection procedures used in the drill program 

are adequate for the purpose of supporting a mineral resource estimate. 
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11.0 SAMPLE PREPARATION, ANALYSES AND SECURITY 

 

The information in this section was taken, in part, from Stewart and Warman (2011). 

 

11.1 SAMPLE COLLECTION AND SHIPMENT 

 

11.1.1 Surface Samples 

 

Grab samples are pieces of rock collected from outcrops and/or rock talus to confirm the 

presence of precious or base metals in anomalous or potentially economic quantities.  

 

Chip-channel samples are pieces of outcropping mineralized or altered rock collected 

continuously, to semi-continuously, over a measured interval.  Chip and grab samples have 

been collected at Del Carmen and were shipped using the same protocols described in Section 

11.1.2 below.  

 

The results of the chip-channel or grab samples collected at Del Carmen were not used in the 

preparation of the mineral resource estimate presented in this report.  The samples were 

collected to identify areas for more detailed exploration and drilling. 

 

11.1.2 Drill Core Samples 

 

Core was removed from the core barrel at the drill site and placed in wooden core trays by the 

drill crews.  Each tray was labelled by the drillers at the rig with the drill hole number, the box 

number and an arrow to mark the start of the tray and the down-hole direction. Wooden core 

blocks, with the metreage written in black marker pen, were inserted by the drillers at the end 

of retrieval of core (usually 3 m or less). The position and labelling of the blocks were 

checked by the geologist during mark up. 

 

The filled core boxes were sealed with wooden lids and transported to the Del Carmen camp 

logging facility, usually twice daily. Once at camp, the core trays were marked up with the 

starting and ending metreage written at the ends of the trays with a permanent marker.  Each 

metre point was measured, marked and labelled on the box.   

 

During logging the geologists selected the sample intervals. The start and end of each selected 

sample was marked with a red wax pencil mark across the core and sample numbers were 

written on the edge of the core box channels in the middle of each interval.   

 

Trays were photographed digitally, typically in groups of three, both before and after core 

cutting and sampling. 

 

Because mineralized intervals are difficult to identify visually at Del Carmen, the entire 

length of altered rock in each hole was sampled and submitted for analysis.  Samples were 

selected using the following criteria: 
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 Maximum sample length of 2 m in lithologies where mineralization was not expected. 

 Maximum sample length of 1m in lithologies where mineralization was expected. 

 Smaller samples may be selected around veins or other smaller structures, with a 

minimum sample length of 20 cm. 

 Geological changes in the core such as major mineralization/alteration intensity and 

lithology changes were used as sample breaks. 

 Core size changes were used as sample breaks. 

 Samples of 2 m were collected in some zones of poor recovery and core loss to ensure 

collection of an adequate volume of material. 

Samples were sawn in half using sliding trays on electric-powered diamond core saws.  The 

following standard sampling procedures were employed: 

 The right hand side of the core (looking down the hole) was always sampled. 

 After cutting, half the core was placed in a new plastic sample bag and half was 

returned to the core box.  

 Between each sample, the core saw and sampling table areas were washed to ensure 

no contamination from one sample to the next. 

Sample numbers were written on the outside of plastic sample bags and a tag from the sample 

book was placed inside the bag with the half core. Sample tags were supplied by ALS 

Minerals (ALS, a division of ALS Global), the chosen laboratory for the program. The bags 

were sealed using single-use staples with another sample tag placed in the folded and stapled 

portion of the plastic bag.  

 

Sealed plastic sample bags were placed in large rice sacks (usually between 5 and 10 samples 

per sack) which, in turn, were sealed using single-use plastic cable ties with a unique 

identifier number. The sack number, sample numbers, sack weight and date were written on 

the outside of the sacks.  

 

11.1.3 Security and Chain-Of-Custody  

 

The sealed sample bags were shipped to the ALS preparation laboratory in Mendoza, 

Argentina, mainly by Malbex staff, or rarely by commercial trucking service.  Upon receipt 

the numbers of the rice bag closure seals were checked by ALS staff for integrity and 

agreement with the accompanying record.  

 

Each sample received at the preparation laboratory was bar-coded and the information entered 

into the ALS database.  After crushing and pulverizing in Mendoza, a powdered subsample of 

pulp was shipped by ALS to one of their laboratories for analysis (typically La Serena, Chile 

or North Vancouver, B. C.). 
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The half core remaining after sampling was stored in camp during the field season for 

verification and reference purposes. Core was later transported to a secure and locked, 

Malbex-run warehouse/office facility in San Juan for permanent storage. 

 

11.1.4 Conclusions 

 

Micon has reviewed and observed the sampling protocols used by Malbex at the Del Carmen 

Norte area. It is Micon’s opinion that they conform to conventional industry standards and 

what are generally regarded as best practices. 

 

11.2 SAMPLE PREPARATION AND ANALYSES 

 

All samples taken at Del Carmen have been submitted to and prepared by the ALS sample 

preparation laboratory in Mendoza, Argentina.  ALS reports that most of its laboratories are 

registered or are pending registration to ISO 9001:2000, and a number of the analytical 

facilities have received ISO 17025 accreditations for specific laboratory procedures.  The 

ALS website (www.alsglobal.com) has downloadable copies of NTP-ISO/IEC 17025:2001 

and ISO 9001:2000 certificates for its Lima laboratory.  ALS, La Serena is ISO 9001:2000 

certified and is registered with the Chilean National Institute of Normalization to ISO 

17025:2005 standards.  ALS, North Vancouver is registered to ISO/IEC 17025:2005 (CAN-P-

4E) and ISO 9001:2000 standards. 

 

ALS reports that it “has developed and implemented at each of its locations a Quality 

Management System (QMS) designed to ensure the production of consistently reliable data.  

The system covers all laboratory activities and takes into consideration the requirements of 

ISO standards.” 

 

11.2.1 Sample Preparation 

 

All samples received by ALS are processed through a sample tracking system that is an 

integral part of that company’s Laboratory Information Management System (LIMS).  The 

system utilizes bar coding and scanning technology that provides complete chain-of-custody 

records for every stage in the sample preparation and analytical process, and limits the 

potential for sample switches and transcription errors.   

 

After receipt by the laboratory, samples are prepared using the PREP-31 procedure.  The 

sample is logged in the LIMS tracking system, weighed, dried and finely crushed with more 

than 70% passing a 2 mm (Tyler 9 mesh, US Std. No.10) screen.  The crushed material is 

passed through a riffle splitter and 250 g is separated to then be pulverized to better than 85% 

passing a 75 micron (Tyler 200 mesh, US Std. No. 200) screen.  ALS reports that this method 

is appropriate for rock chip or drill samples.  Coarse rejects and excess pulps are temporarily 

stored at ALS facilities in Mendoza until delivery to the Malbex warehouse in San Juan. 

 

Figure 11.1 shows the flow chart outlining the PREP-31 sample preparation procedure. 
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Figure 11.1  

Sample Preparation Procedure PREP-31 Flowchart 

 

 
(From Stewart and Warman, 2011) 

 

Pulped samples are shipped by air freight by ALS to their laboratories in La Serena, Chile, or 

North Vancouver, B. C. for analysis, depending upon work load. 
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11.2.2 Analytical Methods  

 

Prepared sample pulps are analyzed for gold by 30 g fire assay with atomic absorption 

spectroscopy (AAS) finish (ALS code Au-AA23 and upper and lower detection limits of 10 

and 0.005 g/t Au).  Over limit samples (in excess of 10 g/t Au) are re-analyzed by fire assay 

with gravimetric finish (code Au-GRA21) with detection limits of 0.5 and 1,000 g/t Au. 

 

The pulp is also analyzed using the 34-element ICP (inductively coupled plasma) 

geochemical package (ME-ICP41m).  The ME-ICP41m package uses aqua regia digestion of 

about 2 g of pulped material.  The sample digest is analyzed by ICP-AES (atomic emission 

spectroscopy) for all elements except mercury.  This package code includes base metal and 

silver determinations (Table 11.1).   

 
Table 11.1  

Elements and Lower and Upper Detection Limits for ME-ICP41M Package 

 

Ag 0.2 - 100 Co 1 - 10,000 Mn 5 - 50,000 Sr 1 - 10,000 

Al 0,01% - 25% Cr 1 - 10,000 Mo 1 - 10,000 Th 20 - 10,000 

As 2 - 10,000 Cu 1 - 10,000 Na 0.01% - 10% Ti 0.01% - 10% 

B 10 - 10,000 Fe 0.01% - 50% Ni 1 - 10,000 Tl 10 - 10,000 

Ba 10 - 10,000 Ga 10 - 10,000 P 10 - 10,000 U 10 - 10,000 

Be 0.5 - 1,000 Hg 1 - 10,000 Pb 2 - 10,000 V 1 - 10,000 

Bi 2 - 10,000 K 0.01% - 10% S 0.01% - 10% W 10 - 10,000 

Ca 0.01% - 25% La 10 - 10,000 Sb 2 - 10,000 Zn 2 - 10,000 

Cd 0.5 - 1,000 Mg 0.01% - 25% Sc 1 - 10,000   

Concentrations in parts per million unless otherwise indicated. 

 

For mercury analysis the pulped sample (0.50 g) is digested with aqua regia for at least one 

hour in a hot water bath.  After cooling, the resulting solution is diluted to 12.5 mL with 

demineralized water and mixed.  A portion of the sample is treated with stannous chloride to 

reduce the mercury.  The resulting mercury is volatilized by argon-purging and measured by 

AAS. 

 

11.2.3 Summary 

 

Other than sample collection, bagging and shipment described in Section 11.1 above, no 

aspect of the sample preparation procedure was conducted by an employee, officer, director or 

associate of Malbex. 

 

The ALS Global facilities in Mendoza are secure and guarded with controlled access.  The 

laboratory employs industry standard methods for the preparation and determination of gold 

and silver content in rock samples.  It is Micon’s opinion that the sample preparation, security 

and analytical procedures employed by Malbex are adequate for the requirements of this 

report. 
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It is Micon’s opinion that the analytical methods chosen for use by Malbex are appropriate for 

determination of gold and silver grades at Del Carmen and for generating data for use in a 

mineral resource estimate. 
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12.0 DATA VERIFICATION 

 

12.1 ALS GLOBAL LABORATORY QA/QC 

 

Like most modern analytical laboratories, ALS runs its own internal quality assurance/quality 

control (QA/QC) program involving the use of blank and standard reference materials, as well 

as duplicate samples. Blank samples are intended to identify contamination in sample 

preparation and handling as well as sample switches. Standard reference materials are 

intended to measure laboratory accuracy and duplicate samples are used to monitor precision 

(repeatability). 

 

As shown in Figure 11.1 above, sample preparation and pulverizing equipment is tested daily 

using screen analysis to ensure that the crushers and pulverizers are meeting sample size 

reduction criteria.   

 

Analytical results are not released to the client by ALS unless each batch passes the internal 

QA/QC tests. 

 

12.2 MALBEX QA/QC 

 

Malbex’ QA/QC program consists of the insertion of at least one certified reference standard 

of known gold content, one blank and one field duplicate in every 20 samples.  The procedure 

has been in place for the 2009-2010, 2010-2011 and 2011-2012 drill seasons.  This section 

presents the multi-year QA/QC results at Del Carmen, plus mixed additional data for field 

duplicates, blanks and standards from 2010 drilling at Despoblados (another Malbex property 

in the Valle del Cura) that used identical analytical and QA/QC procedures.  The majority of 

the data are from Del Carmen. 

 

Field duplicates consist of ¼ core samples where the usual half-core to be submitted for assay 

is halved again by Malbex staff at camp.  Both samples are included in the sample stream sent 

to ALS.  The original sample (the first in the sequence of the two) is used as the value in the 

database.  Malbex has submitted 825 field duplicates to date and their results demonstrate 

reasonably acceptable variations around the 1:1 line (Figure 12.1).  

 

Blanks are samples known to contain very low levels of gold.  They are placed into the 

sample stream in order to test for adequate cleaning of the sample preparation equipment 

between samples, switching of samples or contaminating of samples in the laboratory.  

Malbex uses a rhyodacite from the Valle del Cura, known by staff to have negligible gold 

content based on their prior experience with other companies in working in the area.  To date 

Malbex has submitted 812 blank samples for assay.  Only 18.3% (149 samples) reported 

assays above the lower detection limit of 0.005 ppm Au.  The one high result >0.10 ppm Au 

occurred in the first hole in the 2009-2010 season (Figure 12.2) and does not fall within the 

Rojo Grande database.  In general, the blank sample data indicate appropriate and consistent 

sample preparation procedures by ALS that minimize contamination between samples. 
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Figure 12.1  

Scatter Plot 2009-2011 Field Duplicate Samples 

 

 
Number of pairs = 825 

 

Figure 12.2  

2009-2011 Blank Samples  

 

 
Number of assays = 812 
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Batches of six different certified reference standard materials (CRM) of known compositions 

were purchased at the beginning of the 2009-2010 season from Rocklabs Ltd. of Auckland, 

NZ.  The selected CRMs span a range from 0.8 to 18.14 ppm (g/t) Au and include both oxide 

(Ox in sample ID) and sulphide-bearing (SL in sample ID) material (Table 12.1).  A fourth 

oxide CRM, O2PL, was purchased part way through the 2010-2011 season (Table 12.1).  

Three more CRMs (OxF85, OxJ80 and OxN92) were acquired later as drilling progressed. 

 
Table 12.1  

Comparison of ALS Results with Standard Recommended Values, Malbex 2009-2011 Drill Programs 

 

Rocklabs 

Certified ID 

Recommended 

Value 

(ppm Au) 

ALS Average 

Value 

(ppm Au) 

1 Standard 

Deviation 

Number of 

Samples 

OxF65 Oxide 0.805 0.811 0.019 84 

OxF85 Oxide 0.805 0.794 0.097 72 

OxJ64 Oxide 2.366 2.364 0.059 87 

OxJ80 Oxide 2.331 2.321 0.295 68 

OxN92 Oxide 7.643 7.689 0.195 68 

OxP76 Oxide 14.890 15.029 0.461 78 

O2PL 0.8850 0.880 0.028 32 

SF45 Sulphide (2.8%) 0.848 0.843 0.019 24 

SL46 Sulphide 5.867 5.913 0.186 34 

SP37 Sulphide 18.140 18.003 0.700 17 

 

The test for acceptability of analytical results for CRMs involves the plotting of graphs 

(control charts) that show an ongoing comparison of each individual assay result for each 

standard with the recommended value (RV, Figure 12.3, Figure 12.4) for that standard as 

determined by the manufacturer.  The mathematic average (AVG) of ALS assays of each 

standard is also compared to the recommended value.  The calculated standard deviation of 

the umpire assays which determined the RV of the CRM provides a measure of the 

acceptability of the assay results. 

 

Two limits of concern are calculated and plotted on control charts with the assay results 

received for the CRMs.  Upper and lower warning limits (UWL, LWL) are defined as two 

standard deviations above and below the RV.  Sample batches with single assays outside of 

two standard deviations, but within three, are noted but no action is taken unless repeated 

results occur in this range.  Upper and lower critical limits (UCL, LCL) are defined as plus or 

minus three standard deviations from the RV.  Sample batches with a CRM result falling 

outside of UCL and LCL ranges are re-assayed.   

 

After three field seasons of drilling, no batch of ALS assays has been rejected and re-run at 

the request of Malbex due to CRM failures and only rarely have CRM assays failed to meet 

the UWL or LWL.  

 

Figures 12.3 and 12.4 show examples of the control charts generated for the CRMs used by 

Malbex.  
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Figure 12.3  

Assay Results for Oxide Standard OxF65 

 

 
n=84.  AVG - average; RV - recommended value; UWL & LWL - upper and lower 

warning limits (2 Std); UCL & LCL - upper and lower critical limits. 

 

Figure 12.4  

Assay Results for Oxide Standard OxJ64 

 

 
n=87, abbreviations as in previous figure. 
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Significant drill intersections with one or more over limit assays (>10 g/t Au) are sent to two 

additional independent laboratories to verify gold and silver analyses as deemed necessary.  

Metallic screen fire assays for gold are run regularly as an additional QA/QC check on zones 

of significant high grade mineralization.  Assay code Au-SCR21 is employed for these 

samples.  Metallic screen analysis of the high grade interval in hole DDHC-11-042 (5 m @ 

48.34 g/t Au) shows good reproducibility with the original assays and that the majority of the 

gold occurs in the <100 micron size fraction (Table 12.2). 
 

Table 12.2  

Screen Metallic Fire Assay Results, High Grade Interval, DDHC-11-042 

 

Sample 

Original 

Assay 

(Au ppm) 

Screen 

Fire Assay 

(Au ppm) 

+100 

Micron 

Fraction 

(Au ppm) 

Average 

-100 Micron 

Fraction 

(Au ppm) 

Weights - Fraction 

Au in 

+ Fraction 

(mg) 

+ Fraction 

(g) 

- Fraction 

(g) 

1st Assay 

(Au ppm) 

2nd Assay 

(Au ppm) 

6902 29.9 27.3 1.29 27.7 0.019 14.71 987.3 28.3 27 

6903 37.0 34.9 0.75 36.7 0.032 42.82 813 36.5 36.8 

6904 46.2 42.2 2.8 42.8 0.031 11.06 773 43.8 41.7 

6906 37.9 38.7 1.69 40.2 0.061 36.16 888 40.4 40 

6907 90.7 89.2 6.44 92 0.208 32.3 974.6 90.9 93 

6884 5.58 5.42 0.4 5.64 0.017 42.18 961.6 5.74 5.53 

 

12.3 MICON DATA VERIFICATION 

 

Check Samples 

 

During the first March, 2009 site visit, Micon completed its own program of check sampling.  

At that time Malbex had received no assay results from any of its initial sampling.  Micon had 

no guide to select its sample locations other than visual cues and prior operator results.  Micon 

selected chip samples from certain outcrops, sometimes based on results of previous work by 

others and at other locations rock outcrops showing mineralized breccias and/or siliceous 

sinters were sampled because they appeared to not have been sampled previously.   

 

At total of seven samples were collected and submitted to the ALS sample preparation 

laboratory in Mendoza under Micon’s direct supervision and control. Analyses were 

performed at ALS in Lima, Peru using the same methodology as employed by Malbex.  

Micon maintained custody of the samples until they were submitted to ALS.  Of these seven 

samples three were collected at Del Carmen.  The results of Micon’s field sampling program 

at Del Carmen can be seen in Table 12.3 below.   

 
Table 12.3  

Micon Check Samples 

 

Property Target Tag # 
Au 

(g/t) 

Ag 

(g/t) 

Hg 

(ppm) 

Cu 

(ppm) 
Description 

Del Carmen Brecha Límite 1176 <0.005 <0.5 0.02 10 Black matrix breccia 

Cresta de Gallo 1177 0.612 6.5 0.13 5 Vuggy silicified alunite 

Hill north of 

Breccia Oportuna 
1178 1.710 <0.5 1.20 702 

Black matrix bx in kaol-

qtz altered volcanics. 
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Some of the chip samples from the Del Carmen property show gold mineralization at the 

approximate grades of the Veladero and Pascua-Lama deposits (see Section 15 below).  

Several of the samples also have anomalous levels of mercury, a characteristic of the large 

precious metals deposits in the district. Micon considers that the samples collected have 

independently confirmed the presence of anomalous gold mineralization on the Del Carmen 

claims. 

 

Database Review 

 

The exploration database was the data source for the updated mineral resource estimate 

presented in this report and the foundation for every investigation, analysis, result and 

decision made in estimation. For this reason database validation is a critical task in the 

process of mineral resource estimation and must be successfully performed before completion 

of the estimate.  Typically exploration databases contain a vast amount of data collected in the 

field, but for the purpose of this estimation focus is placed on collar surveys, down-the-hole 

surveys, assays, lithology and density. 

 

The entire database was verified to assure data integrity.  All tables to be used in the resource 

estimate were reviewed with automatic validation processes using GEMS software.  These 

tools check for errors such as crossed “from” and “to” sample or lithology intervals, missing 

values or invalid codes.  In addition the drill holes were plotted in three-dimensional space 

and examined for apparent azimuth or dip errors and checked against the topographic surface 

for collar elevation errors.  Core sample assay results were thoroughly cross checked against 

assay certificates using MS-Excel.  The validation process was successful with no significant 

errors found in the database.  

 

The database for the Rojo Grande estimate is comprised of 44 diamond drill holes totalling 

9,025 m of core containing 7,740 sample intervals of which 3,259 were inside the interpreted 

mineralization envelope.  (Of the holes drilled in the Rojo Grande area two drill holes missed 

the edge of the deposit.) 

 

12.4 CONCLUSIONS 

 

Micon has reviewed the data verification results for the Del Carmen drill hole database and 

finds the data acceptable for use in a mineral resource estimate. 
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13.0 MINERAL PROCESSING AND METALLURGICAL TESTING 

 

In late 2010, Malbex submitted five samples from three drill holes at Del Carmen Norte to 

McClelland Laboratories in Sparks, NV, USA (McClelland) for preliminary metallurgical 

testing (McPartland, 2011).  Each composite sample was representative of the average grade 

of the selected intervals of mineralization at the Rojo Grande and Naciente Quebrada 

Pedregosa targets.   

 

The results from the preliminary bottle roll test program undertaken at McClelland suggested 

that the mineralization at Del Carmen Norte would be amenable to heap leaching.   

 

At the end of 2011, Malbex selected samples for a second phase of testing, also to be 

performed at McClelland. This testwork program, which commenced in January, 2012, 

comprised coarse bottle rolls, diagnostic leach tests, agglomeration tests and column leach 

tests. The detailed results from this program of work were reported by McClelland in August, 

2012 (McPartland, 2012).   

 

13.1 MCCLELLAND BOTTLE ROLL LEACH TESTS - 2011 

 

In late 2010, Malbex submitted five samples from three drill holes at Del Carmen Norte to 

McClelland Laboratories in Sparks, NV, USA (McClelland) for preliminary metallurgical 

testing (McPartland, 2011). Each composite sample was representative of the average grade 

of the selected intervals of mineralization at the Rojo Grande and Naciente Quebrada 

Pedregosa targets.   

 

Five composites of roughly 15 kg each were prepared by McClelland from the individual 

quarter core samples. Average measured head grades for the composites range from 0.67 to 

2.21 g/t Au for the selected intervals.  

 

The objective of this preliminary bench scale series of bottle roll leaching tests was to obtain 

information on the sensitivity of gold recovery by cyanidation to feed size, recovery rates, 

reagent requirements, and variability of potential ores at Del Carmen Norte. The crushed 

fractions (12.5 mm and 6.3 mm) provide preliminary information on the amenability of 

potential ores to heap leaching. The milled feed sizes (212 µm and 150 µm) test the 

amenability of each composite to milling and agitation cyanidation treatments such as carbon-

in-pulp (CIP). 

 

Gold recoveries for each milled fraction (212 µm and 150 µm) ranged from 82% to 89% after 

72 hours of leaching with comparable results for both size fractions.  Gold recoveries after 96 

hours of agitation were lower for crushed material compared to milled fractions and were 

clearly improved by the reduction from 12.5 mm to 6.3 mm.  Four of five 6.3 mm samples 

had Au recoveries ranging from 78.3 to 83.1% while the fifth sample showed 61.4% recovery.    

 

These results showed “good potential for heap leach cyanidation and for whole ore/milling 

cyanidation treatment of the materials represented by the five composite samples.  Indications 
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are that relatively fine feed sizes may be required for either processing method, in order to 

maximize gold recoveries by cyanidation” (McPartland, 2011, p.3).  Cyanide consumptions 

were relatively low in all samples and lime consumptions were variable, being higher in 

Naciente Quebrada Pedregosa samples than Rojo Grande.  

 

Silver recoveries from samples with detectable silver (four of five) are generally low (<50%) 

and tended to increase with decreasing feed size.  

 

13.2 MCCLELLAND COLUMN LEACH TESTS - 2011 

 

13.2.1 Metallurgical Samples 

 

Seven composites were selected and prepared by Malbex from quarter HQ drill core.  The 

goal was to select composites from Rojo Grande that reasonably represented the 

mineralization of the deposit.   

 

Four of the composites spanned the length of the silicified zone (vuggy silica, silicified 

hydrothermal breccia); one from andesite-hosted silicification; and three from mainly dacite-

hosted silicification.  The composites were labelled from southwest to northeast as RGSZ-1 

(average grade), RGSZ-2 (above average grade), RGSZ-3 (above average grade), and RGSZ-

4 (below average grade).   

 

Three of the composites spanned the length of the underlying zone of “powdery quartz-

alunite” and quartz-alunite alteration, two with decent grade and one low grade composite to 

west. The composites will be labelled from southwest to northeast as RGQA-1 (below 

average grade), RGQA-2 (above average grade), and RGQA-3 (average grade). 

 

The relative locations of the seven composites are shown in the long section (Figure 13.1) and 

plan (Figure 13.2).  

 

The gold and silver analyses of the seven blended composite samples are presented in Table 

13.1. 

 
Table 13.1  

Composite Samples Gold and Silver Head Grades 

 

Element Unit 
Composite 

RGQA-1 RGQA-1 RGQA-1 RGQA-1 RGSZ-1 RGSZ-1 RGSZ-1 
Gold g/t 1.26 1.95 0.72 0.82 1.19 1.86 0.23 

Silver g/t 11 28 11 21 16 34 8 
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Figure 13.1  

Long Section Indicating the Relative Locations of the Metallurgical Composite Samples  

 

 
Reference:  Malbex Memo, Rojo Grande Column Leach MET Sampling Program, Peter W Stewart, August 20, 2011 (Stewart, 2011) 
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Figure 13.2  

Plan Indicating the Relative Locations of the Metallurgical Composite Samples  

 

 
Reference:  Malbex Memo, Rojo Grande Column Leach MET Sampling Program, Peter W Stewart, August 20, 2011 (Stewart, 2011) 
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13.2.2 Metallurgical Tests 

 

The metallurgical test program on the seven composite samples comprised coarse bottle rolls, 

diagnostic leach tests, agglomeration tests and column leach tests. 

 

Bottle Roll Tests 

 

Standard direct cyanide bottle roll leach tests were performed on each of the composites at 

feed sizes of 80% passing (P80) 12.5 mm (½ inch), 6.3 mm (¼ inch) and 2 mm (9 mesh). The 

results from these tests showed that the del Carmen Norte composites were amenable to direct 

agitated cyanidation at all three feed sizes and showed significant feed size sensitivity.   

 

The QA composites tended to have a higher gold recovery than the SZ composites. The 

average gold recoveries of the QA composites were 80.4%, 84.0% and 85.8% for the 12.5 

mm, 6.3 mm and 2 mm samples, respectively. The average gold recoveries of the SZ 

composites were 60.2%, 71.5% and 78.6% for the 12.5 mm, 6.3 mm and 2 mm samples, 

respectively.   

 

Gold recovery rates for the bottle roll tests varied from moderate to fairly rapid. Some 

composites required up to 72 hours to substantially complete leaching.  Cyanide consumption 

was generally low (<0.07 to 0.66 kg/t) and lime requirements were typically low to moderate 

(1.0 to 3.0 kg/t). 

 

Diagnostic Leach Tests 

 

Diagnostic leach tests showed relatively good amenability to cyanidation for all seven 

composites at the P80 of 106 µm feed size.  Gold values not recovered by direct cyanidation 

represented between 7% and 19% of the contained values.  Most of the remaining “refractory” 

gold was typically associated with carbonates, iron oxides and sulphides.  Only between 2% 

and 10% of the contained gold was locked in silica at the P80 of 106 µm feed size. 

 

Column Leach Tests 

 

A summary of the column test results are presented in Table 13.2.  Basically, these results 

showed that the del Carmen Norte composite samples were amenable to simulated 

agglomerated heap leach technology.  Average gold recoveries for the QA composites at the 

P80 crush sizes of 12.5 mm and 6.3 mm were 85.2% and 85.4%, respectively.  The average 

gold recoveries for the SZ composite tests at the P80 crush sizes of 12.5 mm and 6.3 mm were 

73.8% and 77.7%, respectively. 

 

Compared to the respective bottle roll test results, the QA composites were similar. However, 

column test gold recoveries from the SZ composites were significantly higher than the 

corresponding bottle roll tests.   
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Table 13.2  

Column Metallurgical Test Results, Del Carmen Norte Composites 

 

Composite 
Feed Size 

(P80 mm) 

Leach 

Time 

(Days) 

Solution Ratio 

(m3/t) 
Au 

Extraction 

(%) 

Au Head Grade 

(g/t) 
Ag 

Extraction 

(%) 

Ag Head Grade 

(g/t) 
Reagents (kg/t) 

Leach Rinse Calc. Assay Calc. Assay 
NaCN 

Consumed. 

Lime 

Added 

Cement 

Added 

RG QA-1 12.5 115 7.8 0.3 81.2 1.12 1.20 20.0 10.0 10.0 1.57 2.0 3.0 

RG QA-1 6.3 122 7.7 0.4 81.1 1.11 1.20 25.0 11.0 11.0 1.67 2.0 3.0 

              

RG QA-2 12.5 92 4.5 0.8 88.1 2.02 2.02 25.9 27.0 28.0 0.93 1.1 3.0 

RG QA-2 6.3 97 5.7 0.5 88.9 1.90 2.02 25.9 27.0 28.0 1.22 1.1 3.0 

              

RG QA-3 12.5 66 3.2 0.5 86.1 0.72 0.73 22.2 9.0 11.0 0.72 1.5 3.0 

RG QA-3 6.3 88 4.7 0.5 86.3 0.73 0.73 20.0 10.0 11.0 1.13 1.5 3.0 

              

RG SZ-1 12.5 99 5.4 0.6 77.8 0.90 0.87 45.5 22.0 21.0 1.20 1.1 3.0 

RG SZ-1 6.3 93 6.1 0.2 79.8 0.84 0.87 50.0 20.0 21.0 1.39 1.1 3.0 

              

RG SZ-2 12.5 99 6.2 0.6 80.7 1.14 1.16 50.0 16.0 16.0 1.18 1.1 3.0 

RG SZ-2 6.3 97 6.8 0.4 82.1 1.12 1.16 53.3 15.0 16.0 1.24 1.1 3.0 

              

RG SZ-3 12.5 95 6.9 0.3 76.5 2.00 2.01 48.6 35.0 35.0 1.25 1.1 4.0 

RG SZ-3 6.3 151 10.3 0.4 85.0 1.87 2.01 57.1 35.0 35.0 2.40 1.1 4.0 

              

RG SZ-4 12.5 95 3.6 0.3 60.0 0.20 0.23 28.6 7.0 8.0 0.61 1.5 3.0 

RG SZ-4 6.3 97 3.7 0.5 63.2 0.19 0.23 25.0 8.0 8.0 0.73 1.5 3.0 

              

Average 12.5 94 5.4 0.5 78.6 1.16 1.17 34.4 18.0 18.4 1.07 1.3 3.1 

Average 6.3 106 6.4 0.4 80.9 1.11 1.17 36.6 18.0 18.6 1.40 1.3 3.1 

Reference: (McPartland, 2012) 
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Column silver extractions were low and ranged from 20.0% to 57.1% with the QA samples 

generally lower than the SZ composites. 

 

Figure 13.3 and Figure 13.4 present the test results for the P80 12.5 mm column leach tests. 

At the test solution addition rate, a solution addition to solids ratio of 6 corresponds to 

approximately 100 days of leaching.  

 
Figure 13.3  

Column Leach Test Results (SZ Composites) 

 

 
 

Figure 13.4  

Column Leach Test Results (QA Composites) 
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Column leach gold extraction rates were typically relatively slow, except for QA-2 and QA-

3, which both exhibited rapid extraction rates. Cyanide consumption was typically low to 

moderate, ranging from 0.61 kg/t to 1.57 kg/t for the 12.5 mm tests.  

 

The lime (1.1 kg/t to 2.0 kg/t) and cement (3.0 to 4.0 kg/t) added during agglomeration pre-

treatment were sufficient for maintaining protective alkalinity during leaching. 

Agglomeration pre-treatment was deemed necessary for assuming adequate solution 

percolation during the column leach tests.   

 

Load/permeability tests were performed on selected 6.3 mm feed size leached agglomerates 

to confirm the technical feasibility of heap leaching agglomerated material. The results 

suggested acceptable hydraulic conductivity (4x10
-2

 cm/s or greater) at simulated heap stack 

heights of up to 40 m.   

 

Using the 12.5 mm column test results average gold and silver extraction models were 

developed that could be used for the PEA study process design. Table 13.3 provides the 

modelled extractions for various leach solution to ore ratios.  

 
Table 13.3  

Modelled Gold and Silver Extractions 

 

Solution to 

Solids Ratio 

Extraction (%) 

Gold Silver 

1 39.7% 13.1% 

2 54.4% 20.1% 

3 63.0% 24.3% 

4 69.1% 27.2% 

5 73.8% 29.5% 

6 77.7% 31.4% 

7 80.9% 32.9% 

8 83.8% 34.3% 

9 86.3% 35.5% 

10 88.5% 36.6% 

 

13.3 CONCLUSIONS AND RECOMMENDED FUTURE METALLURGICAL TESTWORK 

 

Diagnostic leach testing on selected composite samples showed a relatively low proportion of 

refractory gold and generally good amenability to standard cyanide leaching at 106 µm grind 

sizes. 

 

Bottle roll test results showed that the del Carmen Norte QA and SZ composite samples were 

amenable to agitation leaching at crush/grind sizes of P80 12.5 mm, 6.3 mm and 2 mm. 

 

The column test results suggested that the del Carmen Norte composite samples were 

amenable to simulated heap leach cyanidation treatment at P80 12.5 mm and 6.3 mm crush 

sizes. 
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Cyanide consumptions were moderate but should be substantially lower in commercial 

operations.  Lime and cement addition was significant but were sufficient for pH control and 

maintenance of stable agglomerates.  

 

It is recommended to perform additional column tests using representative samples in order 

to further optimize the process in terms of kinetics, reagent consumptions and cement 

requirements.    
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14.0 MINERAL RESOURCE ESTIMATES 

 

14.1 GENERAL 

 

This report contains an update of a previous mineral resource estimate on the Rojo Grande 

deposit prepared for Malbex, by Micon (Hennessey and Gowans, 2011).  There are no known 

prior mineral resource estimates for any zone or deposit located on the Del Carmen property. 

 

14.2 MINERAL RESOURCE ESTIMATION PROCEDURES 

 

The Rojo Grande mineral resource estimation was completed using geostatistical methods 

involving the creation of a block model into which grade was interpolated using the Ordinary 

Kriging (OK), Inverse Distance Squared (ID
2
) and Nearest Neighbour (NN) methods. 

 

Micon used Gemcom© software for the modelling process and estimation.  Surpac was also 

used in some instances such as manipulation of the block model and creation of reports. 

 

For the purposes of mineral resource estimation the data constrained within the interpreted 

mineralized envelope are currently comprised of 39 surface diamond drill holes and 7,740 

assays of which 3,259 were inside the interpreted mineralization envelope.  All drill holes at 

Rojo Grande, up to and including DDHC-12-084, were used for the purposes of the mineral 

resource estimate except for holes DDHC-11-036 and DDHC-11-044 which missed the edge 

of the mineralized zone. 

 

The data used in the resource estimate come from the drill holes shown in Tables 10.1, 10.2 

and 10.3 and highlighted in yellow. 

 

14.2.1 Geological Model and 3D Solid Modelling 

 

The geology, mineralization and deposit type of the Rojo Grande deposit are described in 

Sections 7 and 8 of this report.  The deposit is hosted within altered volcanic rocks including 

tuffs, breccias and subvolcanic domes.  The gold and silver mineralization is not confined to 

one particular lithology or alteration type, however, the more massive dacitic domes appear 

to be less permeable by fluids and therefore were hydrothermally altered and mineralized to a 

lesser extent.  They may also be limiting and guiding or controlling fluid flow to some extent. 

 

Mineralizing fluids were interpreted to rise on a structure at the core of the deposit and to 

flare out into the surrounding rocks, the degree of flaring being influenced by the primary 

porosity. This results in a stacked mushroom-shaped structure with branches extending off 

the central fluid pathway (see Figure 14.1).  

 

Table 14.1 summarizes the rock types and codes used in the geological model for the Rojo 

Grande deposit.  
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Table 14.1  

Rock Codes Used for the Rojo Grande Deposit 

 

No. Code Description 

1 Atf Andesite Tuff 

2 Atfc Andesite Crystal Tuff 

3 Bxh Hydrothermal Breccia 

4 Pda Porphyry Dacite 

5 Vbx Volcanic Breccia 

6 Vbxa Volcanic Breccia Andesite 

7 Vbxd Volcanic Breccia Dacitic 

Table compiled by Micon. 

 

After completing its initial drilling programs described earlier Malbex created a set of cross 

sections outlining a geological interpretation of the Rojo Grande mineralized zone.  This was 

reviewed and used by Micon as a point of reference during the construction of the original 

three-dimensional solid used to control the mineral resource estimate. The more recent 

drilling was used to update this model. 

 

Due to the inability to determine with confidence the precise collar locations for the historical 

drilling no results therefrom have been used in the interpretation of the deposit or the 

estimation of mineral resources presented herein. 

 

Micon and Malbex worked together in the interpretation of the Rojo Grande mineralized 

zone. Input was provided by Dr. Peter Stewart, former Vice President of Exploration for 

Malbex, in creating and updating the 3D wireframe of the geological model. 

 

For the 3D model Micon digitized interpretation polylines on section planes established 

every 50 m through the deposit.  In a few instances where drill holes were 100 m apart the 

sections were established at that distance as well. The polylines essentially outlined an 

envelope describing the 0.1 g/t Au contour. The cut-off of 0.1 g/t was chosen as it was 

somewhat below any likely open pit cut-off grade and was judged by visual review to 

represent a prominent shoulder in the grade histograms on the drill holes wherein 

mineralization began to break up into isolated pods. Some small areas of lower grade assay 

results were included in the wireframe in order that the shape not be too complex. 

 

On some sections the drilling density did not allow for full interpretation of the flaring 

upward shape. However, in most cases the next section over had the required drill holes to 

demonstrate continuity of this interpretation.  Given the determination that all resources were 

to be categorized as inferred, in these cases the wire-framed interpretation was projected 

through. 

 

The resulting polygon shapes were tied together to create a single wireframe with a certain 

controlled level of complexity. Figure 14.1 illustrates the resulting solid. The solid is 

approximately 800 m long by 250 m wide by 270 m in height. 
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Figure 14.1  

3D Wireframe of the Rojo Grande Mineralized Zone 

 

 
(From Micon, 07/2013) 

 

14.2.2 Population Statistics and Grade Capping 

 

Micon used the 3D mineralized wireframe to extract the contained gold and silver assays and 

density data from the Rojo Grande database. The population statistics for the data within the 

mineralized constraints were examined. The results of the examination of the gold assay 

statistics are shown in Figure 14.2 in the form of a box and whisker plot.   
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Figure 14.2  

Box and Whisker Plot, Raw Assay Data Within the Rojo Grande Mineralized Zone 

 

 
 

Figure 14.2 presents a summary of the raw gold assay statistics by rock type (see Table 14.2) 

within the mineralized zone at Rojo Grande.  The seven codes reported provide information 

about the lithologies associated with gold mineralization.  However, when the number of 

samples within each population group is considered it can be seen that the Atf, Dtfc and 

Vbxa lithologies are not large populations and, hence, possibly not representative.  However, 

the Pda group contains the largest population and the highest gold grade.  While this is the 

best represented population, Bxh, Vbx and Vbxd are all reasonably large and fairly similar 

statistically. The population statistics support the conclusion that the mineralization occurs 

across all rock types with the porphyritic dacite dome being the least mineralized.  At this 

time it was concluded that separation of the data into different lithological domains was not 

justified. One single domain determined by grade boundaries was determined to be the 

appropriate way to proceed with the initial resource estimate.  Use of a single domain 

simplifies the estimation process. 

 

Raw gold and silver assay values extracted from inside the mineralized wireframe were 

evaluated for outlier values.  This was done by determining the population statistics for the 

mineralized zone (see above) and plotting histograms, log histograms and probability plots 

looking for values which lie outside of a normally or lognormally distributed population.  

Lognormal populations form straight lines on probability plots and the point at which data 

can be considered as being outliers can usually be readily determined from them.  Figures 
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14.3 and Figure 14.4 show an example log histogram and probability plot for the gold assays 

at Rojo Grande.   
 

Figure 14.3  

Rojo Grande Gold Assays, Log Histogram 

 

 
 

Figure 14.4  

Rojo Grande Gold Assays, Probability Plot. 
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Grade capping minimizes potential bias in an estimate derived from the nugget effect in 

sampling, the cause of the outliers in the sample population.  Values beyond the lognormally 

distributed population are normally reduced to the highest value within it.  The Rojo Grande 

assays were capped at 12.6 g/t Au, impacting 16 samples in the population, and 167 g/t Ag, 

impacting 8 samples.  The results of the applied grade capping used in this estimate on the 

population statistics are presented in Table 14.2 below.  Note that grade capping significantly 

lowers the coefficient of variation in the data population. 
 

Table 14.2  

Rojo Grande Deposit, Raw Assay vs. Capped Assay Statistics 

 

Variable 
Au 

(g/t) 

Ag 

(g/t) 

Au_Cut 

(g/t) 

Ag_Cut 

(g/t) 

Number of samples 3,259 3,259 3,259 3,259 
Minimum value 0.003 0.100 0.003 0.100 
Maximum value 90.700 395.000 12.600 167.000 
Mean 0.969 10.374 0.854 10.219 
Median 0.332 5.100 0.329 5.000 
Variance 9.549 349.522 2.633 291.729 
Standard Deviation 3.090 18.695 1.623 17.080 
Coefficient of Variation 3.188 1.802 1.901 1.671 

 

14.2.3 Compositing 

 

Most grade interpolation techniques treat assay results as point values in space.  As a result a 

cluster of many short, high grade assays can receive more weight than an equally long, low 

grade one biasing the estimate of grade.  Therefore, it is necessary to composite the assays to 

a common length prior to variography and grade interpolation.  Composting to an appropriate 

length can also add internal dilution similar in magnitude to the block size selected for the 

model.  Samples were composited into 5 m equal-length intervals starting at the upper 

contact of the mineralized zone along the intersecting drill holes.  Any composites less than 

2.5 m long were dropped to avoid short sample bias in the interpolation.  A total of 704 

composites were used in the estimate and 29 were rejected.  Table 14.3 summarizes the 

population statistics of the capped raw assays and compares them to those of the resulting 

composites within the 0.1 g/t Au cut-off mineralized envelope of the Rojo Grande deposit. 
 

Table 14.3  

Rojo Grande Deposit, Capped Raw Assays vs. Composite Statistics Comparison 

 

Variable 

Capped Raw Assays 5 m Composites 

Au 

(g/t) 

Ag 

(g/t) 

Au 

(g/t) 

Ag 

(g/t) 

Number of samples 3,259 3,259 704 704 
Minimum value 0.003 0.100 0.008 0.093 
Maximum value 12.600 167.000 9.948 125.585 
Mean 0.854 10.219 0.857 10.104 
Median 0.329 5.000 0.387 5.500 
Variance 2.633 291.729 1.798 217.571 
Standard Deviation 1.623 17.080 1.341 14.750 
Coefficient of Variation 1.901 1.671 1.564 1.460 
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14.2.4 Variography 

 

The current data density at Rojo Grande is not high, however, the 704 composites are fairly 

well distributed and drilling density is higher near the core of the deposit allowing for the 

successful modelling of semi-variograms and the interpolation of grade.   

 

Variography is a study of the average assay variance between pairs of samples at increasing 

distances.  The distance at which the variance ceases to rise (the range) is that maximum 

distance over which 2 assay pairs are correlated and represents the maximum safe distance to 

interpolate grades at the higher confidence categories of the CIM code (measured and 

indicated).  Variography is the basis for the selection of search parameters in the mineral 

resource estimate.  Micon performed this analysis for both gold and silver assays. 

 

First a down-the-hole semi-variogram was investigated to model the nugget of the variogram.  

The nugget is the variance at zero distance (y-intercept) of the variogram and represents the 

nugget effect of sampling of the deposit.  Next, three variograms were modelled in the along-

strike, across-strike and down-dip directions with the nugget from the down-hole variogram 

used. 

 

Using Gemcom’s statistical module, the composites were evaluated in multiple directions to 

construct a variogram map to determine the direction of major continuity. After this direction 

was chosen, a secondary variogram map was built normal to that plane and finally the third 

direction, perpendicular to the secondary axis. The resulting search parameters from this 

procedure are summarized in Table 14.4 below. 

 
Table 14.4  

Rojo Grande Deposit Search Parameters 

(Deposit Bearing 045º) 

 

Element Pass 
Interpol. 

Method 

Search Parameters 

Az 

(º) 

Dip 

(º) 

Plunge 

(º) 

Range X 

(m) 

Range Y 

(m) 

Range Z 

(m) 

Min. 

Samples 

Max. 

Samples 

Max. 

Samples 

Per 

Hole 

Au 

1 OK 135 0 0 106 98 75 4 12 3 

2 OK 135 0 0 212 196 150 4 12 3 

3 OK 135 0 0 318 294 225 3 12 3 

Ag 

1 OK 115 0 0 102 99 77 4 12 3 

2 OK 115 0 0 204 198 154 4 12 3 

3 OK 115 0 0 306 297 231 3 12 3 

Au 

1 ID2 135 0 0 106 98 75 4 12 3 

2 ID2 135 0 0 212 196 150 4 12 3 

3 ID2 135 0 0 318 294 225 3 12 3 

Ag 

1 ID2 115 0 0 102 99 77 4 12 3 

2 ID2 115 0 0 204 198 154 4 12 3 

3 ID2 115 0 0 306 297 231 3 12 3 

Density 1 ID3 0 0 0 250 250 250 3 6 2 

 

Example gold and silver variograms at Rojo Grande are presented in Figures 14.5 to 14.10. 
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Figure 14.5  

Rojo Grande Mineralized Zone, Au Major Axis Semi-Variogram. 

 

 
 

Figure 14.6  

Rojo Grande Mineralized Zone, Au Semi-Major Axis Semi-Variogram. 
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Figure 14.7  

Rojo Grande Mineralized Zone, Au Minor Axis Semi-Variogram. 

 

 
 

Figure 14.8  

Rojo Grande Mineralized Zone, Ag Major Axis Semi-Variogram. 
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Figure 14.9  

Rojo Grande Mineralized Zone, Ag Major Axis Semi-Variogram. 

 

 
 

Figure 14.10  

Rojo Grande Mineralized Zone, Ag Major Axis Semi-Variogram. 
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14.2.5 Density 

 

Malbex has completed a program of bulk density determinations using the paraffin-coated 

core, weight-in-water/weight-in-air method at Rojo Grande. However, rock density 

determinations at the deposit are sometimes challenging due to the pervasive alteration of the 

rock. On some occasions the rock samples could be so altered and friable that they were 

inadequate for obtaining a proper measurement. 

 

Several samples in the database had densities below 2.0 t/m
3
 and these were rejected as being 

unrepresentative.  After review a total of 71 samples were determined to be valid and these 

data points were used to estimate density into the block model by the inverse distance cubed 

(ID
3
) interpolation method. 

 

For comparison and validation of the rejection of certain low values a table of reference 

density values was obtained from the feasibility study for the nearby operating Veladero 

mine.  The range of values used at Rojo Grande was found to be in agreement with that used 

at Veladero indicating that the deletion of values less than 2.0 t/m
3
 was appropriate. 

 

Density data were used to populate blocks inside the mineralized envelope using a maximum 

searching radius of 250 m in all direction (an isotropic search).  Not every block inside the 

mineralized envelope was populated from the interpolation process due to lack of data in 

some parts of the solid, and the remaining blocks in the entire block model were assigned the 

constant average density value of 2.30 t/m
3
.  There were fewer data points in the waste 

outside of the mineralized solid making it difficult to interpolate values there.  The average of 

all data points in the waste was used as the density in the waste blocks of the model (although 

the average density was exactly the same at 2.30 t/m
3
). 

 

14.2.6 Block Model 

 

A block model is a sub-division of the rock mass into individual blocks or boxes into which 

parameters such as grade or density can be estimated. The dimensions of the blocks 

determine the resolution and selectivity of the estimates for the mineralized zone. The block 

model is used to report a tonnage and average grade of the deposit as well as other required 

inquiries depending on the available block attributes.   

 

The block model’s extents should be sufficient to contain the entire deposit, allow for 

expansion if necessary and also allow for the determination of waste quantities to be removed 

in stripping of an open pit. Block size should be appropriate for the deposit type, data density 

and the mining selectivity of the envisaged mining method. 

 

After examining the available data for the Rojo Grande deposit, a non-rotated block model 

1,300 m long by 1,300 m wide and 650 m in height was constructed.  A block size of 20 m 

(X) by 20 m (Y) and 5 m (Z) was chosen. 
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14.2.7 Grade Interpolation 

 

Gold and silver grade values were interpolated into the block model by the Ordinary Kriging, 

Inverse Distance Squared and Nearest Neighbour methods and the search parameters set out 

in Table 14.5. The Ordinary Kriged results were reported as the resource estimate and the 

Inverse Distance results were used as an internal check. 

 

Density values were interpolated by the Inverse Distance Cubed (ID
3
) method. 

 

14.2.8 Open Pit Evaluation 

 

The widths, grade and location at or near surface of the mineralization seen at Rojo Grande 

indicate that any mining scenario would likely involve an open pit operation.  The known 

mineralization did not extend much deeper than would likely be possible to mine 

economically by open pit methods. However, in order to comply with the CIM mineral 

resource reporting requirement for “reasonable prospects for economic extraction”, Micon 

chose to float a simple pit on the block model, using Whittle software, in order to report the 

mineral resource.   

 

The metal price assumptions, metal recoveries and costs used to determine the Whittle pit are 

set out in Table 14.5 below.  The metal prices used are determined from rounded, three-year 

trailing averages for the gold and silver fixes on the London Bullion Market.  The operating 

costs were selected after consultation with persons familiar with open pit mining in South 

America and/or the metallurgical test results. 

 
Table 14.5  

Rojo Grande Deposit, Open Pit Evaluation Parameters 

 

Description Amount Units 

Metal Price Au 1,300 US$/oz 

Metal Price Ag 25 US$/oz 

Recovery Au 80 % 

Recovery Ag 35 % 

Au Equivalence Factor 0.0084 N/A 

Mining Cost Leach Feed 1.5 US$/t 

Mining Cost Waste 1.4 US$/t 

Processing Cost 3.5 US$/t 

G&A 2.5 US$/t 

Slope Angles (Az/Dip) 0/40 

120/42 

210/40 

300/38 

Degrees 

 

Figure 14.11 shows the resulting Rojo Grande pit and the mineralized solid.  The results are 

encouraging in that most of the modelled resource blocks were able to make it into the pit, 

possibly in part due to favourable topography.  The Whittle pit results presented here reflects 

a simple cone and does not constitute a fully designed and optimized pit. 
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Figure 14.11  

Isometric View of Rojo Grande Topography, 3D Solid and Open Pit 

 

 
(From Micon, 07/2013) 

 

14.3 MINERAL RESOURCES 

 

Micon used the CIM Standards on Mineral Resources and Reserves - Definitions and 

Guidelines, as adopted by CIM Council on November 27, 2010, to report the mineral 

resources at Rojo Grande.  The estimate presented here is compliant with the current CIM 

standards and definitions as required by NI 43-101 and is, therefore, reportable as a mineral 

resource by Malbex. 

 

Given the relatively widely spaced drilling and average spacing between much of the data it 

was decided to classify all of the resources as inferred. 

 

The mineral resources estimated for the Rojo Grande deposit are presented in Table 14.6 

below.  Whittle optimizations consider the cash flow resulting from mining every block 

within a series of cones of increasing size. After considering the costs and revenues 

generated from each scenario, the ultimate pit with the highest net present value is typically 

selected to report the mineral resource.  Using the data in Section 14.2.8 and the block model 

results for Rojo Grande the cut-off grade for the deposit would be approximately 0.3 g/t Au.  
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Table 14.6  

Rojo Grande Deposit Inferred Mineral Resources 

 

Million 

Tonnes 

Gold Grade 

(g/t) 

Silver Grade 

(g/t) 

Gold 

Ounces 

Silver 

Ounces 

30.97 1.01 11.0 1,010,000 10,964,000 
1) Mineral resources which are not mineral reserves do not have demonstrated economic 

viability. The estimate of mineral resources may be materially affected by environmental, 

permitting, legal, title, taxation, socio-political, marketing, or other relevant issues. 

(2) The quantity and grade of reported inferred resources in this estimation are conceptual in 

nature and there has been insufficient exploration to define these inferred resources as an 

indicated or measured mineral resource. It is uncertain if further exploration will result in 

upgrading them to an indicated or measured mineral resource category.  

(3) The 0.3 g/t gold equivalent cut-off grade was derived from an assumed open pit/heap 

leach operation with recoveries of 70% for gold and 40% for silver, a mining cost of 

US$1.50/tonne for ore and $1.40/tonne waste, process cost of US$3.50/tonne and general & 

administrative costs of US$2.50/tonne. The costs were derived from similar operations and 

the recoveries from initial metallurgical testwork.  Assumed prices of $1,125/oz for gold and 

$20/oz for silver, based on 3-year trailing averages, were also employed. 

 

The effective date of the mineral resource estimate in Table 14.6 is April 9, 2013. 

 

14.3.1 Responsibility for Estimation 

 

The estimate of mineral resources for the Rojo Grande deposit presented in this report was 

prepared by Mr. Alan J. San Martin, MAusIMM(CP), with technical input from B. Terrence 

Hennessey, P.Geo., and under the overall direction of Mr. Hennessey. The Whittle pit 

optimization was supervised by Ms. Dayan Anderson, MMSA.  Messrs. Hennessey and San 

Martin and Ms. Anderson are qualified persons as defined in NI 43-101, and are independent 

of Malbex. 

 

14.4 MINERAL RESOURCE VALIDATION 

 

The mineral resources presented in this report are an estimate.  Micon has chosen to validate 

that estimate by a number of different methods as described below. 

 

14.4.1 Comparison of Statistics 

 

A tabulated comparison of the population statistics from the informing assay composites 

against the resulting block values gives a global sense of how well the model represents the 

source data and any biases which may be present.  Table 14.7 shows the results of this 

comparison. 
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Table 14.7  

Rojo Grande Deposit Block Model Comparison 

 

Description 
Average Grade 

(g/t) 

Au Composites 0.826 

Au Block Model 0.857 

Ag Composites 9.315 

Ag Block Model 10.104 

 

14.4.2 Visual Inspection 

 

After finalizing the estimate of grade, a visual inspection was carried out going through 

vertical cross sections along the strike of the deposit to verify if the drill holes grades agree 

with the estimated grade in the blocks.  In this procedure drill holes and blocks are displayed 

together using the same colour table scale for grade.  An example section is shown in 

Figure 14.12.  This inspection found general agreement between block grades and local 

informing samples. 

 
Figure 14.12  

Rojo Grande Vertical Section, 6680880N, Drill Holes, Blocks, Topography and Pit  

 

 
(From Micon, 07/2013) 

 

14.4.3 Trend Analysis 

 

Trend Analysis is a validation technique that extracts grade profiles of the informing assay 

composites and resulting blocks in a specific direction through the deposit and then compares 

the resulting profiles in a chart called a swath plot.  The plots give a visual comparison 

picture of the local trends in estimated grade and informing samples.  Figures 14.13 and 

14.14 show the resulting swath plots for the Rojo Grande block model. 
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Figure 14.13  

Rojo Grande Swath Plot for Gold, 5 m Composites vs. Resulting Block Grades 

 

 
 

 

Figure 14.14  

Rojo Grande Swath Plot for Silver, 5 m Composites vs. Resulting Block Grades 
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14.4.4 Conclusions 

 

Micon concludes that, at the inferred confidence level, the Rojo Grande block model 

reasonably represents the informing assay data. 

 

Except for the issue of mining activities on glaciers and in periglacial regions in Argentina, 

discussed in Section 4.5 of this report, Micon is unaware of any environmental, permitting, 

legal, title, taxation, socio-economic, marketing, political, or other relevant factors which 

could materially affect the mineral resource estimate presented in this report.  At this time it 

is impossible to assess the full impact of the new federal law or San Juan provincial law on 

mining in glacial areas on the corporation at this time.  The full impact will only be 

determined after the definitions of “glacier” and “periglacial” in the law are fully clarified 

and litigation as to its constitutionality is settled. 
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15.0 MINERAL RESERVE ESTIMATES 

 

The CIM defines a Mineral Reserve as the economically mineable part of a Measured or 

Indicated Mineral Resource demonstrated by at least a Preliminary Feasibility Study.  There 

are no Mineral Reserves for the Del Carmen project as a) this PEA is preliminary in nature 

and b) includes inferred mineral resources that are considered too speculative geologically to 

have economic considerations applied to be categorized as Mineral Reserves. 
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16.0 MINING METHODS 

 

16.1 SUMMARY 

 

The conceptual mining method for the Del Carmen project is open-pit mining with truck 

haulage delivering to a crushing & agglomerating facility located approximately 1.5 km 

northwest of the deposit.  The average life-of-mine waste to plant feed ratio is 2.6:1.  The 

deployment of a contractor fleet has been assumed to manage both pre-production 

development and a stripping campaign during the first two years of production.  An owner 

operated fleet will be deployed in Year 1 to sustain an annual production rate of 

approximately 14 Mt per year.   

 

The resource block model, discussed in Section 14.0 was used as the basis for the open pit 

design.  The mine design process involved the following steps: 

 

 Generation of an economically-optimized ultimate open pit shell using Whittle 4.4 

software. 

 

 Design of an ultimate pit and three intermediate phases.  The portions of the mineral 

resource within these pit designs were included in the mine plan that served as the 

basis of this scoping study. 

 

 Selection of a fleet of drilling, loading, hauling and auxiliary equipment required to 

achieve the conceptual production schedule. 

 

 Estimation of mine capital expenditures and operating costs to the level of accuracy 

appropriate for a Preliminary Economic Assessment. 

 

16.2 OPEN PIT OPTIMIZATION PARAMETERS 

 

Technical and economic parameters for the Del Carmen project, summarized in Table 16.1 

were applied to the geologic model to create a net value block model for open-pit 

optimization.  The shell with a revenue factor of 1 served as a guide in the development of a 

conceptual open-pit design. 

 
Table 16.1  

Whittle Pit Optimization Assumptions 

 

Area Units Value 

Slope Angle (Adjusted for Ramps) Degrees 41 

Material Mined to Leach Pad US$/Tonne $1.50 

Waste Mining US$/Waste Tonne $1.40 

Processing US$/ Tonne $3.50 

G&A US$/ Tonne $2.50 

Gold Price US$/Ounce $1300 

Silver Price US$/Ounce $25 
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Area Units Value 

Royalty % of Gross Sales 2% 

Gold Recovery % of Feed Grade 80% 

Silver Recovery % of Feed Grade 35% 

 

16.3 LIFE-OF-MINE PIT DESIGN 

 

In the absence any site-specific geotechnical data, pit design parameters were based on 

references to existing operations in the area.  Pit slopes were designed to an inter-ramp slope 

angle of 45°.  Haulage roads were designed to a width of 25 m to accommodate two-way 

haulage for the envisioned fleets, at a maximum grade of 10% (see Figure 16.1).  The pre-

production development and final life-of-mine design are illustrated in Figure 16.2 and 

Figure 16.3, respectively.   

 
Figure 16.1  

Conceptual Open Pit Design 

 

 
 



 

 

1
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Figure 16.2  

Pre-Production Development - Del Carmen Project 

 

 



 

 

1
1
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Figure 16.3  

Life-of-Mine Site Layout - Del Carmen Project 

 

 
 

 



 

 113 

16.4 MINE PRODUCTION SCHEDULE 

 

The mine production schedule was developed using phased pit designs and the MineSched
TM

 

scheduling program within the Gemcom suite of mine planning software. The annual 

schedule is summarized in Tables 16.2 and 16.3.  Four phases were developed to meet the 

following operational objectives: 

 Target for a heap leach process feed rate resulting in a mine life that would not 

require major capital replacement of the mobile fleet. 

 Defer stripping where feasible while ensuring adequate waste rock is available to 

develop a stable basement for each phase of the heap leach operations. 

 Allow for the development of at least two working faces for operational flexibility. 

Table 16.2  

Mine Production Schedule 

 

Period 

Leach 

Tonnes 

(x1000) 

Au 

(g/t) 

Ag 

(g/t) 

Waste 

Tonnes 

(x1000) 

Total 

Tonnes 

(x1000) 

Strip 

Ratio 

 

Year -1 0 0.00 0.00 7,761 7,761 n/a 

Year 1 2,500 0.48 10.14 29,092 31,592 11.6 

Year 2 5,014 0.89 11.63 25,915 30,929 5.2 

Year 3 5,000 0.81 9.09 8,229 13,229 1.6 

Year 4 5,000 0.83 9.67 9,818 14,818 2.0 

Year 5 5,000 1.26 11.20 6,915 11,915 1.4 

Year 6 5,014 0.68 8.25 6,220 11,234 1.2 

Year 7 5,000 1.04 10.90 3,266 8,266 0.7 

Year 8 4,935 0.81 8.99 1,150 6,085 0.2 

TOTAL 37,462 0.87 9.97 98,366 135,828 2.6 

 
Table 16.3  

Production Tasking 

 

Period 

Owner-Operated Fleet Contractor Fleet 

Leach 

Tonnes 

(x1000) 

Waste 

Tonnes 

(x1000) 

Total 

Tonnes 

(x1000) 

Leach 

Tonnes 

(x1000) 

Waste 

Tonnes 

(x1000) 

Total 

Tonnes 

(x1000) 

Year -1 0 0 0 0 7,761 7,761 

Year 1 2,500 9,891 12,391 0 19,201 19,201 

Year 2 5,014 8,293 13,306 0 17,622 17,622 

Year 3 5,000 8,229 13,229 0 0 0 

Year 4 5,000 9,818 14,818 0 0 0 

Year 5 5,000 6,915 11,915 0 0 0 

Year 6 5,014 6,220 11,234 0 0 0 

Year 7 5,000 3,266 8,266 0 0 0 

Year 8 4,935 1,150 6,085 0 0 0 

TOTAL 37,462 53,782 91,244 0 44,584 44,584 
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Careful consideration of the mining sequence and phasing of the waste rock/heap leach 

facility was necessary to ensure adequate volumes of waste could be produced in advance of 

each stage of the leaching operations. Key milestones for the conceptual project development 

are summarized below: 

 

Year -1 

 A contractor fleet will pioneer an access route up the 4830 elevation to establish a 

loading platform from which dozed material from the upper benches may be safely 

hauled. 

 Approximately 8 Mt will be required to construct the primary access road and the 

crushing and agglomerating platforms. 

Year 1 

 The contractor fleet will continue to develop a new access road to base camp and 

complete construction of the buttress wall.   An additional 6.5 Mt will be required for 

this pre-development construction.   

 An owner operated fleet will be put into service. 

 The first stage of the Waste Rock Basement will be constructed to provide adequate 

capacity for heap leach operations through Year 2. 

 Run-of-mine leach feed material and under-liner construction materials will be staged 

for crushing on the 4605 platform. 

 Crushed and agglomerated material will be loaded from the 4585 platform. 

 Heap Leach operations will begin in the last 6 months of this production period. 

Year 2 

 Stage 2 of the Waste Rock Basement will begin to provide adequate capacity for heap 

leach operations through Year 5. 

 The contract mining fleet will continue to assist in the stripping campaign. 

Year 3-5 

 

 Stage 3 of the Waste Rock Basement will begin and continue incrementally to 

provide adequate capacity for heap leach operations. 
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Year 6-8 

 

 Stripping volumes reduce drastically as the final heap leach lifts are constructed. 

 

16.5 MINING METHODS 

 

16.5.1 Mining Equipment 

 

This scoping study (PEA) assumes a contractor fleet will be deployed to develop project 

access as well as the construction of the heap leach buttress dam and crushing and 

agglomerating platforms illustrated in Figure 16.2.  The contractor fleet will remain until 

Year 2 to assist in the construction of the first stage of the heap leach operation.  An owner 

operated fleet will be commissioned in Year 1 of the project with a capacity to sustain an 

annual production rate of approximately 14 Mt per year (See Table 16.4). 

 
Table 16.4  

Owner Operated Fleet Requirements 

 

Description Model Units Required 

Haul Trucks Cat 777G 14 

Wheel  Loaders Cat 992K 3 

Rotary Drills  Atlas Copco DM45-SP  3 

Dozer (Leach Operations) Cat D9T 1 

Track Dozer Cat D10T 2 

Grader Cat 14M 1 

Water Truck Cat 777 Base 1 

Other Support & Service Equipment Various  23 

 

16.6 WASTE ROCK STORAGE & HEAP LEACH OPERATIONS 

 

In order to achieve adequate capacity on the heap leach pad, a large basement layer will be 

constructed at a grade of approximately 10% (6° slope).  This basement layer will be 

constructed in three stages from west to east.  A sequence of eleven 10-m leach lifts will be 

constructed upon the basement layer as it advances east as illustrated in Figure 16.4 and 

Figure 16.5. The maximum elevation of the waste rock storage and heap leach facility will be 

4,655 masl. 
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Figure 16.4  

Plan Showing Phasing of Heap Leach Operations 

 

 
 

Figure 16.5  

East-West X-Section Showing Phasing of Heap Leach Operations 
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17.0 RECOVERY METHODS 

 

The selected process for the Project is a conventional three stage crushing circuit, with a 

valley fill heap leach. Gold and silver recovery will be provided by carbon adsorption 

columns followed by stripping and regeneration followed by electrowinning and smelting to 

produce doré bars (gold and silver with minor impurities) for shipment offsite to third party 

refiners. 

 

The design capacity of the processing facilities is 5 Mt/y of leach feed. 

 

17.1 PROCESS DESIGN CRITERIA 

 

A summary of the key process design criteria are summarized in Table 17.1 (over).  The 

basis for the design criteria includes the following: 

 

 Metallurgical testwork by McClelland (see Section 13). 

 Conceptual mine plan by Micon (see Section 16.0). 

 Micon’s in-house process and engineering experience. 

 

17.2 PROCESS DESCRIPTION 

 

The process flowsheet includes three stage crushing and screening, heap leaching, carbon 

adsorption, stripping and regeneration followed by electrowinning and smelting to produce 

doré bars (gold and silver with minor impurities) for shipment offsite to third party refiners. 

Crushing, pad loading, leaching and gold recovery will operate 24 hours a day, seven days a 

week. 

 

17.2.1 Crushing, Screening and Agglomeration 

 

The three stage crushing and screening plant will produce leach feed, 80% passing 12.5 mm, 

at the rate of 6,600 dry tons per day.  A run-of-mine (ROM) stockpile area and the primary 

crusher will be located between the mine and the leach pad area as shown in Figure 16.3. 

ROM leach feed material will be hauled from the pits and either stockpiled for blending 

and/or subsequent reclamation by front end loader, or direct dumped into the primary crusher 

feed hopper. 

 

Tertiary screen undersize will be conveyed to an agglomeration drum were barren solution, 

cement and lime will be added to produce agglomerates.  The agglomerates from the drum 

will be conveyed to a loadout bin with 1,500 t live capacity.   
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Table 17.1  

Summary of Key Process Design Criteria 

 

Parameter Units Value Source 

Operating Schedule 

Operating time days/year 350 Micon 

Operating time hours/day 24 Micon 

Primary crusher utilization % 70.0 Micon 
Secondary and tertiary crusher utilization % 75.0 Micon 
Leach and plant utilization % 95 Micon 
Throughput   

Nominal annual throughput t 5,000,000 Mine plan 

Design daily throughput t 14,286 Calculated 

Characteristics of feed material 

Specific gravity  2.27 Mineral Resources 

Bulk density kg/m
3
 1,320 Micon 

Moisture content wt % 2.0 Micon 

LOM average feed grade - Au g/t 0.87 Mine plan 

LOM average feed grade - Ag g/t 9.97 Mine plan 

Design feed grade - Au g/t 1.07 90 percentile of annual grades 

Design feed grade - Ag g/t 10.9 90 percentile of annual grades 

Metallurgical Efficiency (plant design only)   

Total gold extraction % 80 Testwork/Micon 

Total silver extraction % 10 Testwork/Micon 

Process Design Parameters 

Crusher product size (80% passing) mm 12.5 Testwork 

Primary leach cycle gold recovery % 70 Micon 

Primary leach cycle solution to ore ratio m
3
/t 4.2 Testwork 

Leach cycle (primary) days 202 Calculated 

Secondary leach cycle gold recovery % 10 Micon 

Lift height m 10 Micon 

Area of cell m
2
 218,000 Calculated 

Application rate L/h/m
2
 12 Testwork / Micon 

Nominal feed solution flow rate m
3
/h 2,619 Calculated 

Heap solution retention (net) wt % 9.2 Testwork  

Average pregnant solution m
3
/h 1,310 Micon 

Number of carbon columns  5 Micon 

Column specific flow rate (design) m
3
/h/m

2
 54.0 Micon 

Loaded carbon elution batch t 8.0 Micon 

Reagents 

Lime consumption (average) kg/t 1.3 Testwork 

Cyanide consumption (average) kg/t 0.54 50% of column test average 

Cement for agglomeration kg/t 3.0 Testwork 

Gold and Silver Recovery 

Gold recovered (average) g/d 9,992 Calculated  

Gold recovered (design) g/d 12,229 Calculated 
Silver recovered (average) g/d 46,000 Calculated 
Silver recovered (design) g/d 51,000 Calculated 
Gold recovered (average)  oz/y 112,000 Calculated 

Silver recovered (average)  oz/y 521,000 Calculated 

Doré produced (average) oz/y 661,000 Calculated 
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17.2.2 Leach Pad Loading 

 

A remotely operated “clamshell” dump gate will reclaim crushed agglomerated material onto 

a high speed loadout conveyor designed to fill a 100 t capacity (CAT 777) haul truck in two 

minutes.  Haul trucks will transport crushed agglomerated material to the leach pad. 

 

The leach pad will be constructed in multiple phases but will ultimately cover an area of 

approximately 600,000 m
2
. The pad will be designed to meet international environmental 

requirements consisting of a base of low permeability soil beneath an 80-mil HDPE geo-

membrane covered with crushed over-liner which will contain the solution collection piping 

resting on the geo-membrane. Material will be placed in 10 m high lifts to an ultimate height 

of 80 m.  Heap faces will be contoured with catch benches to provide an overall operating 

slope of 2.5:1.  

 

17.2.3 Valley Fill Heap Leach Facility 

 

Construction of an embankment at the downstream limit of the leach facility will form a 

closed-end basin for ore and solution storage.  The design of the valley fill embankment, at 

the eastern end of the leach facility, is based on the containment volume of internal solution 

storage for normal operating conditions, plus contingency storage. 

 

The conceptual internal pregnant solution storage volume has been estimated using a water 

balance approach that takes into account variations in precipitation, processing rates, solution 

application, drain-down and design storm events.  Internal piping will be used to route leach 

solutions to the solution storage area.  Vertical turbine pumps installed in riser pipes will 

transfer pregnant solution to the adsorption, desorption and recovery (ADR) plant. 

 

The eastern embankment is designed as a zoned earthen-fill/rockfill structure with an internal 

drainage system to maintain embankment stability, even in the unlikely event of a breach of 

the liner system.  Beneath the embankment, a closure drain has been incorporated into the 

design to allow gravity drainage from the facility during closure and reclamation activities.   

 

Since the leach facility will be developed within a natural drainage system, an under-drain 

system will be installed to minimize pore water pressure beneath the liners and to 

accommodate post closure considerations.  In addition, surface water diversion channels will 

be constructed to the north and south of the leach pad to route most of the surface water flow 

around the facility. 

 

17.2.4 Heap Leaching 

 

Due to the region’s low rainfall, control of the project water balance will be a critical issue in 

leach operations.  To minimize evaporative losses, leach solution will be applied to the heap 

with “drippers”, which will also be buried to minimize freezing problems in the winter.  
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Primary leaching will comprise the delivery of 4.2 m
3
 of solution per t of ore (approximately 

202 days at a solution application rate of 12 L/h/m
2
).  The area of primary leaching will be 

218,000 m
2
 containing approximately 2.9 million t of crushed and agglomerated material. 

Secondary leaching will take place when leaching the cells above. It is estimated that an 

additional 10% gold will be leached over the life of the mine that corresponds to 2.5 m
3
 of 

solution per t of ore. 

 

17.2.5 Adsorption, Desorption and Recovery (ADR) Plant 

  

Leach solutions will be collected in the internal pregnant storage area.  Approximately 50% 

of this solution will be recycled onto the heap in order to increase the solution tenor while the 

remaining solution will be pumped to the carbon adsorption plant. Cyanide will be added to 

barren solution discharged from the carbon columns before it reports to the barren solution 

tank from where it is returned to leaching. In the event of significant rainstorms the pregnant 

solution pond will overflow into the event containment pond which will retain pad area 

runoff until it can be returned to circuit in place of make-up water.  

 

The ADR plant and event pond will be located at the eastern edge of the leach pad..  

Leaching and gold recovery circuits will be monitored and controlled from an operator’s 

station located in the ADR plant building. 

 

The high security refinery area (electrowinning and smelting) will be located within the 

process building.  Carbon adsorption will consist of a single train of five up-flow columns. 

Loaded carbon will be advanced to acid washing with dilute hydrochloric acid followed by 

rinsing with raw water and elution in a pressure stripping system. Spent acid wash solution 

and acidified rinse water will be neutralized with caustic soda and discharged to the barren 

pond. Spent eluate will be periodically discharged to the adsorption circuit. 

 

Gold and silver will be electrowon from loaded eluate and deposited on stainless steel wool 

cathodes, rinsed off, decanted and collected as “sludge” which will be dried and smelted to 

produce doré bars for shipment to third party refiners.  

 

Stripped carbon will be thermally regenerated in a gas fired rotary kiln operating at 700 °C 

and returned to carbon adsorption.  

 

17.2.6 Reagents and Ancillaries 

 

Bulk handling systems will be provided for the receipt, storage, mixing and distribution of 

sodium hydroxide, sodium cyanide, hydrochloric acid, anti-scalent, activated carbon and 

propane.  

 

Fresh water will be sourced from a series of boreholes. The well pumps will discharge to a 

surge tank and booster pumps will transfer the water to the raw water storage tank on site for 

distribution as needed. Potable water will be generated and distributed on site. 
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Gland service water will be stored in a dedicated tank and pumped to the users using high-

pressure gland service pumps. 

 

Plant air, including compressed air for filter press drying, will be provided by two rotary 

screw compressors.  Plant instrument air will be provided by a third identical compressor. 

Instrument air will be filtered and dried. 

 

A dedicated rotary screw compressor will be provided at the crusher area to service primary 

and secondary crushing.  Another rotary screw compressor will be provided at the load out 

bin.  A portable diesel powered air compressor will be provided for emergencies. 
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18.0 PROJECT INFRASTRUCTURE 

 

18.1 SITE ACCESS 

 

The Del Carmen property is located in the Andean Cordillera at the southern end of the Valle 

del Cura in San Juan Province, northwestern Argentina, adjacent to the Chile international 

border. 

 

The property, a north-south valley in the central axial region of the Andes, lies approximately 

220 km northwest of the provincial capital city of San Juan.  This was founded in 1562 and 

has a population of approximately 500,000 in the metropolitan area.  The city is the 

commercial and industrial centre of an agricultural region.  San Juan is serviced by an airport 

with daily flights to Buenos Aires while the airport at Mendoza, 120 minute drive to the 

south, is served by daily jet service to Santiago, Chile and Buenos Aires.  

   

By road, the distance from San Juan to site is approximately 370 km, via paved National 

Highway No. 40 north from San Juan to Provincial Road No. 436 (paved) which passes 

through the villages of Iglesia, Las Flores and Pismanta, and ultimately the village of 

Tudcum.  Barrick maintains an approximately 170-km long, all-weather, private gravel road 

leading from Tudcum over the Conconta Pass (approximate elevation 4,950 m) into the Valle 

del Cura and onward to the Veladero mine and Pascua-Lama mine development site.  The 

Del Carmen property is accessed by a 15-km long gravel road spur from the Veladero mine 

road in the Valle del Cura (Figure 5.1).  Travel time to the Del Carmen camp from the city of 

San Juan is approximately 4 to 4.5 hours by road. 

 

The access from the Del Carmen camp area to the mine and process facilities will consist of a 

general upgrade and realignment of the existing exploration road.  The length of this section 

of road is about 8 km.  From this point, two roads will provide access to the process plant 

area and the crushing and mine areas.   

 

18.2 POWER SUPPLY 

 

The total connected electrical load for the project is estimated to be approximately 11 MW. 

When full production is achieved, the average running load is estimated to be between 6.0 

and 7.0 MW. 

 

For the power requirements of the project, a diesel plant with a total on-site electrical 

capacity of 10 MW has been selected.  The enclosed power plant will be self-contained with 

a separate utility building, separate fuel treatment building, separate fire-fighting pumphouse, 

and a fuel unloading station and fuel storage area.  The power plant will be located near the 

camp. 

 

Power will be generated at 4.16 kV and distributed at 4.16 kV and 13.8 kV.   A 4.16 kV 

single-circuit overhead power line will be utilized to supply power to the fresh water intake 
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and camp area.  A 13.8 kV overhead power line circuit will supply power to the crushers, 

truckshop, and process plant.   

 

A 13.8 - 4.16 kV step-down transformer will be installed at the process plant to provide 4.16 

kV power to the facilities.  Two similarly sized step-down transformers will also be needed; 

one at the crusher/truck shop area and another at the fresh water intake pumphouse.  The 

400 V power distribution will be provided by 500 kVA or 750 kVA transformers as needed. 

 

18.3 WATER SUPPLY AND DISTRIBUTION 

 

It is assumed that the fresh water supply for the Project will be sourced from a series of 

boreholes.  The water from the boreholes will be pumped the fresh/firewater tanks located at 

process area, crusher/truck shop area and camp area.   

 

Potable water for the camp area will be supplied from the fresh water system and after 

treatment in a treatment plant will be stored in a potable water tank.  Potable water for the 

process plant and crusher areas will be supplied in vessels containing treated water.   

 

Uncontaminated surface water will be diverted around the heap leach pad and the waste rock 

dumps and discharged into the natural environment downstream of the site facilities.  Run-off 

from the plant site area will be collected in the site run-off pond and typically allowed to 

overflow to the environment.  If required, water from the run-off pond will be returned to the 

leach pad periodically, reducing the amount of make-up water required. 

 

18.4 FUEL STORAGE 

 

Storage tanks will be provided for both gasoline and diesel fuel. These tanks will be fully 

bermed to contain leaks and will supply both bulk and independent vehicle dispensing 

equipment. 

 

The diesel will be cleaned with a centrifuge and the system will include a water and sludge 

removal system. 

 

18.5 BUILDINGS 

 

A permanent camp complex will be established to accommodate the site personnel.  The 

camp will provide accommodation for 200 people in single and shared person 

accommodation units and the complex will include a canteen, laundry facilities and 

recreational facilities. 

 

The ADR plant building will include offices for operating staff, a laboratory, a warehouse 

and a maintenance facility. 

 

The administration building will be located at the permanent camp complex and it will serve 

as the main management office for the operation.  The mine manager, human resources 
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department, engineering, geology, safety, human resources logistics and security managers 

will be housed in this building.  The building will be a single-storey steel-framed insulated 

metal panel building of modular design.  : 

 

The Security/Safety building will be a single storey, modular structure which will be used to 

control access to the site. In addition to providing space for the security staff this building 

will also incorporate a first aid room. 

 

The truck shop/warehouse will be an engineered steel structure incorporating four high bays 

for truck and loader maintenance, three low bay areas for small vehicle repair, a large 

warehouse area and office space for the vehicle maintenance staff. 

 

18.6 SEWAGE SYSTEMS 

 

Sanitary sewage will be collected and treated in two packaged sewage systems. One system 

will be located adjacent to the ADR plant area and the second will service the camp area. 
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19.0 MARKET STUDIES AND CONTRACTS 

 

The mine will produce doré bars suitable for sale to a precious metals refinery. The product 

is expected to be readily marketable and no specific agreement for sale of this gold/silver 

product is considered necessary at this stage of project development. Therefore, typical terms 

of sale have been assumed for the purposes of this preliminary economic assessment. 
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20.0 ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL OR 

COMMUNITY IMPACT 

 

20.1 ENVIRONMENTAL STUDIES AND ISSUES 

 

The Rojo Grande deposit and proposed facilities are located in the western headwaters of the 

Arroyo de Las Maquinas which is tributary to the river in the Valle del Cura in the 

headwaters of the San Juan River.  Environmental baseline studies were initiated and include 

a preliminary glacier study and water quality samples were taken in February 2012 and 

January 2013 at five locations. Baseline water quality at two sites is influenced by local 

mineralization and has lower pH in the range of 3.5 to 5.5 and is naturally elevated in total 

dissolved solids, aluminum and copper. Two sites had neutral pH, but were occasionally 

elevated in aluminum, copper, cadmium, arsenic, barium, nickel and zinc. Water quality in 

the stream in the main Valle de Cura stream had neutral pH and low concentrations of 

metals. 

 

There is no known history of commercial mineral production or development from the Del 

Carmen concessions. At present, there are no known environmental liabilities for the site 

other than the outstanding reclamation for exploration activities such as drill pads and roads 

if the site is abandoned in the future. 

 

Vegas, local patches of wet grassland, are located along the stream riparian areas and 

predominantly in the main Cura valley. Although not protected, these areas harbour most of 

the vegetation and wildlife species in the area and are recognized as important, high value 

ecosystems. The vegas support the large local population of guanacos along with various bird 

species such as geese, ducks and raptors. Rabbits and fox have also been observed along with 

very rare reported sightings of puma. 

 

It is recommended that a solid baseline water quality sampling program (including quality 

assurance and quality control) be continue in the next phase of project design.  It is also 

recommended that baseline hydrological studies be initiated to obtain sufficient data to 

support the future assessment of hydrological effects as well as to support the assessment of 

water supply requirements for ore processing.  Additional work should also be completed to 

map and characterize periglacial features at the project site. 

 

Assumptions have been made for this PEA for foundation conditions and material 

characteristics for pit slopes, waste rock dump and heap leach designs. It is recommended 

that geotechnical work be completed to more accurately define these assumptions in the next 

stage of project design.  A seismic hazard assessment is recommended to be completed to 

define design criteria for the pit, heap leach and waste rock dump. This information will also 

help assess risks for the environmental permitting as well. 
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20.2 ENVIRONMENTAL MANAGEMENT 

 

20.2.1 Waste Management 

 

Environmental testwork was completed on metallurgical leach residues by McClelland 

Laboratories, Inc. (2012). Static acid base accounting test results indicated that the leached 

material may have some residual acid generating potential, but preliminary NAG results 

indicate that the materials are not likely to be acid generating. 

 

All waste rock will be from oxidized materials based on geological interpretation of all 

drilling completed to date. Therefore, the waste rock is not expected to be net acid 

generating. Based on water quality results, there may be some potential for neutral metal 

leaching and it is recommended that studies be completed in the next stage of development to 

further characterize the neutral metal leaching potential. For the purposes of this PEA, it has 

been assumed that the waste rock runoff and seepage will report to the heap leach pad and 

settling ponds and that neutral metal leaching in runoff will not be significantly different than 

the natural baseline leaching conditions from the talus slopes; however, this will need to be 

further tested and modelled in the pre-feasibility stage of project design.  It is recommended 

that this be confirmed with static acid base accounting, net acid generation testing and 

leachability tests. 

 

20.2.2 Water Management 

 

Key for the project is not to disturb any glacial or periglacial water resources which are 

protected by legislation. A preliminary glacier survey of satellite imagery was completed by 

Peruca (2010) followed by a more detailed study (field investigations and satellite imagery 

interpretation) of the entire 15,129 ha Del Carmen property in 2010 (Milana, 2011). This 

more detailed study identified several small bodies of year-round snow and ice that may meet 

the definition of a glacier, as well as a number of other periglacial features such as rock 

glaciers (frozen landslides). These features are mainly located on a portion of the Del 

Carmen property that is removed from the mineralization and alteration in the Del Carmen 

Norte area.  However, there are five small (less than one hectare) bodies of snow and ice that 

straddle the border between Chile and Argentina, located approximately one kilometre south 

of the Rojo Grande deposit.  

 

The project is in a desert environment. In concept, water will need to be stored and collected 

from the drainage areas upstream of the heap leach pad for make-up water for operation of 

the heap leach.  The heap leach will work as a no discharge recycling circuit with some 

make-up water needed for initial wetting and to replace losses from evaporation and 

sublimation on the pad and the barren solution pond.  Leach solution is dripped on the pad 

and leaches gold as it passes through the heap and collects in the pregnant solution pond.  

Pregnant gold solution is pumped to the gold recovery plant, then barren process water 

reports to the barren solution pond and then is recycled to the leach pad.  The heap leach pad 

will be double-lined with a leak detection system.  The pregnant solution pond will be 

located within the toe of the heap to minimize the risk of freezing.  Freshwater not required 



 

 128 

for process will be kept separated and routed downstream of the pad via coarse rock drains 

under the pad. 

 

It is recommended that the overall water management philosophy for the project be to 

minimize the amount of contact water and maximize recycle and reuse of water in mineral 

processing, with the goal to minimize water use and hence effects on the downstream 

riparian ecosystems. It is recommended that additional work on details of the water balance 

and water management system be completed in the next phase of project planning.  

 

The effects of the project on periglacial features, and vice versa, have not been reviewed for 

this PEA other than the in-heap solution pond and some provisions for winter conditions.  It 

is recommended that this be considered more fully in the next stage of design. 

 

20.2.3 Cyanide Management 

 

It is recommended that the project be designed for and then managed for compliance with the 

International Cyanide Management Code. 

 

20.3 PERMITTING REQUIREMENTS 

 

20.3.1 Regulatory Framework 

 

Key environmental legislation in Argentina for project development includes the overarching 

federal General Law of the Environment and the San Juan provincial legislation on 

environmental impact assessment (Law 6571; 1994) and Law 24.585 (1995), Environmental 

Protection for Mining Activities. There are numerous other pieces of federal and provincial 

legislation that regulate public access to information, wastes, hazardous wastes (Law 42051), 

preservation of water, soil and air (Law 5824), vegetation and wildlife, protected areas, 

heritage resources, water management and climate change.  Archaeological resources are 

protected under provincial law No. 6.801, modification No. 7.911, and national law No. 

25.743 (Michielli, 2012). 

 

The following discussion on mineral and surface title was prepared by Malbex. Two types of 

minerals rights connected to mining activities are granted under Argentinean Law: 

 

 Exploration Permits or cateos, which are limited in duration. 

 

 Mining Concessions (sometimes referred to as “mines”) which can be requested 

either through the “manifestaciones de descubrimiento” or “request for abandoned 

mines” procedures. 

 

All concessions comprising the Del Carmen property are Mining Concessions. 

 

Under the Argentinean Mining Code provisions, the mining concessions are unlimited in 

duration and remain the concessionaire’s property as long as the Mining Code obligations are 
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satisfied, mainly including the annual canon payments, legal labour, legal survey and 

minimum investment commitment. 

 

Under Argentinean Law, mineral deposits are the property of the provincial or federal 

government, depending on their location. In the case of Del Carmen, the mineral rights are 

held for the Province of San Juan through IPEEM but private individuals or companies are 

entitled to benefit and dispose of the discovered mineral deposits in accordance with the 

Mining Code provisions (Mining Code, Section 8). The private property of the mineral 

deposits is granted by the government to private individuals in accordance with the 

provisions of the Mining Code through the legal concession procedure (Mining Code, 

Section 10). 

 

The law distinguishes mineral rights from surface ownership. As mining activity is 

considered in the public interest (Mining Code, Section 13), surface owners cannot prohibit 

mining activities within their property, although the regulations provide for notice and 

indemnification to surface owners and procedures for obtaining easements. The Mining Code 

also provides regulations for obtaining easements for those activities that need to be located 

outside the concession boundaries. 

 

The most recent legislation affecting the project is Federal Law 26.639, Minimum Standards 

for the Preservation of Glaciers and Periglacial Environment, which prohibits all mining 

activities on glaciers and in the periglacial regions in Argentina. The province of San Juan 

brought in legislation to prevent the mining ban on glaciers, but this legislation was revoked 

by the federal Supreme Court in July 2012 (TN, 2012). 

 

In Micon’s opinion, it is possible that Federal Law 26.639 or the San Juan provincial law 

could adversely impact the mining and exploration activities of both foreign and domestic 

firms in the region and may adversely affect the ability of the company to develop a mining 

project on some of the concessions. This could have a material, adverse effect on the project. 

 

20.3.2 Permitting Status and Compliance 

 

An approved Environmental Impact Report (EIR) is not a condition to maintain the mining 

concession title in good standing but is a pre-requisite to carrying out mining-related 

activities on the properties. An EIR needs to be submitted for every type of mining activity 

(prospecting, exploration, exploitation, development, extraction, etc.) and then an approved 

environmental report needs to be updated every two years.  Malbex has submitted updates to 

EIRs filed by previous concession operators for the exploration stage.  In addition to the EIR, 

additional permits are required for such items as camp installations, water usage, waste 

disposal, etc. 

 

An environmental impact assessment will need to be submitted and approved prior to mine 

development.  This is governed under Law 6571 in the Province of San Juan and 

administered by the Subsecretary of Environmental Policy in San Juan Province.  During the 

review, the environmental impact assessment is available for public review and comment.  
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Once reviewed and approved, an environmental impact declaration (DIA) will be issued that 

includes all the conditions of project approval. 

 

20.4 SOCIAL AND COMMUNITY ASPECTS, STAKEHOLDER CONSULTATION 

 

The Andes mountains are known to have been inhabited by the Incas. There are a number of 

protected archaeological sites along the main Barrick access road into the Cura valley.  A 

preliminary archaeology study was completed for the Del Carmen property by Dra. Catalina 

Teresa Michielli (2012) based on review of satellite imagery. No visible sites were seen; 

however, there is potential for heritage values along the natural access zones to the area 

where roads are generally located.  An archaeology ground survey will need to be completed 

as part of the baseline studies for obtaining an exploitation license. The Secretary of Culture 

will need to be contacted for authorization for the next stage of study. 

 

The project site is remote and there are no communities in the immediate vicinity.  The 

nearest communities are Las Flores to the east and then San Juan, a two-hour drive south of 

Las Flores.   

 

There is potential access by artisanal miners from Chile at the border on the continental 

divide on the west side of property. 

 

There has not been significant stakeholder consultation during the exploration phase.  

Consultation will occur during the exploitation permitting phase as part of the environmental 

impact assessment review process. 

 

20.5 SOCIAL MANAGEMENT 

 

Equipment and contractors are expected to come from both San Juan and from Mendoza 

during the construction and operations phases of the project.  Similarly, mine workers are 

expected to come from San Juan and Mendoza, and possibly other parts of Argentina with 

some expatriates.  The sources for supplies, services, contractors and employees will be 

reviewed further during the next phases of project design and the relevant management 

strategies will be developed at that time to maximize local benefits. 

 

Similarly, community consultation will be increased in concert with the next phases of 

project planning.  The effort will likely include Las Flores, San Juan and communities in 

between, depending on the location of potential impacts.  It is recommended that the social 

management plans be developed in concert with the communities to ensure they are effective 

and meet the goals of the communities. 

 

20.6 ENVIRONMENTAL OPERATIONS BUDGET 

 

The following assumptions were made for the environmental and social cost estimates for the 

PEA: 
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 Permitting costs were assumed to be sunk costs. 

 

 Two environmental staff members and one community liaison staff member will be 

employed through construction and operations. 

 

 Capital costs of $200,000 are estimated to be needed for health and safety equipment. 

 

 Capital costs of $100,000 are estimated for an environmental lab on site. 

 

 Annual expenditures are estimated at $125,000/yr for environmental, social, health 

and safety requirements (e.g. water quality testing, glacier monitoring, wildlife 

monitoring, consultation, ICMC certification). 

 

20.7 RECLAMATION AND MINE CLOSURE REQUIREMENTS 

 

Article 22 of Law 25.675 requires a financial guarantee or environmental restoration fund 

sufficient for reclaiming disturbed areas; however, this is in judicial suspension because, in 

practice, mining companies have not been able to find companies willing to accept the 

environmental risk to provide the insurance for the bonds. The government provides a 

standardized form to calculate the total of the bond based on environmental liabilities such as 

quantities of hazardous materials stored on site, location of the site, area of disturbance and 

number of people working on site.  

  

For the purposes of the PEA, a preliminary bond cost of $2M has been estimated for use in 

the financial model based on $2500/ha of the project footprint and $1M for rinsing the pad 

and removal of equipment.  

 

In addition, provincial law requires that 5% of the investment needs to be held in trust to 

manage environmental risks of the development.  This has not been accounted for in the 

current financial model; however, the details should be considered in the next phase of 

planning. 
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21.0 CAPITAL AND OPERATING COSTS 

 

21.1 CAPITAL COSTS 

 

Capital cost estimates for the PEA are summarized in Table 21.1. The estimate is made in 

third quarter, 2013 US dollars. No provision for escalation has been made in the estimate.  

The capital cost estimate for this project presented herein, is considered to be at a scoping 

level with an accuracy of + 50% -35% and carrying a contingency of 18% on total direct and 

indirect costs. 

 
Table 21.1  

Summary of Capital Cost Estimates 

 

Item 
Initial  

$ (000) 

Sustaining 

$ (000) 

LOM Total 

$ (000) 

Mining 56,650 - 56,650 

Processing 106,751 5,000 111,751 

Infrastructure 19,800  19,800 

Indirect Costs 34,072  34,072 

Contingency 39,117  39,117 

TOTAL 256,390 5,000 261,390 

 

21.1.1 Mining Capital Costs 

 

Table 21.2 shows the breakdown of mining capital costs. The mine plan envisages a 

contractor providing earthmoving capacity during pre-strip and initial operating phases, with 

the owner then purchasing a single fleet of equipment which will be utilized over the 

remaining life of the operation. The equipment listed below represents the cost of the 

owner’s fleet, including equipment used on the leach pad, as well as pre-production contract 

earthmoving costs. 

 
Table 21.2  

Mining Capital Costs 

 

Item Units 
Initial  

$ (000) 

Sustaining 

$ (000) 

LOM Total 

$ (000) 

Haul trucks 14 20,098 - 20,098 

Wheel loader 3 6,440 - 6,440 

Production drill 3 2,566 - 2,566 

Tracked dozer 3 3,689 - 3,689 

Support Equipment n/a 4,470 - 4,470 

Sub-total Mining - owner’s fleet  37,263 - 37,263 

Mining - pre-production development  19,387 - 19,387 

Total Mining Capital  56,650 - 56,650 

 

A contingency of 20% was added to the estimated equipment costs in the overall project 

capital estimate. No contingency was applied to the contract pre-strip amount. 
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21.1.2 Processing Capital Costs 

 

Table 21.3 shows the breakdown of direct processing capital costs, before contingencies. 

 
Table 21.3  

Processing Capital Costs 

 

Item 

$ (000) 

Initial  

$ (000) 

Sustaining 

$ (000) 

LOM Total 

$ (000) 

General Site Area  12,300   12,300 

Primary Crushing  7,152   7,152 

Secondary Crushing  14,405   14,405 

Tertiary Crushing  17,562   17,562 

Agglomeration   11,743   11,743 

ARD Plant  12,791   12,791 

Solution Management  3,679   3,679 

Auxiliary Equipment  12,771    12,771  

Reagents  1,276   1,276 

Heap Leach Pad 12,000 5,000 17,000 

Event Storage Pond 1,072  1,072 

Total Processing Capital 106,751 5,000 111,751 

 

Power generation using diesel generators is provided for within the estimate for Auxiliary 

Equipment. 

 

21.1.3 Infrastructure Costs 

 

Table 21.4 shows the breakdown of infrastructural capital costs, before contingencies. 

 
Table 21.4  

Infrastructure Capital Costs 

 

Item $ (000) Initial Sustaining LOM Total 

Buildings including Camp - allowance 12,000 - 12,000 

Access Roads - allowance 5,000 - 5,000 

Power Distribution (site) - allowance 1,500 - 1,500 

Water Supply and Distribution - allowance 1,300 - 1,300 

Total Infrastructure Capital 19,800 - 19,800 

 

21.1.4 Indirect Costs 

 

Table 21.5 shows the breakdown of indirect capital costs, before contingencies. 
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Table 21.5  

Indirect Capital Costs 

 

Item 
Initial 

$ 000 

Sustaining 

$ 000 

LOM Total 

$ 000 

Engineering   7,593  -  7,593  

Procurement   2,531  -  2,531  

Construction Management   6,328  -  6,328  

Field Office Expense and Construction Support   250  -  250  

Training   500  -  500  

Initial Fill   3,112  -  3,112  

Start-up   100  -  100  

Spare Parts   4,358  -  4,358  

Owner's Costs (allowance)   5,000  -  5,000  

Mobile Equipment   2,000  -  2,000  

H&S capital   200  -  200  

Environmental lab   100  -  100  

Mine Closure & Rehab   2,000  -  2,000  

Total Indirect Capital 34,072 - 34,072 

 

21.1.5 Contingency 

 

Table 21.6 shows the breakdown of the contingency applied to the capital cost estimates, in 

addition to the individual estimated amounts for each area shown above. 

 
Table 21.6  

Capital Contingency 

 

Item 
Initial 

$ 000 

Sustaining 

$ 000 

LOM Total 

$ 000 

Mining  7,453  -  7,453  

Processing  21,350  -  21,350  

Infrastructure  3,960  -  3,960  

Indirects  6,354  -  6,354  

Total Indirect Capital 39,117 - 39,117 

 

21.2 OPERATING COSTS 

 

The estimated life-of-mine total mine site operating costs are summarized in Table 21.7. 

 
Table 21.7  

Summary of LOM Operating Costs 

 

Category 
LOM Total 

$ 000 

$/t 

Treated 

$/oz 

Gold 

Mining 265,386 7.08 315.17 

Processing 258,172 6.89 306.61 

G&A 59,135 1.58 70.23 

Total  Mine Site Costs 582,693 15.55 692.01 
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21.2.1 Mining 

 

Unit mine operating costs are summarized in Table 21.10, inclusive of the dozing and 

trucking requirements to support the heap leach operation.  Manpower requirements for the 

pit operations, inclusive of engineering, technical and management personnel is also 

summarized for each respective operating area.  

 

21.2.2 Processing Operating Costs 

 

Unit operating costs for processing at the project are shown in Table 21.8. These costs were 

derived from first principals using the estimated power demand, specific reagent 

consumptions, and Micon’s unit cost database. Haulage and placement of agglomerated 

material on the leach pad is included in mining costs. 

 
Table 21.8  

LOM Concentrator Operating Costs 

 

Area Manpower 
Unit Cost 

$/t treated 

LOM Total 

$ 000 

Operating Supplies  2.49 93,267 

Maintenance Supplies  0.50 18,897 

Mill Site Electrical Power  2.99 111,997 

Labour:  0.91 34,011 

Management/Supervision 2   

Plant Operations 41   

Plant Maintenance 27   

Chemical Laboratory 16   

Metallurgy and Refinery 16   

TOTAL 102 6.89 258,172 

 

The power cost assumes site generation using diesel generators. 

 

21.2.3 General and Administrative Costs 

 

G&A operating costs at the project are shown in Table 21.9. G&A labour includes 

management, finance, procurement and stores, human resources, camp and clinic staff, power 

plant operators and safety officers. Other costs include insurance, licenses, permits, and 

running costs for a 200-person camp. 

 
Table 21.9  

LOM G&A Operating Costs 

 

Period Manpower Unit Cost LOM Total 

G&A labour 74 0.63 23,403 

Other admin - 0.90 33,896 

Environmental labour 3 0.02 899 

Environmental/Social/H&S - 0.03 937 

Total G&A Operating Costs 77 1.58 59,135 
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Table 21.10  

Mine Operating Costs & Manpower Requirements 

 

 

 

 

Year -1 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Total 

Drill & Blast                      

  Total OPEX ($ 000) $0 $5,060 $5,397 $5,368 $5,970 $4,868 $4,545 $3,419 $2,591 $37,219 

  Total OPEX $/t $0.00 $0.41 $0.41 $0.41 $0.40 $0.41 $0.40 $0.41 $0.43 $0.41 

  Total Manpower 0 17 17 17 17 17 14 14 14   

Load & Haul                      

  Total OPEX ($ 000) $0 $15,136 $15,646 $15,502 $15,664 $12,366 $12,097 $9,313 $7,767 $103,490 

  Total OPEX $/t $0.00 $1.22 $1.18 $1.17 $1.06 $1.04 $1.08 $1.13 $1.28 $1.13 

  Total Manpower 0 51 51 51 51 39 39 33 27   

Support Equipment                      

  Total OPEX ($ 000) $0 $2,997 $2,997 $2,997 $2,997 $2,997 $2,997 $2,997 $2,997 $23,976 

  Total OPEX $/t $0.00 $0.24 $0.23 $0.23 $0.20 $0.25 $0.27 $0.36 $0.49 $0.26 

  Total Manpower 0 18 18 18 18 18 18 18 18   

Mine G & A                      

  Total OPEX ($ 000) $476 $1,372 $1,372 $1,372 $1,372 $1,372 $1,372 $1,372 $1,372 $11,453 

  Total OPEX $/t $0.00 $0.11 $0.10 $0.10 $0.09 $0.12 $0.12 $0.17 $0.23 $0.13 

  Total Manpower 6 19 19 19 19 19 19 19 19   

Total Mine OPEX                     

  Total OPEX ($ 000) $476 $24,565 $25,412 $25,239 $26,003 $21,603 $21,011 $17,101 $14,727 $176,139 

  Total OPEX $/t $0.00 $1.98 $1.91 $1.91 $1.75 $1.81 $1.87 $2.07 $2.42 $1.93 

  Total Manpower 6 105 105 105 105 93 90 84 78   



 
 

 137 

22.0 ECONOMIC ANALYSIS 

 

22.1 BASIS OF VALUATION 

 

Micon has prepared its assessment of the project on the basis of a discounted cash flow 

model, from which net present value (NPV), internal rate of return (IRR), payback and other 

measures of project viability can be determined. Assessments of NPV are generally accepted 

within the mining industry as representing the economic value of a project after allowing for 

the cost of capital invested. 

 

The objective of the study was to evaluate the economic potential for development of the 

project as proposed in the base case, and to examine the robustness of the returns to variation 

in key assumptions such as product price, capital and operating costs. 

 

The base case considered in the PEA comprises the construction and operation of an open pit 

mine, crushing, screening, agglomeration and heap-leach facility to treat 5.0 Mt/y of resource 

using site-generated power, to recover gold and silver into doré bars for sale to a bullion 

refinery. 

 

22.2 MACROECONOMIC ASSUMPTIONS 

 

22.2.1 Expected Product Prices 

 

Monthly average spot prices for gold and silver have recently fallen below their respective 3-

year trailing average prices for the first time in approximately 10 years (see Figure 22.1). 

Accordingly, Micon has not used the 3-year trailing averages for its base case evaluation of 

the project, but has selected prices of $1,400/oz gold and $23.33/oz silver, as being close to 

those currently seen in the spot market, and maintaining a 60:1 ratio of gold to silver price.  

 
Figure 22.1  

Monthly Average Gold and Silver Prices 
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22.2.2 Exchange Rate and Inflation 

 

All results are expressed in US dollars ($). Cost estimates and other inputs to the cash flow 

model for the project have been prepared using constant, third quarter 2013 money terms, 

i.e., without provision for escalation.  The inflation rate in Argentina is presently higher than 

in the US, but has been offset by devaluation of the Peso against the US dollar with the result 

that, in dollar terms, costs remain steady. 

 

22.2.3 Corporate Taxation 

 

Corporate income tax has been allowed for at the rate of 35% after deducting depreciation 

allowances based on a unit of production method so that assets are fully depreciated over the 

expected mine life. 

 

22.2.4 Royalty 

 

Micon has provided for two royalty payments. The first is a 2% royalty on the gross value of 

production, payable to the parastatal bureau, IPEEM. The second royalty, payable to the 

provincial government of San Juan, is calculated at 3% of the net value of mine production. It 

is assumed that all mine site operating costs and the IPEEM royalty are deductible costs in 

calculating the net value. 

 

22.2.5 Weighted Average Cost of Capital 

 

In order to find the NPV of the cash flows forecast for the project, an appropriate discount 

factor must be applied which represents the cost of equity imposed on the project by the 

capital markets. This being the case, the weighted average cost of capital (WACC) is equal to 

the market cost of equity, and can be determined using the Capital Asset Pricing Model 

(CAPM): 

 

 (  )       ( (  )     ) 

 

where E(Ri) is the expected return, or the cost of equity. Rf is the risk-free rate (usually taken 

to be the real rate on long-term government bonds), E(Rm)-Rf is the market premium for 

equity, commonly estimated to be around 5%, and beta (β) is the volatility of the returns for 

the relevant sector of the market compared to the market as a whole. 

 

Figure 22.2 illustrates the real return on US bonds computed by Federal Reserve, taken as a 

proxy for the risk-free interest rate. Over the past three years, this has dropped from around 

2.0% to less than zero, before rising closer to 1.0%. Nevertheless, it is generally accepted that 

using a long-term average rate will give a more reliable estimate of the cost of equity, and 

Micon has therefore considers a range of 1.5% to 2.5% for the risk free rate, with a value of 

2.0% as its base case parameter, close to the real rate of return averaged over 10 years. 
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Figure 22.2  

Real Return on US Bonds 

(source: US Federal Reserve) 

 

 
 

Taking beta for this sector of the equity market to be in the range 0.7 (among larger gold 

producers) to 1.3 (typical for the mining sector), CAPM gives a cost of equity for the Project 

of between 5% and 9%, as shown in Table 22.1.  Micon has taken a figure of 7%, i.e., in the 

middle of this range, as its base case and provides the results at higher and lower rates of 

discount for comparative purposes.  

 
Table 22.1  

Cost of Capital 

 

Range Lower Middle Upper 

Risk Free Rate (%) 1.5 2.0 2.5 

Market Premium for equity (%) 5.0 5.0 5.0 

Beta 0.7 1.0 1.3 

Cost of equity (%) 5.0 7.0 9.0 

 

22.3 TECHNICAL ASSUMPTIONS 

 

Table 22.2 summarizes the main technical assumptions and economic parameters for the 

project. 

 
Table 22.2  

Base Case Technical Assumptions 

 

Item Unit Value 

LOM process feed tonnage M t 37.462 

Waste rock mined M t 98.366 

Stripping ratio W/O 2.63 

Gold grade to leach pad g/t Au 0.87 

Silver grade to leach pad g/t Ag 9.97 
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Item Unit Value 

   

Gold Recovery to doré  % 80 

Silver Recovery to doré % 32 

   

Payable gold production 000 oz  842 

Payable silver production 000 oz 3,806 

   

Mine life (at full production) years 7.5 

   

Net Revenue $ M 1,214 

Site Operating Costs $ M 583 

LOM Capital $ M 261 

Net cash flow $ M 370 

Taxation $ M 130 

After tax cash flow $ M 240 

 

22.3.1 Mine Production Schedule 

 

The base case open pit mine production schedule contemplates a three-year contract mining 

period in which the bulk of the waste rock is removed from the pit. An owner-operated fleet 

commences production of leach-feed material after one year of pre-stripping, and continues 

until Year 8. Figure 22.3 illustrates this schedule. 

 
Figure 22.3  

Base Case Open Pit Production Schedule 
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22.3.2 Processing Schedule 

 

In the base case, 5.0 Mt/y of leach-feed material is heaped on the pad, given a mine life of 

approximately 7.5 years.  Gold recovery of 80% is assumed over the LOM period, while 

silver recovery is 32%.  

 

22.3.3 Working Capital 

 

Working capital assumes 30 days of inventory in the leach circuit, with a further 15 days 

allowed for accounts receivable, and 60 days for stores, partly offset by accounts payable of 

30 days. Net working capital varies annually between $20 million and $33 million, and 

averages around $26 million during steady state operations. 

 

22.3.4 Operating Costs 

 

Figure 22.4 shows the direct operating costs on an annual basis over the LOM period. 

Process and G&A operating costs are held steady over much of the LOM, while mining costs 

are much higher than average in Years 1 and 2 but then fall sharply thereafter. 

 
Figure 22.4  

Base Case - Annual Operating Costs 

 

 
 

22.3.5 Capital Expenditures 

 

Following the initial construction period, expansion of the leach pad is the only significant 

sustaining capital cost forecast over the remainder of the LOM period. Closure costs of $2 

million are provided for in an environmental bond as part of the initial capital. 
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22.4 PROJECT ECONOMICS - BASE CASE 

 

22.4.1 Cash Flow Projection 

 

Table 22.3 summarizes the life-of-mine cash flows for the project, while Table 22.4 presents 

the annual cash flow schedule for the base case and the chart at Figure 22.5 shows the annual 

cash flows during this period. 

 

This preliminary economic assessment is preliminary in nature; it includes inferred mineral 

resources that are considered too speculative geologically to have the economic 

considerations applied to them that would enable them to be categorized as mineral reserves, 

and there is no certainty that the preliminary economic assessment will be realized. 

 
Table 22.3  

Base Case - LOM Cash Flow 

 

 LOM Total  

($ thousand) 

$/t 

Milled 

$/oz  

Gold 

 Gold Revenue   1,267,652  33.84 1,400.00 

    

 Mining   265,386   7.08   315.17  

 Processing   258,172   6.89   306.61  

 G&A   59,135   1.58   70.23  

Direct site costs   582,693   15.55   692.01  

 Transport, TC/RC   5,894   0.16   7.00  

 By-product credits (silver) (86,141) (2.30) (102.30) 

 Cash Operating Costs   502,446   13.41   596.71  

 Royalties   44,718   1.19   53.11  

 Production Taxes   -    -     -    

 Total Cash Costs   547,164   14.61   649.81  

 Depreciation   258,831   6.91   307.39  

 Mine Closure\Reclamation   2,300   0.06   2.73  

 Total Production Costs   808,295   21.58   959.93  
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Figure 22.5  

Life-of-mine Annual Cash Flows 
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Table 22.4  

Base Case - LOM Annual Cash Flow Schedule 

 

 
 

Year No. LOM TOTAL Yr -1 Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9

Crusher Feed t 000 37,462            -                               2,500               5,014              5,000              5,000              5,000              5,014              5,000              4,935              

Au g/t 0.87                 -                               0.48                  0.89                0.81                0.83                1.26                0.68                1.04                0.81                

Ag g/t 9.97                 -                               10.14               11.63              9.09                9.67                11.20              8.25                10.90              8.99                

Waste Rock by contractor t 000 44,584            7,761                           19,201             17,622            -                  -                  -                  -                  -                  -                  

Waste Rock by owner t 000 53,782            -                               9,891               8,293              8,229              9,818              6,915              6,220              3,266              1,150              

TOTAL MINED t 000 135,828          7,761                           31,592             30,929            13,229            14,818            11,915            11,234            8,266              6,085              -                  

Stripping ratio 2.63                 -                               11.64               5.17                1.65                1.96                1.38                1.24                0.65                0.23                -                  

Total Processed t 000 37,462            -                               2,500               5,000              5,000              5,000              5,000              5,000              5,000              4,962              -                  

Au oz 000 1,054               -                               39                     143                 130                 133                 203                 109                 167                 129                 -                  

Ag oz 000 12,014            -                               815                   1,870              1,461              1,554              1,801              1,327              1,751              1,435              -                  

Au payable oz 000 842                  31                     114                 104                 107                 162                 87                    134                 103                 -                  

Ag payable oz 000 3,806               258                   592                 463                 492                 570                 420                 555                 454                 -                  

Au price $/oz 1,400               1,400                           1,400               1,400              1,400              1,400              1,400              1,400              1,400              1,400              1,400              

Ag price $/oz 23.33               23.33                           23.33               23.33              23.33              23.33              23.33              23.33              23.33              23.33              23.33              

Au sales $  000 1,178,846 43,500 160,295 145,870 149,233 226,593 121,984 187,059 144,313

Ag sales $  000 88,806 6,025 13,824 10,802 11,485 13,310 9,809 12,947 10,604

Gross Revenue $  000 1,267,652 0 49,525 174,118 156,672 160,719 239,903 131,793 200,005 154,917 0

TC/RC $  000 (8,558) 0 (398) (1,216) (1,053) (1,091) (1,532) (904) (1,324) (1,040) 0

Royalties $  000 (44,718) 0 (983) (3,889) (5,660) (5,835) (9,857) (4,565) (8,031) (5,899) 0

Net Revenue $  000 1,214,375 0 48,144 169,013 149,958 153,793 228,514 126,324 190,650 147,979 0

Mining $  000 (265,386) 0 (71,351) (68,351) (25,239) (26,003) (21,603) (21,011) (17,101) (14,727) 0

Processing $  000 (258,172) 0 (17,229) (34,458) (34,458) (34,458) (34,458) (34,458) (34,458) (34,197) 0

G&A $  000 (59,135) 0 (3,946) (7,893) (7,893) (7,893) (7,893) (7,893) (7,893) (7,833) 0

Net Operating Margin $  000 631,682 0 (44,381) 58,312 82,369 85,439 164,560 62,962 131,199 91,222 0

Capital $  000 (261,390) (256,390) 0 (1,500) (3,500) 0 0 0 0 0 0

Working Capital Mvmt $  000 0 0 (13,223) (16,358) 5,753 (565) (9,476) 13,485 (8,148) 5,816 22,718

Net Cash Flow $  000 370,292 (256,390) (57,605) 40,454 84,622 84,874 155,084 76,447 123,051 97,038 22,718

Taxation $  000 (129,693) 0 0 0 (6,834) (18,436) (40,183) (12,663) (31,545) (20,033) 0

Net Cash Flow After Tax $  000 240,599 (256,390) (57,605) 40,454 77,788 66,439 114,901 63,784 91,506 77,005 22,718

Undiscounted Cumul. C/flow

Before Tax, $  000 (313,995) (256,390) (313,995) (273,541) (188,919) (104,045) 51,039 127,486 250,537 347,574 370,292

After Tax $  000 (313,995) (256,390) (313,995) (273,541) (195,753) (129,315) (14,414) 49,370 140,876 217,881 240,599

Payback 4.73                 

Cum. C/Flow, Discounted at 7%

Before Tax $  000 (310,226) (256,390) (310,226) (274,892) (205,816) (141,065) (30,493) 20,447 97,077 153,554 165,911

After Tax $  000 (310,226) (256,390) (310,226) (274,892) (211,394) (160,709) (78,786) (36,284) 20,701 65,519 77,876

Payback 6.14                 
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22.4.2 Base Case Evaluation 

 

The base case cash flow demonstrates that a pre-tax internal rate of return (IRR) of 16.7% is 

achievable, resulting in a net present value at a discount rate of 7% (NPV7) of $165.9 million 

before tax and $77.9 million after tax (see Table 22.5). 

 
Table 22.5  

Base Case - Results of Evaluation 

 

Discount Rate (%) 
NPV ($ million) 

before tax 

NPV ($ million)  

after tax 

5 214.7 116.7 

7 (base case) 165.9 77.9 

9 123.1 43.8 

Internal Rate of Return (%) 16.7 12.0 

 

22.5 SENSITIVITY ANALYSIS 

 

22.5.1 Variation in Base Case Assumptions 

 

Figure 22.6 shows the sensitivity of the after-tax cash flow discounted at 7% (NPV7) to 

variation over a range of 30% above and below the base case in metal prices, capital 

expenditure and operating costs. Metal prices may also be used as a proxy for grade and 

recovery. 

 
Figure 22.6  

NPV Sensitivity Diagram 
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The results show that adverse changes in operating and capital costs of more than 20% are 

required to reduce NPV7 to less than zero. However, the project is less robust with respect to 

metal prices, since an adverse change of more than 10% will reduce NPV7 to less than zero. 

 

22.5.2 Product Price Sensitivity 

 

The sensitivity of the project economics to specific changes in gold price was investigated. A 

constant 60:1 ratio of gold and silver prices is assumed. The results are shown in Table 22.6, 

demonstrating positive after tax returns for prices at or above $1,250/oz Au. 

 
Table 22.6  

Base Case - Product Price Sensitivity 

 

Gold Price Pre-tax After Tax 

(US$/oz) 
NPV8 

($ million) 

IRR 

(%) 

NPV8 

($ million) 

IRR 

(%) 

1,200 41.7 9.6 (3.8) 6.7 

1,250 72.7 11.5 16.7 8.1 

1,300 103.8 13.3 37.3 9.5 

1,350 134.9 15.0 57.6 10.8 

1,400 165.9 16.7 77.9 12.0 

1,450 197.0 18.4 98.2 13.3 

1,500 228.0 20.0 118.4 14.5 

1,550 259.1 21.6 138.7 15.7 

1,600 290.1 23.2 159.0 16.8 

 

22.6 CONCLUSION 

 

On the basis of this study of the project, Micon concludes that exploitation of the Rojo Grande 

resources in the Del Carmen Project area could potentially yield positive economic returns, 

and that further development is warranted. 

 

The project base case described in this study provides a reasonable basis on which to proceed 

with delineation of further resources and preliminary engineering designs required to further 

optimize the project during the pre-feasibility stage. 
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23.0 ADJACENT PROPERTIES 

 

The Del Carmen property is located within the El Indio Gold Belt of north-central Chile and 

Argentina.  This belt contains the El Indio-Tambo, Pascua-Lama, Veladero and Sancarron 

deposits, and others, most of which are high-sulphidation, epithermal precious metals 

deposits. 

 

In 2005, Barrick filed NI 43-101 Technical Reports (Marion and Davidson, 2005a and 2005b) 

on SEDAR (www.sedar.com) which describe the Veladero and Pascua-Lama deposits and 

their mineral resources and mineral reserves.  The descriptions for Pascua-Lama were later 

used in the most recent Technical Report for the project (Burgos et al., 2011).  The following 

descriptions are taken from it.  

 

23.1 PASCUA-LAMA 

 
Deposit Geology 

 

“Locally, the Pascua-Lama area has been the center of repeated intrusive and volcanic activity, 

beginning with a sequence of dacite and rhyolite ignimbrite ash flows deposited in the early 

Permian.  The flows were then intruded during Late-Permian/Triassic time by a granite 

batholith, which comprises the Pascua-Lama granite intrusive complex and occupies the 

central and eastern portions of the district, the dominant host lithology for the deposit.  After a 

long hiatus that extended into the Oligocene, numerous small diorite stocks and dikes were 

intruded into the granite complex and volcanics.  Dike emplacement continued into the 

Miocene, followed by deposition of Upper Middle Miocene dacite ash flows.  This Miocene 

intrusive activity was the precursor to the magmatism and associated hydrothermal activity 

around 8.78 to 8.79 Ma that produced the Pascua deposit.  In the waning stages of 

mineralisation the emplacement of rhyodacite porphyry dikes concluded the magmatic activity 

at Pascua-Lama.” 

 

“Numerous breccia bodies are also present in the Pascua-Lama area.  In surface outcrop, these 

breccias vary in dimension from centimetres up to hundreds of metres in diameter.  Typically 

the breccias show a strong correlation to zones of intersection of two or more major structural 

zones, as described in the following section.  Brecha Central in the Quebrada de Pascua area is 

a good example of a matrix-supported breccia pipe that formed as a result of an explosive 

hydrothermal event related to the emplacement of the main portion of the Pascua deposit.” 

 

Deposit Type 

 

“The gold, silver, and copper mineralisation and alteration assemblages at Pascua-Lama are 

associated with a structurally controlled acid sulphate hydrothermal system hosted by intrusive 

and volcanic rock sequences of Upper Paleozoic and Middle Tertiary age.  Alteration and 

mineralisation is of the high-sulfidation, epithermal type.  Throughout the Pascua-Lama 

district, the alteration and mineralisation appear to have been strongly controlled by structure.  

This control is most evident along the Esperanza, Pedro and Quebrada de Pascua fault 

systems.  As is typical with high-sulfidation epithermal deposits, the principal metal 

commodities at Pascua-Lama are gold and silver - the copper content is sub-economic.” 

 

http://www.sedar.com/
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Mineralization Occurrence 

 

“The emplacement of mineralisation (as well as development of the breccias which host 

mineralisation) at Pascua was controlled by high angle faults.  Six high angle fault sets have 

been identified, striking west-northwest, north-northeast, north-south, northwest, northeast and 

east-west.  The breccias, which host much of the gold-silver mineralisation, occur at the 

intersections of three or more fault sets.  In total, at least 14 major centers of mineralisation 

and a number of smaller centers have been recognized, of which Brecha Central is the most 

significant.” 

 

Precious Metals 

 

“Gold occurs primarily as native metal at Pascua-Lama, but it also is found in very minor 

amounts in gold telluride inclusions within enargite.  Silver mineralisation grossly mimics the 

distribution of gold but over a much broader lateral area.  In any particular zone, silver 

typically occurs across widths that are two to three times those of gold.  Other than gold and 

silver, copper is the only metal in the Pascua-Lama deposit that occurs in significant 

quantities, primarily as enargite and copper sulphates.  Although local zones of higher grade 

copper can be found that are up to one metre wide and run as high as 10 percent copper, most 

copper values range between 0.1% and 0.4%.” 

 

Sulphides 

 

“The principal sulphide gangue minerals in the Pascua-Lama deposit include four stages of 

pyrite and enargite, with very minor amounts of galena and sphalerite (which are found mostly 

as constituents in quartz veinlets), covellite and chalcocite.  Pyrite comprises approximately 

88% to 92% of all sulphides, with enargite accounting for the remaining 8 to 12%.” 

 

Oxides and Sulphates 

 

“Oxide minerals are found across the Pascua-Lama deposit as products of weathering or 

hydrothermal alteration and include limonite, hematite, jarosite, kaolinite, and dickite.  

Sulphates are also present in the Pascua-Lama deposit and include the insoluble sulphates 

barite, gypsum, and anglesite, and an abundant suite of soluble sulphates that include 

szomolnokite, voltaite, rhomboclase, and coquimbite.” 

 

Alteration 

 

“Alteration is intimately associated with precious metal mineralization at Pascua-Lama.  An 

early advanced argillic alteration stage consists of quartz-alunite-pyrite haloes that are most 

intense around mineralising centers.  Superimposed on the advanced argillic assemblage is a 

steam heated alteration stage, which on the surface consists of an east-west elongated zone 

centered on Brecha Central, extending eastward to the cliffs that form the surface expression 

of the Lama fault zone in Argentina.” 

 

“A silica cap that ranges from 100 m to 325 m thick occupies a position beneath the main 

body of steam heat alteration.  The cap is divided into three zones - an upper silica-gold zone, 

a middle pyrite-silica zone, and a lower pyrite-szomolnokite zone, which is the most 

prominent of the three and is where gold contents in the cap are the highest.  The blanket of 
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silver enrichment mentioned previously in this section crosscuts all three zones.  The cap is 

generally thickest on the margins of the deposit.” 

 

“The alteration and mineralisation types found in most of the mineralised centers of the 

Pascua-Lama deposit are similar, but the orientation of the fracture sets that provide the 

plumbing for the mineralising fluids at each center can be different.  Almost 98% of all 

structural data collected from the deposit is related to veinlets, and very few structures lack 

some form of hydrothermal filling.” 

 

Mineral Resources and Mineral Reserves 

 

The mineral resources and mineral reserves for the Pascua-Lama project, as published by 

Barrick in March, 2011, are set out in Tables 23.1 and 23.2 at the end of this section. 

 

23.2 VELADERO 

 

The following description of Veladero is taken from an NI 43-101 Technical Report filed on 

SEDAR (www.sedar.com) by Barrick (Evans et al., 2012). 

 
“The Veladero deposit is situated at the north end of the El Indio Gold Belt, a 120 km by 25 

km north-trending corridor of Permian to late Miocene volcanic and intrusive rocks, which 

host a number of hydrothermal alteration zones and epithermal mineral deposits.  The belt 

consists of a Tertiary volcanic rift basin in which volcanic flows and tuffs were deposited and 

subsequently cut by associated intrusions.  Basement rocks in the belt consist of andesitic to 

rhyolitic tuffs, lava flows, and volcaniclastic rocks of the Permo-Triassic Choiyoi Formation, 

which are overlain unconformably by Tertiary igneous and volcanic rocks ranging in age from 

older 40 Ma stocks to more recent 4 Ma tuffs, lava flows and volcaniclastic rocks.” 

 

“The El Indio Gold Belt hosts both high and low sulphidation style mineralization over a 55 

km strike length, from the Tambo-El Indio mines in the south to the Pascua-Lama project in 

the north.  Epithermal mineralization within this belt is associated with Tertiary structural 

trends.” 

 

“The Veladero deposit is a hypogene-oxidized, high sulphidation gold-silver deposit hosted by 

volcaniclastic sediments, tuffs, and volcanic breccias related to a Miocene diatreme-dome 

complex.  Hydrothermal alteration is typical of high sulphidation gold deposits, with a 

silicified core grading outward into advanced argillic alteration, then into peripheral argillic 

and propylitic alteration haloes.  Gold occurs as fine native grains, and is dominantly 

associated with silicification and with iron oxide or iron sulfate fracture coatings.  Silver 

mineralization is distinct from gold, and occurs as a broader, more diffuse envelope, probably 

representing a separate mineralizing event.” 

 

“The Veladero deposit forms a broad, disseminated, 400 m to 700 m wide by three kilometre 

long blanket of mineralization along a N15ºW-striking structural trend.  The diatreme-dome 

complex includes a massive, central, brecciated core of heterolithic, matrix-supported tuffisite 

that transitions outward through clast-supported breccias into the volcanic country rocks.  A 

bedded tuff unit that represents fragments ejected from the central vent forms a ring that 

overlies portions of the tuffisite and breccias at the southern end of the deposit.  The Veladero 

deposit comprises three main orebodies: Amable in the south, Cuatro Esquinas in the centre, 
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and Filo Federico in the north.  The Argenta orebody is a small satellite deposit located 

approximately five kilometres to the southeast of the Veladero deposit.” 

 

“The mineralized envelope encompassing greater than 0.2 g/t Au is oriented along a 345°-

trending regional structural corridor.  The mineralization is dominantly hosted in the diatreme 

breccias along the fault-bounded northwest trend.  Within this trend, higher grade mineralized 

shoots, averaging approximately 4 g/t Au but with one metre values up to 100 g/t Au, with 

lengths of 300 m to 500 m, form along northeast striking structural trends and are surrounded 

by a halo of lower grade mineralization ranging between 0.1 g/t Au and 1.0 g/t Au.” 

 

“A variety of volcanic explosion breccias and tuffs are the principal host rocks at Cuatro 

Esquinas and Filo Federico, where alteration consists of intense silicification.  The Amable ore 

body is hosted within bedded pyroclastic breccias and tuffs which are affected by silicification 

and advanced argillic alteration.  Much of the Veladero deposit is covered by approximately 

40 m of overburden and the overburden in some areas is up to 170 m thick.  The colluvium is 

generally uncemented.” 

 

“Precious metal mineralization at Veladero is controlled by stratigraphy, structural trends, and 

elevation.  Gold mineralization can be hosted by any kind of rock at Veladero, including 

overburden and steam-heat altered lithologies.  Principal host rocks are hydrothermal breccias 

and felsic tuffs at Filo Federico and Cuatro Esquinas, and pyroclastic breccias and felsic to 

intermediate tuffs at Amable.” 

 

Mineral Resources and Reserves 

 

The mineral resources and mineral reserves for the Veladero mine, as published by Barrick in 

its most recent Technical Report (Evans et al., 2012), are set out in Tables 23.3 and 23.4 

below.  The mineral resources and mineral reserves for the Pascua-Lama project are set out in 

Tables 23.1 and 23.2 

 

At Pascua Lama the mineral reserves and resources were established using gold price of 

US$1,000/oz and US$1,200/oz respectively.  At Veladero the mineral reserves and resources 

were established using a gold price of US$ 1,200/oz and US$1,400/oz. 
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Table 23.1  

March 31, 2011 Pascua-Lama Mineral Reserves 

 

Category 
Tonnes 

(x 1,000) 

Au 

Grade 

(g/t) 

Ounces 

Au 

(x 1,000) 

Ag 

Grade 

(g/t) 

Ounces 

Ag 

(x 1,000) 

Cu 

Grade 

(%) 

Lb Cu 

(x 1,000) 

Proven 39,368 1.706 2,160 58.91 74,563 0.096 83,237 

Probable 345,220 1.413 15,685 53.78 596,932 0.075 574,437 

Proven and Probable 384,587 1.443 17,844 54.31 671,495 0.078 657,674 

 

 Au Ag Cu 

Recoveries (%) 86.2 81.6 62.97 

 

Table 23.2  

March 31, 2011 Pascua-Lama Mineral Resources* 

 

Category 
Tonnes 

(x 1,000) 

Au 

Grade 

(g/t) 

Ounces 

Au 

(x 1,000) 

Ag 

Grade 

(g/t) 

Ounces 

Ag 

(x 1,000) 

Cu 

Grade 

(%) 

Cu  

(lbs x 1,000) 

Measured 18,104 1.145 666 25.54 14,865 0.067 26,912 

Indicated 191,993 0.906 5,594 24.42 150,720 0.056 237,771 

Measured and Indicated 210,097 0.927 6,261 24.51 165,585 0.057 264,684 

Inferred 29,294 1.251 1,178 15.58 14,676 0.046 29,955 

* - Exclusive of reserves. 
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Table 23.3  

December 31, 2011 Veladero Mineral Reserves 

 

Category 
Tonnes 

(million) 

Au Grade 

(g/t) 

Ag Grade 

(g/t) 

Contained Au 

(Moz) 

Contained Ag 

(Moz) 

Proven  17.0 0.89 16.2 0.49 8.9 

Probable 403.0 0.75 14.5 9.73 187.4 

Stockpiles 7.3 0.51 6.0 0.12 1.4 

Inventory 9.3 0.75 - 0.22 - 

Proven & Probable 436.5 0.75 14.1 10.56 197.7 
 

Table 23.4  

December 31, 2011 Veladero Mineral Resources* 

 

Category 
Tonnes 

(million) 

Au Grade 

(g/t) 

Ag Grade 

(g/t) 

Contained Au 

(Moz) 

Contained Ag 

(Moz) 

Measured 3.4 0.32 5.5 0.036 0.6 

Indicated 36.5 0.36 12.0 0.426 14.0 

Total Measured and Indicated  39.9 0.36 11.4 0.462 14.7 

Inferred 67.7 0.26 11.3 0.572 24.5 

* - Exclusive of reserves. 
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23.3 SUMMARY 

 

In the El Indio Gold Belt, proven and probable mineral reserves totalling over 820 million 

tonnes, containing 28.4 million ounces of gold and 869.3 million ounces of silver were 

announced by Barrick in 2011 and 2012.  As of the date of this report the Veladero mine was in 

production and the Pascua Lama mine was being constructed. 

 

The mineralization noted is associated with extensive hydrothermal alteration. Almost any rock 

type in the region is a potential host for low or high-sulphidation epithermal precious metals 

mineralization. 

 

The qualified persons who are the authors of this report have been unable to verify the 

information in this section and the information is not necessarily indicative of the 

mineralization on the Del Carmen property, the subject of this Technical Report. 
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24.0 OTHER RELEVANT DATA AND INFORMATION 

 

All of the information necessary to support the disclosure of the updated mineral resource 

estimate and PEA for the Rojo Grande deposit at the Del Carmen property has been disclosed 

in other sections of this report. 
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25.0 INTERPRETATION AND CONCLUSIONS 

 

25.1 UPDATED MINERAL RESOURCE ESTIMATE 

 

While the presence of extensive hydrothermal alteration and associated gold-silver 

mineralization had been known previously the exploration work completed by Malbex has 

demonstrated the existence of a high-sulphidation style epithermal gold-silver deposit at the 

Del Carmen property in western Argentina.  That deposit has been named Rojo Grande.  Since 

acquiring the Del Carmen property Malbex has completed delineation in three dimensions of 

the Rojo Grande high-sulphidation style mineralization contained within a package of highly 

altered andesitic to dacitic volcanic rocks.  Work completed to date indicates that the deposit is 

potentially economic under an open pit mining, heap leach scenario, similar to that at the 

nearby Veladero mine.  

 

The work completed by Malbex has resulted in sufficient drill sample density, and confidence 

in the geological interpretation, for Micon to reasonably estimate an inferred mineral resource 

for Rojo Grande.  In the process of completing the estimate, Micon has interpreted the available 

data and come to the following conclusions: 

 

 Based on a nominal 50-m to 100-m spaced sectional drilling pattern, a zone of 

potentially economic gold-silver mineralization, approximately 800 m long has been 

identified. 

 

 Malbex’ QA/QC program lends sufficient confidence to the assay data generated for it 

to be used in a resource estimate. 

 

 Outlier values in the gold and silver assay population have been analyzed and top cuts 

were applied.  However, the assay data are well enough behaved that only a limited 

number of samples were capped. 

 

 Drilling indicates that the full extents of the zone have not yet been found and it may 

also remain open to the southwest. 

 

 The resources were estimated using Ordinary Kriging, Inverse Distance Squared and 

Nearest Neighbour interpolation, and reported using the Ordinary Kriged model.  Based 

on the 50-m and 100-m spaced drilling as well as the need for infill drilling in certain 

locations, the resources have been classified in the inferred category under the CIM 

guidelines.  They were reported using a Whittle optimized pit shell. 

 

The resulting estimate of inferred mineral resources for the Rojo Grande deposit is presented in 

Table 25.1 below.  The effective date of the mineral resource estimate is April 9, 2013. 
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Table 25.1  

Rojo Grande Deposit Inferred Mineral Resources 

 

Million 

Tonnes 

Gold Grade 

(g/t) 

Silver Grade 

(g/t) 

Gold 

Ounces 

Silver 

Ounces 

30.97 1.01 11.0 1,010,000 10,964,000 
1) Mineral resources which are not mineral reserves do not have demonstrated economic 

viability. The estimate of mineral resources may be materially affected by environmental, 

permitting, legal, title, taxation, socio-political, marketing, or other relevant issues. 

(2) The quantity and grade of reported inferred resources in this estimation are conceptual in 

nature and there has been insufficient exploration to define these inferred resources as an 

indicated or measured mineral resource. It is uncertain if further exploration will result in 

upgrading them to an indicated or measured mineral resource category.  

(3) The 0.3 g/t gold equivalent cut-off grade was derived from an assumed open pit/heap leach 

operation with recoveries of 70% for gold and 40% for silver, a mining cost of US$1.50/tonne 

for ore and $1.40/tonne waste, process cost of US$3.50/tonne and general & administrative 

costs of US$2.50/tonne.  The costs were derived from similar operations and the recoveries 

from initial metallurgical testwork.  Assumed prices of $1,125/oz for gold and $20/oz for 

silver, based on 3-year trailing averages, were also employed. 

 

Given the early stage of exploration, and the success of discovering and completing initial 

definition of a deposit in three field seasons, the exploration potential of the Del Carmen 

property must be considered to be reasonably high.   

 

It is Micon’s opinion that the presence of the Rojo Grande deposit and the extensive 

hydrothermal alteration located on the Del Carmen property indicate that the property has the 

potential to host several additional, potentially economic mineralized zones and further 

exploration is justified. 

 

25.2 PRELIMINARY ECONOMIC ASSESSMENT 

 

A PEA has been completed by Micon on behalf of Malbex based on the open pit mining of the 

Rojo Grande deposit followed by conventional three stage crushing and valley fill heap leach.  

Gold and silver recovery will be provided by conventional carbon adsorption columns followed 

by carbon stripping carbon regeneration, electrowinning and smelting to produce doré bars 

(gold and silver with minor impurities) for shipment offsite to third party refiners.  The design 

capacity of the mine and processing facilities is 5 Mt/y of leach feed.  

 

Table 25.2 summarizes the main technical assumptions and economic parameters for the PEA 

 
Table 25.2  

Base Case Technical Assumptions 

 

Item Unit Value 

LOM process feed tonnage M t 37.462 

Waste rock mined M t 98.366 

Stripping ratio W/O 2.63 

Gold grade to leach pad g/t Au 0.87 

Silver grade to leach pad g/t Ag 9.97 
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Item Unit Value 

Gold Recovery to doré  % 80 

Silver Recovery to doré % 32 
   

Payable gold production 000 oz  842 

Payable silver production 000 oz 3,806 
   

Mine life (at full production) years 7.5 
   

Net Revenue $ M 1,214 

Site Operating Costs $ M 583 

LOM Capital $ M 261 

Net cash flow $ M 370 

Taxation $ M 130 

After tax cash flow $ M 240 

 

The PEA base case cash flow under the assumptions summarized in Table 25.2  demonstrates 

that a pre-tax internal rate of return (IRR) of 16.7% is achievable, resulting in a net present 

value at a discount rate of 7% (NPV7) of $165.9 million before tax and $77.9 million after tax 

 

Micon concludes that exploitation of the Rojo Grande resources in the Del Carmen Project area 

could potentially yield positive economic returns, and that further development is warranted.  

The project base case selected for the PEA provides a reasonable basis on which to proceed 

with delineation of further resources and preliminary engineering designs required to further 

optimize the project during the pre-feasibility stage. 

 

It is noted that this PEA is preliminary in nature; it includes inferred mineral resources that are 

considered too speculative geologically to have the economic considerations applied to them 

that would enable them to be categorized as mineral reserves, and there is no certainty that the 

preliminary economic assessment will be realized. 
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26.0 RECOMMENDATIONS 

 

Malbex has discovered a high-sulphidation, epithermal gold-silver deposit at its Del Carmen 

property in Argentina.  An NI 43-101-compliant mineral resource for it has been updated and a 

PEA completed for it. This study concludes that exploitation of the Rojo Grande resources in 

the Del Carmen Project area could potentially yield positive economic returns, and that further 

development is warranted.  In light of this Micon makes the following recommendations. 

 

 Based on the results of the mineral resource estimate and PEA presented herein it is 

Micon’s opinion that Malbex is justified in proceeding with further exploration of the 

Rojo Grande deposit, and surrounding area, in order to enlarge the mineral resource 

base. 

 

 Further drilling along-strike to the southwest and around the valley containing the Rojo 

Grande deposit, at the 4,600 to 4,800 m elevation corridor (see Sections 8 and 9 of this 

report), over to Brecha Limite is the preferred target area based on recent mapping. 

 

 A program of trenching should be undertaken in this area in order to refine the potential 

drill targets. 

 

 Later, further infill definition drilling should be completed on the known extents of the 

Rojo Grande deposit.  This drilling will confirm the estimated grades and interpretation, 

and move the mineral resources to a higher resource confidence category. 

 

 Additional column leach tests using representative samples should be performed in 

order to further optimize the process in terms of leach kinetics, reagent consumptions 

and cement requirements for agglomeration.    

 

As a result of the success of the drilling programs conducted at Del Carmen between 2009 and 

2012, Malbex has proposed additional exploration for the property and designed a field 

exploration program and budget for the Del Carmen property which is outlined below.  The 

program is designed to expand the known resources at Rojo Grande. 

 

The proposed exploration program at Del Carmen consists of:  

 

 Installation of a temporary field camp with the capacity of up to 20 people, with initial 

mobilization of the camp after the Andean spring and demobilization of the camp 

approximately 4 months later.  

 

 Trenching and either rock chip/channel sampling or talus fines sampling in, and for 

talus sampling just below, the prospective 4,600 to 4,800 m elevation arc around the 

south side of the valley containing Rojo Grande.   

 

 12,000 m of reverse circulation drilling in the prospective arc around the valley, with 

targeting hopefully aided by the trench sample results. 
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The proposed exploration budget for the next field season at Del Carmen totals US$5,219,342 

as set out in Table 26.1 below.  

 
Table 26.1  

Proposed Del Carmen Exploration Budget 

 

 Number Rate (US$/unit) Unit Cost (US$) 

Auxiliary Equipment  (for road/drill pad construction, trenching) 

dozer 960 210 hour 201,600 

fuel 70 1.80 hour 120,960 

wheel loader 960 200 hour 192,000 

fuel 60 1.80 hour 103,680 

backhoe 480 90 hour 43,200 

fuel 30 1.80 hour 25,920 

mob/demob 2 15,000 move 30,000 

support truck 4 6,000 metre 24,000 

Trenching 

assaying 1,000 45 assay 45,000 

Drilling 

drilling 12,000 250 metre 3,000,000 

fuel 75 1.80 hour 324,000 

mob/demob 2 10,000  20,000 

water truck and driver 4 10,000 metre 40,000 

2 m samples 5,000 45 assay 225,000 
 

Camp 4  months 278,260 
 

Salaries 4  month 64,000 
 

Vehicles 4 1,800 month 7,200 
     

Subtotal    4,744,820 

Contingency  10%  474,482 

Grand Total    5,219,302 

 

The budget in Table 26.1 addresses only the direct costs of the exploration program and does 

not consider general and administrative costs for the company’s offices in Toronto or San Juan, 

concession and other mineral rights payments, costs for ongoing environmental studies, 

community and government relations, or project generation and evaluation activities outside of 

the project area.  Concession costs are reported in Section 4 of this report. 

 

Micon has reviewed the proposed exploration program submitted by Malbex and finds it to be 

reasonable and justified.  Should it align with management’s strategic goals, it is Micon’s 

recommendation that the company conduct the proposed exploration program.  

 

Other studies recommended during the on-going development stage of the project include the 

following: 

 

Waste rock characterization - It has been assumed for this PEA that the sulphides within the 

waste rock have been oxidized; however, it is recommended that this be confirmed with static 
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acid base accounting and net acid generation testing and leachability tests are recommended to 

determine the potential for neutral metal leaching from the waste rock samples. 

 

Geotechnical material characterization - Assumptions have been made for this PEA for 

foundation conditions and material characteristics for pit slopes, waste rock dump and heap 

leach designs. It is recommended that geotechnical work be completed to more accurately 

define these assumptions in the next stage of project design. 

 

Metallurgical studies - Preliminary testwork has shown that the mineralization is amenable to 

heap leaching.  Micon recommends that further work be undertaken in order to optimize the 

process conditions. 

 

Permafrost studies - Thermistors should be installed and geophysical studies completed in the 

proposed and potential alternate facility locations for the purposes of heap leach and waste rock 

dump foundation design, stability assessments and to determine the impact of the project on 

hydrological resources and peri-glacial features. Two years of thermistor data are required to 

verify permafrost locations. It may be possible to reduce the total time by providing proof of 

sub-zero temperatures over two summers if the thermistors are installed in the spring. 

 

Seismicity studies - A seismic hazard assessment is recommended to be completed to define 

design criteria for the pit, heap leach and waste rock dump. This information will also help 

assess risks for the environmental permitting as well. 

 

Baseline environmental studies - It is recommended that Malbex continue with long lead-time 

studies such as the baseline water quality sampling program to support future permitting. It is 

also recommended that baseline hydrological studies be initiated to obtain sufficient data to 

support the future assessment of hydrological effects as well as to support the assessment of 

water supply requirements for ore processing.  
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27.0 SIGNATURES 

 

The data used in the preparation of this report are current as of August 1, 2012.  The effective 

date of the mineral resource estimate and PEA are April 09, 2013 and October 09, 2013, 

respectively. 

 

 

 

“B. Terrence Hennessey” {signed and sealed}  

 

 

B. Terrence Hennessey, P.Geo.    

Micon International Limited     

October 09, 2013 

 

 

 

 

“Dayan Anderson” {signed} 

 

 

Dayan J. Anderson, MMSA 

Micon International Limited 
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 “Richard Gowans” {signed and sealed} 

 

 

Richard M. Gowans, P.Eng. 

Micon International Limited 

October 09, 2013 
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Micon International Limited 
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