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3. SUMMARY  

International Enexco, Ltd. (Enexco) commissioned Gustavson Associates to update a 

previous report issued by a group of independent engineering companies who conducted 

a Pre-feasibility Study of the Contact Copper Project.  The following engineering 

companies contributed to the original prefeasibility study: 

¶ Gustavson Associates, LLC 

¶ Resource Development, Inc. 

¶ Vector Engineering, Inc. 

¶ McClelland Laboratories, Inc. 

¶ JBR Environmental Consultants, Inc. 

Gustavson Associates (Gustavson) updated the previous Mineral Resource Estimate 

based on new drill data, updated geologic interpretation, and modified estimation 

parameters. The estimate of Mineral Reserves and the economic models of the project 

were then updated. 

The project is located in the northeast corner of Elko County, Nevada.  The deposit is 

situated on the north edge of a Jurassic intrusive near the contact with Paleozoic 

sediments.  The deposit consists of copper oxides that are amenable to heap leaching with 

sulfuric acid.  The project is an open pit mine and heap leach operation, with copper 

recovery via solvent extraction-electrowinning (SX/EW) to produce saleable copper 

cathodes on site.  

The updated NI 43-101 compliant mineral resource estimate contains 53.0 million tons at 

0.282 Cu (298 million pounds of copper) in the Measured category, and 82.2 million tons 

at 0.251% Cu (389 million pounds of copper) in the Indicated category, for a total in 

Measured and Indicated Resources of 135.2 million tons at 0.263% Cu (712 million 

pounds of copper) at a 0.10% Cu cut-off grade.  The estimate also contains 53.5 million 

tons of 0.272% Cu (291 million pounds of copper) in the category of Inferred Resource.   

The mineable reserve estimate contains 27.0 million tons of 0.305% Cu (165 million 

pounds of copper) in the Proven category and 27.1 million tons of 0.280 % Cu in the 

Probable category (152 million pounds of copper) for a total in Proven and Probable 
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Reserves of 54.1 million tons of 0.293% Cu (317 million pounds of copper) at a 0.10% 

Cu cut-off grade. 

The project as modeled will produce 25.0 million pounds of copper annually over a 9 

year life.  The project generates a 20.2 % IRR at a copper price of $2.25/lb.  The 

economic model is based on capital costs of $86.4 million and operating costs of $0.93/lb 

of copper produced. 

3.1 Project Overview 

The Contact Copper Property is located 2 miles west of U.S. Highway 93, between the 

towns of Wells and Jackpot, Nevada.  Enexcoôs property consists of 4,581 acres in 

unpatented mineral claims, and 861 acres of private land.  100% of the mineral resources 

within this report are located on patented mining claims owned 100% by Enexco, and 

subject to a 0.25% NSR royalty on production.   

Previous exploration work was done by several companies in the 1970ôs and late 1990ôs. 

Enexco, in 2006, commissioned an Independent Mineral Resource Estimation, which 

resulted in a compilation of the previous data.  Based on the results of the study, Enexco 

initiated a comprehensive in-fill drilling program. This study updates the previous 

resource estimate with the results from Enexcoôs recent work. 

3.2 Exploration and Geology 

The copper mineralization occurs in an intrusive-related deposit.  The copper occurs in 

quartz veins and surrounding granodiorite. The copper content is highest in the quartz 

veins particularly where chalcocite is present, but grades outward into the granodiorite 

where the copper occurs in quartz veinlets, fracture coatings and disseminations.  

Mineralization is in the form of tenorite, chrysocolla and cuprite, and lesser chalcocite 

and covellite.   Oxidation is very deep and observed to depths of 2,000 feet in the drilling. 

3.3 Resources and Reserves 

This Technical Report updates the previous Independent Mineral Resource Estimate for 

the Contact Copper Project.  The mineral resource was estimated using a three 



Contact Copper Project   NI 43-101 Pre-Feasibility Study Update 

 

 3-3  
 

dimensional block model and inverse distance weighting.  At a 0.10% Cu cut-off grade, 

material falling into the Measured plus Indicated categories totals 135.2 million tons at 

0.263% Cu, for a total of 712 million pounds of copper.  At the same cut-off grade, 

another 53.5 million tons at 0.272% Cu, or 291 million pounds of copper, is in the 

Inferred category. 

Table 3-1  Mineral Resource Estimate reported at 0.10% Cu cut-off. 

Category Tons 
Copper 

Cu (%) Pounds Cu 

Measured 52,976,000 0.282 298,397,000 

Indicated 82,233,000 0.251 413,413,000 

Measured & Indicated 135,209,000 0.263 711,810,000 

Inferred 53,490,000 0.272 291,368,000 

 

Mineable Reserves were estimated from the 3D model.  At a 0.10% Cu cut-off grade, the 

mineable reserves classified as Proven and Probable total 54.1 million tons at 0.293% Cu.  

The Mineral Resource and Mineral Reserves are NI 43-101 compliant.  The resources are 

inclusive of the reserves. No inferred resources were used in either the production 

schedule or economic analysis. 

Table 3-2  Mineable Reserve Estimate reported at 0.10% Cu cut-off. 

Category Tons 
Copper 

Cu (%) Pounds Cu 

Proven 27,011,000 0.305 164,701,000 

Probable 27,138,000 0.280 152,199,000 

Proven & Probable 54,149,000 0.293 316,899,000 

 

3.4 Mining  

Exploitation of the resource will utilize open pit mining methods. Ore production is 

designed for an average rate of 16,168 tons per day.  

Two cases have previously been considered in the project economics.  The Base Case 

consisted of in-pit crushing and conveying within the mine.  The Alternate Case consisted 

of a loader-truck operation.  Since the project economics were most robust with the in-pit 
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crushing and conveying case, only the base case (in pit crushing and conveying) has been 

considered in this update. 

3.5 Processing 

The project is designed as a conventional heap-leach operation. Copper is leached with a 

sulfuric acid solution, and recovered through a solvent extraction-electrowinning plant 

(SX/EW) to produce high-purity copper cathodes on site.  The SX/EW plant is designed 

to produce 69,450 lb of copper cathode per day. Metallurgical work through diagnostic, 

bottle roll and column leach tests indicates that the leachable copper recovery will be 

about 80%.  A net recovery of 76% is used to allow for operating losses in heap leaching. 

3.6 Infrastructure  

The project is well located with respect to access and water.  Two high-tension power 

lines are located north of the proposed plant site.  Adequate electrical capacity is 

available to support the plant and mining operation. 

3.7 Environmental 

Preparation of a plan of operations at an environmental impact statement level is 

anticipated for the project.  Baseline studies and permitting are expected to extend 

through 2012. 

3.8 Capital Cost Estimate 

Capital costs are estimated at $86.4 million excluding preproduction costs and 

reclamation bond requirements.  The estimates were developed from the major project 

areas of mining, crushing and handling, heap leaching and processing.  Estimates were 

done with new equipment pricing.  Some reduction in capital is possible using used 

equipment. 

3.9 Operating Cost Estimate 

The operating costs were estimated based on requirements in labor and supplies to 

support the designed production rates.  The costs were based on current (June, 2009) 

conditions of: 
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¶ Labor: prevailing rates for the area 

¶ Fuel: cost based on crude oil price of $70 per barrel 

¶ Power: all-in rate of $0.045/kWh 

¶ Sulfuric Acid: delivered cost at site of $100/ton 

 

With the above conditions, the operating costs are estimated at an average cost of 

$0.93/lb of copper.  

Total labor for the project is estimated at 107 employees. 

3.10 Economic Evaluation 

The economic model for the project shows an internal rate of return (IRR) of 20.2% using 

a copper price of $2.25/lb.  The project is sensitive to copper price.  Copper prices of 

$1.40 lb are required to generate positive rates of return.  The inclusion of 5.8 million 

tons of inferred resource could add slightly to the project economics, however it has not 

been considered in this update. 
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Table 3-3  Project Economics with Proven and Probable Reserves 

 

 
 

 

 

Figure 3-1  Sensitivity to Copper Price 

 

3.11 Risk Evaluation 

The Mineral Resource Estimate has been updated using the recent drilling data, and the 

calculation of Mineral Reserves has been completed to NI-43-101 standards.  The risks 

associated with the project are moderate to low based on the current economic climate 

and permitting.  Further work in the feasibility stage will address potential risks, improve 

the accuracy of estimates and increase the level of confidence in the project. 

3.12 Recommendations 

The Contact Copper Project is modeled to generate positive cash flows at $2.25/lb copper 

price, that result in a 20.2% IRR on $86 million capital and a NPV at 10% discount rate 

of $44.5 million. 

Discount rate $ (000's)

NPV 5% $84,131

NPV 10% $44,481

NPV 15% $18,277

IRR 20.2%
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Gustavson concludes the resource base and economics are sufficient to advance the 

project to level of a feasibility study.  Gustavson recommends that Enexco undertake a 

feasibility study.  The anticipated cost of the feasibility study is $1.2 million. 
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4. INTRODUCTION  

4.1 Terms of Reference 

Gustavson Associates LLC (Gustavson) was contracted by International Enexco, Ltd. 

(Enexco) to update a prior an independent technical report summarizing the pre-

feasibility study, compliant with National Instrument 43-101 using new drill data, new 

geologic interpretations, and updated operating costs.  This report summaries work done, 

and results of the updated study. 

4.2 Scope of Work 

This report is compliant with National Instrument 43-101 and makes use of all relevant 

information provided by Enexco to Gustavson, and other information gathered by 

Gustavson.  The purpose of this report is to summarize and present the pertinent 

information about Enexcoôs Contact property, to present an independent estimate of the 

resources and reserves contained in the property and summarize the pre-feasibility study. 

The intended users of this report are Enexco and its agents, as well as members of the 

general public accessing information about Enexco via their company website or the 

SEDAR information filing system.  SEDAR is the official site for public access to most 

public securities documents and information filed with the Canadian Securities 

Administrator by public companies and investment funds. 

4.3 Effective Date 

The effective date for this report is October 1, 2010. 

4.4 Units 

American versions of Imperial English units of measure (U.S. Customary Units) are used 

throughout this report, which are the commonly used units of reporting for base metal 

projects the United States.   

Analytical results are reported in percent copper (% Cu) or parts per million (ppm) 

copper (10,000 ppm = 1.0%). 



Contact Copper Project   NI 43-101 Pre-Feasibility Study Update 

 

 4-2  
 

Mining units are expressed in short tons (1 ton = 2000 lb).  All dollar amounts are in U.S. 

dollars.   

The following conversions to Metric units are provided for the convenience of readers. 

1 short ton (ton) = 2000 pounds (lb) = 0.9072 metric tons (tonnes(t)) 

1 foot (ft) = 0.3048 meters 

1 yard (yd) = 3 feet = 0.9144 meters 

1 mile (mi) = 5,280ft = 1.6093 kilometers 

1 acre = 0.4047 hectares 

1 square mile = 640 acres = 259 hectares 

1 pound (lb) = 0.4536 kilograms (kg) 

 

4.5 Qualifications of Consultant 

Gustavson Associates, LLC is a natural resource consulting company based in Lakewood 

and Boulder, Colorado, that has been operating for over thirty years serving clients in the 

mining industry, oil and gas industry, government agencies, and non-governmental 

organizations.  Gustavson has extensive experience in the minerals industry, including 

technical reports, pre-feasibility and feasibility studies, due diligence, mineral appraisal, 

and reserve and resource estimation.  Gustavsonôs branch office in Lakewood, Colorado, 

focuses on services for the mining and minerals industry, both in the United States and 

internationally.   

Gustavsonôs staff includes the following professionals with experience in the mining 

industry and who were major contributors to this report.   

William Crowl, R.G., is a geologist and a Qualified Person according to NI 43-101.  He 

is a graduate of the University of Southern California and the University of Arizona.  Mr. 

Crowl is responsible for Chapters 9 through 17 and 20 through 22 of this Technical 

Report, pertaining to geology, as well as an independent overall review of the data and 

written information contained in this Technical Report. 

Donald Hulse, PE, is a principal mine engineer and a Qualified Person according to NI 

43-101.  He is a graduate of the Colorado School of Mines.  Mr. Hulse provided an 

independent overall review of the data and written information contained in this 

Technical Report. 
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Terre Lane, AusIMM, principal mine engineer, is a Qualified Person according to NI 43-

101.  She is a graduate of Michigan Technological University.  Ms. Lane is responsible 

for Chapters 3 through 8, 19 through 22 and 25 of this Technical Report, pertaining to 

location, mining, cash flow, capital and operating costs, economic analysis, and reserves 

and resources. 

Richard Moritz, MMSA, associate principal mine engineer, is a Qualified Person 

according to NI 43-101.  He is a graduate of University of Nevada-Reno.  Mr. Moritz is 

responsible for Chapter 18 of this Technical Report pertaining to metallurgy and mineral 

processing.  Mr. Mortiz directed metallurgical test work that was conducted by Deepak 

Malhotra, PHD, President of Resource Development, Inc. 

Don Beesley, project manager, has extensive experience managing projects as a 

consultant for the mining industry.  He is a graduate of the Colorado School of Mines.  

Mr. Beesley provided an independent overall review of the data and written information 

contained in this Technical Report. 

William Willoughby, PhD, PE, is a mining engineer and a director of Enexco 

International, Inc., and a Qualified Person according to NI 43-101.  He is a graduate of 

the University of Idaho.  Mr. Willoughby provided an overall review of the written 

information contained in this Technical Report. 

4.6 Basis of Report 

This report, including its conclusions and recommendations, is based upon publicly 

available data, information obtained from external consultants, and the following 

information that was provided to Gustavson by Enexco: 

¶ Diamond drill hole data ï both current Enexco drilling and drilling by other 

companies 

¶ Reverse-circulation drill hole data ï mainly past drilling by Phelps Dodge and 

Golden Phoenix 

¶ Geological information and interpretations from Enexco personnel and others 

¶ Site visit during August 12-15, 2008, by Bill Crowl, Don Beesley, and Deepak 

Malhotra 
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¶ Discussions with Enexco personnel 

¶ Reports, listed in the references; and interpretations, opinions, assumptions, 

conditions, and qualifications set forth in these reports 

¶ Digital data provided to Gustavson Associates by International Enexco 
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5. RELIANCE ON OTHER EX PERTS 

Qualified, competent professionals from Gustavson prepared this report for Enexco.  The 

information, conclusions, and recommendations contained in this report are based largely 

upon review and analysis of digital and hard copy data and information supplied to 

Gustavson by Enexco.  Information was also obtained from published geological reports, 

and discussions with Enexco personnel familiar with the property and general area.   

Other technical experts analyzed metallurgical, processing, geotechnical, and 

environmental aspects of the project.  Resource Development, Inc. of Wheat Ridge, 

Colorado, and McClelland Laboratories, Inc. of Sparks, Nevada provided analysis related 

to metallurgy and processing.  Vector Engineering Inc of Golden, Colorado, provided 

geotechnical design for tailings and heap leach pad structures.  Walsh Environmental 

Scientists and Engineers LLC of Boulder, Colorado and JBR Environmental Consultants, 

Inc. of Elko, Nevada provided environmental services.    

Items 6 through 11 of this report, including mineral tenure, were addressed in a 

previously filed NI 43-101 report in 2006 by Caracle Creek International Consulting, 

Inc., which is filed on Sedar under International Enexco Limited, July 18, 2006. The 

report was an Independent Mineral Resource Estimation. Gustavson has not 

independently conducted any title or other land position searches, but has relied on 

information provided by Enexco regarding the status of claims, property title information, 

agreements, and other pertinent conditions.. 

Gustavson has assumed that the reports and other data listed in the References section of 

this report are substantially accurate and complete, unless otherwise noted. 

Gustavson has relied exclusively upon Enexco regarding technical information, and this 

information appears to be of sound quality.  Gustavson is unaware of any other material 

technical data other than that presented by Enexco or its agents.   

The Mineral Resources and Reserves within this report are an estimate of the size and 

grade of the deposit based on sampling, assumptions and parameters available at the time 
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this report was written.  Consequently, the Mineral Resources and Reserves are subject to 

change as additional information becomes available. 

All relevant information presented in this report is based on data derived from reports 

written by geologists and/or engineers, whose professional status may or may not be 

known in relation to the NI43-101 definition of a Qualified Person.  Gustavson has made 

every attempt to accurately convey the content of those files, but cannot guarantee either 

the accuracy or validity of the work contained within those files.  However, Gustavson 

believes that these reports were written for internal purposes only, with the objective of 

presenting the results of the work performed without any promotional or misleading 

intent; or, the reports were written for the purpose of objective scientific study and 

reporting of studies.  In this sense, the information presented should be considered 

reliable, unless otherwise stated, and may be used without any prejudice by Enexco. 

Gustavson does not guarantee, does not make any warranty as to the accuracy of, and 

disclaims responsibility for any omissions in the information received from outside 

sources.     Gustavson has conducted this independent technical assessment and 

Independent Technical Report in accordance with the methodology and format outlined 

in National Instrument 43-101, companion policy NI43-101CP, and Form 43-101F1. 
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6. PROPERTY DESCRIPTION AND LOCATIO N 

The Contact Copper Project is located 51 miles north of the town of Wells in northeast 

Elko County, Nevada, (see Figure 6-1 below).   

 

Figure 6-1  Contact Copper Project Location Map 
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Enexcoôs land position is comprised of approximately 861 acres in 44 patented claims 

(see Table 6-1) and 4,581 acres in 283 unpatented claims (Table 6-2), as shown in Figure 

6-2. All boundaries, whether patented or unpatented, were established by physical 

staking. 

With the exception of two claims, Enexcoôs patented mining claims are wholly owned by 

Enexco, and are subject to an underlying 0.25% net smelter return royalty on production.  

The two Enexco patented claims which are not wholly owned are the Columbia and 

Columbia Fraction claims.  These two claims are majority owned by Enexco (87.5%), 

and are subject to an underlying 2% net smelter return royalty on production.  The 

holding costs on all of Enexcoôs patented claims total to $620 per year in property taxes 

to Elko County.  Enexco owns both the surface and mineral rights to the patented mining 

claims under the conditions described above.    

Enexcoôs owns a 100% interest in all 283 unpatented mining claims, which are on land 

administered by the U.S Bureau of Land Management and cover areas to the north and 

south of the deposit area (Figure 6-2).  The unpatented claims are subject to annual fees 

of $140 per claim with the Bureau of Land Management and $10.50 per claim with Elko 

County.  Enexco holds the mineral rights and rights to surface use under the U.S. 1872 

Mining Law. 

Allied Nevada Gold Corp. (TSX: ANV, NYSE-A: ANV) holds several patented claims 

adjacent to Enexcoôs claim block. There is no agreement between Enexco and Allied 

Nevada Gold Corp pertaining to these claims. 

The resources defined and described in this Pre-Feasibility Study Update study fall 

entirely on Enexcoôs patented claims subject to the 0.25% net smelter return royalty.  The 

locations of all mineral resources relative to the property boundaries are shown in Figure 

6-2.  In Figure 6-2, there are no existing mine workings, waste deposits or tailings 

deposits of significance. 



Contact Copper Project   NI 43-101 Pre-Feasibility Study Update 

 

 6-3  
 

The property is subject to no known environmental liabilities.  Permitting required for 

proposed work is discussed in Section 20 under Recommendations and in Section 23.6 

under Permitting.    
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Figure 6-2  Map of Enexcoôs Patented and Unpatented Claims
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Table 6-1  Contact Copper Project Patented Claims 

 

 

Claim Name Mineral Survey Number

Brooklyn USSN 1972

Brooklyn Extension USSN 1972

Brooklyn Fraction USSN 1972

Valley View USSN 1972

Calcite USSN 1996

Calcite Fraction USSN 1996

Emma USSN 1999

Emma Fraction USSN 1999

Empire USSN 1999

Empire Extension (Empire Fraction) USSN 1999

Hidden Treasure USSN 1999

Hornet USSN 1999

Lina USSN 1999

Potomac USSN 1999

Reliance USSN 1999

Reliance Extension USSN 1999

Silver Bowl USSN 1999

Juiles Verne USSN 2003

llo USSN3659

Allen No. 2 USSN 3854

Arkansas USSN 3854

Copper King USSN 3854

Copper King No. 2 USSN 3854

Delano No. 1 USSN 3854

Delano No. 2 USSN 3854

Western Union USSN 3854

Kentucky USSN 4117

Lamont USSN 4118

Xenophanes USSN 4119

Alice USSN 4120

Monterey USSN 4120

Elizabeth USSN 4121

Lincoln USSN 4233

Waterloo USSN 4233

Diamante USSN 4593

Badger USSN 4677

Deer USSN 4677

Dermorest USSN 4677

Emerald USSN 4677

Lucky Boy No. 2 USSN 4677

Round Top No. 1 USSN 4677

Green Monster USMS 1995

Columbia and Columbia Fraction USMS 4584
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Table 6-2  Contact Copper Project Unpatented Claims 

 

Claims NMC Numbers 

AA 1 - 27 949487 - 949513 

CT 1 - 129 902279 - 902407 

CTA 1-23 976755 - 976776 

CTX 1 - 48 965460 - 965501 

CTY 1- 58 995540 - 995597 

JULIE 949515   

RANDI 949516   

RANDI 1 949517   

SHERI 949514   
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7. ACCESSIBILITY, CLIMA TE, LOCAL RESOURCES, 

INFRASTRUCTURE AND PHYSIOGRAPHY  

The project is adjacent to the unincorporated town site of Contact, Nevada, of which the 

year-round population is about 10.  Fifteen miles north of the project is the 

unincorporated town of Jackpot, Nevada.  Jackpot has a population of approximately 

1,500 along with a post office, schools, stores, and emergency services.   The economic 

base of Jackpot includes several hotel-casinos.  The town adjoins the Idaho state line.  

Workers in Jackpot are for the most part housed in Jackpot or commute from the Twin 

Falls area, 50 miles to the north in Idaho.   

The project is located 2 miles west of US Highway 93, a paved two-lane highway that 

connects Wells, Nevada and Twin Falls, Idaho.  Access into the project area is via an all-

weather gravel road that runs west from the highway through Contact.   

Two high voltage power lines cross the highway on the northeast corner of the project 

area. 

The project area includes the resource area in the south, and the heap leach and plant site 

areas in the north.  Ellen D Mountain (elevation 8497 feet), is the highest nearby 

topographic point. The resource area lies along an east-west drainage that extends from 

the divide on the south flank of Ellen D Mountain down to Contact (elevation 5,330 feet).  

The elevation at the divide is 7,054 feet.  The north side of the drainage is formed by 

intrusive rocks and metasediments.  The drainage and south slope are formed by 

weathered intrusive rocks.  At Contact, the drainage opens into a dry alluvial basin on the 

west side of US Highway 93.  The topography to the north around the heap leach and 

plant site area is an alluvial plain with low rounded hills and dry washes that slope east 

towards US Highway 93.  Where there is gravel cover, the area is underlain by 

limestones, metasediments, and volcanics. 

The drainages in the project area are drybeds, and, with the exception of two small seeps, 

surface water in the project area is absent.  A small spring provides water to several 

residents of Contact.  East of Contact, on the east side of US Highway 93, is a perennial 
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stream, Salmon Falls Creek.  The stream flows year-round from the OôNeal Basin in the 

south and west, towards Jackpot and into Salmon Falls Reservoir, and eventually into the 

Snake River near Hagerman, Idaho. 

The climate at the site is semi-arid and typical of northeastern Nevada.  Sagebrush, grass, 

and cactus grow on the property.  The largest amount of precipitation occurs in the 

spring; summers are relatively warm with low rainfall; and winters are relatively cold 

with little snow.  The total precipitation is 10.1 inches per year.   Although the snowfall is 

light, high winds result in road closures on Highway 93 during some winter storms. 

During the summer and fall, brush fires occur within the region almost annually.  The last 

major fire was the Murphy Complex Fire, in 2007, which burned 653,000 acres in Idaho 

and Nevada.  The fire burned much of the area around Jackpot, and came within one mile 

of the project area.  According to the BLM, it was the largest fire in Idaho since 1910. 

Due to the high elevation and infrequent cloud cover, temperatures vary widely between 

day and night, but, overall, are generally moderate with an average annual maximum of 

62ºF and an average annual minimum 30ºF. The relatively moderate climate and low 

snowfall have a minimal effect on exploration work and mining operations. 
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8. HISTORY  

The first recorded discovery of copper in the Contact area was around 1870.  By 1908, 

the population of Contact reached 300 people.  Production from the district is reported by 

some sources as 300,000 tons of ore grading 5% Cu.  Hagen & Requa (1970), however, 

report only 34,404 tons of ore grading 4.8% Cu for the period from 1918-1949, a figure 

which is probably closer to the actual production, judging from the amount of 

underground workings in the area.  Ores were mostly shipped via rail to smelters near 

Salt Lake City, Utah.  Reports show there were two attempts to operate small smelters at 

Contact, but the ore treated was minimal.  There is no evidence of a mill at Contact, nor 

are there any reports of attempts to mill ores and produce flotation concentrates on a 

commercial scale.  In the 1920s, a fairly serious effort was made to in-situ leach copper 

from the adits on the Delano Claim.  The copper was leached with sulfuric acid brought 

in by rail cars from Salt Lake City and recovered in a scrap-iron launder located below 

town.   Little physical evidence remains of the smelting or leaching operations.  

From 1959-1967, the district was inactive.  In 1967, Calta Resources, Ltd. acquired 

claims and started an exploration program for copper, which included geological 

mapping, IP surveys, trenching and 37,000 feet of diamond drilling.  In 1970, the 

property was acquired by Coralta Resources Ltd., who optioned the property to Phelps 

Dodge Corporation.  From 1973-1975, Phelps Dodge Corporation work included IP-

surveys and diamond drilling of sixteen holes, up to 3,500 feet in depth, targeted towards 

testing the propertyôs porphyry copper potential.  Vein and disseminated copper 

mineralization was encountered in several holes, but the property was dropped and 

returned to Coralta. 

In 1989, International Enexco, Ltd., the parent company of Enexco International Inc., 

acquired Coraltaôs patented claims for terms that included a 0.25 percent net smelter 

return royalty.  

In 1998, International Enexco, Ltd. entered into a joint venture with Golden Phoenix 

Minerals, Inc. with the goal of defining a bulk tonnage copper deposit suitable for heap 

leaching, with copper recovery by solvent extraction and electrowinning (SX/EW).  From 
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1998-2004, Golden Phoenix completed 15,000 feet of reverse circulation drilling in 33 

drill holes. Although results of the program were encouraging, Golden Phoenix dropped 

out of the joint venture.  

In 2006, International Enexco transferred ownership of the property to its subsidiary, 

Enexco International, Inc., a Nevada corporation, and commissioned an Independent 

Mineral Resource Estimation, which was completed by Jobin-Bevens and Kelso of 

Caracle Creek International Consulting Inc.  

A number of historical resource estimates were reviewed by Jobin-Bevans and Kelso 

(2006).  The most recent historical effort was by Golden Phoenix Minerals Inc., in 2000.  

Jobin-Bevans and Kelso subsequently worked with the same sample data used by Golden 

Phoenix, namely:  

¶ 33 reverse circulation holes of Golden Phoenix (approx. 15,000 feet of 

drilling) 

¶ 61 core holes of Calta, Coralta and Phelps Dodge (approx. 60,000 feet of 

drilling) 

It is noted that the Golden Phoenix (2000) estimate is not a current mineral resource, and 

therefore, per NI 43-101 guidelines, is not a valid mineral resource estimate.  The 

subsequent mineral resource estimate constructed by Jobin-Bevans and Kelso (2006) 

conforms to NI 43-101 guidelines. The additional drilling by Enexco has greatly 

increased the sample density within the resource area and makes the previous estimates 

useful as reference points only. 

Table 8-1  Comparison of Previous Resource Estimates. 

 

 

Jobin-Bevans and Kelso (2006) Golden Phoenix (2000)

tons % Cu lbs Cu tons % Cu lbs Cu

indicated 6,916,747 1.06 146,498,214 61,513,000 0.77 953,271,000

inferred 9,167,366 1.40 256,872,225 not available

total 16,084,113 1.25 403,370,439 61,513,000 0.77 953,271,000
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Based upon recommendations of the Jobin-Bevens and Kelso study, Enexco, in 2007, 

began a multi-phase drilling program to upgrade the mineral resource base and define an 

economic copper project.   

Enexcoôs initial phase of drilling focused on mineralization on the east end of the 

patented claim block on the Delano #1 and Delano #2 claims.  Using G & O Drilling, of 

Alberta, Canada as drilling contractor, 15,000 feet of core in 18 holes were completed by 

April 2007.  In an effort to expedite the program, Enexco undertook subsequent drilling 

in-house with the purchase of two core drills and hiring of its own drill crews.  By 

December, 2008, Enexcoôs crews completed 106,031 feet of core in 115 holes.  The 

drilling included in-fill holes, as well as holes for obtaining metallurgical material and 

testing a deep target area of high grade copper encountered in a drill hole by Phelps 

Dodge.  All assays for the 2007-2008 drilling were completed and included in the 2009 

Pre-feasibility Study.  The Pre-feasibility Study resulted in a Measured plus Indicated 

Mineral Resource of 89.6 million tons at 0.268% Cu at a 0.10% Cu cut-off, as shown in 

Table 8-2. 

Table 8-2  2009 Pre-Feasibility Study Resource Estimate 

 

Drilling continued in 2009 with another 20,745 feet of core completed in 20 holes. The 

assay results for these holes are included in the mineral resource estimate within this 

Update of the Pre-Feasibility Study.  

Cutoff (% Cu)

Tons Ore 

(000's)

Pounds Cu 

(000's) Grade

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

0.10 37,650       213,059           0.283% 51,901  267,638  0.258% 50,520     304,842  0.302% 89,551          480,697   0.268%

          

0.125 30,596       197,288           0.322% 41,113  243,551  0.296% 40,233     281,939  0.350% 71,709          440,840   0.307%

          

0.15 25,662       183,774           0.358% 33,455  222,617  0.333% 33,170     262,636  0.396% 59,117          406,391   0.344%

          

0.20 18,982       160,636           0.423% 23,356  187,670  0.402% 24,047     231,219  0.481% 42,339          348,306   0.411%

          

0.25 14,293       139,623           0.488% 16,739  158,106  0.472% 17,890     203,725  0.569% 31,032          297,728   0.480%

Measured + Indicated

International Enexco Ltd
Contact Copper Project

Mineral Resource

Measured Indicated Inferred
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9. GEOLOGICAL SETTING  

9.1 Regional Geology 

The Contact Copper Project lies within the Paleozoic miogeosyncline of eastern Nevada, 

on the northern margin of the Basin and Range province, and south of the Snake River 

Plain.  The copper mineralization is associated with a Jurassic-age (140-150 mya) 

granodiorite batholith that is exposed over an area of about 120 square miles (17 miles 

east to west by 8 miles north to south).  The batholith is flanked to the north and south by 

Paleozoic sedimentary units, and to the east and west by Tertiary volcanics. 

9.2 Property Geology 

Numerous prospect pits are found in and around the margins of the batholith.  The 

greatest interest for mining has been in the northwest margin, west of the town of 

Contact, where small underground mines were located on copper occurrences in and near 

the contact between the granodiorite and Paleozoic sediments, and apparently inspired the 

name ñContactò for the town site.  A series of south-dipping quartz veins are associated 

with the historic mining.  Outcrops in the south half of the property are almost entirely 

granodiorite, with the exception of a Tertiary rhyolite cap on Tabletop Mountain. In the 

north half, Paleozoic rocks give way to Tertiary volcanics and Quarternary colluvial 

sedimentary cover.       

This report is based upon previous studies as listed in the references, and from 

information provided to Gustavson by Enexco. 

Figure 9-1 shows the geology of the project area as compiled by Gustavson from 

previous sources.  
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Figure 9-1  Contact Project Geology Map 
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10. DEPOSIT TYPES 

The copper mineralization at Contact is associated with veins and dikes that occur within 

the granodiorite intrusive and overlying sedimentary country rock (Figure 10-1).  The 

deposit area extends for 5,000 feet or more in an east-west direction along the main 

drainage west of Contact.  Within the deposit area are at least three distinct quartz veins 

which were named and mined historically, the Delano Vein, the South Vein and the 

North Vein, and together are referred to as the Banner Zone.  Copper occurs within the 

veins and the intervening wallrock which has been hydrothermally altered.  The copper 

values within the first 1,000 feet below surface are predominantly from the oxides 

tenorite, chrysocolla and cuprite; and a lesser amount from the supergene sulfides 

chalcocite and covellite. 

 

 (From Mineralogical Society of America, 2009.) 

Figure 10-1  Types of Plutons Based Upon Geometry 

 

The style of copper mineralization in areas of the deposit resembles a porphyry system.  

Zones of potassic alteration are present around the veins and in dikes, and the copper 

within the altered zones occurs along joints, fractures and veinlets reminiscent of a 

porphyry stock work.  The granodiorite elsewhere, however, is fresh and unaltered, 

leading to two theories on the nature of the deposit.  One theory is that the deposit is the 
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deeply eroded remnant or root zone of a copper porphyry.  A second theory is that the 

deposit is a vein and dike, skarn system fed by a nearby buried copper porphyry.  

Presence of the quartz veins and the limited extent of the skarn development in the 

overlying sediments favor the latter theory of a yet undiscovered copper porphyry as the 

source of mineralization.   

The Contact deposit is located near the northeast corner of the Basin and Range Province 

which is characterized by horst and graben extensional normal faulting. To the north are 

the extensive flood basalts and associated volcanics of the Snake River Plain. 

The Contact batholith is interpreted to have been emplaced into the surrounding 

Paleozoic sedimentary rocks, including sandstones, siltstones, mudstones, and 

limestones.  Age dating has placed the age of the Contact intrusive as Late Jurassic to 

Early Cretaceous Period at 150-140 Ma (Gibbons, 1973).   The sediments show effects of 

metamorphism up to several hundred feet from the intrusive contact.  The intrusive and 

sediments are surrounded by Tertiary lavas and Quaternary sediments. 

Based upon the typical low angle radial dip of the sedimentary country rock around the 

edge of the Contact intrusive, the size and shape of the intrusive body differs from typical 

porphyry deposit intrusives, which are stocks shaped more like tree trunks with rounded 

tops.  Gustavson interprets this as a further indication the copper mineralization at 

Contact post-dates the main intrusive event.  
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11. MINERALIZATION  

The prominent structural features of the deposit are the veins and associated alteration 

zones.  The three named veins, the Delano, North and South Veins, strike northeast and 

dip to the southeast at angles ranging from 45 to 60 degrees.   Together, the three veins 

are referred to as the Banner Zone, a zone which is up to 1,000 feet wide and extends 

west from the hill on the Delano #1 and #2 claims for a distance of at least 5,000 feet.   

The veins, themselves, range up to several feet thick, and consist of quartz with copper 

oxides and, locally, masses of chalcocite and lesser chalcopyrite.  Past reports cite 

thicknesses of tens of feet, but it is doubtful from the drilling that the quartz veins reach 

more than a few feet thick.  More likely, the references in these instances describe widths 

which include quartz along with well mineralized wallrock.   

Outside of the veins, several types of hydrothermal alteration have been identified which 

include alkali (sodic and potassic) alteration within the granodiorite, and silicification in 

the form of skarns and hornfelsic alteration within the sediments. 

Alkali alteration, or alkali metasomatism, is characterized by the addition of the mineral 

assemblage that includes orthoclase, biotite, sericite, and quartz with more minor albite, 

anhydrite, iron-magnesium carbonate, apatite, and chalcopyrite.  Gibbons (1973) 

observes that the alkali metasomatism in the Contact deposit is the product of a two-part 

process of sodic alteration by albitization (sodium-rich albite feldspar) replacement 

followed by potassic alteration characterized by potassium-rich orthoclase feldspar or 

sericite replacement.   The zones of alkali alteration are observed ranging from a few feet 

to tens of feet away from quartz veins, and within dikes up to a hundred feet or more in 

width.  

Gibbons reports that contact metamorphism is found in Paleozoic sedimentary rocks up 

to several hundred feet from the contact with the granodiorite.  The skarn minerals 

include garnet, actinolite, scapolite, diopside, chlorite, siderite, silica, dolomite, and 

calcite, and may locally include chalcopyrite, bornite, and molybdenite. 
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Although there was historical interest in mining the skarns, the bulk of the copper 

mineralization lies within the quartz veins and the surrounding granodiorite.  The copper 

content is highest in the quartz veins particularly where chalcocite is present, but grades 

outward into the granodiorite where the copper occurs in quartz veinlets, fracture 

coatings and disseminations, in the form of tenorite, chrysocolla and cuprite, and lesser 

chalcocite and covellite, and in rare instances as native copper.  Oxidation, evidenced by 

the presence of the copper oxide minerals, is observed to depths of 2,000 feet in the 

drilling, but copper sulfides, in the form of chalcocite, covellite, chalcopyrite, and 

bornite, become dominant over oxides in the granodiorite below depths of about 800 feet.  

Surface weathering is apparent in the common occurrence of decomposed granodiorite 

throughout the area, which reaches depths of up to 200 feet and contains varying amounts 

of copper oxides.  Although supergene chalcocite and covellite are locally present, there 

is no indication of a chalcocite enrichment blanket at depth below the copper oxides 
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12. EXPLORATION  

Previous exploration in the Contact area resulted in data sets comprised of surface 

samples, and samples from core and reverse circulation drilling.  Data from several 1930-

1950 vintage maps were also available showing copper values in underground mine 

workings.   

Two generations of surface samples are available, one from trenching and sampling done 

by Calta Resources, Ltd. in the 1970s, and the other, from the mapping and resampling of 

trenches by Golden Phoenix Minerals, Inc. in 1998-1999.  The surface geologic data were 

used in the 3D-modeling, but the copper values were omitted from the resource 

calculations.  Gustavson believes including the surface samples with the more systematic 

data base from drill holes would introduce bias and lead to overestimating the actual 

copper grades.  Assay from the early underground mine maps were similarly omitted 

from the resource calculations. 

All the available drill data is from four generations of surface drilling: 1) 1967-1972, by 

Calta Resources Limited and Coralta Resource Limited; 2) 1973-1974 by Phelps Dodge 

Company; 2) 1998-2004, by Golden Phoenix Minerals, Inc.; and 3) 2007-2009, by 

Enexco International, Inc. 

The drilling done by Calta/Coralta consisted of NQ-diameter core holes, labeled C- and 

N-Series.  The drilling focused on the higher grade veins within the Banner Zone, so 

intervals of wallrock mineralization that appeared barren of copper tended not to be 

assayed.  The majority of the holes are within the current resource area, and were used in 

the resource data base.  Assays were done at Bondar-Clegg & Company, Ltd. in 

Vancouver, B.C.   Core is still available for some of the holes (N-16 thru N-33).   

The drilling by Phelps Dodge Company was deeper, ranging to 3,400 feet in depth. 

Phelps Dodge pre-collared 16 holes, drilling to depths of 600-1,000 feet with a rotary 

drill .  Ten of the holes were drilled to depth with NQ-diameter core.  One hole, PD-4, 

intersected a significant intercept of high grade copper at depth believed to be a deep 

intercept of Delano vein.  This and three other holes on the south side of the resource area 
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were used in the resource estimates; the other Phelps Dodge holes are located outside of 

the resource area and not used in the estimates.  Phelps Dodgeôs assays, including a series 

of checks done by Phelps Dodge on Caltaôs N-series holes, were performed at Rocky 

Mountain Geochemical Corp. in Salt Lake City. 

The drilling by Golden Phoenix Minerals consisted of reverse circulation holes.  Most of 

these holes were located throughout the current resource area, and the cuttings were 

sampled in 5 foot intervals.  Assays were done at N.A. Degerstrom, Inc. in Spokane, 

Washington, and check assays were run at Florin Analytical Services, LLC in Reno, 

Nevada.    

Jobin-Bevans and Kelso (2006) conducted a check assay program on the sample pulps 

remaining from Golden Phoenixôs drilling.  A total of 78 pulps were re-assayed at 

Inspectorate Laboratories, Inc. in Reno, Nevada.  Jobin-Bevans and Kelso concluded that 

the results correlated well with the original assay values reported by Golden Phoenix. 

They also found that the spatial distribution of drill holes and range of copper values 

corroborated the earlier results of Phelps Dodge, Coralta and Calta.  An in-fill dril ling 

program, however, was also recommended to reduce the average spacing between holes 

to 200 feet.   

Upon termination of the joint venture with Golden Phoenix Minerals, exploration on the 

property was idle from 2004-2007.  In 2007, Enexco began regional exploration in 

addition to the in-fill drilling program recommended by Jobin-Bevans and Kelso.  The 

initial 15,000 feet of drilling in Phase I of the program was conducted using G & O 

Drilling of Alberta, Canada as the drilling contractor.  All subsequent drilling was 

conducted by Enexco.  The results from the Phase 1 and 2 drilling programs are 

incorporated into the Mineral Resources and Mineral Reserves Estimates within Section 

19 of this report. 
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13. DRILLING  

The in-fill drilling program by Enexco began in January, 2007.  The first 18 core holes 

(EN 1-18) were drilled by G & O Drilling of Alberta, Canada as contractor.   Subsequent 

drilling was conducted in-house by Enexco crews, and resulted in another 115 holes (EN-

19 to EN-133) with 106,000 feet of core drilled by September, 2008.  Another 20 drill 

holes (EN-134 to EN-153) were completed in late-2008 and 2009, totaling another 

20,745 feet of core (Figure 13-1).   All drilling was conducted using HQ- and NQ- sized 

core. 

The samples from these holes have been assayed and the results are used in the resource 

calculations in Section 19 of this study.  The mineralization in the resource area includes 

major structural features that dip at 45 degrees southeast.  The widths of these structures, 

as intersected by the drilling, vary from hole to hole, and are adjusted to true widths 

within the 3D resource model.  
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Figure 13-1  Drill hole Location Map 
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14. SAMPLING METHOD AND APPROACH 

The samples collected from the 2007-2009 drilling were mostly from HQ-diameter core.  

A number of deeper holes were downsized to NQ-diameter core, however, when depths 

exceeded 1,200-1,400 feet.   

The drill holes were located on a spacing of 200 feet or less.  Most sites were drilled with 

two or more holes, with one hole vertical and another inclined to the north to crosscut the 

dominant structural grain, which consists of an east-west trending set of veins dipping on 

average 45-degrees south.  Mineralized zones associated with a vein range from a few 

feet to several hundred feet in thickness. A mineralized intercept is typically focused 

around an interval of quartz with copper oxides plus-or-minus chalcocite.  Such intervals 

will range from 0.5 to 10 feet in thickness and grade several percent copper, and grade 

sharply outwards into intrusive rocks ranging in content from a few hundred ppm to 

percent copper. A summary of sample values is given in Section 19 under Mineral 

Resource and Mineral Reserve Estimates.   

Enexco has drilled 127 holes in the resource area, which extends over an area about 6,000 

feet east-west by 1,200 feet north-south. Sample quality is good, with core recoveries 

throughout the drilling programs high, and averaging greater than 90%.  

It is the opinion of Gustavson that the sampling method and density are appropriate and 

the samples are of sufficient quality to comprise a representative, unbiased database for 

the purposes of this pre-feasibility study update. 
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15. SAMPLE PREPARATION, ANALYSES AND SECURITY 

15.1 Sample Preparation 

All drill cores from Enexcoôs drilling campaigns were photographed, logged and tagged 

for sampling.  The core was typically split in 5 foot intervals using diamond saws or 

manual impact splitters.  Obvious copper-bearing intervals were split using a diamond 

saw; other intervals were split by hand or sawed depending upon hardness and work load.  

After splitting, samples were bagged and transported to third party labs in Pocatello, 

Idaho (IAS Environmental), Twin Falls Idaho (Triad Labs) or Elko, Nevada (American 

Assay), where they were crushed and pulverized for analysis. 

15.2 Sample Analyses 

The choice of labs for primary assays and checks varied by work load and stage of the 

project.  American Assay Laboratories in Sparks, Nevada was the primary lab on holes 

EN-1-18; ALS Chemex in Reno, Nevada was the primary laboratory on holes EN 19-47, 

and iPL/Inspectorate in Vancouver, BC and Sparks, Nevada was the primary lab on holes 

EN-48 and later.  Copper was determined by ICP and AA methods.  Other elements were 

determined by multi-element ICP for geochemical purposes. 

All laboratories performing the analytical work are ISO certified.  In addition to its own 

internal programs, Enexco conducted quality assurance and control (QA/QC) program 

using duplicate, standard and blank samples. For holes EN 1-47, check assays were 

performed on randomly selected pulps by ACME Analytical Laboratories Ltd. in 

Vancouver, BC.  For holes EN-48 and later, the QA/QC program was modified to include 

checks on pulps of blanks and standards that were systematically inserted into the sample 

stream by the third party prep lab, and the check assays run by ACME and ALS Chemex. 

15.3 Sample Security 

All drill cores from the 2007-2009 drilling were transported from the site by Enexco 

employees to a secure logging facility at Enexcoôs offices in Filer, Idaho.    No employee, 

officer or director of Enexco conducted any part of the sample preparation with the 

exception of the core handling and splitting procedures described above.  The sample 
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pulps were shipped by standard air or ground freight to the third party labs above for 

sample preparation and analysis   

It is Gustavsonôs opinion that the sample preparation, security and analytical procedures 

are correct and adequate for the purposes of defining the mineral resources and reserves 

for this Update of the Pre-Feasibility Study. 
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16. DATA VERIFICATION  

16.1 Check Assay Program 

Gustavson has reviewed Enexcoôs check assay programs and believes that they were 

thorough, well conceived, and representative of the accuracy of the existing databases.  

There were a few typographical errors in the ñfromò and ñtoò fields in the early data sets, 

which were corrected in the final data.  Gustavson does not believe that rigorous 

additional check analyses need to be completed on previously collected samples.  While 

on site, Gustavsonôs geologist did complete ñspotò checks of four core holes selected at 

random and discovered no discrepancies.   

Gustavson found no discrepancies with the existing drillhole geologic logs, and electronic 

data, and is satisfied that the geologic logging, as provided for the development of the 

three-dimensional geologic models, fairly represents the conditions at the project site.     

16.2 Historic Data Verification  

A few minor typographical errors and interval transpositions were found in the early data 

set.  These were corrected by Enexco and/or Gustavson in the final data set after Enexco 

updated the historic drill logs with a new numeric lithology coding scheme. In the 

process of checking data for this update, errors were found in the collar coordinates to 

five drill holes in the N- and PD- series.  These errors were corrected and found to have 

minor impact on the resource calculations. Gustavson is satisfied that the historic 

geologic data now fairly represents both the geologic and mineralogic conditions of the 

Contact Project.  Gustavson considers that further verification of historical data is limited 

due to lack of available additional data. 

The topographic map of the project area was delivered electronically in an AutoCAD® 

compatible format and is based on aerial photos that were flown and a topographic map 

created the summer of 2008 by IntraSearch of Denver, Colorado.  The topographic base 

was at a 2-ft contour interval, and is suitable for the development of the geologic models, 

resource estimates, and project development. 
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17. ADJACENT PROPERTIES 

Property adjacent to the deposit is held by Allied Nevada Gold Corp. (TSX:ANV, NYSE-

A:ANV).  Alliedôs property is described on their website (www.alliednevada.com).  

Gustavson is not aware of any historic resources or NI 43-101 reports on the property. 

No mineral resources on adjacent properties have been projected, estimated or otherwise 

included within this report. 

 

http://www.alliednevada.com/
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18. MINERAL PROCESSING A ND METALLURGICAL TES TING  

Metallurgical data for the project is developed from several sources: 

¶ Previous data from work before 2007   

¶ Bottle roll tests by Center for Advanced Mineral Processing (CAMP) 

¶ Bottle Roll and Bucket Tests by Resource Development, Inc. (RDI) 

¶ Column Tests by McClelland Laboratories, Inc. 

 

Based on the mineralogy and reports from previous metallurgical work, the project is 

designed on the assumption of heap leaching copper using sulfuric acid, and subsequent 

recovery using solvent extraction ï electrowinning (SX/EW).  

18.1 Previous Testing 

Rick Mortiz, Principal Mine Engineer for Gustavson is responsible for the metallurgical 

and mineral processing aspects of this report. Mr. Moritz has served in the capacity of 

Process Engineer, Senior Process Engineer, Process Superintendent, Processing Manager, 

Technology Manager, and Operations Manager at a number of mines and for nine years 

with a major engineering company.  Mr. Moritz is a Qualified Person as defined by NI 

43-101 and is independent of Enexco.Attempts at in-situ leaching during the 1920s are 

the earliest indication that the copper at Contact could be recovered by leaching with 

sulfuric acid.  In 1974, Calta Mines investigated the possibility of vat leaching and 

flotation on plus-1% Cu ore through bench scale tests done by Gallagher Company in 

Salt Lake City.  A similar set of tests was done by Enexco in 2007 at Dawson 

Laboratories, also in Salt Lake City, and confirmed the high copper extractions seen in 

the previous work.  The drilling results being obtained by Enexco at this time, however, 

pointed the direction of the project away from a high grade mill towards a bulk heap 

leach operation.  The shift to an open pit, heap leach with SX/EW followed the direction 

taken earlier by Golden Phoenix Minerals, in 1998-2004.  

Golden Phoenix conducted two phases of metallurgical tests, one consisting of bottle roll 

leach tests done on four bulk samples at McClelland Laboratories, Inc., in Sparks, 

Nevada, and the other consisting of column leach tests done on two bulk samples at N.A. 

Degerstrom, Inc. in Spokane, Washington.  The samples for the bottle roll tests were 
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from four surface sites on Enexcoôs patented claims, and returned copper extractions 

ranging from 16.9% to 63.7% in 96 hours of leaching time, and acid consumptions 

ranging from 19.8 to 42.3 kg H2SO4/mt of ore.  Head grades of three of the samples, 

including the one yielding the lowest copper extraction, were greater than 1% Cu.  

Following these tests, Golden Phoenix ran column tests using surface material from two 

sites, one on Enexcoôs unpatented claims south of the current resource area, and the 

other, from a site to the west of Enexcoôs present land holdings.  The samples were 

crushed to -1ò and leached for 63 days.   The head grades of the samples were high, at 

1.30% Cu and 2.83% Cu.  The results showed copper extractions of 83.4% and 77%, with 

low acid consumptions of 2.9 and 5.3 H2SO4/mt.   

Records show Golden Phoenix also had a number of samples run at laboratories using 

sequential copper digestions in the assays.  The approach typically uses a sulfuric acid 

digestion to determine the oxide copper fraction of a sample in minerals such as tenorite, 

copper carbonates, chrysocolla, followed by a sodium cyanide digestion to determine the 

amount of secondary copper sulfides, namely chalcocite and covellite.  Enexco in 2007-

2008 had sequential copper analyses ran on most ore grade samples.  The results, 

however, varied in reliability between the laboratories used, which made the data of 

limited use in resource estimation and predictions of metallurgical recoveries. 

18.2 Camp Diagnostic Leach Tests 

In part because of the problems with obtaining reliable sequential assays, Enexco, in 

2008, prepared a suite of 28 representative samples selected from core holes EN-3 

through EN-15, from the east end of the resource block.  The 28 samples were tested at 

the Center for Advanced Mineral & Metallurgical Processing (CAMP) at Montana Tech, 

in Butte, Montana (Table 18-1).   

The diagnostic leach tests were similar in approach to the sequential copper assays, but 

used 40 gram sample splits in 24-hour agitated leach tests.  The diagnostic work also 
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included an acetic acid leach, in addition to sulfuric acid and sodium cyanide leach tests. 

To determine the relative amounts of oxide, secondary and primary copper minerals
1
, 

the tests showed that all but one sample had high percentages of oxide copper.  In 19 of 

the 28 samples, oxide copper comprised more than 80% of the total copper.  Secondary 

copper exceeded 10% of the total copper in 8 of the samples, and primary copper 

exceeded 10% in only four.  (This included Sample #1, reported at 94.2% primary 

copper, so was clearly the result of laboratory error.) 

With high percentages of copper as oxide and low percentages as primary, the diagnostic 

tests indicate a positive outlook for heap leaching.  

Three of the samples were subsequently selected for mineral liberation analysis (MLA) in 

which CAMP examined the samples using a scanning electron microprobe (SEM) to 

determine the relative amounts of mineral components (Figure 18-1).  No chalcopyrite 

was observed in the samples, even in Sample #19, which had 12.1% of the copper 

reported as primary.  The results supported the conclusion that most of the copper is 

oxide, with minor amounts of secondary copper.  Where primary copper is reported, it 

may not be chalcopyrite. 

                                                 
1 In geology, óprimary copperô is usually reserved for hypogene sulfides including chalcopyrite and bornite; whereas, 

ósecondary copperô can refer to oxides or sulfides formed during weathering or supergene alteration of a deposit.  In 

metallurgy, these terms are used in a different sense to refer to the extraction characteristics of the minerals:   

 

Oxide Copper. The acetic acid leach extracts copper from copper carbonates, such as azurite and malachite, and some 

portion of hydrous silicates, such as chrysocolla.  The sulfuric acid  leach extracts copper from these minerals, as well 

as from most copper oxides, such as tenorite (CuO), cuprite (Cu2O) and copper sulfates.  (There is some disagreement 

in the literature about the solubility of cuprite in sulfuric acid.)   Together, the sum of the extractions from acetic acid 

and sulfuric acid steps are interpreted to be the total ñoxide copperò.  From a metallurgical viewpoint, this represents 

the copper that should be readily leachable by sulfuric acid in a heap leach operation.    

Secondary Copper. The amount of copper recovered in the cyanide leach step is termed secondary copper.  The term 

fits loosely with geology because the two minerals that are cyanide soluble, but not readily acid soluble, are the 

supergene sulfides chalcocite (CuS2) and covellite (CuS).  This does not mean these minerals need cyanide leaching, to 

be recovered in a heap leach operation.  They do, however, require longer time and greater attention to leach 

conditions, such as temperature, ferric iron content, and bacterial action, than do oxide minerals.  The sum of oxide plus 

secondary (cyanide soluble) copper, has been used by some as an indicator of the overall copper recovery one might 

expect from a heap leach operation.   

Primary Copper.  The difference between the oxide plus secondary fractions and the total copper assay is termed 

primary copper.  The mineral of concern here is chalcopyrite (CuFeS2), which has very low solubility in cyanide and is 

widely known as being refractory in heap leaching.  Native copper, also refractory in a heap leach, can report to the 

primary copper fraction, as can other oxides and sulfides that are not fully digested in cyanide, such as bornite, some 

copper silicates, and possibly cuprite. 
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Table 18-1  CAMP Diagnostic Leach Tests 

 

Sample DDH From (ft) To (ft) Head % Cu CO3 + Oxide Secondary Primary Total

1 EN-3 370 379 0.24 5.0% 0.9% 94.2% 100.0%

2 EN3 379 383 7.89 97.6% 2.2% 0.2% 100.0%

3 EN3 383 395 1.32 96.5% 0.2% 3.3% 100.0%

4 EN3 405 415 0.34 56.4% 43.0% 0.6% 100.0%

5 EN4 0 39 0.18 61.3% 38.1% 0.6% 100.0%

6 EN4 39 70 0.34 87.1% 12.0% 0.9% 100.0%

7 EN4 145 175 0.55 99.2% 0.0% 0.8% 100.0%

8 EN6 250 300 0.27 97.5% 1.9% 0.7% 100.0%

9 EN6 300 350 0.64 94.4% 3.9% 1.7% 100.0%

10 EN6 350 400 0.19 99.7% 0.3% 0.0% 100.0%

11 EN6 400 440 0.11 97.1% 2.2% 0.7% 100.0%

12 EN6 440 480 0.35 73.4% 6.1% 20.5% 100.0%

13 EN6 480 490 2.1 86.0% 11.7% 2.3% 100.0%

14 EN6 490 500 0.47 97.2% 2.1% 0.7% 100.0%

15 EN7 315 320 1.92 87.6% 12.2% 0.2% 100.0%

16 EN7 320 365 0.19 98.2% 1.3% 0.6% 100.0%

17 EN7 365 410 0.15 90.1% 1.7% 8.2% 100.0%

18 EN7 410 415 1.14 86.8% 4.4% 8.8% 100.0%

19 EN7 485 500 0.51 79.2% 8.7% 12.1% 100.0%

20 EN8 30 50 0.38 99.1% 0.3% 0.6% 100.0%

21 EN8 90 110 0.16 99.2% 0.3% 0.5% 100.0%

22 EN8 165 210 0.65 99.7% 0.1% 0.2% 100.0%

24 EN11 305 375 0.3 70.0% 29.7% 0.3% 100.0%

25 EN11 375 380 1.35 98.3% 0.4% 1.4% 100.0%

26 EN11 380 390 4.77 67.7% 26.1% 6.2% 100.0%

27 EN15 160 185 0.93 80.8% 18.9% 0.3% 100.0%

28 EN15 278 318 0.54 77.5% 5.1% 17.4% 100.0%

> 80% of copper in oxide

> 90% of copper in oxide + secondary

>10% of copper in primary
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Figure 18-1  MLA Scan   

MLA Mineralogy Data for Enexco Sample #19. 

Chrysocolla is the dominant copper mineral, in green 

Scale as shown in lower left hand corner 

 

18.3 Resource Development (RDI Testwork 

Following the diagnostic leaching tests, Enexco drilled several core holes to obtain larger 

samples for metallurgical testing.  The first holes were in the vicinity of EN 1-18, on the 

assumption the eastern part of the resource area was higher grade and would be the initial 

years of mining.  Ongoing drilling shifted focus to the west half of the resource area, and 

resulted in several metallurgical holes being added in the west (Figure 18-2). 
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Figure 18-2  Location of Core Holes for Metallurgical Samples 
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At the start of the pre-feasibility study, in August 2008, two of the metallurgical holes 

were selected as being representative of the deposit.  EN-72 contained an intercept from 

200-400 feet in depth, with a high grade vein at a depth of 300 feet (Figure 18-3).  EN-74 

contained a similar intercept, but at depth of 500-600 feet.  With the expectation that an 

open pit could reach a depth of 600 feet, EN-72 had been chosen on the basis that it 

would be considered the average depth of an open pit, and therefore representative of the 

overall minable ore, whereas EN-74 would be representative of material near the deepest 

part of the pit and near the end of the mine life.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18-3  Core from EN-72 

Box: 35 

Hole #: EN-72 

From: 304 
To: 312.5 

 

 

Vein 

 

Box: 37 

Hole #: EN-72 
From: 321 

To: 330.5 

 

Foot Wall 

 

Box: 33 

Hole #: EN-72 
From: 288 

To: 295.5 

Hanging Wall 
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RDI received three samples from each of the two drill holes, weighing approximately 20 

kg per sample.  For each drillhole, the samples represented: 1) vein material; 2) material 

from above the vein (hangingwall); and 3) material from below the vein (footwall).  The 

vein material from each hole was quartz with some altered granodiorite and high grade 

copper mineralization.  The hangingwall and footwall samples were all granodiorite; 

copper mineralization was visible along joints and fractures.  The deep samples from EN-

74 were designated X1, X2 and X3.  The shallower samples from EN-72 were designated 

X-4, X-5 and X-6.  

 As a first step in the test work, RDI ran the six samples through sequential leach tests.  

Similar to the tests done at CAMP, the results showed the copper present in the six 

samples was mostly in oxide form (Table 18-2).  Curiously, the deeper samples from EN-

74 showed less primary copper, at <10% of the total copper, than the shallower samples 

from EN-72.  Also, in EN-72, the vein was significantly high in secondary copper 

(chalcocite), which was evident from the drill core, and the hangingwall and footwall 

samples showed higher levels of primary copper, but still at levels less than 20% of the 

total copper.  The low level of primary copper in all six samples is consistent with the 

observation of deep oxidation throughout the deposit and supports the assumption that the 

deposit should be amenable to acid leaching. 

Table 18-2  Head Analyses and Forms of Copper in the Composite Samples 

 

To simplify the next stage of work, RDI combined the hangingwall and footwall samples 

from each hole, resulting in two composites designated X7 and X8.  RDI then proceeded 

to run leach tests on the vein and wallrock samples, X2, X5, X7 and X8 (Table 18-3). 
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Table 18-3  Description of Contact Project Samples 

 

 
 

Twelve bottle roll tests were performed, using the four samples, X2, X5, X7 and X8, and 

varying the conditions for each sample by three leach conditions, using 5 g H2SO4/L, 10 

g H2SO4/L, and 10 g H2SO4/L with 7.5 g/L Fe
+3

 ions as Fe2(SO4)3.  The bottle roll tests 

were in line with the previous diagnostic work, and indicated that the ultimate copper 

extraction could be around 80% (Table 18-4). 

The copper extractions for samples X2, X7 and X8 were ± 80% after 168 hours of 

leaching.  The extraction for sample X5, however, only reached 57%, which coincides 

well with the high amount of secondary copper in the sample.  Further recovery of the 

copper from such material would be expected under the longer time-frame of heap leach 

conditions.  For all four samples, higher acid concentrations resulted in higher copper 

extractions.  The acid consumption in bottle roll tests ranged from 17 kg/t to 47 kg/t.  In 

the oxide-dominant samples, X2, X7 and X8, the addition of ferric sulfate did reduce the 

acid consumption and only slightly increased the copper recovery.  The exception, as 

might be expected, was in sample X5, which had the high amount of secondary copper 

(chalcocite). The addition of ferric sulfate to this sample improved the bottle roll copper 

extraction significantly, from 43 to 57%, but with no decrease in acid consumption. 

RDi Sample No. Hole Lithology

X1 EN-74 Hangingwall

X2 EN-74 Vein

X3 EN-74 Footwall

X4 EN-72 Hangingwall

X5 EN-72 Vein

X6 EN-72 Footwall

X7 EN-74 50% X1 + 50% X3

X8 EN-72 50% X4 + 50% X6
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Table 18-4  RDI Bottle Roll Test Results 

 

A set of bucket tests were then performed to determine copper extraction as a function of 

particle size. A 10-kilogram sample from each of the four samples, X2, X5, X7 and X8 

was screened into four size fractions (+ 1 inch, 1 x ¾ inch, ¾ x ½ inch and minus ½ 

inch).  Each size fraction was placed in a 2 gallon bucket and a solution of 10 g H2SO4/L 

added to cover the sample. The samples were periodically stirred and small samples of 

solution were removed for copper analyses and free acid determination (Table 18-5). The 

tests were run for a total of 22 days. Copper leaching was still taking place when the 

bucket tests were terminated.  

The results for the vein samples, X2 and X5, showed no significant changes with crush 

size.  There was a significant improvement, however, for the wallrock samples, X7 and 

X8, but this was only in the finest minus 1/2ò fractions.  This led RDI to the conclusion 

that a crush size of P100 of 1 inch should be sufficient for heap leaching.   
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Table 18-5  RDI Bucket Leach Test Results 

 

 

18.4 McClelland Laboratories Testwork 

Upon completion of the work at RDI, the unused sample material was shipped from RDI 

to McClelland Laboratories, Inc. in Sparks, Nevada for column leaching.  At McClelland, 

the samples for EN-74 and EN-72 were combined into a single composite sample for 

each drill hole. There was insufficient sample material left from EN-74, however, to 

make up a column.  A nearby hole, EN-80, was selected which had a geologically similar 

but somewhat deeper intercept as in EN-74, from 550 to 650 feet. The material from EN-

80 was shipped to McClelland and blended with the material from EN-74.  Additionally, 

two other drill holes were selected for the column tests.  EN-70, located adjacent to hole 

EN-4, had a shallow intercept of oxide material, from 0 to 300 feet.  The intercept was all 

granodiorite with no apparent vein mineralization, and appeared typical of the shallow 

oxide mineralization in the east half of the deposit.  EN-116 had a broad intercept from 0 

to 420 feet.  EN-116 was in granodiorite with minor quartz veining, and appeared 

representative of mineralization in the west half of the deposit.  Material from both holes 

was shipped by ENEXCO to McClelland along with the material from EN-80.  At 

+ 1 inch  ¾ x 1 inch ½ x ¾ inch -1/2 inch

Calculated Head, % Cu

X2 2.42 2.15 2.86 3.45

X5 3.37 4.93 4.30 6.26

X7 0.40 0.52 0.58 0.77

X8 0.17 0.23 0.23 0.32

Extraction % after 22 days

X2 51.6 54.3 49.9 41.1

X5 30.9 24.2 37 20.7

X7 47.4 42.5 47.4 64.4

X8 51.3 37.9 51.6 66.8

Acid Consumption, kg/t

X2 18.8 17.9 24.5 25.5

X5 18.6 21.9 29.2 24.1

X7 5.7 9.0 11.2 17.1

X8 5.1 7.6 9.5 15.6

X2 vein, deep

X5 vein, average depth

X7 wallrock, west

X8 wallrock, east

PARTICLE SIZE
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McClelland, the material was crushed to minus 1ò, blended into four composite samples, 

and loaded into four 4ò diameter columns for leaching.  Table 18-6 shows the composite 

comparisons.   

Comp 1:  EN-74/EN-80     East Half of Deposit (500-650 feet), includes major vein  

Comp 2:  EN-72     East Half of Deposit (200-400 feet) includes major vein 

Comp 3: EN-70     East Half of Deposit (0-300 feet) no major vein           

Comp 4: EN-116    West Half of Deposit (0-420 feet) no major vein 

 

Table 18-6  Head Assay Results and Head Grade Comparisons 

 

 
 

 

Leaching began by applying raffinate solution to the columns at 12 Lph/m2 (0.005 

gpm/ft
2
) of column cross-sectional area.  The columns were run in locked cycle to 

simulate processing in an actual operation. The PLS solutions from each column were 

composited and the composites subjected to SX processing on a weekly basis using batch 

conical bottom mixer/settlers. The resulting raffinate solutions were then used for the 

daily application to the columns with the appropriate make-up acid or water. 

Two weeks into the test, the pH for Composite #1 was still high and the column was not 

producing copper.  The free acid concentration applied to the column was increased to 20 

gH2SO4/L, which was effective in bringing the pH down by day 24.  The acid 

concentration was dropped back to10 gH2SO4/L for the remainder of the test. 

At about the same time, final results from RDIôs work became available.  Two additional 

columns were started on material crushed to minus 1/2ò size in order to confirm RDIôs 

conclusion that fine crushing was not required for leaching.  Composites #2 and #4 were 

Determination Comp. 1 Comp. 2 Comp. 3 Comp. 4

Direct Assay, Init. 0.85 0.30 1.68 0.38

Direct Assay, Dup. 0.56 0.22 0.33 0.40

Direct Assay, Trip. 0.87 0.28 2.40 0.32

Calc'd., Bottle Roll Test 0.21 0.36

Calc'd., Column Test: 1" 0.99 0.18 0.71 0.43

Calc'd., Column Test: 1/2" 0.20 0.38

Average 0.82 0.23 1.28 0.38

Standard Deviation 0.18 0.05 0.94 0.04

Head Grade, % Cu
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selected for the two additional column tests on the minus 1/2ò material.  These two 

columns were also run with an acid cure in which a relatively concentrated (180 - 190 g 

H2SO4/L) sulfuric acid solution was applied to the columns and the columns were 

allowed to rest for a period of 3 days before beginning the application of leach solutions 

as in the other four columns with minus 1ò material. 

In all six tests, the duration of leach time varied.  Leaching of the two columns with the 

minus 1/2ò material was terminated after 60 days when enough data had been generated 

to compare the extraction curves with the columns with minus 1ò material (Figure 18-4).  

The columns with the minus 1ò material, meanwhile, continued to be leached until either 

the copper grade in the PLS dropped below 100 mg Cu/L or there was little change in the 

rate of copper extraction.  

In the four columns with the minus 1ò crush size, three of the columns had copper 

extractions ranging from 77.8% to 85.9% (Table 18-7).  The exception was Composite 

#3, the shallow oxide material from EN-70, which yielded an extraction of only 67.8%.  

McClelland, however, noted difficulty in obtaining consistent head and tail assays for this 

column, indicating poor blending of the sample and lower confidence in the results.  Net 

acid consumptions for the four columns appeared high in comparison to previous bottle 

roll tests, at 22 to 49 kg/mt. 

Comparison of the columns with minus 1ò material with the columns with minus 1/2ò 

material for Composites #2 and #4 showed improvement with the finer crush size 

(Figures 16-5 and 16-6).  In both cases, the minus 1/2ò material achieved higher 

extractions more quickly.  The extraction curves in both cases, however, flattened out 

over 60 days at only slightly higher extraction values than their corresponding columns 

with minus 1ò material, indicating the finer crush size, overall, probably has little benefit.  

It is also questionable how much of a contribution the acid cures made in the initial 

extraction rates. 

 

 



Contact Copper Project    NI 43-101 Pre-Feasibility Study Update  

 

 18-14  
 

Table 18-7  Column Leach Results 

 

 
 

 

 

 

Figure 18-4  Copper Leach Rate Profiles, Column Tests 

100% -1ò Feeds  

Composite: Comp 1 Comp 2 Comp 2 Comp 3 Comp 4 Comp 4

Feed Size: -1" -1" -1/2" -1" -1" -1/2"

Acid Cure: No No Yes No No Yes

Metallurgical Results

Cu Recovery, % of total AC-2 AC-1 AC-5 AC-3 AC-4 AC-6

5 0.0 33.2 49.3 2.1 10.8 38.2

10 1.5 49.0 68.0 14.9 31.0 56.2

20 29.2 60.6 74.4 28.3 53.4 65.3

30 52.8 67.0 77.8 36.8 62.6 69.4

40 61.0 70.9 80.0 43.6 67.7 71.9

50 65.7 73.7 81.6 49.0 71.3 73.5

75 75.2 77.8 59.2 76.8

100 81.1 67.0 80.2

125 85.3

End of Leach/Rinse 85.9 77.8 85.0 67.6 81.4 76.3

Extracted, % Cu 0.85 0.14 0.17 0.48 0.35 0.29

Tail Grade, % Cu1) 0.14 0.04 0.03 0.23 0.08 0.09

Calcôd. Head, % Cu 0.99 0.18 0.20 0.71 0.43 0.38

Average Head, % Cu2) 0.82 0.23 0.23 1.28 0.38 0.38

Acid Added, kgH2SO4/mt ore 118.9 68.4 69.5 90.0 87.6 68.5

Acid Consumed, kgH2SO4/mt ore3) 60.6 23.9 32.2 56.3 49.6 42.2

Net Acid Consumed, kgH2SO4/mt ore4) 47.5 21.7 29.6 48.9 44.2 37.8

Leach/Rinse Cycle, days 129 83 69 109 109 70

1)   Average of triplicate direct assay, adjusted for weight lost during leaching.

2)   Average of all head grade determinations.

3)   Gross acid consumption.

4)   Gross acid consumption adjusted for ñSX creditò (Cu extraction x 1.54).

Figure 1. - Copper Leach Rate Profiles, Column Leach Tests,
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Figure 18-5  Leach Rate, Composite #2 

-1ò v. -1/2ò Feed Size 

 

 

 

 

Figure 18-6  Leach Rate, Composite #4 -1ò v. -1/2ò Feed Size 

Figure 4.- Copper Leach Rate Profiles,

 Column Leach Test, Enexco International,

Heap Leach Composite #3, -1" v. -1/2" Feed Size
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 Column Leach Test, Enexco International,

Heap Leach Composite #2, -1" v. -1/2" Feed Size
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RDI reviewed the test work done at RDI and McClelland, and advised Gustavson that an 

overall assumption of 80% extraction was reasonable for use in the pre-feasibility study.  

This extraction is reduced to allow for channeling in the heap and other losses in 

processing to arrive at an overall 76% project copper recovery for the operation.  

Although the acid consumptions in the test work appear moderately high, RDI advises 

that test values typically overstate the acid consumption in actual operations, quite often 

by a factor of several times.  Based on the test values, diagnostic mineralogy, and 

comparison with operations in similar ore types, RDI advised using an acid consumption 

of 5.5 kg/mt for the pre-feasibility study.  McClelland noted no problems with 

compaction, density loss or blinding in the columns, so the leaching characteristics 

appear good. Further work following the pre-feasibility study will be needed to confirm 

the recovery, acid consumption and leaching characteristics of the ore.   

It is Gustavsonôs opinion that the samples and procedures used in the metallurgical 

testing are representative and adequate for the purposes of this pre-feasibility study. 
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19. MINERAL RESOURCE AND MINERAL RESERVE ESTIMATE S  

19.1 Resources 

This report updates the Independent Mineral Resource Estimation prepared in 2006 and 

the NI 43-101 Resource Estimation prepared in August of 2009. 

  Terre Lane, Principal Mine Engineer for Gustavson is responsible for the estimation of 

the mineral resource and mineral reserve herein. Ms. Lane has preformed mineral 

resource and reserve estimates for over two hundred projects, including a number of low 

grade, heap leach, copper projects.  Ms. Lane is a Qualified Person as defined by NI 43-

101 and is independent of the company. 

Gustavson estimated the resource for the Contact deposit from exploration drillhole data, 

using three controls from the three main rock types (igneous, sedimentary, and 

metamorphic), and using a single stage indicator approach to model the higher grade vein 

style mineralization, combined with modeling of the low grade disseminated style 

mineralization. 

19.1.1 Geologic Model Physical Limits  

Gustavson created a three dimensional block model in Techbase.  The August 2009 block 

model was extended to the east by 1050 feet (42 columns) in order to include holes EN-

134 through EN-153. The block model was created with individual block dimensions of 

25 x 25 x 20 feet, and the overall model extending from 872,200 east to 879,400 east, 

806,000 north to 809,000 north, and 6800 elevation to 4300 elevation.  The portion of 

each block lying below the surface topography was determined.  The blocks that were 

lying under land controlled by Enexco were coded appropriately.  

19.1.2 Geologic Modeling 

The 3-D rock model used for this study was constructed from 3-D models provided by 

Enexco.  The models were built using drill hole geologic logs and surface geology maps.  

Lithologic contacts were drawn in cross-sections; longitudinal surfaces were created for 

the sediment and skarn type rocks, and a solid was created for the granodiorite type rock. 

Incorporating these triangulations, the sediment and skarn shapes were precisely placed 
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within the granodiorite solid, providing a geologic model of the dikes and sills intruding 

into the sediments.  The geologic model was then used to generate the 3-D rock model 

codes according to the majority of a block being intrusive, skarn or sediments, and to 

determine the percentage of a block being either vein or non-vein material.  

Table 19-1  Numeric Rock Types 

 
 

 

19.1.3 Assignments of Domains Using Rock Codes 

Investigations into grade-lithology relationships focused initially on twelve lithologies 

based upon narrowly defined compositional and textural characteristics.  The statistics for 

diorite, rhyolite, limestone and marble, shale, quartz diorite, quartz monzonite, quartz 

syenite and syenite, quartz vein, quartzite, sandstone and siltstone, skarn and calcium 

silicate are shown in Figure 19-1 below.  These statistics show that the quartz vein 

lithology has the highest copper grade and that the other rock types have similar grade 

statistics.  Historic mining was focused on the high grade quartz veins.   

Majority 
Code 

 Textural Code 

1 Igneous 0 0 
1 Quartz Syenite 1 Aphanitic 
2 Quartz Monzonite 2 Very Fine 
3 Quartz Diorite 3 Fine 
4 Granodiorite 4 Meium 
5 Syenite 5 Coarse 
6 Rhyolite 6 Very Coarse 
7 Andesite 7 Cobbles 
8 Diorite 8 Fault Gouge 
9 Quartz Vein 9 

2 Sedimentary 0 
1 Quartzite 
2 Sandstone 
3 Siltstone 
4 Mudstone 
5 Shale 
6 Limestone 
7 Chert 
8 Conglomerate 
9 

3 Metamorphic 0 
1 Slate  
2 Argillite 
3 Phyllite 
4 Marble 
5 Quartzite 
6 Skarn 
7 Calc Silicate 
8 
9 

Rock Type 
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Figure 19-1  Lithology Statistics 

Further studies grouped these initial groups into four groupings, including quartz veins, 

coarser-grained igneous rocks (quartz monzonite, granodiorite, quartz syenite, and 

syenite), finer grained igneous rocks (mainly diorite), and non-igneous rocks 

(sedimentary and metamorphic rocks).  These broader groupings were set up after 

examining core photographs from several drillholes.   
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Basic statistics, probability plots, and cumulative frequency plots for these four groups 

were calculated and constructed.  Table 19-2 below summarizes the statistics for these 

data groups. 

Table 19-2  Statistics Summary for Rock Type Data Groups 

 

 

The mean copper grade for the quartz veins is about 30 times greater than that of the 

other rock.  The means for the coarser-grained igneous rock, the finer-grained igneous 

rock and the non-igneous rock are all similar.  The relationships between the mean values 

also hold for the standard deviation values, although the standard deviation of the finer 

grained igneous rocks is lower due to smaller maximum values.  The median for the 

quartz veins is two magnitudes higher than that for the other groups.  The medians for the 

non-quartz vein groups are 0.03% Cu for the finer-grained igneous rock, 0.016% Cu for 

the coarser grained igneous rock, and 0.010% Cu for the non-igneous sedimentary and 

metamorphic rocks.  The coefficients of variation range from 1.61 for group 1 quartz 

veins to 5.21 for the non-igneous rock.  This indicates that variation is greatest in the non 

igneous rock.  Figure 19-2 shows the cumulative frequency plot for Quartz Vein, and 

Figure 19-3 and 19-4 shows the cumulative frequency distribution for the fine grained 

and coarser grained (diorite) intrusive rocks.  The non-igneous rock cumulative frequency 

plot is shown in Figure 19-5. 
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Figure 19-2  Quartz Vein ï Cumulative Frequency 
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Figure 19-3  Coarse Grained Intrusive ï Cumulative Frequency 
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Figure 19-4  Fine Grained Intrusive ï Cumulative Frequency 
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Figure 19-5  Non-Igneous Rock ï Cumulative Frequency 

 

The statistics on the assay data clearly shows that the quartz veins have the highest 

grades, with a mean of 2.49% Cu and a median of 1.30% Cu.  The other three rock types 

all have similar mean grades (approximately 0.09% Cu).  This indicates that the 

mineralization correlates best to the veins. 

Probability plots from these first two data groupings looked similar, so statistics on a 

third very broad grouping composed of intrusive (granodiorite, quartz monzonite, quartz 

syenite, syenite, quartz diorite, diorite, and quartz vein), skarn (skarn, calc silicate, 

quartzite, marble, and argillite), and sedimentary rock (sandstone, siltstone, shale, 

mudstone, and limestone) were calculated.  These broad groupings of intrusive, skarn, 

and sediment were made due to inconsistent distribution of detailed lithologic data and 

the potential for lithologic inaccuracies due to inconsistencies in the geologic logging 

between each period of drilling.  The grouping of intrusive, skarn, and sedimentary 

provided the finest detail with wide coverage throughout the drilled area.  Despite these 
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broad groupings, the skarn and sedimentary rock data sets were too small and provided 

poor statistical data in subsequent variography analysis.  The large intrusive data set 

became the basis for Gustavsonôs study and was used for computing statistics, 

variography, and resource modeling.  Intrusive rocks make up the bulk of tonnage of the 

deposit. 

19.1.4 Combining Old and New Drillhole Data 

All drillholes data, including newer Enexco drilling data and data from holes drilled by 

other companies as far back as the late 1960ôs was included in the drillhole database.  All 

available assay data in the database was used for statistical analysis of copper grade. 

19.1.5 Compositing 

Gustavson used downhole compositing to standardize the data set.  Gustavson considered 

10, 15, and 20 foot downhole composites in prior work.  Statistical analysis of the 

different composite sets revealed the larger composite intervals might not adequately 

reflect the equipment selectivity and control methods envisioned.  10 foot down the hole 

composites were used for resource modeling. The same 10 foot down hole compositing 

method was used for the update.  Rock type codes were back marked onto each 

composite from the 3-D rock model (Section 19.1.2).  The cumulative frequency 

probability plots for the three rock types (intrusive, metamorphic (skarn), and 

sedimentary rocks) indicate that the data populations are log normally distributed 

(Figures 17-6 to 17-8).  The intrusive data probability plot, as well as the metamorphic 

(skarn) and sedimentary rock data plots are all linear, indicating a good fit to log normal 

distribution. 
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Figure 19-6  10 ft Composites, Intrusive ï Cumulative Frequency 
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Figure 19-7  10 ft Composites, Skarn ï Cumulative Frequency 
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Figure 19-8  10 ft Composites, Sedimentary Rock ï Cumulative Frequency 

 

19.1.6 Bulk Density 

Density tests were performed with core samples from 54 drillholes, including EN-35 

through EN-83, EN-66B, EN-85, EN-87, EN-89, EN-91, and EN-95.  Table 19-3 below 

summarizes the density and tonnage factor data for these drillholes at the Contact Project.  

Table 19-3  Density by Rock type 

Contact Rock Density 

Rock Type Density g/cm
3
 Lithology Group Density g/cm

3
 

Dike 2.72 

Intrusive ï 1 2.65 
Diorite 2.72 

Quartz Monzonite 2.65 

Quartz Vein 2.61 

Skarn-Calc Silicate 2.88 

Metamorphic ï 2 2.86 Hornfels 2.58 

Quartzite 2.87 

Sedimentary Rock 2.61 Sedimentary ï 3 2.61 
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The metamorphic rock has the highest density and the sedimentary rock has the lowest 

density.  The density (rounded to two decimal points) of the intrusive is the same as 

quartz monzonite.   

19.1.7 Grade Variograms  

17.1.7.1 Variography 

Semivariograms, often simply noted as variograms, are a summary of a direct 

representation of the spatial continuity between data points.   

General relative semivariograms were used for analysis of copper.  The general relative 

19-13semivariograms smoothes a 19-13 semivariograms by scaling g(h) using the mean 

squared of the data from calculating g(h).  This smoothes the graph, making interpretation 

easier, and all variances calculated in this way are relative to the mean of the distribution. 

The composite grade data for the intrusive were also analyzed using indicator variograms 

at a cut-off of 0.15% copper grade.  These variograms are helpful in analyzing the 

continuity of the mineralization at a specific cut-off grade.  

17.1.7.2 Copper 

Both omnidirectional (or global) and downhole variograms were run on the intrusive, in 

addition to an array of directional variograms.  The sedimentary and skarn data were too 

sparse to provide an experimental variograms capable of being reasonably modeled.  The 

global and downhole intrusive variograms are shown in Figures 17-9 and 17-10 

respectively. 
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Figure 19-9  Copper ï Global Variogram for Intrusive Rock  

 

 

 

 

Figure 19-10  Copper ï Vertical  Variogram for Intrusive Rock  
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The orientations of the copper grade variograms generally follow the overall average 

orientation of the quartz veins that were the main target of historical mining activity.  The 

basic statistics show that the quartz veins have the greatest average grades.  This is 

supported by the variogram analysis, which provides the orientations of the axes and 

distances of influence for the vein mineralization bodies.  The variogram analysis 

indicates that the orientations of the axes are E-W, up-down, and N-S and the distances of 

influence are 200-, 120-, and 60 feet, respectively. 

In grade modeling, the variograms were used to establish search distances and break 

points in categorizing resources.  Comparisons were made with ordinary kriging and 

inverse distance-squared methods for the grade estimation, and the inverse distance-

squared method was selected for use due to better fit with the drill hole data throughout 

the model.  The sample search ellipse was selected to most closely match the trend of the 

mineralization. The parameters used for estimation are shown in Table 19-4 below.  

These parameters feature a major axis orientation striking 165 degrees and dipping 45 

degrees, increased anisotropy, and extended search which fill s in lower density areas with 

inferred mineralization. 

Table 19-4  Modeling Parameters 

 

19.1.8 By-Product Metals 

Within the quartz veins, silver, molybdenum, and in a few samples, gold, occur in 

detectable levels.  These metals were not modeled, however, because they are not 

recovered in a heap leaching operation using sulfuric acid.   
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19.1.9 Grade Estimation 

The Contact deposit is characterized by high grade copper bearing veins, with a halo of 

relatively lower grade mineralization surrounding the veins, and low grade copper 

disseminated between the veins.  Gustavson chose a single stage indicator approach to 

model the portion of high grade vein material within each block, and then a separate 

estimate for the halo and inter-vein disseminated mineralization grade.  This type of 

estimate limits the extrapolation of high grade mineralization into lower grade 

hangingwall and footwall units.  Intervals with composite values greater than 1.0% Cu 

were assumed to be vein material for this estimate. 

Because all three lithologic units showed similar grade distributions, excluding the high 

grade quartz veins, Gustavson chose to group all three units together and treat them as a 

single domain for modeling purposes. 

The copper grade was estimated from 10 foot downhole composites using the Inverse 

Distance Squared method.  Composites were coded according to their lithology 

(intrusive, skarn, and sediment), and also assigned a 0 or 1 vein code, where a value of 1 

means the composite is vein, 0 meaning it was not vein (wallrock).  The estimate of vein 

percentage within each block was performed from the 0 and 1 vein codes, for all 

lithologic units (intrusive, skarn and sediment).  The grade of the vein portion of each 

block was estimated from the composites that had been coded with a 1 (vein), again for 

all lithologic units.  The final estimate of the grade, the wallrock portion of the block, was 

estimated in a similar fashion, using only wallrock composites.   

The average grade of the block was then calculated using the percentage of the block that 

is vein, times the grade of the vein portion of the block, plus the percentage of the block 

that is wallrock, times the grade of the wallrock portion of the block. 

The resource was placed into measured, indicated and inferred categories based on the 

distance to the nearest 10-ft composite.  Observing the vertical (downhole) variogram, 

there is a short range structure showing good continuity for approximately 100 feet.  This 

distance was chosen as the limit for measured.  The variogram shows a longer range 

structure out to about three hundred feet.  Based on this factor, it was determined that the 
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limit for indicated material would be 200 feet, and the limit for inferred would be 300 

feet.  Gustavson considers the estimated resource to be fully diluted as a result of the 

methods used.  Gustavson does not expect ore loss with a surface mining method.  The 

historical mined tonnage is insignificant with regard to this estimate, is within the error of 

the estimate, and as such no adjustments was made to account for historical production. 

The Mineral Resource is shown in Table 19-5 below for several cut-offs. 

Table 19-5  Mineral Resource by cut-off 

 

 
Note: Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability. 

At a 0.10% Cu cut-off grade, material falling into the Measured plus Indicated categories 

totals 135.3 million tons at 0.282% Cu, for a total of 712 million pounds of copper.  At 

the same cut-off grade, another 53.5 million tons at 0.272% Cu, or 291 million pounds of 

copper, is carried in the inferred category. 

It is noted that, per NI 43-101 guidelines, the Mineral Resources in Table 19-5 that do not 

fall within the Mineral Reserves of Table 19-7, below, do not have demonstrated 

economic viability. 

Within the resource at the 0.1% Cu cut-off grade, intrusive rock is the dominant rock 

type, accounting for more than 90% of the contained copper in the Measured and 

Indicated categories (Table 19-6).  This may be due to the nature of the deposit, that most 

of the copper is actually in the intrusive, but it is also accentuated by Enexcoôs drilling, 

which concentrated on the intrusive as being the favorable rock type for a heap leach 

operation. 

Table 19-6  Mineral Resource at 0.10% Cu Cut-off Grade by Rock Type 

Cutoff (% Cu)

Tons Ore 

(000's)

Pounds Cu 

(000's) Grade %

Tons Ore 

(000's)

Pounds Cu 

(000's) Grade %

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

0.1 52,976 298,397 0.2816% 82,233 413,413 0.2514% 53,490 291,368 0.2724% 135,209 711,810 0.2632%

0.125 42,556 275,118 0.3232% 64,662 374,162 0.2893% 42,764 267,404 0.3126% 107,218 649,280 0.3028%

0.15 34,999 254,434 0.3635% 51,576 338,375 0.3280% 34,390 244,540 0.3555% 86,575 592,809 0.3424%

0.2 24,947 219,665 0.4403% 34,766 280,305 0.4031% 23,944 208,426 0.4352% 59,712 499,970 0.4186%

0.25 18,688 191,678 0.5128% 25,104 237,264 0.4726% 17,360 179,036 0.5157% 43,792 428,942 0.4898%

International Enexco Ltd.
Contact Copper Project

Mineral Resource Based on IDP Model

Measured Indicated Inferred Measured + Indicated
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19.2 Mineral Reserves  

The mineable portion of the resource model was determined by using Datamineôs 

MaxiPitÊ Lerchs Grossman pit optimizer to generate an ultimate pit shell.  The pit was 

generated based on the assumption of a copper price of $2.25/lb and an overall 76% 

recovery in processing.  Mining, crushing and haulage costs were assumed at $0.60/ton of 

material moved.  Processing costs were assumed at $2.25/ton of ore for all rock types 

(intrusive, skarn, sediments).  General and administrative costs are assumed at $1.00/ton 

of ore.  The pit design used a 45 degree overall pit slope.  Estimation of measured, 

indicated and inferred resources was limited to the areas with sufficient drilling on 

Enexco-controlled land.   

With the above parameters, the economic cut-off for intrusive rocks is: 

((Processing cost + G&A cost) / copper recovery) / (20 lbs copper per percent * copper price)  

=  ((2.25+1.00)/0.76)/(20*2.25) =  0.095% Cu.   

The design cutoff was rounded up to and even 0.1% Cu. 

The search parameters for the ultimate pit design were restricted to blocks designated as 

measured or indicated in the resource model.  Once the ultimate shell was defined, 

Inferred blocks were included, but totaled separately in the mineable reserve calculations. 

The ultimate pit shell was used as the basis for pit design and scheduling.  Access roads 

were added assuming a 60 foot width to accommodate either conveyor or truck haulage.  

The pit is sequenced in five phases.  Three of these phases are generally ore mining 

phases, and two phases are mainly waste pre-stripping phases..  Preproduction stripping 

takes place on the north and west sides of the pit, with production mining starting in 

Phase 1 in the center of the deposit and Phase 2 in the west end of the deposit, where the 

stripping ratio is low. 

Rock Type

 Tons Ore 

(000's) 

 Pounds Cu 

(000's)  Cu Grade 

 Tons Ore 

(000's) 

 Pounds Cu 

(000's)  Cu Grade 

 Tons Ore 

(000's) 

 Pounds Cu 

(000's)  Cu Grade 

Intrusive 49,938           280,651           0.281          74,658         370,515         0.248             47,855       256,586         0.268      

Metamorphic 2,723             16,122             0.296          6,233            34,204           0.274             4,669         27,993            0.300      

Sedimentary 315                 1,624                0.258          1,343            8,694             0.324             966             6,789              0.351      

TOTAL 52,976           298,397           0.282          82,233         413,413         0.251             53,490       291,368         0.272      

Measured Indicated Inferred
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As phases one and two are mined, waste stripping is carried out in phases three and four.  

Phase five, the final ore mining phase, extracts ore from the deeper benches plus ore from 

the small satellite pit to the southeast, in between the property boundaries. 

The mineable material is shown by reserve category in Table 19-7.  The Phase 1 through 

Phase 5 pits are shown in Figures 17-11 through 17-15, and used to derive the annual 

production schedule for the economic analysis (Table 25-28). 

Table 19-7  Min eral Reserves by Pit Phase 
 

 
 

 

Only measured and indicated resource categories have a sufficient level of confidence to 

be classified as Proven and Probable reserves.  The inferred material, is a small quantity, 

is incidental to the design and does not have a significant impact on the project economic 

outcome. 

 

Pit

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

Tons Ore 

(000's)

Pounds 

Cu (000's) Grade

Phase 1 8,164        58,193    0.356% 7,836        54,537    0.348% 1,628        16,921    0.520% 16,000    112,730  0.352%

          

Phase 2 8,307        46,208    0.278% 8,675        45,175    0.260% 2,656        14,130    0.266% 16,983    91,382    0.269%

          

Phase 3 50            121        0.122% 78            206        0.133% 21            55          0.132% 127        327        0.129%

          

Phase 4 58            191        0.166% 200          969        0.243% 70            363        0.260% 257        1,160     0.226%

          

Phase 5 10,433      59,988    0.288% 10,350      51,312    0.248% 1,395        6,903     0.247% 20,782    111,300  0.268%

          

Total 27,011      164,701  0.305% 27,138      152,199  0.280% 5,769        38,373    0.333% 54,149    316,899  0.293%

International Enexco Ltd
Contact Copper Project

Mineable Reserve (0.10% Copper Cutoff)

Measured Indicated Inferred Measured + Indicated
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Figure 19-11  Phase 1 Pit Design 
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Figure 19-12  Phase 2 Pit Design 




























































































































































