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1 SUMMARY 
 

Gold Resource Corporation (GRC) has developed a significant precious and base metals epithermal deposit 

on its 100%-owned Oaxaca Mining Unit in Mexico.  The project is located in the Sierra Madre Sur 

Mountains of southern Mexico, in the central part of the State of Oaxaca.  The project is located along a 

major paved highway approximately 120 kilometers (km) southeast of Oaxaca City, the state’s capital city.   

The Oaxaca Mining Unit is located in the mining sub district of San Jose de Gracia.  Only small-scale 

artisanal mining has been historically conducted in the district and no reliable production records exist for 

historic production conducted in the Oaxaca Mining Unit area.  The two mining areas developed by GRC 

in this sub-district, the Aguila open pit mine and the Arista underground mine, had not been previously 

explored by modern methods.  However, they occur along a mineralized trend with potential extension 

of about 55 km in which GRC has identified numerous exploration targets. 

GRC controls 100% interest in the Aguila Project and five other properties, which now comprise its Oaxaca 

Mining Unit.  The Oaxaca Mining Unit is owned by Don David Gold Mexico, S.A. de C.V. (DDGM), a wholly-

owned subsidiary of GRC.  DDGM currently holds twenty-eight (28) mining concessions in Oaxaca State 

totaling 69,749 hectares.  Expiration dates associated with the Oaxaca Mining Unit concessions range from 

February 22, 2022 to December 16, 2063. 

GRC is required to pay concession fees to the Mexican government to maintain its interest in the Oaxaca 

Mining Unit concessions.  The annual 2016 concession tax for the mining concessions controlled by GRC 

is estimated to be approximately 5,758,022 Mexican pesos, equal to about US $312,478 at an exchange 

rate of 18.43 pesos to US $1.00.  In 2016, GRC satisfied the minimum investment and assessment work 

requirements for these concessions based on its work programs and past work completed.  GRC has also 

paid the total mining duty required annually to keep the Oaxaca Mining Unit concessions in good standing. 

GRC has established surface rights agreements with the San Pedro Totolapam Ejido and the individuals 

impacted by current and proposed operations which allow disturbance of the surface where necessary 

for GRC’s exploration activities and mining operations.  

The Oaxaca Mining Unit area is dominated by multiple volcanic domes of various scales that compose the 

district geology.  These volcanogenic features are superimposed on a pre-volcanic basement of 

sedimentary rocks.  Gold and silver mineralization in this district is related to the manifestations of this 

classic volcanogenic system and is considered epithermal in character.  The Oaxaca Mining Unit 

mineralization occurs as structurally-controlled epithermal deposits in veins and stockwork zones 

consisting of concentrations of sulfides containing gold, silver, lead, copper, and zinc, associated with 

gangue minerals such as quartz, calcite, and other minor elements.  Primary sulfide mineralization consists 

of pyrite, galena, sphalerite, chalcopyrite associated with minor amounts of argentite and silver sulfosalts. 
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GRC’s exploration investigations have been mainly focused on the Aguila open pit and Arista underground 

mine areas.  These areas include the significant Aguila, Arista, Baja and Aire veins as well as other ancillary 

mineralized structures.  A new area of mineralization, referred to as “Switchback”, has been identified 

approximately 500 meters northeast of the Arista deposit, for which drill results showed multiple veins 

over a 40 to 100 meter wide alteration zone containing numerous mineralized veins associated with 

rhyolite dikes and hosted in andesite, similar to the Arista vein system.  Other mineralized zones and 

properties have been investigated, including some preliminary drilling in areas such as Escondida, Chacal 

and Salina Blanca on the Aguila Project, and the Margaritas, Alta Gracia and Rey properties. 

GRC has carried out a continuous drilling program since 2003 when the company took control of the 

Oaxaca Mining Unit mining concessions.  GRC continues the development of an aggressive exploration 

program that includes extensive surface and underground drilling, along with underground mine 

development, such as access ramps, drifts and crosscuts into the Arista and Baja veins.  Total exploration 

drilling (core and reverse circulation) by GRC through the end of December 2016 amounts to 323,805 

meters including 1,229 drill holes. 

The reserve estimates presented here are for the Arista and Mirador Underground Mines on the Aguila 

and Alta Gracia Projects, respectively.  The reserve estimate is based on technical data and information 

available as of December 31, 2016.  Reserves were prepared according to the guidelines of the United 

States Securities and Exchange Commission Guide 7 ‘’Description of Property by Issuers Engaged or to be 

Engaged in Significant Mining Operations’’.  Before January 1, 2014, there had been no previous reserves 

reported for the Arista Underground Mine within the definition of the SEC Guide 7.  In 2010, GRC 

commenced mining on the Aguila Project based on a scoping study but absent of a feasibility study that 

would indicate any proven or probable reserves. 

Proven and Probable reserves were estimated using the Inverse Distance Weighting (IDW) method for 

metal grades for the Arista, Baja and other major veins currently developed and in production.  In areas 

of lower confidence, the Nearest Neighbor (NN) method of estimation was applied.  Diamond drill hole 

assay data are included in the reserve calculations but more weight is given to the larger-size population 

of channel sample data.  Assay data used for reserve reporting include gold, silver, copper, lead and zinc. 

Three-dimensional models were constructed by GRC staff as wire-frames defining the extent of 

underground workings and veins.  The latest date for the underground workings representing the mining 

development is December 31, 2016.  Wire-frames were constructed using strings to outline the veins.  

Wire-framed envelopes were prepared directly from chip channel sample and drill hole intercepts of the 

major mineralized veins and numerous splays and significant subsidiary veins.  A total of 53 wireframes 

were created for the major, splays and minor subsidiary veins.   

Three-dimensional block models were created to allow reserve estimation of the veins as longitudinal-

view sections oriented parallel to the average strike of the major vein systems.  The model blocks are fixed 

in size at 1-meter vertically and 1-meter horizontally, parallel to the average strike of the major vein 

systems.  Perpendicular to strike, the thickness is determined by the actual width of the individual vein 

composite. 
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The Arista and Mirador Underground Mine reserves comply with SEC Guide 7 standards and definitions 

of Proven and Probable mineral reserves.  Reserve blocks that meet dilution and cutoff grade 

requirements, and that are deemed feasible and economic for extraction in a life-of-reserve mine plan, 

are classified as Proven and Probable, respectively, after further adjustment of tonnage for expected 

mining recovery.  Mining dilution is applied to in situ tonnes depending on the mining method employed.  

Mining dilution averages about 26% at zero grade; 10% for shrinkage stoping, 26% for long-hole stoping, 

25% for cut-and-fill and 15% for drifts.  Mining recovery is applied to reserve blocks and depends on the 

mining method employed.  Overall mining recoveries average 91%, after applying 90% for stopes and 95% 

for drifts.   

GRC uses a breakeven Net Smelter Return (NSR) cutoff grade, which considers actual metal prices, total 

mining, milling and general administration, smelting/refining costs and plant recoveries for Proven and 

Probable Reserve estimations.  The cutoff grade calculation does not include either exploration or capital 

costs and the average operating costs used for reserve calculations are net of base metal credits and 

royalty payments.  Plant recoveries used are the average of actual recoveries reported by the plant during 

the twelve months of 2016.  The 2016 breakeven cutoff grade for the Arista and Mirador Underground 

Mines is based on a US$ 80 per tonne NSR using gold, silver, copper, lead and zinc metal prices to calculate 

the NSR value.  NSR values are determined by taking the three-year trailing average price for gold, silver, 

copper, lead and zinc.  

The Proven and Probable reserves for the Arista and Mirador Underground Mines as of December 31, 

2016 are summarized in Table 1.1.    

GRC also reports Measured and Indicated Mineralized Material for the Oaxaca Mining Unit within the 

definition of the SEC Guide 7.  Measured and Indicated Mineralized Material does not qualify as Reserves.  

Reserve blocks not in the life-of-reserve mine plan are classified as Measured and Indicated Mineralized 

Material and excluded from the Reserves tabulation.  Mineralized Material does not have demonstrated 

economic viability.  Measured and Indicated Mineralized Material is used by GRC for mine planning and 

exploration purposes only.  For Measured and Indicated Mineralized Material, GRC applies the same US$ 

80 per tonne NSR breakeven cutoff grade used for Proven and Probable Reserve estimations.  These 

estimates of Measured and Indicated Mineralized Material are based on technical data and information 

available as of December 31, 2016. 

Measured and Indicated Mineralized Material, as of December 31, 2016, are summarized in Table 1.2. 

Proven and Probable Reserves and Measured and Indicated Mineralized Material were prepared by GRC’s 

Oaxaca Mining Unit technical staff under direction of Barry D. Devlin, Vice President of Exploration.   
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Table 1.1 Proven and Probable Reserves for the Arista and Mirador Underground Mines as of December 
31, 2016* 

Description Tonnes 
Au Ag AuEq Au Ag AuEq Cu Pb Zn 

g/t g/t g/t oz oz oz % % % 

Arista Mine 

Arista Veins 

Proven 1,333,800 2.79 172 5.22 119,700 7,365,900 223,700 0.29 1.28 3.58 

Probable 310,400 3.23 156 5.43 32,300 1,554,500 54,200 0.27 1.12 2.96 

Arista Veins Total 1,644,200 2.88 169 5.26 152,000 8,920,400 277,900 0.29 1.25 3.46 

Switchback Veins 

Proven 161,500 2.16 95 3.51 11,300 494,600 18,200 0.54 1.75 4.07 

Probable 42,000 1.87 84 3.06 2,500 112,900 4,100 0.43 1.69 5.53 

Switchback Veins Total 203,500 2.10 93 3.42 13,800 607,500 22,300 0.51 1.74 4.37 

Arista Mine Total 1,847,700 2.79  160  5.05 165,800 9,527,900 300,200 0.31  1.30  3.56  

Mirador Mine 

Proven 32,600 1.12 358 6.18 1,200 374,800 6,500       

Probable 11,200 0.86 295 5.03 300 106,600 1,800       

MIrador Mine Total 43,800 1.06 342 5.88 1,500 481,400 8,300       

Oaxaca Mining Unit Total 1,891,500 2.75 165 5.07 167,300 10,009,300 308,500       
Notes to the above Proven and Probable (“P & P”) reserves: 

1. Metal prices used for P & P reserves were $1,225 per ounce of gold, $17.29 per ounce of silver, $2.60 per pound of copper, $0.87 per 

pound of lead and $0.94 per pound of zinc.  These prices reflect the three-year trailing average prices for gold, silver, copper, lead and 

zinc. 

2. Precious metal gold equivalent is 70.85:1 using gold and silver only to calculate gold equivalencies. 

3. A breakeven Net Smelter Return (NSR) cutoff grade of $80 per tonne was used for estimations of P & P reserves.  The term “cutoff 

grade” means the lowest NSR value considered economic to process. 

4. Mining, processing, energy, administrative and smelting/refining costs were based on 2016 actual costs for the Oaxaca Mining Unit. 

5. Metallurgical recovery assumptions used were 89% for gold, 92% for silver, 78% for copper, 74% for lead and 84% for zinc.  These 

recoveries reflect 2016 actual average recoveries for the Aguila and Alta Gracia Projects. 

6. P & P reserves are diluted and factored for expected mining recovery. 

7. Minimum mining width for P & P reserves is 1.5 meters. 

8. Figures in tables are rounded to reflect estimate precision and small differences generated by rounding are not material to estimates. 
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Table 1.2 Measured and Indicated Mineralized Material for the Oaxaca Mining Unit as of December 31, 
2016* 

Description Tonnes 
Au Ag Cu Pb Zn 

g/t g/t % % % 

ARISTA MINE 

Arista Veins 

Measured 285,700 2.11 173 0.19 1.43 3.94 

Indicated 488,200 1.06 141 0.18 1.41 3.35 

Arista Veins Total 773,900 1.45 153 0.19 1.42 3.57 

Switchback Veins 

Measured 492,100 1.85 100 0.45 1.81 5.68 

Indicated 466,900 1.36 93 0.41 1.87 5.77 

Switchback Veins Total 959,000 1.61 97 0.43 1.84 5.73 

ARISTA MINE TOTAL 1,732,900 1.52 122 0.32 1.65 4.76 

ALTA GRACIA PROJECT 

Measured 145,000 0.36 242       

Indicated 151,900 0.36 222       

ALTA GRACIA TOTAL 296,900 0.36 232       

MARGARITAS PROJECT 

Measured 19,800 0.70 280       

Indicated 38,100 0.73 274       

MARGARITAS PROJECT TOTAL 57,900 0.72 276       

Total M & I Mineralized Material 2,087,700      
Notes to the above Measured and Indicated (“M & I”) mineralized material: 

1. Metal prices used for M & I mineralized material were $1,225 per ounce of gold, $17.29 per ounce of silver, $2.60 per pound of copper, 

$0.87 per pound of lead and $0.94 per pound of zinc. These prices reflect the three-year trailing average prices for gold, silver, copper, 

lead and zinc. 

2. A breakeven Net Smelter Return (NSR) cutoff grade of $80 per tonne was used for estimations of M & I mineralized material. The term 

“cutoff grade” means the lowest NSR value considered economic to process. 

3. Metallurgical recovery assumptions used were 89% for gold, 92% for silver, 78% for copper, 74% for lead and 84% for zinc.  These 

recoveries reflect 2016 actual average recoveries for the Aguila and Alta Gracia Projects. 

4. M & I mineralized material is diluted and factored for expected mining recovery. 

5. Minimum mining width for M & I mineralized material is 1.5 meters. 

6. Figures in tables are rounded to reflect estimate precision and small differences generated by rounding are not material to estimates. 

During 2009 and 2010, GRC constructed a processing plant and infrastructure at the Aguila Project.  The 

processing plant has a differential flotation section capable of processing polymetallic ores and producing 

up to three separate concentrate products for sale, and an agitated leach circuit capable of producing gold 

and silver doré for sale.  The Aguila mill’s flotation circuit processing capacity is a nominal 1,500 tonnes 

per day.   Power is mainly provided by diesel generators at the site.  GRC has obtained water rights from 

the Mexican government for an amount of water believed to be sufficient to meet operating requirements 

and pump it approximately five kilometers to the site from a permitted well located near the Rio Grande 

River.  

A flotation tailings impoundment was constructed in a valley just below the process plant site.  The 

impoundment is double lined with the first liner made of a clay and synthetic material that acts as a leak 

prevention system with the effective absorption equal to ~ 3 meters of clay.  The second liner is a welded 

High Density Polyethylene (HDPE), which was a permitting requirement.  The method of subsequent 

embankment construction to obtain full capacity is up-stream.  In 2014, GRC was granted a permit for 
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expansion of its tailings facility by the Mexican authorities.  Construction commenced in the third quarter 

2014 and was completed during the second quarter of 2015.  The first phase of the tailings facility 

expansion added approximately one million tonnes of additional capacity or approximately 2 years at 

1,500 tpd.  Two more phases of expansion are scheduled in subsequent years to give the new, expanded 

tailings facility a total life of approximately 7 years. 

GRC commenced mining and milling operations at the Aguila Project on July 1, 2010.  Mineral production 

during 2010 consisted of processing mineralized material from the Aguila open pit mine, located 

approximately 0.5 kilometers from the plant.  GRC developed and mined the shallow-dipping accessible 

portion of the Aguila manto vein by open pit methods.  Estimated tonnes and grade of the mined and 

processed portion of the Aguila open pit through February 2011 was 345,000 tonnes at an average grade 

of 4.4 g/t Au and 43 g/t Ag.  Approximately 120,000 tonnes of lower grade mineralized material was 

stockpiled near the Aguila flotation plant.  Processing of the stockpiled mineralized material from the 

Aguila plant commenced during the fourth quarter of 2015 and periodically throughout 2016. 

During 2010, GRC began developing an underground mine to access two veins called the Arista and Baja 

veins, which are referred to as the “Arista vein system”.  The underground mine is approximately two 

kilometers from the plant.  In March 2011, GRC began transitioning from processing the open pit to the 

underground mineralization.  Conventional drill and blast methods are currently used to extract the 

proven and probable reserves from the Arista underground mine.  There are two main mining methods 

used in the Arista underground mine: 1) overhand mechanized cut and fill (CAF) and 2) long-hole open 

stoping (LHOS) with delayed fill.  GRC is subject to all Mexican federal, state and local laws and regulations 

governing the protection of the environment, including laws and regulations relating to protection of air 

and water quality, hazardous waste management and mine reclamation as well as the protection of 

endangered or threatened species.  The Oaxaca Mining Unit is permitted according to mining, 

environmental, labor, tax and other Mexican regulations for the mining and metallurgical complex. 

Since commercial production was declared at the Oaxaca Mining Unit on July 1, 2010, through December 

31, 2016, the plant has processed a total of 2,218,312 tonnes of open pit and underground, initially 

mineralized material but now proven and probable ore, averaging 3.12 g/t gold and 246 g/t silver to 

recover 193,262 ounces of gold and 15,982,408 ounces of silver (Table 1.3).  During this period, GRC has 

realized revenues totaling $668.9 million, mine gross profit of $346.7 million, net income of $91.5 million 

and paid dividend distributions to shareholders totaling US$ 109.2 million. 
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Table 1.3 Summary of 
Operating and 

Financial Data for the 
Oaxaca Mining Unit 

2010 – 2016  

2010 

2011 2012 2013 2014 2015 2016 Totals 
(July - Dec) 

Tonnes 166,237  214,215  282,120  316,270  375,623  413,626  450,221  2,218,312  

Au g/t (Average Grade) 3.70 3.43 4.30 3.72 3.21 2.47 2.13 3.12 

Ag g/t (Average Grade) 43 357 355 326 296 203 139 246 

Cu % (Average Grade) 0 0.46 0.45 0.38 0.43 0.40 0.29 0.36 

Pb% (Average Grade) 0 1.28 1.70 1.24 1.57 1.37 1.21 1.28 

Zn% (Average Grade) 0 2.84 3.98 2.95 4.21 4.04 3.78 3.43 

Au oz 10,493 21,586 34,417 33,942 35,552 29,644 27,628 193,262  

Ag oz 111,316 2,180,309 2,996,743 3,032,841 3,297,204 2,506,337 1,857,658 15,982,408  

Revenue (US$ M) 14.8  105.2  131.8  125.8  115.4  92.7  83.2  668.9  

Mine Gross Profit (US$ M) 9.8  87.2  87.8  58.3  50.9  30.3  22.4  346.7  

Net Income (US$ M) (23.1) 58.3  33.7  0.1  15.0  3.1  4.4 91.5  

Dividend Paid (US$ M) 7.7  25.4  35.9  25.5  6.5  6.5  1.7  109.2  

 

Production from the Oaxaca Mining Unit has proven that the project has the grade and continuity required 

to justify continued development and mining.  The known veins and other targets on the Oaxaca Mining 

Unit are underexplored by drilling.  If GRC maintains its exploration programs, excellent potential exists 

for reserves to maintain or grow.      
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2 BACKGROUND INFORMATION 
 

2.1 Introduction 
 

Gold Resource Corporation (GRC) is currently engaged in the exploration for and production of gold and 

silver in Mexico.  GRC was organized under the laws of the State of Colorado in 1998. 

GRC went public with an initial public offering (“IPO”) in August 2006.  GRC used the proceeds of its IPO 

and additional private placements to acquire and conduct exploration activities at the Oaxaca Mining Unit 

in Mexico’s southern State of Oaxaca.  GRC controls 100% interest in the Aguila Project and five properties, 

which now comprise its Oaxaca Mining Unit.   

The Oaxaca Mining Unit is owned and operated by Don David Gold Mexico, S.A. de C.V. (DDGM), a wholly-

owned subsidiary of GRC. 

Based on successful exploration efforts, GRC decided on April 11, 2007 to move forward to construct a 

processing plant for the Aguila Project.  Mining and milling operations began on July 1, 2010. 

This report comprises a summary of exploration investigations carried out by GRC through its Mexican 

subsidiary, DDGM, as well as independent consultants for different areas of specialization, such as 

geological, economic geology, geochemical studies, quality control sampling techniques, and 

geostatistical analysis of the assay results, drilling, mining methods, metallurgical processing, and geologic 

modeling to determine Proven and Probable Reserves and Measured and Indicated Mineralized Material 

for the Arista and Mirador underground mines completed as of December 31, 2016. 

Proven and Probable Reserve and Measured and Indicated Mineralized Material estimates were prepared 

by GRC’s project technical staff under direction of Barry D. Devlin, Vice President of Exploration.  Mr. 

Devlin holds a BS degree with honors in Geology, 1981, and a Masters in Geology, 1987, from the 

University of British Columbia, Vancouver Canada.  He is also a Professional Geologist registered with the 

Association of Professional Engineers and Geoscientists of British Columbia.  

Mr. Devlin has also worked 35 years in the mining industry which includes working for several USA-

companies, including US Borax and Chemical Corp., Hecla Mining Company and Gold Resource Corp.  This 

experience includes 5 years as Chief Mine Geologist at Hecla’s Republic underground gold-silver mine in 

Washington State, an epithermal deposit similar to GRC’s Arista and Mirador underground mines.  He was 

also responsible for preparing the annual reserve report for the Republic mine.  Mr. Devlin spends the 

majority of his time on-site at the Oaxaca Mining Unit and visits the operating areas of the mine on 

occasion, including the mill, assay lab, and surface facilities.  Mr. Devlin reviewed the methods of 

underground sampling, geologic mapping, 2D ore zone/vein interpretation, 3D solid modeling, 

computation of reserves, recordkeeping, geology and planning organization, quality control for drilling 
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and underground sampling, geologic and sample maps, and longitudinal sections showing reserve blocks 

and mining. 

Technical data and information used in the preparation of this report also included some documents 

prepared by third party contractors.  The author’s sourced information from referenced documents as 

cited in the text and listed in References section of this report. 

 

2.2 Location and Access 
 

The Aguila and Alta Gracia Projects are located in the Sierra Madre del Sur Mountains of southern Mexico, 

in the central part of the State of Oaxaca (Fig. 2.1).  The projects are located along a major paved highway 

approximately 90 to 120 km southeast of Oaxaca City, the state’s capital city (Fig. 2.2).  The city of Oaxaca 

has daily passenger airline service to Mexico City and Guadalajara in Mexico, and Houston, Texas through 

the nearby Xoxocotlan International airport. 

The capital city of Oaxaca has a population of approximately 250,000.  Tourism is a principal industry in 

the area, and numerous hotels and restaurants are available.  A workforce that is familiar with mining and 

the necessary support facilities is present in the region. 

The Aguila Project is approximately 4 km northwest from the village of San Jose de Gracia, in the 

Municipality of San Pedro Totolapam.  A gravel and paved road has been constructed from the village to 

the mine and mill sites which supports adequate access to the property by small and large vehicles.  

The village of San Jose de Gracia supplies some of the workforce for the mine, while other workers come 

from Oaxaca City and other nearby villages.  The company provides travel for the workforce to and from 

their local home bases.  The majority of power for mining operations is provided by two Company 

generating diesel power plants with some electrical grid power available through the public network of 

the Comisión Federal de Electricidad (CFE). 

Water sources at the Aguila Project include the mine, recycled water from the tailings impoundment 

facilities, and water available through the water rights allowing for taking water from a permitted well 

located near the “river” called Rio Grande River.  

The Alta Gracia Project is approximately 20 km northeast from the village of San Pedro Totalapam, in the 

Municipality of San Pedro Totolapam.  Access to the project is by a gravel road that departs the paved 

highway approximately 13 km east of the village of San Pedro Totalapam.  The haulage distance by road 

from Alta Gracia to the Aguila Plant, where the ore will be produced, is approximately 32 kilometers. 

The climate of the Aguila and Alta Gracia Project areas is dry and warm to very warm with most rainfall 

occurring in the summer and annual precipitation averaging only 423.7 mm.  The average yearly 

temperature is 26.6 degrees centigrade.  The area is very rocky with vegetation typical of a dry climate. 

Subsistence farming occurs and the main agricultural crop is agave cactus that is cultivated for the 

production of mezcal.  
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Figure 2.1 General Location of Properties comprising the Oaxaca Mining Unit 

 

Figure 2.2 Regional Location Map Showing Major Land Positions Held by GRC in the State of Oaxaca 

(GRC concessions shown in red) 
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2.3 Mining History 
 

The Aguila and Alta Gracia Projects are located in the regional Tlacolula mining district within the south-

western part of the state of Oaxaca, México.  According to the Mexican Geological Survey, the Servicio 

Geológico Mexicano (SGM), mining activity was initiated in the early 1880s in the Tlacolula mining district 

with production of some 300,000 ounces of gold and silver from an ore shoot of the La Leona mine, 

although no separate amounts of production were reported for each metal.  SGM reports that in 1892 

two smelters were built and operated (Magdalena Teitipac and O’Kelly) near the village of Tlacolula for 

processing ores from the Alta Gracia, La Soledad, San Ignacio y Anexas, La Leona, La Victoria, and San Rafael 

silver mines.  Subsequently, in 1911, Mr. Sken Sanders carried out investigations of the Totolápam mining 

region with special interest in the Margaritas mine.  Most of these historical mines are situated within 

GRC’s land concessions. 

The Aguila and Alta Gracia Projects are located in the smaller mining sub districts of San Jose de Gracia 

and Alta Gracia, respectively.  Only small-scale artisanal mining has been historically conducted in these 

districts.  No reliable production records exist for the historic production conducted in the Aguila and Alta 

Gracia Project areas. 

2.4 Oaxaca Mining Unit Production 
 

Since commencement of production from the Oaxaca Mining Unit in 2010, GRC has produced 193,262 

ounces of gold and 15,982,408 ounces of silver from the 2,218,312 tonnes shipped to the Aguila Plant 

(Table 2.1).  In addition, 6,131 tonnes of copper, 20,734 tonnes of lead and 61,694 tonnes of zinc have 

been produced from the plant. 

Table 2.1 Oaxaca Mining Unit Production, 2010 through 2016 

Year 
Milled 
Tonnes 

Gold 
Oz 

Silver 
Oz 

Copper 
Tonnes 

Lead 
Tonnes 

Zinc 
Tonnes 

2010 166,237  10,493 111,316       

2011 214,215  21,586 2,180,309 620 1,840 3,730 

2012 282,120  34,417 2,996,743 986 3,374 9,115 

2013 316,270 33,942 3,032,841 926 2,742 7,452 

2014 375,623 35,552 3,297,204 1,254 4,555 13,195 

2015 413,626 29,644 2,506,337 1,310 4,174 13,900 

2016 450,221 27,628 1,857,658 1,035 4,049 14,302 

Totals 2,218,312 193,262 15,982,408 6,131 20,734 61,694 
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3 TITLE 

3.1 Mining Concessions 
 

GRC currently holds an interest in twenty-eight (28) mining concessions in Oaxaca State totaling 68,749 

hectares (Figure 3.1; Table 3.1).   

On October 14, 2002, GRC leased its first three mining concessions from a former consultant to the 

company.  These concessions are known as El Aguila, Mina El Aire and La Tehuana, which totaled 1,896 

hectares.  The El Aguila and El Aire concessions are now part of GRC’s Aguila Project and the La Tehuana 

concession comprises the Margaritas property. 

The Aguila lease agreement with the former consultant is subject to a 4% net smelter return royalty where 

production is sold in the form of gold/silver doré and 5% for production sold in concentrate form.  Subject 

to meeting minimum exploration requirements, there is no expiration term for the lease.  GRC may 

terminate the lease at any time upon written notice to the lessor and the lessor may terminate it if GRC 

fails to fulfill any of its obligations, which primarily consists of paying the appropriate royalty to the lessor.  

In 2010, GRC subsequently acquired, at no additional cost, two additional concessions from the former 

consultant, which are referred to as El Chacal and El Pilon, totaling 1,445 hectares, each of which are 

subject to a 2% royalty to the consultant, but are not subject to the lease.  

GRC has since filed for and received additional concessions for the Oaxaca Mining Unit that total an 

additional 59,220 hectares which GRC refers to as El Pitayo 1 to 4, El Talaje, El Coyote, El Zorrito, San Luis, 

La Curva, La Herradura, David Fracción 1 and 2, El Chamizo, Zopi, San Miguel Fracción 1 and 2, El Aguila 

III.  These additional concessions are not part of the concessions leased or acquired from GRC’s former 

consultant. 

The Oaxaca Mining Unit also includes the Rey property which adjoins GRC’s El Chamizo concession on the 

west side.  These concessions are known as El Rey, El Virrey, La Reyna and El Marquez.  GRC acquired the 

El Rey concession from the former consultant and it is subject to a 2% net smelter return royalty payable 

to the consultant.  GRC obtained the remaining concessions by staking claims and filing for concessions 

with the Mexican government.  These concessions total 2,774 hectares. 

In March 2013, GRC acquired the San Pedro Fracción 1 and San Pedro Fracción 2 concessions from 

Almaden Minerals Ltd. (Almaden) and are subject to a 2% net smelter return royalty.  The San Pedro 

Fracción 1 concession consists of 2,554 hectares and is located south of GRC’s Alta Gracia and El Chamizo 

properties.  The San Pedro Fracción 2 concession consists of 1,860 hectares and is surrounded by GRC’s El 

Chamizo concession and will be included as part of the El Chamizo property.  Any future production from 

the San Pedro Fracción 1 and San Pedro Fracción 2 concession is subject to a 2% net smelter return royalty 

in favor of Almaden.  
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Expiration dates associated with the Oaxaca Mining Unit mining concessions range from February 22, 

2022 to December 16 2063, and are listed in Table 3.1.   

In December 2011, GRC contracted the law firm, Vazquez, Sierra & Garcia, S.C. from Mexico City, to 

conduct a title opinion of their mining rights (Vazquez et. al., 2011).  As of the end of 2011, all concession 

titles held by GRC were free and clear of any encumbrances. 

Table 3.1 Oaxaca Mining Unit Mining Concessions Owned by Don David Gold Mexico, S.A. de C.V. 

Number 
Concession 

Name 
Title 

Number 
Hectares 

Term of Mining Concession 
2016 Annual Taxes 

(pesos) 

From To  

1 MINA EL AIRE 158272 72.0000 2/23/1973 2/22/2022 
20,640 

2 EL AGUILA 222844 899.0610 9/9/2004 9/8/2054 
257,725 

3 LA TEHUANA 210029 925.0000 8/31/1999 8/30/2049 
265,161 

4 EL CHACAL 232628 375.0000 9/26/2008 9/25/2058 
61,080 

5 EL PILON 232629 1,070.3463 9/26/2008 9/25/2058 
174,338 

6 PITAYO 1 231124 429.6269 1/17/2008 1/16/2058 
69,978 

7 PITAYO 2 231125 22.0481 1/17/2008 1/16/2058 
3,591 

8 PITAYO3 231126 113.3089 1/17/2008 1/16/2058 
18,456 

9 PITAYO4 231127 2.8205 1/17/2008 1/16/2058 
459 

10 EL TALAJE 231128 1,015.9512 1/17/2008 1/16/2058 
165,478 

11 LA HERRADURA 231129 3,628.8500 1/17/2008 1/16/2058 
591,067 

12 DAVID FRAC.1 232851 625.5930 10/30/2008 10/29/2052 
101,897 

13 DAVID FRAC.2 232852 920.7610 10/30/2008 10/29/2052 
149,974 

14 SAN LUIS 233124 3,190.9001 12/12/2008 12/11/2052 
519,734 

15 EL COYOTE 235802 5,204.7797 3/12/2010 2/11/2060 
423,981 

16 EL ZORRITO 235332 9,828.1607 11/12/2009 11/11/2059 
800,602 

17 LA CURVA 235803 2,040.2812 3/12/2010 2/11/2060 
166,201 

18 EL CHAMIZO 238374 26,386.2844 9/23/2011 9/22/2061 
1,068,645 

19 ZOPI 238875 720.0000 11/8/2011 11/7/2061 
29,160 

20 LA REYNA 225401 692.0000 8/31/2005 8/30/2055 
198,369 
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21 EL REY 225373 172.0000 8/26/2005 8/25/2055 
49,306 

22 EL VIRREY 226269 36.0000 12/2/2005 12/1/2055 
10,320 

23 EL MARQUEZ 234213 1,873.54 6/5/2009 6/4/2059 
152,618 

24 SAN MIGUEL FRACC 1 241817 967.2168 3/27/2013 3/26/2063 
18,938 

25 SAN MIGUEL FRACC 2 241818 1,122.8379 3/27/2013 3/26/2063 
21,985 

26 SAN PEDRO FRACC 1 233694 2,554.0000 2/24/2004 2/23/2054 
208,049 

27 SAN PEDRO FRACC 2 233693 1,860.2110 2/24/2004 2/23/2054 
151,533 

28 EL AGUILLA III 242686 3,000.0000 12/17/2013 12/16/2063 
58,740 

TOTALS 69,748.5740   
5,758,022 
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Figure 3.1  Oaxaca Mining Unit Mining Concessions (concession numbers are listed in Table 3.1). 
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3.2 Mining Regulations 
 

Mineral rights in Mexico belong to the Mexican federal government and are administered pursuant to 

Article 27 of the Mexican Constitution.  All mining concessions comprising the Oaxaca Mining Unit are 

exploitation concessions, which may be granted or transferred to Mexican citizens and corporations. The 

leases or concessions are held by Mexican subsidiaries of GRC.  Exploitation concessions have a term of 

50 years and can be renewed for another 50 years.  Concessions grant the right to explore and exploit all 

minerals found in the ground.  Maintenance of concessions requires the semi-annual payment of mining 

duties (due in January and July) and the performance of assessment work, on a calendar year basis, with 

assessment work reports required to be filed in the month of May for the preceding calendar year.  The 

amount of mining duties and annual assessment are set by regulation and may increase over the life of 

the concession and include periodic adjustments for inflation.  Mining concessions are registered at the 

Public Registry of Mining in Mexico City and in regional offices in Mexico.  

Mexican mining law does not require payment of finder’s fees or royalties to the government, except for 

a discovery premium in connection with national mineral reserves, concessions and claims or allotments 

contracted directly from the Mexican Geological Survey.  None of the claims held by any of GRC’s 

subsidiaries are under such a discovery premium regime.  

GRC is required to pay concession fees to the Mexican government to maintain its interest in the Oaxaca 

Mining Unit mining concessions.  The annual 2016 concession tax for the mining concessions controlled 

by GRC (69,749 ha) is estimated to be approximately 5,758,022 Mexican pesos which is equal to about US 

$312,478 at an exchange rate of 18.43 pesos to US $1.00 (Table 3.1).   

In 2016, GRC satisfied the minimum investment and assessment work requirements based on its annual 

work programs and past work completed.  GRC has also paid the total mining duty required annually to 

keep the Oaxaca Mining Unit concessions in good standing.  

In the fourth quarter of 2013, the Mexican federal government enacted a tax reform package that was 

effective as of January 1, 2014. There were a number of significant changes in the Mexican tax reform 

package. The planned corporate income tax rate reductions to 29% in 2014 and 28% thereafter have been 

repealed and the corporate tax rate remained at 30%. The tax base for income tax was amplified 

considering certain limitations on deductions. The business flat tax (IETU) was repealed. A special mining 

royalty tax of 7.5% wasapplied to net profits derived by a property concession holder from the sale or 

transfer of extraction related activities. Net profits for the purpose of this royalty is determined in a 

manner similar to the calculation of general taxable income with certain deductions not available, 

including deductions for investment in fixed assets and interest. In addition, owners of mining concessions 

are required to pay an additional extraordinary 0.5% royalty fee on gross revenue derived from the sale 

of gold, silver and/or platinum. Further, a 10% withholding tax on dividend distributions was introduced 

but does not supersede treaty rates.  The tax reform had a significant impact on GRC’s 2014 through 2016 

earnings and is expected to affect future earnings from GRC’s mining operations in Mexico.   
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3.3 Ejido Lands and Surface Rights Acquisitions 
 

Surface lands of the Oaxaca Mining Unit mining properties are Ejido lands (agrarian cooperative lands 

granted by the federal government to groups of Campesinos [farmers] pursuant to Article 27 of the 

Mexican Constitution of 1917).  Prior to January 1, 1994, Ejidos could not transfer Ejido lands into private 

ownership. Amendments to Article 27 of the Mexican Constitution in 1994 now allow individual property 

ownership within Ejidos and allow Ejidos to enter into commercial ventures with individuals or entities, 

including foreign corporations.   

Mexican law recognizes mining as a land use generally superior to agricultural.  However, the law also 

recognizes the rights of the Ejidos to compensation in the event mining activity interrupts or discontinues 

their use of the agricultural lands.  Compensation is typically made in the form of a cash payment to the 

holder of the agricultural rights.  The amount of such compensation is generally related to the perceived 

value of the agricultural rights as negotiated in the first instance between the Ejidos and the owner of the 

mineral rights.  If the parties are unable to reach agreement on the amount of the compensation, the 

decision will be referred to the government.  

GRC has established surface rights agreements with the San Pedro Totolapam Ejido and the individuals 

impacted by current and proposed operations which allow disturbance of the surface where necessary 

for GRC’s exploration activities and mining operations.  
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4 GEOLOGY 

4.1 Geological Setting 
 

The Oaxaca Mining Unit area is dominated by multiple volcanic domes of various scales, and it is suspected 

that non-vented intrusive domes also, dominate the district geology.  These volcanogenic features are 

imposed on a pre-volcanic basement of sedimentary rocks.  Gold, silver and base metal mineralization in 

this district is related to the manifestations of this classic volcanogenic system and is considered 

epithermal in character.  

Regional geologic studies by the Mexican Council of Mineral Resources (Consejo de Recursos Minerales 

or CRM) (Alvarado, 1996) included compilations of historical mine developments of the State of Oaxaca 

including the following mining districts and mineralized zones in the Oaxaca Mining Unit area: 

Mining Districts: 

San José de Gracia and Alta Gracia, including the following: 

Historical mines: 

Alta Gracia 

El Aire 

El Higo I 

El Higo II 

El Aguila 

Las Avispas 

Las Margaritas 

El ReyMineralized zones: 

San José 

La Guajolota 

El Pilón 

Veta Tanilo 

Los Trenes 
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4.2 Regional Geology 
 

The Oaxaca Mining Unit is located in the physiographic sub-province of Tierras Altas de Oaxaca, which is 

part of the Sierra Madre del Sur physiographic province, in the southeastern part of México. 

The regional geology encompassing the Oaxaca Mining Unit is dominated by volcanic rocks that vary in 

composition from rhyolitic to andesitic in flows, tuffs, agglomerates, and ignimbrites.   

The Oaxaca Mining Unit includes mineral deposits situated along a 55-km NW–SE mineralized trend which 

is hosted by volcanic, sedimentary, igneous, and metamorphic rocks ranging in age from Miocene to 

Cretaceous.   

Figure 4.1 shows the regional geology for the Oaxaca Mining Unit area taken from SGM (formerly the 

CRM) (Rojas, 2000).  Figure 4.2 shows the stratigraphic column for rock units shown on Figure 4.1 and 

corresponding to GRC’s local geologic investigations. 

4.3 Property Geology 
 

The Aguila and Alta Gracia Projects are located in old mining districts which had been inactive since about 

the 1950s, until GRC initiated geologic reconnaissance in search of precious metals deposits. 

A semi-detailed regional geologic map of the area at scale of 1:5000 was initiated in 2007 by GRC’s on- 

site geologic staff.  The field mapping information was downloaded in handheld PC-GPS computers, using 

the software GeoInfomobile and TerraMapper while the database was designed in the Microsoft Office 

Access program.  The geologic map was generated using the ArcMap feature of ArcGIS software GIS 

(Figure 4.3).  The recorded information included lithology, structural, alteration zone features, and hand 

sample locations.  Previous information based on aerial photographic interpretation and field data were 

incorporated in the geologic map. 

A Cretaceous sedimentary lithic sequence, composed of fine-grained sandstones intercalated with shale, 

siltstone, and calcareous rocks, has been identified in outcrops on the central part of the Aguila Project 

area surrounding the Cerro Colorado peak and in drill hole intercepts. Younger andesite, rhyolite, intrusive 

dikes, and small stocks of granitic to granodiorite composition crop out within the area and have been 

intercepted in drill holes. The intrusive rocks appear to have caused structural conditions favorable for 

subsequent deposition of mineralization along dikes, faults and breccia zones, as well as replacement and 

skarn deposits into favorable contact zones with the sedimentary sequence. 

The mineralized structures appear to be associated with a transpressional structural system which 

intersects a Tertiary-aged volcanic “caldera.” 
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Figure 4.1 Oaxaca Mining Unit Regional Geology Showing GRC Concession Boundaries in Red (mod. from Rojas, 2000)
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Figure 4.2  Stratigraphic Column for the Oaxaca Mining Unit Area 
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4.3.1 Stratigraphy 
 

The stratigraphy of the Oaxaca Mining Unit area can be divided into a Cretaceous basement and overlying 

Tertiary units, as shown in Figure 4.3.  The Cretaceous units are composed of rocks of sedimentary origin, 

weakly to moderately metamorphosed and intensely deformed by structural (or compressive) shortening.  

These rocks are unconformably overlain by the Tertiary units comprised mainly of sub aerial volcanic 

rocks.  The rocks of Tertiary cover have experienced only extensional deformation and in some places are 

gently tilted.  The Tertiary-aged rocks correspond to a period of tectonism accompanied by volcanism and 

intrusive magmatic activity. 

According to geologic investigations by GRC’s on-site staff and numerous consultants the predominant 

rocks identified within the Aguila Project area include volcanic rocks of medium to acid composition 

(andesite and rhyolite). 

4.3.2 Rocks of Cretaceous Age 
 

 Black Breccia (KAr-Lm-Md) - The basement rocks within the Aguila Project area consist of the 
Late Cretaceous formation locally referred to as ‘’Black Breccia’’.  This formation consists of lithic 
sedimentary rocks composed of carbonaceous shale, fine-grained sandstone, siltstone, and 
calcareous rocks including some layers of argillaceous limestone.  The Black Breccia strata occur 
in thicknesses that vary from 5 - 80 cm, while sandstone beds may reach up to 1.00 m in thickness.  
The formation hosts rounded lithic fragments of a few millimeters up to 1.00 m in diameter and 
are composed of the same host formation which may have originated as a result of tectonic 
events.  This formation occurs in the area surrounding Cerro Colorado peak.  Its thickness is about 
300 m to 400 m according to the SGM, and dates from the period of Albian – Mastrichtian (Late 
Cretaceous), based on fossil identification. 
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Figure 4.3  Geologic Map of the Aguila Project and Arista Underground Mine Area Highlighting 

Prominent Structures and Exploration Prospects or Mines 

4.3.3 Rocks of Tertiary Age 
 

The Tertiary units consist of a series of volcanic rocks of andesitic and rhyolitic composition occurring as 

flows, tuffs, ignimbrites, and agglomerates and have been classified as follows:  

 Andesite (TM Tan-An) - This unit was dated by Petróleos Mexicanos (Murillo, 1987) as Late 
Oligocene – Early Miocene age (26.4 +- 1.3 million years, Ma to 19.0 +- 0.95 Ma); while SGM 
dated this unit as Middle to Late Miocene (15.3 to 17.32 Ma). This unit was classified as Laollaga 
Formation and consists of a series of andesite flows, tuffs, and breccia zones with complex 
contacts between occurrences. The unit outcrops in about 60 percent of the Aguila Project area 
proximal to and capping Cerro Colorado Peak. 
 

 Rhyolite (Tm Ry) - Consists of rhyolite flows with some pyroclastic phases hosting abundant 
phenocrysts of plagioclase and quartz crystals (“eyes”).  Outcrops are noted in the northeast and 
southeast parts of the project area, and overlie the andesite with discordant and structural 
contacts.  In drill holes, it appears as lithic tuff (DH-107021).  This unit was dated by SGM as 
Middle Miocene (16.57 to 15.82 Ma).  This rock unit constitutes the core of the Cerro Pilón 
dome.  

 

 Pyroclastic Rhyolite (Tm PclRy – Ry) - This unit crops out within the Aguila open pit, around the 



 

33 
 

western slope of Cerro Pilón, and on the slopes and top of Cerro Colorado.  The unit consists 
of a sequence of strata with 10 - 30 cm thick beds, exhibiting clastic textures enclosing rock 
fragments composed of shale and coarse-grained sandstone within a fine-grained matrix. The 
unit exhibits strong alteration; including silicification, argillization, and oxidation.  This unit may 
be part of an underlying breccia unit. It has been identified in drill holes 105023, 106005, and 
106009 with a thickness of 70 m to 135 m and it has been dated as of Middle Miocene age. 

 

 Rhyolite Tuff – Ignimbrite (Tm Try – Ig) - This unit occurs on the north-western part of the Arista 
underground mine area. It consists of a series of pyroclastic units occurring as lithic tuffs with 
different degrees of consolidation.  Typically, outcrops are present in the Chacal creek area, 
occurring as thin to massive strata 25 - 30 cm thick.  The unit contains abundant lithoclasts 
enclosed by fine-grained matrix hosting quartz “eyes”.  It has been considered to be of Middle 
Miocene age.  According to Lipman (2011) this rock unit may be considered as an intra-caldera 
unit due to its significant thickness (260 m) intercepted on the southwestern slope of Cerro Pilón 
(drill hole 111001). 

 

 Rhyolitic Tuff – Agglomerate (Tm Try – Agl) - This unit occurs as a mesa on the Tablón mountain 
to the north-east of San José de Gracia, consisting of a sequence of stratified lithic tuffs with 
intercalated ignimbrite beds of up to 5 m in thickness.  These rocks contain quartz crystals, 
feldspars, and abundant rounded and sub-rounded, poorly classified, slightly consolidated 
fragments of ignimbrites.  The unit has a thickness of about 200 m at the top of the Tablón 
Mountain.  This unit’s physical characteristics, such as stratification including cross stratification, 
and rounded to sub-rounded fragments, indicate a volcano-sedimentary sequence where 
deposition was interrupted by volcanic events that caused deposition of intercalated beds of 
ignimbrites, rhyolites, and tuffs.  It has been defined as of Late Miocene age. 

 
 Andesite (TPl An) - This unit consists of massive dark-grey aphanitic andesite with occasional 

plagioclase crystals.  Some dikes and sills of this unit intrude the Rhyolite Tuff – Ignimbrite unit 
at Chacal creek. The thickness is estimated at about 100 m and is of Pliocene age. 
 

4.3.4 Intrusive Rocks 
 

 Granite – Porphyry Rhyolite – Felsic Rhyolite (Tm Gr, Pry, Ry-Fel) - Few small outcrops of this 
unit have been observed within the Aguila Project area, namely at the eastern side of the Arista 
underground mine, and on the top of the Cerro Colorado peak.  In outcrop, they appear as a 
granular holocrystalline rocks composed of white feldspar with quartz.  This unit has been 
intercepted as dikes in some of the Arista mine area drill holes.  The unit appears to be related 
to other regional rhyolite intrusions and may have played a role in the uplift of the Cerro 
Colorado dome.  These rocks are considered to be Middle Miocene age. 
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4.3.5 Other Rocks of Quaternary Age 
 

The youngest rocks identified in the Aguila Project area include surficial deposits of alluvium, colluvium, 

and gravel as products of weathering of the surrounding pre-existing units.  Locally and particularly near 

Salina Blanca, active travertine deposition occurs as a result of infiltration and deposition of carbonate 

bearing water, which may be an indication of an active hydrothermal system and/or dissolution of 

carbonate sedimentary rocks. 

 

4.3.6 Structure 
 

The Aguila Project coincides with a structurally complex system. Numerous lineaments have been 

identified on satellite images and aerial photographs, many of which were later verified during field 

investigations and drilling.  Figure 4.3 highlights the prominent structures discussed below. 

 

4.3.6.1 Regional Structural System 
 

The identified structures have been grouped to define a possible regional transpressional wrench-fault 

system determined by relative movements and inter-relations between the various individual structures.  

The most significant regional structures within the Aguila Project area, and shown on Figure 4.3, are 

summarized as follows: 

 Río Grande System - Identified along the valley of the Río Grande River in the southern part of 
the area, and is represented by a series of sub-parallel faults oriented ENE - WSW with an 
ancillary system of perpendicular fractures with a NW-SE orientation. 

 

 Aire Lineament - Occurs as strong quartz vein (Aire vein) along the Aire creek and adjacent to - 
Arista mine road, striking N25˚W cutting the local andesite and rhyolite units.  In the Arista mine 
area this lineament changes orientation to the north, and appears to be intersecting two other 
lineaments, Quiatoni and Higo. 

  

 Quiatoni Lineament - This lineament is oriented N60˚E and is located at the eastern side of the 
Arista mine.  It cuts through andesite and a lithic agglomerate tuff unit.  A drill hole intercepting 
an ore shoot at the Arista mine appears to be related to this structure.  Other sub-parallel 
structures have been identified to the north of the Quiatoni structure which appears to indicate 
a strong and wide structural system. 
 

 Switchback Lineament - Occurs as a sub-parallel structure to the Aire Lineament oriented at 
N17˚W.  It is enclosed by pyroclastic acid volcanic rocks and rhyolite that constitute part of the 
Pilón dome.  This lineament was intersected in drill hole 108030 as a significant fault zone. 
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 Higo Lineament - Occurs along the Higo creek oriented N78˚W and is projected from the Arista 
underground mine to the Aguila open pit mine. Outcrops exhibit quartz veins and veinlets along 
fractures within the lineament system. 

 

 Arista Vein System- Consists of up to 40cm thick vein exposed along Arista ridge oriented 
N450W, 70NE.  Drilling has defined this significant vein system to a depth of more than 500m 
and extending at least 650m along strike with a thickness varying from 3 to 5m.  The vein 
corresponds to high-grade mineralization in the Arista underground mine workings. 

 

 Salina Blanca System - Composed of two parallel faults oriented N39W hosting sub-parallel 
structures, exposed on the northeast side of Cerro Colorado peak. Locally the structure exhibits 
evidence of lateral and vertical movement, as well as strong silicification and stockwork, quartz 
veins and often exhibits disseminated oxidation. 

 

 Crestón Fault - Exposed as a sub-vertical structure with “en echelon” configuration, the SE 
extension in the Cerro Colorado area strikes N32˚W, while its NW extension exhibits a N66˚W 
orientation.  Quartz veins with intense silicification associated with the structure occur at the 
contact with sedimentary rocks.  This structure is associated with the Escondida, Vista Hermosa, 
and Salina Blanca systems surrounding the Cerro Colorado peak, and appears to bound the 
Cerro Colorado uplift, generating a horst (or piston-like) configuration. 

 

 Escondida Fault - Occurs on the western side of Cerro Colorado peak as a normal fault oriented 
N40˚W, dipping to the SW.  At the Escondida mine area, this fault is associated with a quartz 
vein and a rhyolitic dike, and base metal mineralization is also present within the structure. 

 

 Vista Hermosa System - Consists of a group of sub-parallel normal faults with an average strike 
of N40˚W, dipping to the SW.  It is considered as part of the “en echelon” systems of Crestón 
and Escondida in the southwestern area of Cerro Colorado peak.  This system shows evidence 
of vertical movement and hosts quartz veining with associated mineralization. 

 

 Cerro Colorado Fault - Occurs as a curvilinear normal fault orientation N7˚E, N30˚E, and N70˚E 
on the western and north-western sides of Cerro Colorado peak respectively.  Quartz veins and 
mineralization are associated with the fault zone an area nominated as the “Red Zone”. 

 

 Chacal Fault - Occurs on the northern side of the Chacal creek oriented N25˚E and exhibits 
evidence of lateral movement.  This fault appears to have been displaced by the Escondida and 
Vista Hermosa structural systems. 
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4.3.6.2  Local Structures 

 

Detailed structural examination from underground mine workings, surface exposures, and drill core 

intercepts (in context of the regional regime) provide evidence of transpressional-wrench faulting as the 

dominant structural control at the Aguila Project.  Consultants of SRK (Canada) performed site visits and 

subsequent desktop studies at the mine project in 2012 and 2013 examining the kinematics and overall 

structural system (Vos et al, 2012; Couture, 2012; Kramer and Couture 2013).  Their conclusions support 

previous conceptual models and are summarized below (Figure 4.4): 

 

• The Arista Fault is a northwest-striking, steeply northeast-dipping fault zone that 
comprises breccia and colloform veins, and exhibits evidence for sinistral strike-slip fault 
movement.  It is composed of two main segments oriented at 3050 and 2800 (1000) 

• The Alta Vein and Vein 3 are northwest-striking, sub-vertical fault zones that comprise 
breccia and colloform veins and exhibit evidence for sinistral strike-slip fault movement 
with minor components of dip-slip movement; additional post mineralization offset is 
oriented at 3450. 

• The 100 Vein (Arista NW trend transitioning to Santiago vein) is a 100° (2800)-striking, sub 
vertical extensional vein that comprises breccia and colloform veins, and exhibits evidence 
for normal-dextral movement along a rare sub-fault bounding the vein;  

• The Baja Vein is a 320°-striking, sub vertical extensional vein that comprises mainly 
colloform veins and limited breccia and exhibits only a narrow fault zone along its walls; 
and  

• Approximately 3450 (165°) striking, sub vertical sinistral strike-slip faults offset gold-silver-
lead-zinc-bearing veins and are interpreted to post-date mineralization.  

 

Late structural events are suspected to play a significant role in the current configuration of vein positions 

(Figure 4.5) with the most prominent trend oriented 340-3500 (sinistral strike-slip, +/- oblique thrust).  

Many veins including Baja exhibit internal deformation (multiphase concurrent with mineralization and 

post mineralization), and several splays including Arista and Vein 3 are suspected to have been juxtaposed 

side-by-side by the post mineralizing events such that an artificial thickening of veins results from 

transposition or “stacking”.  Evidence has been documented on measurable fault surfaces exposed in the 

upper levels of current mine workings on the Arista fault vein, Vein 3 and Baja vein to support this 

interpretation.  Likewise, bonanza grades have been attributed to these intersecting structural sites. 
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Figure 4.4  Simplified Structural Framework Sketch (highlights observed fault-vein geometries for the 

Arista mine, inset photo illustrates outcrop expression of dilation jog as favorable sites for 

vein/mineralization) (mod. from Vos et al, 2013) 

 

Figure 4.5  Generalized Structural Framework Sketch, indicating post-mineralization deformation of the 
Arista vein system (mod. from Vos et al, 2013) 
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4.3.7 Deposit Types 
 

The San Jose de Gracia and Alta Gracia gold- silver sub-districts are characterized by classic, high grade 

silver-gold, epithermal vein deposits with low to intermediate-sulfidation mineralization and quartz-

adularia-sericite alteration.  The veins of the Oaxaca Mining Unit are typical of most epithermal silver-gold 

vein deposits in Mexico with respect to the volcanic or sedimentary host rocks and the paragenesis and 

tenor of mineralization. 

Epithermal systems form near the surface, usually in association with hot springs, and to depths on the 

order of a few hundred meters.  Hydrothermal processes are driven by remnant heat from volcanic 

activity.  Circulating thermal waters rising up through fissures eventually reach a level where the 

hydrostatic pressure is low enough to allow boiling to occur.  This can limit the vertical extent of the 

mineralization, as the boiling and deposition of minerals is confined to a relatively narrow range of thermal 

and hydrostatic conditions.  In many cases, however, repeated healing and reopening of host structures 

can occur, imparting cyclical vertical movement of the boiling zone and resulting in mineralization that 

spans a much broader range of elevation.  

As the mineralizing process is driven by filling of void spaces and fissures, mineralization geometry is 

affected by the permeability and orientation of the host structures.  Mineralization tends to favor dilatant 

zones in areas where fractures branch or change orientation, which may be driven, in turn, by wall rock 

competency and/or relative hardness of individual strata. 

Low to intermediate-sulfidation deposits are formed by the circulation of hydrothermal solutions that are 

near neutral in pH, resulting in very little acidic alteration with the host rock units.  The characteristic 

alteration assemblages include quartz, illite, sericite and adularia that are typically hosted either by the 

veins themselves or in the vein wall rocks.  Essentially all of the major veins at the Oaxaca Mining Unit 

have silicification halos.  The hydrothermal fluid can travel along discrete fractures creating vein deposits, 

or it can travel through permeable lithology such as poorly welded ignimbrite flows, where it may deposit 

its load of precious metals in a disseminated fashion.     

Epithermal veins in Mexico typically have a well-defined, sub horizontal ore horizon about 300 m to 1,000 

m in vertical extent, where high grade ore shoots have been deposited by boiling hydrothermal fluids.  

The minimum and maximum elevations of the mineralized horizons at the Oaxca Mining Unit have not yet 

been established but current production spans a vertical elevation range of approximately 400 m, from 

850 down to 450 m elevation above sea level.  The mineralized horizon has been extended by drilling 

another 250 m vertically, down to the 200 m elevation above sea level.    

Similar geologic characteristics are present in other mining districts in Oaxaca, such as GRC’s Alta Gracia 

district.  Another example includes Fortuna Silver’s San José mine, located closer to the city of Oaxaca, 

where mineralization has been reported to span vertical elevation ranges greater than 600 m.  Figure 4.6 

illustrates GRC’s interpretive epithermal model of the Aguila Project of the Oaxaca Mining Unit. 
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Figure 4.6 Schematic Model of Oaxaca Mining Unit Volcanic-Sedimentary-hosted Epithermal System 
 

4.3.8 Mineralization 
 

The Oaxaca Mining Unit mineralization occurs as structurally-controlled epithermal deposits in veins and 

stockwork zones consisting of concentrations of sulfides containing gold, silver, lead, copper, and zinc, 

associated with gangue minerals such as quartz, calcite, and other minor elements.  The economic 

mineralization at the Arista Mine is gold, silver, copper, lead and zinc.  Structurally-controlled epithermal 

veins and stockwork zones at Alta Gracia Project contain only silver-gold bearing sulfides. The economic 

mineralization currently identified at the Alta Gracia Project is only gold and silver. 

Primary sulfide mineralization within the mineralized structures, containing pyrite, galena, sphalerite, 

argentite, some chalcopyrite, and other silver sulfosalts associated with quartz and calcite as gangue 

minerals, are found at depth. 

Weathering of the mineralization has caused oxidization and shallow secondary enrichment zones 

containing sulfosalts (cerargyrite, pyrargyrite, stephanite) and carbonates (cerussite, hydrozincite, 

hemimorphite), sulfates (anglesite, willemite), and iron oxides (hematite, limonite, etc.) that may reach 

depths of up to 150 m from the outcroppings.  Other mineralization indicators such as alteration-

replacement events recorded in the rocks include the presence of alunite-natrojarosite-jarosite, and wide 
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spread sericitization and potassium alteration (adularia) especially in the Margaritas and Trenes prospect 

areas. 

Recent petrographic studies (Hansley, 2014) indicated additional species of silver sulfosalts including 

miargyrite, freibergite, and acanthite associated with mineralization particularly at the Alta Gracia 

prospect.  Samples from Splay 5 at the Arista mine exhibited abundant gold intimately associated with 

chalcopyrite and associated with pyrite and galena.  Other important determinations included 

disequilibrium features representing possible hybridization of intrusive units (Chacal-Escondida-Fossil 

Bend areas), alteration assemblages such as wide spread sericitization and potassium alteration (including 

adularia) at Margaritas and Trenes.  And finally, identification of associated Na-K alteration (alunite-

natrojarosite-jarosite) indicates a hypogene event was present in the district. 

Economic concentrations of precious metals are present in “shoots” distributed vertically and laterally 

between non-mineralized segments of the veins.  Vein intersections are locally the site of important 

historic bonanzas.  Overall, the style of mineralization is pinch-and-swell with some flexures resulting in 

closures and others generating wide cymoidal breccia zones.  Diagrammatic cross sections through the 

deposit illustrate general geologic configuration based on drilling intercepts (Figures 4.7 and 4.8).  Recent 

production has mainly been extracted from two principal vein systems, the Arista and Baja, and their 

related splays at the Arista underground mine at the Aguila Project.  Other significant veins and/or 

deposits at Aguila include the historically exploited Aire and Aguila Manto veins and the newly-identified 

Switchback vein system.  Significant historic underground production was also extracted from the Mirador 

and other related veins at the Alta Gracia Project. 

4.3.8.1 Arista Vein 
 

The Arista vein consists of multiple parallel veins and splays of varying length and width associated with 

the predominant fault bounded structure and the vein is enclosed in strongly silicified rhyolite breccia 

including stockwork zones that occur associated with the vein.  Mineralization is present as multi-phase 

(related to discrete structural and leaching events within the bounding fault) however a restricted 

mineralogy is associated with variable grades and textures from fault contacts inward (Figure 4.9). 

Mineralization is often a range/mix of breccia, colloform banded quartz, crustiform quartz, and multi-

phase banded sulphides with coarse-grained quartz intergrowths.  Base-metal sulphides include massive 

galena, sphalerite, and chalcopyrite; +/-disseminated remnants of pyrite; +/- trace rhodochrosite (?); later 

quartz veins cut through sulfides; other trace sulphides include euhedral arsenopyrite overgrowths on 

dendritic native silver (?), magnetite, pyrrhotite, pyrite, acanthite, boronite, and tetrahedrite-tennanite. 

Areas of secondary sericite, clay and microcrystalline quartz are often observed in petrographic analysis 

with complex intermixtures of hydrothermal, metasomatic, and retrograde minerals including cordierite, 

diopside, albite, calcite, epidote, adularia, chlorite, and clay. EM-EDX analyses confirmed the presence of 

argentite and freibergite associated with leaching of base metals.  Gold and silver are suggested as 

occurring late in the paragenetic sequence (after base metal sulfides and after a leaching/fracturing 

event).  Gold occurs as micron-size “inclusions” in “recrystallized” arsenopyrite around vugs; antimony 

also appears related to gold in petrographic evidence (Hansley, 2012).  
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Underground production and exploration of the Arista vein has developed more than 600 m of ore grade 

mineralization along strike on multiple levels.  The Arista vein was first investigated by cross cutting on 

Level 2 at 872 meters above sea level (masl), where it occurs as a narrow vein (35 cm to 40 cm).  There is 

an indication that the vein was emplaced below the current surface, where only a narrow zone of silicified 

outcrop represents the expression of the vein.  In the mine at 4 Level (831 masl) the vein has a 5.5 m true 

width.  Figure 4.10 and 4.11 illustrate typical vein morphology in exposures of underground workings at 

the Arista mine. 

 

4.3.8.2 Baja Vein 
 

The Baja vein generally hosts high-grade silver mineralization, and was discovered during an exploration 

drilling program on the Arista vein.  The Baja vein occurs as 1.0 m to 1.5+ m wide mineralized structure 

with mineralization hosted within fractures and opened spaces as crustiform occurrences.  The vein is 

composed of several splays and parallel veins of varying lengths and widths and includes Splay 66.  The 

average orientation is 3100, dipping 70°E to vertical, and has been developed to date, by underground 

workings in the Arista mine to 700-800 (masl).  It has an indicated strike length (defined through drilling) 

of at least 500m.  The vein appears as multi-phase vuggy textured, crustiform banded, coarse-grained 

quartz, with replacement of carbonate, locally adularia replaced by carbonate is noted.  Sulfides include 

very fine to very fine-grained and banded occurrences (often disseminated at vein contacts), including 

bladed galena (possibly replacing carbonate), massive sphalerite, coarse stibnite, fine grained and 

disseminated chalcopyrite and pyrite, other important sulfides include proustite (Ag3AsS3), pyrargyrite 

(Ag3SbS3) and other silver minerals.  Petrography has identified submicroscopic gold, and argentite (after 

base metal sulphides (?)), antimony associated with gold and trace amounts of kyanite, corundum, and 

garnet. 
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Figure 4.7  Diagrammatic Section Looking Northwest through Southern Portion of the Arista Vein 
Deposit (major veins delimited in red, drill hole traces shown in black) 
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Figure 4.8  Diagrammatic Section Looking Northwest through Northern Portion of the Arista Vein 
Deposit (major veins delimited in red, drill hole traces shown in black). 
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Figure 4.9  Typical Mineralization Styles as Exhibited in the Arista Vein 
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Figure 4.10  Typical Colloform Banded Style of the Arista Vein (mine Level 6), (vein is nearly 4m wide 
from foot of miner to upper right of photo as indicated by yellow arrows) 

 

Figure 4.11 Typical Banded and Mineralized Arista Vein (mine Level 5) (note red banded mineralization 
in center (and throughout) is course ruby silver bordering banded quartz; view 1.5m wide) 
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4.3.8.3 Aire Vein  
 

The Aire vein is located at about 100 m west of the Arista vein and is oriented 3450, dipping 70SW to 

vertical.  It is hosted mainly by andesite with some rhyolite occurring to the east of the vein towards the 

Arista deposit.  The Aire vein has been traced for over 400 m along strike.  Mineralization styles are similar 

to those veins previously described with abundant vuggy, replacement (after carbonate), coarse and 

crustiform quartz (locally recrystallized); sulfides occur often as massive masses including sphalerite, 

galena, proustite (microveinlets in sphalerite), disseminated arsenopyrite, and native silver; accessory 

minerals include abundant corundum (inclusions in quartz), adularia (as microveinlets) replaced by 

alunite(?), rhodochrosite rhombs (suggested as late stage or post event), calcite, sillimanite and kaolinite, 

fine grained K-spar and rounded zircon. 

4.3.8.4 Aguila Manto Vein 
 

The Aguila manto vein consists of shallow dipping near surface epithermal quartz vein oriented N70°E, 

dipping 30°NW, and is composed of sugary to coarse-grained quartz hosted in volcanic hydrothermal 

breccia (composed of large blocks of volcanic fragments and tuff).  The host rock appears to transition 

from the volcanic breccia to a porphyritic rhyolite, which is highly silicified and cut by quartz veinlets 

generating a stockwork with strong oxidation after pyrite and marcasite.  Some of the fragments 

contained within the breccia zone are un-silicified and include fragments of basement sedimentary rocks.  

Typical mineralization is hosted in microcrystalline to coarse and vuggy quartz hosting dominantly “horn 

silver” cerargyrite (AgCl), with sulfosalts jamesonite, boulangerite common in vugs.  In polished thin 

section gold appears exclusively within the “horn silver” and occurs with traces of pyrite, electrum, native 

silver, chalcopyrite, covellite, +/- galena; abundant black to red oxides are also associated with antimony 

(bindheimite) and traces of native gold.  Accessory minerals include disseminated calcite or aragonite and 

microcrystalline quartz, jarosite (after pyrite), illite (associated with quartz), leucoxene, and anatase 

(Hansley, 2008). 

 

4.3.8.5 Switchback Veins 
 

Surface mapping in the ‘’Switchback’’ Hill area, approximately 500 meters northeast of the Arista 

underground mine, indicated the presence of a NNW-SSE trending porphyritic felsic dike with associated 

intense sulfate (gypsum) alteration and minor quartz-amethyst veining.  Geochemical rock chip samples 

taken by GRC geologists from this altered zone returned base metal anomalies with weakly elevated silver 

values.  Subsequent holes drilled from the Arista mine underground workings into (beneath) this area 

intercepted multiple zones of well-mineralized vein material intimately associated with a strongly 

porphyritic felsic dike. 
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Like the Arista vein system, the Switchback vein system consists of multiple subparallel veins and splays 

of varying length and width.  To-date, seven major veins have been identified in drill holes: Soledad, Sofia, 

Selene, Silvia, Sabrina, Sagrario and Susana.  The quartz +/- calcite +/- dolomite/ankerite veins are hosted 

in andesite and associated with altered rhyolite porphyry dikes, similar to the Arista vein system.  The 

enclosing andesite and rhyolite are strongly silicified and pyritized with locally intense quartz stockwork 

veining.  

Switchback veins are typically brecciated with fragments of quartz and bleached, silicified andesite 

wallrock fragments.  Colloform and/or crustiform textures are common with bands of quartz, sphalerite 

and galena in places encrusting breccia fragments (Fig. 4.12).  The breccia matrix mainly consists of fine-

grained, dark grey quartz, the dark color due to presence of very fine-grained pyrite.  Small, drusy quartz 

crystals filling vugs are observed locally.  Mineralization in the Switchback veins is comprised of mainly 

pyrite with varying amounts of sphalerite, galena and chalcopyrite.  The enclosing wallrock of the veins is 

strongly altered by silica, carbonate, clay (smectite-illite-sericite).  Pyrophyllite and kaolinite are also 

present indicating that acid sulfate alteration took place, probably at the time of mineralization (Hansley, 

2014).  

 

Figure 4.12 Typical Colloform and Crustiform Banded and Brecciated Quartz Vein Mineralization 
Associated with Pyrite, Sphalerite, Galena and Chalcopyrite Observed for the Switchback Veins. 
 

A plan view and diagrammatic cross-section for the Switchback vein system illustrate general geologic 

configuration based on drilling intercepts (Figures 4.13 and 4.14). 

 

 

 

 

 



 

48 
 

 

Figure 4.13 Plan view of Arista Underground Mine showing Switchback Vein System 
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Figure 4.14 Diagrammatic Section Looking Northwest through the Switchback Vein System 

 

4.3.8.6 Alta Gracia Veins 
 

Alta Gracia is located approximately 16 km northwest of the Arista underground mine.  Alta Gracia shows 

evidence of past small scale artisanal mining but with only limited historical exploration.  Historic mining 

production and sampling of most veins indicates an average grade of 350 g/t Ag, and up to 6 g/t Au for 

the Alta Gracia property, as reported by the SGM.   

Geological mapping by GRC geologists has shown the historic Alta Gracia mining district to be dominated 

by rhyolite flows and tuffs usually crowning hilltops which are underlain by andesite flows and tuff (Fig. 

4.15).  Granodiorite and felsic intrusives are observed to outcrop to north and east of the Alta Gracia mine.  

Numerous quartz veins at Alta Gracia are well-exposed and mainly hosted in rhyolite at the surface and 

in andesite where developed in the underground mine workings.  At least nine major veins and/or 

prospects have been identified including: 
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 Aguacatillo Veins 

 Huajes Veins 

 Mirador Vein 

 Independencia Vein 

 San Juan Veins 

 Victoria Prospect 

 Navajas Veins 

 Chamizo Veins 

 Base Metal Prospect 

Two dominant structural trends have been mapped at Alta Gracia: N25°E dipping 65° - 85°NW and N50°E 

dipping 65° - 85°NW.  Vein widths average from 20cm to just over 2m (true width).  Vein occurrences are 

hosted in the andesite and rhyolite. 

Visible silver mineralization observed in the Alta Gracia veins includes accessory sulfide and sulfosalts such 

as pyrargyrite-proustite, arsenopyrite, abundant (3-5%) high color euhedral and disseminated pyrite, 

sphalerite, traces of covelite, jamesonite, tetrahedrite (?), stibnite, and galena.  Vein textures included 

carbonate coatings on quartz, carbonate replacement by silica, banding/cockade white to grey quartz, 

drusy quartz coatings, massive amethyst, and open space voids and/or clay fillings.  Other evidence of 

mineralization included minerals such as malachite-azurite, limonite-hematite and other oxides; and 

alteration as pervasive kaolinite, sericite, illite, extensive argillization, as well as locally vuggy silica 

flooding.  Locally abundant pervasive silicification is noted, and often hosts disseminated pyrite. 
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Figure 4.15 Plan Map Showing Geology and Vein Targets/Prospects at the Alta Gracia Property.
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5  EXPLORATION 
 

GRC’s detailed exploration investigations have been mainly focused on the Aguila open pit and Arista 

underground mine areas.  This area includes the significant Aguila manto and Arista, Baja and Aire and 

Switchback veins as well as other ancillary mineralized structures.  Other mineralized zones and properties 

have been investigated, including some preliminary drilling in areas such as Escondida, Chacal and Salina 

Blanca on the Aguila Project, and the Margaritas, Alta Gracia and Rey properties.  The focus of this report 

is mainly on the Arista and Switchback vein systems of the Aguila Project. 

Primary exploration targets are extensions of vein mineralization at depth and along strike, as well as 

additional outlying sub-parallel veins present in the main block of contiguous claims that make up the 

Aguila Project.  It is likely that continued exploration will locate sufficient viable mineralization to enable 

a long life for the Oaxaca Mining Unit.  There are many known gold and silver bearing veins on GRC’s 

mining concessions that have not been fully explored.  Mineralized veins are also known to occur on the 

Fuego property which is not contiguous with the main concession block, and these veins also warrant 

further exploration.  

Total exploration drilling by GRC through the end of December 2016 on the Oaxaca Mining Unit amounts 

to 323,805 meters including 1,229 drill holes (Table 5.1).  Surface drill holes completed through December 

31, 2016 at the Oaxaca Mining Unit (excluding the Rey property) are shown on Figure 5.1 
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Table 5.1 Oaxaca Mining Unit Exploration Drilling Activity through December 31, 2016 

Project & Year 

RC - Surface Core - Surface Core - Underground Total 

No. of 
Holes 

Meters 
No. of 
Holes 

Meters 
No. of 
Holes 

Meters 
No. of 
Holes 

Meters 

Aguila (including Aguila Manto, Arista & Switchback Veins) 

2003 63 3,840 5 52 0 0 68 3,892 

2005 0 0 37 2,808 0 0 37 2,808 

2006 0 0 13 1,688 0 0 13 1,688 

2007 103 10,527 93 15,186 0 0 196 25,713 

2008 0 0 46 17,219 0 0 46 17,219 

2009 0 0 12 7,394 0 0 12 7,394 

2010 0 0 36 14,000 0 0 36 14,000 

2011 0 0 43 21,026 45 5,198 88 26,224 

2012 0 0 62 32,204 78 8,993 140 41,197 

2013 0 0 94 36,688 64 15,236 158 51,924 

2014 0 0 69 30,046 24 8,955 93 39,001 

2015 0 0 48 15,488 45 13,557 93 29,045 

2016 0 0 0 0 52 15,453 52 15,453 

Aguila Total 166 14,367 558 193,799 308 67,392 1,032 275,558 

Rey 

2007 0 0 12 1,276 0 0 12 1,276 

2008 0 0 36 3,997 0 0 36 3,997 

Rey Total 0 0 48 5,273 0 0 48 5,273 

Alta Gracia  

2011 0 0 37 8,270 0 0 37 8,270 

2012 0 0 12 3,262 0 0 12 3,262 

2014 0 0 39 7,589 0 0 39 7,589 

2015 0 0 9 2,554 0 0 9 2,554 

Alta Gracia Total 0 0 97 21,675 0 0 97 21,675 

Margaritas 

2012 0 0 15 5,002 0 0 15 5,002 

2013 0 0 9 3,033 0 0 9 3,033 

2015 0 0 23 10,409 0 0 23 10,409 

2016 0 0 5 2,855 0 0 5 2,855 

Margaritas Total 0 0 52 21,299 0 0 52 21,299 

GRAND TOTAL 166 14,367 802 242,046 308 67,392 1,229 323,805 
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Figure 5.1 Surface Drill Hole Location Map of the Oaxaca Mining Unit (completed drill hole traces shown in red; holes completed at the Rey property 

are located to the west of Alta Gracia and not shown). 
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5.1 Exploration Programs  

5.1.1 Aguila Project (Aguila Manto, Arista and Switchback Veins) 
 

GRC has carried out a continuous drilling program since 2003 when the company took control of the Aguila 

Project mining concessions which are now part of GRC’s Oaxaca Mining Unit.  GRC continues development 

of an aggressive exploration program that includes underground mine development, such as access ramps 

drifts and crosscuts into the Arista, Baja and Switchback vein deposits.  

In 1998 - 1999, prior to GRC’s involvement, the Aguila Project concessions were leased to Apex Silver 

Corporation (Apex).  Apex carried out an exploration program involving geologic mapping, surface 

sampling and an 11-hole reverse circulation (RC) drilling program (1,242 m) into the Aguila flat lying vein 

(manto-style) deposit. 

In February 2003, GRC acquired the mining concessions that cover the Aire, Aguila, and Arista vein areas 

and initiated a RC drilling program to further investigate the Aguila shallow-dipping vein deposit.  Total RC 

drilling in the Aguila area consisted of 66 drill holes.  These holes were drilled down to 100 meters in 

depth.  

In 2005, GRC carried out a second drill campaign including 37 diamond drill holes at similar depths as in 

the previous program.  

In 2006, GRC initiated a third drilling campaign of diamond drilling.  This program included drilling in the 

Arista, Baja and Aire vein targets, as well as Escondida, Cerro Colorado, Fossil Hill, Fossil Bend, Chacal – Red 

Zone, Pilón, Higo 2 and Higo 5 and some other regional exploration targets.  

In 2007, GRC drilled the “discovery hole” into the Arista Deposit (Drill Hole No. 107080) which intercepted 

34 meters of moderate to high grade mineralization in two intercepts (14.13 ppm Au/Eq. over 20.5m and 

4.02 ppm Au/Eq. over 13.5m) at the Arista vein deposit while testing mineralized potential of the Aire vein.  

Subsequent drilling into the Arista vein intercepted the adjacent Baja vein located in the footwall to the 

west. 

In 2011, GRC commenced underground diamond drilling in the Arista underground mine using various 

underground air and electric-hydraulic rigs provided by either GRC or contractors.  Underground drill holes 

are a significant component of the Arista underground mine reserve and mineralized material estimates. 

Since 2007, GRC has focused most of its exploration efforts on the Arista and Baja veins, their related splays 

and other nearby parallel veins.  

In June, 2013, underground drilling of a stepout hole in the Arista mine intercepted new mineralization 

approximately 500 meters northeast of the Arista vein system.  Discovery hole number 513024 was drilled 

from the Arista deposit’s level 10 underground drill station, where GRC geologists targeted a parallel 

structure to the Arista deposit referred to as the “Switchback”; which had previously been mapped at the 

surface.  Hole 513024 intercepted a 14-meter wide strongly mineralized vein zone.  A significant intercept 
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within this zone averaged 1.23 g/t Au, 125 g/t Ag, 0.66% Cu, 3.44% Pb and 4.17% Zn over 4.2 meters.  A 

follow-up hole, number 513028, was drilled from the same underground drill station and in the same 

direction but at a steeper angle.  This hole intercepted the vein approximately 30 meters below the 

previous intercept in hole 513024.  This intercept was also strongly mineralized measuring 15.5 meters 

wide.  The entire mineralized interval averaged 2.95 g/t Au, 86 g/t Ag, 0.44% Cu, 0.84% Pb and 2.09% Zn, 

including 1.14 meters of 9.82 g/t Au, 91 g/t Ag, 0.64% Cu, 0.61% Pb and 0.90% Zn and 2.20 meters of 12.91 

g/t Au, 410 g/t Ag, 1.20% Cu, 2.49% Pb and 4.33% Zn. 

Stepout drilling extended high-grade mineralization further to the southeast and northwest of previous 

drill intercepts.  This included Hole 513055 which encountered a several high-grade veins with the most 

significant assaying 16.95 g/t Au, 101 g/t Ag, 1,20% Cu, 4.37% Pb and 6.15% Zn over 0.89 meters and 2.93 

g/t Au, 72 g/t Ag, 0.21% Cu, 0.63% Pb and 3.38% Zn over 5.27 meters. 

Subsequent drilling in 2014 expanded the Switchback discovery intercepting multiple veins over a 40 to 

100-meter wide alteration zone containing numerous mineralized veins associated with rhyolite dikes and 

hosted in andesite, similar to the Arista vein system.  Highlights of 2014 drill results include Hole 514057 

which intercepted three separate Switchback veins.  The first vein returned 2.60 meters grading 0.17 g/t 

Au, 119 g/t Ag, 0.04% Cu, 1.34% Pb and 6.23% Zn; the second vein returned 1.96 meters grading 1.21 g/t 

Au, 133 g/t Ag, 0.41% Cu, 2.25% Pb and 8.24% Zn; while the third vein returned 3.15 meters grading 0.44 

g/t Au, 234 g/t Ag, 0.86% Cu, 0.99% Pb and 3.24% Zn.  Significant results were also returned for Hole 

414067, which included one vein averaging 5.53 g/t Au, 76 g/t Ag, 0.15% Cu, 0.41% Pb and 4.15% Zn over 

6.12 meters and a second vein returning 19.34 meters grading 2.56 g/t Au, 129 g/t Ag, 0.62% Cu, 1.28% 

Pb and 3.84% Zn, including 1.71 meters grading 13.45 g/t Au, 860 g/t Ag, 1.81% Cu, 3.52% Pb and 7.18% 

Zn.  

Drilling in 2015 returned significant new Switchback intercepts including infill Hole 515047 returning 15.22 

meters grading 3.18 g/t gold, 292 g/t silver, 0.87% copper, 1.56% lead and 4.26% zinc; including 1.15 

meters grading 12.65 g/t gold, 822 g/t silver, 0.75% copper, 0.93% lead and 1.59% zinc on the Soledad 

vein.  Additional higher-grade precious metals within the 15 meters of high-grade section included 1.91 

meters of 5.06 g/t gold and 388 g/t silver and 2.03 meters of 7.62 g/t gold and 1,132 g/t silver.  Step-out 

Hole 515103 intercepted three parallel veins, including the Soledad vein which returned 6.32 meters 

grading 5.87 g/t gold, 139 g/t silver, 0.58% copper, 5.00% lead and 8.14% zinc; including 1.78 meters 

grading 4.77 g/t gold, 320 g/t silver, 0.51% copper, 12.60% lead and 16.53% zinc.  Additional higher-grade 

precious and base metals within the 6.32 meter section included 0.90 meters of 23.20 g/t gold, 125 g/t 

silver, 1.66% copper, 2.83% lead and 3.96%.  

Exploration work during 2016 focused on the Arista deposit with Arista vein system intercepts including 

5.55 meters of 14.20 g/t gold in the Viridiana vein.  Additional intercepts included 3.34 meters grading 

12.05 g/t gold and 3.31 meters grading 5.44 g/t gold in a new vein discovered during the year called the 

Marena vein.  Exploration also focused on the Switchback vein system drilling underground to the 

northeast of the Arista vein system.  Drill results have intercepted at least seven veins with ore and 

mineralized material identified along a strike length of over 450 meters and a vertical depth of more than 

450 meters.  Switchback drill intercepts included 8.19 meters grading 9.07 g/t gold, 7.98 meters grading 
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6.90 g/t gold, 6.32 meters grading 5.87 g/t gold, 8.03 meters grading 6.85 g/t gold, 10.36 meters grading 

4.20 g/t gold, 9.50 meters grading 8.85 g/t gold and 13.23 meters grading 4.03 g/t gold.     

Step-out drilling continues to expand the Switchback vein mineralization containing significant gold, silver, 

copper, lead and zinc.  The Switchback discovery continues to dramatically expand the potential of the 

vein systems indentified in the Arista underground mine. 

 

5.1.2 Rey 
 

The Rey property consists of concessions in the state of Oaxaca known as El Rey, Virrey, La Reyna and 

Marquez.  The Rey property is on the northwest end of the mineralized trend, approximately 64 

kilometers by road from the Aguila Project and the Arista mine.  There is no plant or equipment on the 

Rey property.  If exploration is successful, any mining would probably require an underground mine but 

any mineralized material could be trucked to the Aguila Project plant for processing.  Mineralization 

identified thus far is oxidized with little sulfide content, so it could potentially be processed in the agitated 

leach circuit at the Aguila plant to recover contained gold and silver.  Limited drilling at Rey has 

encountered gold and silver mineralization up to 1 meter of 132.5 grams per tonne gold and 1.5 meters 

of 958 grams per tonne silver.  The mineralized material has been located within 100 meters from the 

surface.  To date, GRC has drilled 48 core holes for a total of 5,273 meters at the Rey property.  Early in 

2012, GRC completed a small amount of work refurbishing and extending an existing shaft on the property 

to permit underground exploratory drilling.  GRC ceased work at the Rey property during 2012 following 

a request to obtain additional approvals from local community agencies.  GRC continues to work with the 

local agencies and anticipate resolving the matter, but GRC has no assurance they will be able to resume 

exploration activities in the near term.  If the matter is resolved, GRC will conduct follow-up drilling and 

exploration based on the drilling done in 2008.  The Rey property was included in GRC’s airborne 

geophysical survey conducted in 2013.  

5.1.3 Margaritas 
 

The Margaritas property is also located along the mineralized trend traversing ground covered by GRC’s 

Oaxaca Mining Unit concessions (Fig. 5.2).  In 2012, GRC conducted a geochemical stream sediment 

sampling program on the Margaritas property, which is mainly comprised of the Tehuana concession.  A 

total of 300 samples were collected.  Six rock samples were also collected from this property and 

submitted for fluid inclusion study.  The result of this survey indicated a number of areas were appropriate 

for further investigation by diamond drilling from surface.  GRC completed a series of access roads after 

consultation with the local community to help facilitate the drill program.  In 2012, fifteen surface 

diamond drill holes totaling 5,002 meters were completed on the Margaritas property.  High-grade 

mineralization was encountered with drill intercepts including 27.90 grams per tonne gold and 2,600 

grams per tonne silver over a core length of 2.85 meters.  In 2013, drilling continued at Margaritas, testing 
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various structural and mineralized exploration target areas.  A total of nine surface diamond drill holes 

totaling 3,033 meters were completed in 2013.  Similar to the Rey property, mineralization at Margaritas 

is oxidized with little sulfide content, and could potentially be processed in the agitated leach circuit at 

the Aguila plant to recover contained gold and silver some day.   

In 2014, GRC under took a soil sampling examination of a portion of the Margaritas historic mining area 

located some 5.50 km west-northwest along strike of the Arista Mine.  A total of 1,494 samples were 

collected on a surveyed grid defined by 100-meter spaced lines and 30-meter sample stations 

encompassing approximately a 2 x 2.5-kilometer area.  The soils were collected over a 3-month period by 

a qualified field geologist and support crew, supervised by GRC senior exploration staff.   The samples 

were prepared at ALS Labs Mexico (drying and -80 mesh sieve fraction) and analytical methods were 

performed on the pulps at ALS Vancouver utilizing 25g aqua regia digestion with an ICP-MS finish for Au.  

This analysis also included a suite of 51 elements with ICP finish (Method ME-MS41L).  

Consultant Dr. Jeffrey Jaacks was engaged to review and model the results of soil sample analytical data 

in the later part of 2014.  His review confirmed several anomalous features and trends in the study area 

with some extending beyond the historic workings.  The study revealed a dominate series of west-

northwest trending “linears” visible in the epithermal pathfinder suite of metals (Au, Ag, As, Sb, Hg, Tl).  

The “linears” shown in Figure 5.3 correlate with historic mining in the Margaritas area, and GRC had a 

preliminary diamond drill hole tested in the area in 2013, where hole 313009 reported mineralization up 

to 36.524 ppm AuEq over 0.37m from 279.32m. 

Jaacks went on further to define 4 different geochemical associations indicated in the 2014 Las Margaritas 

soil data including: 

 Au+Ag+As+Sb+Hg+Pb+Mo association that represents epithermal gold veins.  This geochemical 
association displays linear patterns oriented NW and WNW. 

 

 Ce+Y+La+Ni+Co+Cr+Fe+Mg+Sn+V occurs in the central part of the soil grid and represents a 
potential subvolcanic intrusive beneath the surface volcanics. 

 

 Ba+Rb+K that is coincident with the intrusive signature and represents alteration associated that 
feature. 

 

 Pb+Bi+Mo+Zn+Cu+Mn association of elements halos the intrusive signature, indicating a skarn 
setting peripheral to an intrusive. 

 
Jaacks conclusions are that the classic epithermal gold pathfinder suite of elements, Au+Ag+As+Sb+Hg+Tl, 
reveal robust linear anomalies oriented WNW and NW.  These anomalies cross all known geologic features 
at the surface and indicate a late stage epithermal introduction of gold mineralization in the project area. 
Thirty-two targets were identified for follow-up trenching or drilling. 
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Figure 5.2  Margaritas property map showing various targets/prospects located along the mineralized 

trend traversing ground covered by GRC’s Oaxaca Mining Unit concessions. 
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Figure 5.3  Summary Map of Margaritas Epithermal Vein Signatures as "linears" from 2014 Geochemical 

Study (Jaacks, 2014) 
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5.1.3.1 Trenes Prospect 
 

The Trenes prospect is located in the westernmost part of the Margaritas target area north of the 

Panamerican Highway #190, approximately 15 km west of the town of San Jose de Gracia and within the 

mining concession La Herradura.  The geology has been broadly defined as an andesite and rhyolite tuff 

“suite” both of which are intruded by younger felsic igneous rocks.   

Overall the vein occurrences at Trenes are encouraging, however, it appears as high level in the 

mineralizing epithermal system.  The northern veins are more robust in occurrence and drilling has 

touched on their potential.  The south veins appear more as stock work stringers however the associated 

trace elements indicate affinity to epithermal mineralization, and they also appear as multiphase 

suggesting potential is good for further development at depth.  The outcropping of the Trenes veins 

exhibit similarities and a likeness to the Arista ridge outcrops. 

Surface sampling during previous reconnaissance (2010) indicated elevated silver and gold with up to 1.71 

g/t Au.  A drilling program was undertaken in 2012 targeting the vein outcrops and corresponding higher 

grade surface sampling results.  Limited but favorable results were reported in several holes.   

In early 2015, geological mapping and rock chip sampling was conducted in the eastern portion of the 

Trenes area, called “Loma Rica”, approximately 4 kilometers northwest of the Margaritas historic mining 

area (Fig. 5.4).  Mapping identified numerous quartz veins in outcrop and rock chip sampling returned 

assays up to 2.7 g/t Au and 378 g/t silver.  The best results came from a stockwork-veined and silicified 

ridge refered to as “Loma Rica”. 

In 2015, GRC also completed a grid soil sampling program in the Loma Rica area.  A total of 1,657 samples 

were collected on a surveyed grid defined by 100-meter spaced lines and 30-meter sample stations 

encompassing approximately a 2 x 2.5 kilometer area.  The soils were collected over a 3-month period by 

a qualified field geologist and support crew, supervised by GRC senior exploration staff.  The samples were 

prepared at ALS Labs Mexico (drying and -80 mesh sieve fraction) and analytical methods were performed 

on the pulps at ALS Vancouver utilizing 25g aqua regia digestion with an ICP-MS finish for Au.  This analysis 

also included a suite of 51 elements with ICP finish (Method ME-MS41L).  

The results of soil sample analytical data outlined a strongly anomalous area at Loma Rica in the northeast 

corner of the geochemical soil grid.  Anomalous values were returned for all epithermal pathfinder 

elements, especially gold and silver (Figs. 5.5 & 5.6).   
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Figure 5.4  Geology Map of the Eastern Portion ("Loma Rica") of the Trenes Area 

 

Figure 5.5  Geochemical Soil Sample Map of the Eastern Portion ("Loma Rica") of the Trenes Area 

Showing distribution of Anomalous Geochemical Values for Gold 
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Figure 5.6  Geochemical Soil Sample Map of the Eastern Portion ("Loma Rica") of the Trenes Area 

Showing distribution of Anomalous Geochemical Values for Silver 

 

In 2016, GRC completed an initial core drilling program to test below Loma Rica in search of new veins for 

potential processing at the Aguila plant.  A total of 5 core holes totaling 2,855 meters were drilled in 2016 

(Figure 5.7 and 5.8).  Encouraging results were returned including a one-meter wide vein grading 0.65 g/t 

gold and 250 g/t silver.  Results of our initial surface diamond drilling program at Trenes will be evaluated 

during 2017 for additional drill planning. 
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Figure 5.7  Surface drill hole map showing five holes completed on the Trenes Prospect in 2016 

 

Figure 5.8  Typical cross-section showing drilling completed on the Trenes Prospect in 2016 



 

65 
 

5.1.4 Alta Gracia 
 

During 2010 and 2011, GRC conducted surface sampling and geologic mapping at Alta Gracia.  GRC’s rock 

chip samples and other geologic field work have identified several structural targets containing gold and 

silver mineralization, including three high-grade polymetallic veins that outcrop on the surface near some 

historic workings.  Sampling of surface exposures at the Base Metal Prospect reported values > 1% Cu and 

Zn and up to 5.5% Pb.  GRC identified multiple drill targets and completed a total of forty-nine surface 

diamond drill holes consisting of 11,532 meters.  GRC also conducted a small amount of underground 

exploration by driving drifts and crosscuts into exposed veins.   

In 2014, GRC conducted follow-up surface diamond drilling at Alta Gracia.  The 2014 Alta Gracia diamond 

drill campaign initially focused near the historic Mirador underground mine, testing the Mirador vein.  

Significant results included Hole 4140009, which returned 5.06 meters grading 1.53 g/t Au and 1,383 g/t 

Ag and Hole 4140013 intercepting 8.58 meters grading 1.34 g/t Au and 700 g/t Ag.  The San Juan Vein, 

located approximately 500 meters southwest of the historic Mirador underground mine, was also tested 

and significant intercepts included 1.19 meters grading 3.16 g/t Au and 2,232 g/t Ag in Hole 4140003.  A 

second interval returned 0.32 meters grading 14.30 g/t Au and 3,010 g/t Ag.  GRC also drilled the Huaje 

vein, a parallel vein structure located approximately 200 meters southeast of the Mirador vein.  Hole 

4140020 assayed 0.85 g/t, 710 g/t Ag, 1.03% Pb and 5.14% Zn over 2.23 meters on the Huaje vein. 

In-fill drilling completed during 2015 confirmed previous Mirador results including Hole 4150006, which 

returned 4.01 meters grading 2.52 g/t gold and 595 g/t silver.  A second Mirador vein intercept in the 

hanging wall returned 2.12 meters grading 1.74 g/t gold and 493 g/t silver.   

Drill results in 2014 and 2015 confirmed the Mirador vein high-grade zones and furthered understanding 

of the geology of the Alta Gracia veins.  The Mirador vein gold and silver mineralization discovered to-

date does not show any appreciable base metals, and as such GRC plans are to truck any precious metal 

mineralization to the Aguila mill’s agitated leach circuit for processing.  Mining agreements with the local 

community at Alta Gracia are being finalized and the environmental pemit was received in December of 

2015.   

In 2015, GRC conducted metallurgical test work and confirmed the amenability of the Alta Gracia 

mineralization at the Aguila Project processing facility.   

In 2016, surface and underground geological mapping and sampling along with detailed topographic 

surveying was conducted in the historic mining areas at Alta Gracia.  An example of channel samples 

collected from historic underground workings on Huaje Vein at the Alta Gracia Property is shown in Figure 

5.9 and 5.10. The new information was used for estimation of reserves and mineralized material and to 

guide follow-up drilling planned for Alta Gracia in 2017. Mine permits were granted in October of 2016 

and mine development including the improvement of historical mine workings commenced to access 

previously identified mineralization.   
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Figure 5.9 Underground Workings on the San Juan Vein at the Alta Gracia Property. 

 

Figure 5.10 Channel sample map from underground workings on Huaje Vein at the Alta Gracia Property. 
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5.1.5 Chamizo 
 

The Chamizo Property lies between GRC’s Rey and Alta Gracia properties.   

Because of the close proximity of Chamizo to Alta Gracia, exploration activity began on this property 

during late 2011 and to date has been limited to geochemical sampling and drilling of eight shallow core 

holes for a total of 1,327 meters.  No significant work was conducted at El Chamizo during 2012.  In 2013, 

exploration on the property included the property-wide airborne geophysical survey and additional 

geochemical sampling.   

The concession known as San Pedro Fracción 2 acquired from Almaden Minerals Ltd. hosts the project 

called “Cerro Jabalí’’ (formerly called “Cerro Colorado” Almaden geologists).  It is surrounded by GRC’s 

Chamizo concession and is included as part of the Chamizo property.   

In 2014 and 2015, field reconnaissance campaigns were undertaken at the Cerro Jabalí prospect including 

field mapping, sampling, data compilation and report review.  Days were spent at the prospect area 

examining outcrops, determining mineralization styles, structural features, and sampling various 

prospective sites of mineralization.   

Cerro Jabalí is hosted in older Tertiary units and is coincident with the same rhyo-andesitic intrusive 

common throughout GRC Oaxaca properties.  A high sulfidation signature appears to be style of 

mineralization and is likely controlled by host rock.  In particular, it is important to note the Paleocene 

conglomerate exhibits a preferred enrichment suite of Au, Te, Cu, Pb, Zn, As, Sb from soils geochemistry, 

in contrast to the adjacent and younger intrusive unit which exhibits elevated Ba, +/- Te, and spotty Hg.  

Northwest structures were noted in reconnaissance mapping (as defining the intrusive paleo-

conglomerate contact) as well as numerous stringer stockwork and veinlets oriented 240-260 degrees 

azimuth.  It is also noteworthy to point out the elevation at Jabalín is ~1600m, some 400-600m higher 

than the prospects to the west (Altagracia 1200m, Margaritas 1100m, Arista 1000m). 

Fieldwork has confirmed there are occurrences of high-sulfidation style mineralization hosted in an 

extensively altered volcanic host rock, as well as numerous fracture and stockwork types of microveinlets, 

and possible skarn-style replacement mineralization in sedimentary rocks.  Owing to the fact this is a lower 

grade deposit, a lower priority for regional exploration is given to this property.  However, future 

recommendations include fully assessing the potential of the conglomerate unit which was not extensively 

mapped in the immediate area of the geochemical grid including detailed mapping, rock chips and clay 

studies.  There also exists a potential in the larger exposure of this unit to the southeast where virtually 

no mapping or sampling has been undertaken.  This area, however, does extend away from the intrusive 

body and this should be considered in further evaluations.   

No significant work was conducted at Chamizo during 2016. In 2017, surface geological mapping and 

geochemical sampling of several new prospective targets identified on the Chamizo property is planned. 
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5.1.6 Fuego 

 

During 2014, GRC conducted preliminary exploration work on San Pedro Fracción 1, with a project name 

called ‘’Fuego”, which was also acquired from Almaden.  The San Pedro Fracción 1 concession is located 

south of GRC’s Alta Gracia and Chamizo properties along the San Jose structural corridor.  The field 

examinations included reconnaissance geological mapping, outcrop chip sampling and spectral studies on 

rock samples correlating to dominant structural trends and vein systems exposed in the concession area.  

A total of 65 rock samples were taken for laboratory analysis and 45 corresponding samples were 

examined by spectral analysis (SWIR short wave infrared) for determination of alteration minerals.  In 

addition, the historic drill core acquired from Almaden was logged and along with available historic assay 

data the new information was integrated into the GRC database for further interrogation.   

The Fuego area hosts a similar lithologic package as Margaritas with dacitic to andesitic tuff, overlaying 

rhyolitic tuff and intrusive of rhyo-andesitic composition.  The area is approximately 200 meters higher 

topographically than Margaritas.  The main exposures of mineralization outcrop occur along the southern 

margin of the intrusive and appears to host potential outward into the rhyolitic tuff (as seen in Almaden’s 

soil geochemistry).  Recent mapping indicates a zone of intense argillic and silicification associated with 

the vein exposures and old workings, a zone of pyrite bearing alteration is indicated on the east side, 

hosted in the dacitic tuff.  The structural trend is similar to Alta Gracia (N60E) or 2400, with dips variable 

to the south and southeast from 600 to 850.  This northeast vein trend may be the dilation component on 

the regional oblique strike tendency, similar to Altagracia and some trends in Margaritas. 

Work to-date indicates a series of veins and silicified structures hosted along the south to southeast 

margin of a rhyo-andesitic intrusive body and confirms the potential for a vein-hosted epithermal 

mineralized system at Fuego. 

5.2 Other Exploration Activities 

Regional and local detailed geological studies including geochemical and geophysical examinations were 

the focus of past exploration programs on the Oaxaca Mining Unit.  The results of these studies currently 

serve as the basis for four main exploration target areas including Aguila, Rey and Alta Gracia and 

Margaritas. 

5.2.1 Geophysics 
 

From September 2007 to March 2013, GRC has completed (through various consultants) numerous 

geophysical examinations, mainly at the Aguila Project, aimed at delimiting possible massive mineral 

concentrations or favorable structural hosts related to mineable resources.  These examinations included 

airborne and ground magnetometry, airborne radiometric, induced polarization, and magnetotellurics. 

In summary, by March 2013, GRC has completed the following geophysical programs: 
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 Ground magnetic survey performed by Zonge Engineering and Research Organization, Inc. 

(Zonge) from August 13 to September 17, 2007. 

 Titan – 24 DC/IP/MT Survey performed by Quantec Geoscience (QG) and completed on 

December 15, 2010. 

 A follow up program by Zonge started in 2011 continued into 2012. 

 New-Sense Geophysics Limited (NSG) performed airborne magnetometry and radiometry in 
February – March, 2013. 

 

5.2.2 Geochemistry 
 

During the summer of 2006, GRC developed a geochemical stream sediments sampling program at the 

Aguila Project.  This program included two stages: 

 Stage 1 - Geochemical orientation program including 33 samples taken in the Aire – Higo 

drainage area. 

 Stage 2 - Follow-up regional geochemical program including 173 stream sediment samples 

taken along the Aguila Project mineralized trend, surveying the areas of Chacal, Margaritas, 

and Piedra Chica. 

 

The samples were analyzed for gold by fire assay (1 oz. samples) with ICPAES finish (ALS Chemex Method 

Au-ICP21), and 50 other elements with aqua regia digestion on 0.1 g samples analyzed by ICPMS and 

ICPAES finishes (ALS Chemex Method ME-MS41).  The sampling included QA/QC duplicate samples. 

Basic statistical methods were used to evaluate the assay results determining background, threshold, and 

anomalous values.  According to Dr. Jaacks (2007), the gold pathfinder elements, Au – Ag – As – Sb resulted 

in contrasts (ratio between anomalous threshold and background) of 4 to 20, indicating a good separation 

between background and anomalous values. 

Geochemical survey results are summarized as follows: 

 Stage 1 - Orientation Program Evaluation. A trace element geochemical anomaly was defined 

for a typical epithermal gold deposit trace elements including: Au, Ag, As, Sb, Hg, Mo, W, Tl, 

and Se. Three additional anomalous areas were detected downstream from the Aguila 

deposit. 

 Stage 2 - Follow up Regional Geochemical Program Evaluation: A regional geochemical survey 

was applied to investigate mineralization patterns within various mineralized areas from 

Piedra Chica to San José de Gracia.  The geochemical sampling program was developed along 

the Oaxaca Mining Unit mineralized trend, including drainage and catchment basins of the 

Margaritas, Chacal, Aire, Arista, and Aguila areas.  The survey included 173 stream sediment 

samples defining 8 anomalous areas. 
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The geochemical survey interpretation indicates three different regional geochemical signatures (Jaacks, 

2007): 

 Geochemical suite 1 - Epithermal gold indicated at the Aguila area with anomalous values of 

Au, Ag, As, Sb, and Hg. 

 Geochemical suite 2 - Skarn gold occurring downstream from the Aguila vein deposit area 

and to the northwest of the Aire mine, including anomalous values of the elements in suit 1 

in addition to Cu, Pb, Zn, Mo, Bi, and W with increasing Mo, Bi related to sedimentary rocks 

occurring near intrusive activity. 

 Geochemical suite 3 - Low sulfidation Au including anomalous values of Au, Ag, Hg in addition 

to Mo, Te, Bi. This is represented by the anomalies 7 and 8 near the La Tapada area. These 

types of anomalies may occur, according to Dr. J.A. Jaacks “on the outer edge of a caldera, 

such as Creede, Colorado” (Jaacks, 2007). 

 

GRC has continued with regional and local geochemical surveys at various locations across the property to 

follow up on those areas identified in earlier reconnaissance programs and to extend the surveys into other 

areas of interest. Success has been obtained in generating additional targets that will be further evaluated 

by more detailed geochemical surveys and drilling. 

 

Fluid inclusion petrography was performed on 49 drill core samples taken at various depths and locations 

in the La Arista deposit define the deposit to aid in exploration targeting.  These investigations highlighted 

a repetitive occurrence of clear euhedral quartz followed by recrystallized amorphous silica commonly 

with base metals.  According to a review by Reynolds, 2011 there is “strong evidence that ore is 

precipitated due to flashing, which is probably due to pressure drop concomitant with repeated faulting.  

Furthermore, ore should continue as far down as the structures could have propagated and been 

continuously open-up to much shallower levels…”  and these investigations appear to suggest continuity 

of the mineralization to deeper levels in the mine area.  Fluid inclusions within quartz crystals were related 

to boiling conditions >250°C and Salinities [NaCl] at primary flicks< 2%wt.  The study also indicated slightly 

higher temperatures 250-300° C for base metal hosted mineralized intercepts.  All indicated intermediate-

sulfidation type, at about 250° C and 1 wt% NaCl suggesting boiling fluids at depth of formation of about 

400 meters from the water table (Reynolds, 2007). 

In addition, SGM carried out fluid inclusion investigations on 8 selected quartz vein samples from the Aire 

vein deposit.  These results indicated formation temperatures of 1600 to 2000 C, which may represent 

formation at depths of about 200m (Hedenquist, 2010). 

A soil geochemical program was undertaken in the Margaritas area during 2014 and 2015.  Results of 

these programs are summarized in Section 5.1.3.  

In 2016, GRC fifty-nine (59) stream sediment samplescollected from “Rio Grande” located south of the 

town of San Jose de Gracia, on the south side of the Rio Grande River, on the Aguila project (Fig. 5.11).  A 

total of 59 stream sediment samples were collected follow-up of anomalous samples is planned for 2017. 



 

71 
 

 

Figure 5.11 Stream sediment sample map for the Rio Grande target area, near the town of San Jose de 

Gracia at the Aguila Property. 

5.2.3 Drilling Hole Sampling 
 

Exploration drilling has been performed by the several contracting firms (e.g. GeoDrill, Major, Maza, Alta 

Drilling etc.).  These companies operate from bases in various localities throughout México.  At the end of 

2016, GRC was using two underground diamond drills provided by contractors.  

The samples used in the mineral reserve estimates include both diamond drill core and underground chip 

channel samples.  Routine samples at the Aguila Project also include process and tailings samples, and 

concentrate samples.  Aside from their functions in maintaining good operations performance, these 

samples are important for reserve validation and reconciliation of production to reserves.    

GRC also utilizes a smaller drill mainly for drilling test holes and definition holes.  This equipment consists 

of a compressed-air powered Termite drill which yields small diameter core used only for short term 

planning.  Core samples from this machine are treated like production and test hole samples, and are 

prepared and assayed at the Aguila Project laboratory. 

The core from the ongoing surface and underground drilling is logged, sampled and stored at the same 

core facility.  Core from diamond drilling is placed in boxes and drill contractor personnel transport the 

core to the central core facility.  Sample handling at the core facility follows a standard industry accepted 
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procedure, during which depth markers are checked and confirmed; the outside of the boxes are labeled 

with interval information; core is washed and photographed; and the recovery and rock quality 

designation (RQD) are logged for each drill hole. 

The geology of the core is logged and the geologist marks potential mineralized zones for sampling. 

Sample lengths are determined, where possible, by mineralogical or lithological characteristics.  Samples 

are taken where the geologists believe there is a reasonable chance of obtaining significant results and 

where sampling is required for continuity of assay data.  The core generally is not sampled over the entire 

length of the drill hole. 

The sampling crew then splits the core with a diamond saw, as indicated by the geologist, and one half of 

the core is placed in a numbered bag and sent to the laboratory for analysis.  The other half of the core is 

returned to the core boxes for storage.  Generally, the samples represent core lengths of less than 1.50 

m.  Sample tags are stapled inside the boxes.   

Bulk density measurements are routinely determined on whole drill core samples for each potentially 

mineralized vein.  Measurements are performed at the GRC on-site analytical laboratory utilizing precision 

instruments.  Selection of the particular samples is performed by geologists as part of the routine logging 

procedure.  

The management, monitoring, surveying, and logging of surface exploration holes are carried out under 

the supervision of the Oaxaca Mining Unit exploration staff.  Production and other underground 

exploration holes are managed by the mine geological staff.  All of GRC’s surface and underground 

exploration samples are processed at the Oaxaca Mining Unit Exploration office and core processing 

facility.  

5.2.4 Chip Channel Sampling 
 

The chip channel sampling process is managed by the mine geologists.  Underground channel samples are 

taken by the geologists from mineralized zones, hanging wall and footwall in the faces after blasting each 

round. 

Chip channel sampling is conducted along the sub-level drifts in the mineralized zones.  Channel samples 

are the primary means of sampling in the mine and are taken perpendicular to the vein structures, across 

the back of the drift and across the faces of drifts and other workings.  While facing the heading sampling 

is generally from the left side of the drift towards the right side of the drift, consisting of multiple samples 

across the mineralized zones and one sample into the footwall and an additional sample into the hanging 

wall. 

Sampling crews typically take channel samples at regular intervals of 4 to 5 m along the working, 

depending on daily mine development, with five to eight samples along every sample channel on new 

openings (drifts, crosscuts, ramps, stopes, etc.).  Channel samples are taken in consecutive lengths of less 

than 1.50 m along the channel, depending on geologic features such as wall rock type, mineralization type 
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and intensity, quartz characteristics, silicification, veinlets, stockwork zones, and other features.  The 

channel sample assays are composited to determine the average grade of each channel. 

Channel samples are taken with chisel and hammer, collected in a canvas tarp and deposited in numbered 

bags for transportation to the laboratory.  Currently there are multiple underground openings along the 

Arista, Baja, Alta and other subsidiary veins.  About 15 to 20 samples are taken per day from mine 

development and stoping areas in the Arista underground mine.  The samples are sealed in plastic bags 

with a string before being sent to the company laboratory.   

A channel “line” typically consists of three to five or more individual samples taken to reflect changes in 

geology and/or mineralogy across the structural zone.  If there is more than one vein present, or it is 

divided by waste rock, then each of the divisions is sampled separately.  Each sample weighs 

approximately 3 kg.  All channels for sampling are painted by the geologist and numbered on the drift’s 

walls for proper orientation and identification. 

Sample locations are subsequently surveyed by underground surveyors.  The start and end point for each 

sample is surveyed and then presented a single string of samples, like a drill hole, in the database.  Sample 

locations are plotted on stope plans using various software applications.  The sample numbers and 

location data are recorded in the database.  Upon receipt of assays, technicians and geologists produce 

reports used for day-to-day monitoring and grade control. 

 

5.2.5 Mill Sampling 
 

GRC maintains sample preparation and laboratory facilities at the Aguila plant for process samples, 

concentrate, mine production samples, chip samples, and core from underground exploration drilling.  

The Aguila assay laboratory is set up in one building, located near the plant.  The facilities are located 

within the plant compound and guarded 24 hours per day.   

The Aguila laboratory facilities are described in more detail in Section 8.3.   

 

5.2.6 Sample Preparation and Analysis 

5.2.6.1 Surface Exploration Samples 
 

All of GRC’s surface exploration samples of rock and soil and surface and underground exploration drill 

core were bagged and tagged at the Oaxaca Mining Unit core facility and shipped to the ALS-Chemex (ALS) 

preparation facility in Guadalajara, Mexico.  After preparation, the samples were shipped to the ALS 

laboratory in Vancouver, Canada, for analysis.  At the ALS preparation facility in Guadalajara, samples 

were dried and jaw crushed to 70 percent -10 mesh.  A subsample of 250 grams was pulverized with a 
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ring pulverizer and then sent to ALS in Vancouver for assaying.  Preparation (crush) duplicates and 

analytical (pulp) duplicates were split from the samples at crushing and pulverization phases of sample 

preparation, respectively.  Certified reference materials (standards) were inserted into the sample stream 

prior to submittal and the laboratory was asked to analyze the samples in the sequence submitted. 

In Vancouver, ALS analyzed the samples for gold using a 30-gram fire assay digestion with an atomic 

absorption finish (Method Au-AA23).  Silver was analyzed by three methods depending upon the grade of 

the sample.  All samples were analyzed for silver using an aqua regia digestion of 0.5 g sample with an 

ICP-OES finish (Method ME-ICP41).  Any sample exceeding 100 ppm Ag, was reanalyzed using an aqua 

regia digestion on 0.4 g of sample followed with an ICP-AES finish (Method Ag-OG-46).  Any samples 

exceeding 1,500 ppm Ag were reanalyzed using a 30-gram fire assay with a gravimetric finish (Method Ag-

GRA21).  All of the samples were analyzed for copper, lead and zinc using an aqua regia digestion of a 0.5 

g sample with an ICP-OES finish (Method ME-ICP41).  Any sample with copper, lead or zinc concentrations 

exceeding 10,000 ppm was reanalyzed using an aqua regia digestion of a 0.4 g sample followed by an ICP-

AES finish (Method OG46).  Samples with Pb concentrations exceeding 20,000 ppm and zinc 

concentrations exceeding 30,000 ppm were reanalyzed using a 4-acid digestion with a titrated end point 

to determine Pb and Zn concentrations. 

Underground Termite drill core samples are sent to GRC’s in-house laboratory at the Aguila Project.  Check 

assaying of underground channel samples was done by ALS.  The laboratory methods are described in 

Section 8.3. 

5.2.7 Sample Quality Assurance/Quality Control 
 

A quality assurance/quality control (QA/QC) program was implemented during the 2011 exploration 

program conducted at the Oaxaca Mining Unit.  Standards and blanks, as well as sample duplicates, 

preparation duplicates, and analytical duplicates were included into the sample stream.  Over 10,500 

samples were analyzed at ALS in support of the 2011 drill program.  A total of 524 determinations were 

performed on certified standards.  Two hundred sixty-five determinations were performed on blanks.  In 

the Oaxaca Mining Unit drilling program, sample reproducibility was measured with analyses of ¼ core 

sample duplicates.  Preparation reproducibility was measured with duplicate crush splits collected after 

crushing the sample.  Analytical reproducibility was measured by analysis of duplicate pulp splits collected 

after pulverizing the sample.  Approximately 387 sample duplicates, 384 preparation duplicates, and 384 

analytical duplicates were used to monitor reproducibility at each level of sample preparation and 

analyses. 

The ¼ core duplicate core samples were taken by GRC crew from the remaining half of the core, by again 

splitting the core to a one quarter size.  Therefore, one quarter of the core still remains in the box for 

future reference.  Duplicate and control samples are taken at a rate of one duplicate, one standard, one 

blank, one coarse reject, and one pulp sample from every fifty regular samples.   
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The quality control program for underground chip channel samples in the Arista mine consists of checking 

the assays by including one reject sample, one blank sample, one standard sample, one pulp sample, and 

one sample duplicate for every 50 regular samples.   

The mine occasionally conducts a program of check assaying using principally ALS, but the procedure and 

frequency of checks was not formalized.  Check assaying completed showed no problems with the original 

results from the Aguila Project laboratory.   

The Aguila Project lab quality control procedures include the insertion of analytical or coarse blanks, 

commercial standards and duplicate samples and assays.  For drill holes, each assay batch included one 

blank, one duplicate and one standard reference control sample.   

Pincock, Allen and Holt (PAH, 2012) opinioned the QA/QC as follows: 

 The El Aguila – La Arista [Underground Mine] mineral deposits consist of veins and stockwork 

zones.  Most of the mineralization is enclosed by vein deposits along structurally-controlled 

zones. Drilling and sampling of the veins generally shows acceptable recoveries, over 80 

percent, of core and of rock chips in channel samples. 

 The La Arista vein mineralization generally occurs as concentrations associated with gangue 

minerals along the structures.  The sampling along the mineralized structures is in channels 

at about 4 to 5 m separation along the structure. Therefore, in PAH’s opinion, GRC’s sampling 

is representative of the El Aguila - La Arista’s mineral concentrations. 

 

 Based on statistical analysis and correlation graphs performed on sample assays for 

standards, blanks, duplicates, pulps, pulp duplicates, and reject samples for the El Aguila and 

La Arista deposits the assay results are acceptable within ranges of magnitude of about two 

standard deviations. 

 

 Results of the capping values affected less than 1 percent of the total assays for the El Aguila 

– La Arista deposits. 

 

 PAH’s opinion regarding the channel sampling applied by GRC’s exploration and mining crews, 

is that it is done carefully and responsibly by well-trained samplers. The sampling generally 

reconciles with silver production and sales by GRC. The drill and channel samples appear to 

properly represent the mineralization of the various mineralized structures of the El Aguila - 

La Arista deposits; therefore, they are acceptable for Mineral Resource estimates. 

 

The reader is referred to the technical report prepared by PAH (2012) for a more detailed summary of 

GRC’s QA/QC program.  
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6 RESERVE ESTIMATES 
 

6.1 Introduction 
 

The reserve estimates presented herein were prepared according to the guidelines of the United States 

Securities and Exchange Commission Guide 7 ‘’Description of Property by Issuers Engaged or to be 

Engaged in Significant Mining Operations’’. 

The reserve estimate for the Arista and Mirador Underground Mines is based on technical data and 

information available, mainly results of underground chip channel and drill hole sampling, as of December 

31, 2016.  The current reserve estimate was prepared by GRC’s project technical staff under direction of 

Barry D. Devlin, Vice President of Exploration.   

Diamond drill hole assay data are included in the reserve calculations, and are applied in the mineral zone 

projections.  Drilling results are applied in the grade calculations but more weight is given to the larger-

size chip channel sample data.  Only samples from 18 Reverse Circulation (RC) drill holes were included in 

reserve estimates. 

 

6.2 Reserve Definitions 
 

The Securities and Exchange Commission (SEC) has adopted disclosure rules for public mining companies.  

The definition and disclosure requirements are outlined in Industry Guide 7. 

 

GRC and its Aguila and Alta Gracia Projects are now considered to be at the Production Stage which 

includes all issuers engaged in the exploitation of a mineral deposit (reserve).  Below are definitions which 

apply to companies at the Production Stage engaged or to be engaged in significant mining operations.  

6.2.1 Reserve 
 

A reserve is that part of a mineral deposit which could be economically and legally extracted or produced 

at the time of the reserve determination.  Reserves are customarily stated in terms of ore when dealing 

with metalliferous minerals.  

6.2.2 Proven (Measured) Reserve  
 

Proven (Measured) Reserves are those for which (a) quantity is computed from dimensions revealed in 

outcrops, trenches, workings or drill holes, grade and/or quality are computed from the results of detailed 

sampling and (b) the sites for inspection, sampling and measurement are spaced so closely and the 
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geologic character is so well defined that size, shape, depth and mineral content of reserves are well - 

established.  

6.2.3 Probable (Indicated) Reserve  
 

Probable (Indicated) Reserves are those for which quantity and grade and/or quality are computed from 

information similar to that used for proven (measured) reserves, but the sites for inspection, sampling, 

and measurement are farther apart or are otherwise less adequately spaced.  The degree of assurance, 

although lower than that for proven (measured) reserves, is high enough to assume continuity between 

points of observation. 

 

6.2.4 Mineralized Material (Measured and Indicated) 
 

GRC uses the term “mineralized material” to describe mineralization in our mineral deposits that do not 

constitute “reserves” under U.S. reporting requirements as governed by SEC Industry Guide 7.  

Mineralized Material is used to describe a mineralized body that has been delineated by appropriate 

drilling and/or underground sampling to establish continuity and support an estimate of tonnage and an 

average grade of the selected metal(s).  Mineralized material does not have demonstrated economic 

viability.  The SEC only permits issuers to report mineralized material in tonnage and average grade 

without reference to contained ounces or quantities of other metals. 

In addition to proven and probable reserves, GRC is reporting Measured and Indicated Mineralized 

Material for the Arista Mine, and Alta Gracia and Margaritas projects within the definition of the SEC Guide 

7.  Reserve blocks not in the life-of-reserve mine plan are classified as Measured and Indicated Mineralized 

Material and excluded from the Reserves tabulation.  Measured and Indicated Mineralized Material is 

used by GRC for mine planning and exploration purposes only. 

Measured and Indicated Mineralized Material was estimated for the Arista and Switchback Vein Systems 

(Aguila Project) and the Alta Gracia and Margaritas projects.  These estimates of Measured and Indicated 

Mineralized Material are based on technical data and information available as of December 31, 2016. 
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6.3 Previous Estimates 
 

Prior to 2014, there had been no previous reserves reported for the Arista and Mirador Underground 

Mines within the definition of the SEC Guide 7.  GRC proceeded to commercially mine the property absent 

of a feasibility study that would indicate any proven or probable reserves. 

An independent resource report was prepared in compliance with the standards of the Canadian National 

Instrument 43-101, which should in no way be considered a substitution or replacement for the Securities 

and Exchange Commission's Proven and Probable Reserves.  Under SEC guidelines, GRC shall only refer to 

any previous resources in this report as "Mineralized Material".  A deposit reported as Mineralized 

Material does not qualify as a reserve until comprehensive evaluation, based upon unit costs, grade, 

recoveries, and other factors concludes economic and legal feasibility.  The aforementioned resource 

report and subsequent updates have only been used by GRC for mine planning purposes.   

On April 30, 2014, GRC announced the completion of its initial reserve study and issued a report dated 

December 31, 2013 for its Arista Underground Mine on the Aguila Project demonstrating the existence of 

proven and probable reserves as defined by SEC Guide 7. 

This report also includes the first proven and probable reserves reported for the Mirador Underground 

Mine on its Alta Gracia Project. 

6.4 Database 
 

GRC staff has compiled a master database at the mine site in Microsoft SQL Server.  Drill data mainly 

consists of drill hole collar coordinates, down hole surveys, lithology data and assays.  Assay data used for 

reserve reporting include gold, silver, copper, lead and zinc. 

Underground chip channel sampling data accounts for a large proportion of the reserve database.  

Samplers, under the supervision of the geologists, collect the chip samples and record the sample 

numbers and location information in sample ticket books.  These are returned to the mine office for 

processing by the geologists and data entry clerks.  

Chip samples are collected along channels in the underground workings.  These channel samples are 

surveyed and entered into the database as a data string, and treated as a drill hole. 

The coordinate datum used is Universal Transverse Mercator (UTM)-Zone 14N, WGS 84.  The reserve 

models have been constructed in metric units (meters, metric tonnes, etc.).  Gold and silver grades are in 

grams of metal per metric tonne.  Copper, zinc, and lead grades are expressed in percent metal.   

All data is centrally stored on the Oaxaca Mining Unit server, which is backed-up every night at 3:00 am.   
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6.5 Mineral Zone Models (Wire-Frames)  
 

Three-dimensional models were constructed by GRC staff as wire-frames defining the extent of 

underground workings and veins.  Surpac and Vulcan mine planning software were used for construction 

of the wire-frames.  The latest date for the underground workings representing the mining development 

is December 31, 2016. 

Wire-frames were constructed using strings to outline the Arista, Switchback, Alta Gracia and Margaritas 

veins.  Wire-framed envelopes were prepared directly for intercepts of mineralization.  This included the 

major veins in the Arista vein system, such as Arista, Baja, Chuy and Santiago, the Soledad, Sagrario and 

Sabrina veins at Switchback, the Mirador, Huaje and Independence veins at Alta Gracia and the Tapada 

vein at Margaritas.  A total of forty-nine (49) individual wireframes were created for the major and minor 

veins and splays (Table 6.1; Appendices 1 & 2).  Table 6.2 indicates the various mine levels for the Arista 

underground mine, including Switchback, and corresponding elevations shown as meters above sea level 

(masl).  Figure 6.1 illustrates a vertical section of the Arista and Switchback veins, and Figure 6.2 illustrates 

the corresponding plan view.   

Individual long section plots of the modeled veins highlighting search areas for Proven and Probable 

reserves and Measured and Indicated Mineralized Materiales and corresponding distribution of Net 

Smelter Return (NSR) values for the Arista and Switchback veins and Gold Equivalent (AuEq) for the Alta 

Gracia and Margaritas veins are shown in Appendices 1 and 2.  

Mineral zones were picked based on a nominal drill-hole intercept of at least 1.5-meter of assay length 

that had an average grade above US$ 80 per tonne NSR using gold, silver, copper, lead and zinc metal 

prices to calculate the NSR value.  NSR values are determined by taking the three-year trailing average 

price for gold, silver, copper, lead and zinc.  Vein intervals with either lower grades or widths were 

sometimes used to maintain continuity of vein geometry.  Wire-frames were prepared from cross-section 

interpretations of the zones.  The vein strings were mainly interpreted on sections perpendicular to the 

main strike of the veins and at a nominal spacing of 5 to 10-meters apart.  Vein lines were snapped to the 

beginning and end of the vein composites to ensure that the entire vein intersection is included in the 

wireframe and to prevent undesired dilution inside the wireframe from low-grade assays in the vein walls.  

Where the vein strings crossed underground workings, the view was flipped from section to plan and the 

strings were snapped to appropriate underground samples.  
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Table 6.1 Description of Vein Structures Modeled at the Oaxaca Mining Unit 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vein Description 

Arista Mine 

Arista Major Vein 

Chuy Minor Vein – probable extension of Arista Vein at depth on Chuy Fault 

Baja Major Vein parallel to Arista 

Baja_rm1 Minor Splay of Baja 

Baja_rm2 Minor Splay of Baja 

Vein 1 Major Vein west of Arista 

Vein 3 Major Vein east of Arista 

Vein 3_rm1 Minor Splay of Vein 3 

Splay 66 Major Splay parallel to Baja and Arista 

Splay 66_rm1 Minor Splay of Splay 66 

Splay 66_rm2 Minor Splay of Splay 66 

Luz Major Vein southwest of Baja 

Candelaria Major Vein southwest of Luz 

Aire Minor Vein southwest of Arista 

Alta Minor Vein northeast of Arista 

Santiago Major Vein - probable extension Vein 1 (1000 trend) 

Splay 5 Major Vein southwest of Candelaria 

Splay 5_rm1 Minor Splay of Splay 5 

Splay 6 Minor Vein, parallel to Aire Vein, west of Arista 

Splay 6 - South Minor Splay, probable southern extension of Splay 6 

Santa Lucia Minor Vein – parallel and east of Arista 

Este-Norte Minor Vein northeast of Baja 

Este-Norte_rm1 Minor Splay of Este-Norte 

Este-Sur Minor Vein southeast of Baja 

Splay 31 Major Vein north of Arista 

Marena Minor vein northeast of Arista 

Santa Cecilia Minor Vein northeast of Splay 31 

Santa Clara Minor Vein northeast of Santa Lucia 

Santa Helena Minor Vein northeast of Arista 

Viridiana Major Vein east of Arista 

Switchback 

Soledad Major Vein in Switchback Vein System 

Sabrina Major Vein in Switchback Vein System 

Sofia Major Vein in Switchback Vein System 

Selene Minor Vein in Switchback Vein System 

Silvia Major Vein in Switchback Vein System 

Sagrario Major Vein in Switchback Vein System 

Susana Major Vein in Switchback Vein System 

SB 1 Minor Vein in Switchback Vein System, possible extension of Susana Vein 

SB 2 Minor Vein in Switchback Vein System, possible extension of Silvia Vein 

Alta Gracia 

Mirador Block Major Vein at Alta Gracia 

Mirador Splay North Minor Splay of Mirador Vein, possible west extension of Mirador Block 

Huaje 2 Major Vein at Alta Gracia 

Independencia Major Vein at Alta Gracia 

Independencia South Minor Splay of Independencia Vein, probable south extension 

San Juan Major Vein at Alta Gracia 

San Juan_NE30 Minor Splay of San Juan Vein 

San Juan_NE62 Minor Splay of San Juan Vein 

San Juan_uf Minor Splay of San Juan Vein 

Margaritas 

Tapada Major Vein at Margaritas 
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Table 6.2 Arista Underground Mine Levels and Corresponding Elevation 

Mine Levels  

Level  Elevation- meters above sea level (masl) 

Ramp Collar 902 

1 884 

2 874 

3 855.5 

4 831.5 

5 813.6 

6 795.1 

7 775.8 

8 753.6 

9 735.9 

10 717.5 

11 691.1 

12 677.3 

13 659.3 

14 644.9 

15 628.5 

16 619.8 

17 600.4 

18 566.8 

19 555.3 

20 533.5 

21 513.5 

22 496.0 

23 480.0 

24 460.0 
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Figure 6.1 Vertical Section of Arista and Switchback Modeled Veins; view north, elevations are above sea 

level. 
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Figure 6.2  Plan View Map of Wire Frame Solids of the Veins Modeled for the Arista and Switchback Vein Systems
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6.6 Block Models 
 

Three-dimensional block models were created to allow modeling of veins as longitudinal-view sections 

oriented parallel to the main strike direction for each vein system and/or deposit.   Generally, the model 

blocks are fixed in size at 1 meter vertically and 1-meter horizontally, parallel to the average strike of the 

vein system.  Perpendicular to strike, the thickness is determined by the actual width of the individual 

vein.  Block-model size and rotation parameters are shown for the Vulcan model structures of the Arista 

and Switchback veins systems in the Arista underground mine (Tables 6.3 & 6.4) and Alta Gracia (Table 

6.5).  The block model limits are shown relative to drilling, underground workings, and mineralized vein 

zones in Figure 6.3.  Figure 6.4 illustrates a contoured grade plan view of the veins indicated as Net Smelter 

Return (NSR) values.   

Block models were created from the vein wire-frames by filling the wireframes with blocks.  Individual 

block models were created for wire-frames of each vein.  Block resolution was set to 0.1 meter in the Y-

direction.  

Table 6.3 Descriptions of Block Model Specifications – Arista Vein System 

 

 



 

85 
 

Table 6.4 Descriptions of Block Model Specifications – Switchback Vein System 

 

 
Table 6.5 Descriptions of Block Model Specifications – Alta Gracia 

  X-Axis Y-Axis Z-A xis 

Model Origin 793894 1847976 1200 

Number of blocks 1000 450 500 

Block Size(meters) 1 
varies by vein 

composite width 1 

Axis Length(meters) 1000 450 500 

Real-World 
Orientation of Axis 

65° 335° 0 

Bearing Dip 0 0 0-20° 
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Figure 6.3 Block Model Location and Size Parameters for the Arista Underground Mine 

 

Figure 6.4  Plan View of Modeled Veins Showing Distribution of Corresponding Net Smelter Return (NSR) 

values. 
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6.7 Sample Capping 
 

GRC developed basic statistical parameters for raw gold, silver, copper, lead and zinc assays.  The 

parameters indicated that the data are positively skewed and that it was necessary to limit the influence 

of high outlier assays.   

To determine the appropriate capping value, the mean and the standard deviation for each metal were 

calculated for the vein structures.  Lognormal probability plots and cumulative frequency plots were also 

examined.   

Capping values were determined based on the cumulative probability of approximately 95% percentile 

(the mean plus 2 standard deviations) as shown in Table 6.6.  Any assays above the mean plus 2 standard 

deviations are reduced to that level.  Capping was applied to individual samples regardless of the length 

represented.   

Table 6.6 Assay Capping Values Inside Wire-Framed Veins of the Oaxaca Mining Unit 

Vein System 
Capping Value 

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

Arista (excluding Splay 5)  58 6,100 3.8 16 32 

Splay 5 (& Splay 5 RM1) 20 6,000 1.9 12 20 

Switchback 20 1,100 2.7 16 32 

Alta Gracia 4 1,700 NA NA NA 

Tapada (Margaritas) 3 1,700 NA NA NA 

 

6.8 Bulk Density Determinations 
 

GRC has periodically performed bulk density determinations, which is used for converting volumes to 

tonnes for reserve estimates.  The bulk density of a material is its mass per unit volume.  The bulk density 

is expressed in grams per mL (g/mL) although the international unit is kilograms per cubic meter (1 g/mL 

= 1000 kg/m3 or 1 tonne/m3). 

 

For the Arista and Switchback veins, the Oaxaca Mining Unit staff currently applies a factor of 2.79 

tonnes/m3 to convert volumes to tonnes for reserve and mineralized material estimates.  For the Alta 

Gracia and Margaritas veins, a factor of 2.59 tonnes/m3 is used.  A factor of 2.50 tonnes/m3 is used to 

convert volumes to tonnes for wallrock dilution applied to reserve and mineralized material estimates.  

This factor is based on bulk density measurements on vein samples by water immersion methods.  GRC 

density determinations are performed on 10cm portions of selected whole drill core from mineralized 

zones, dried naturally in air; in the Aguila Project lab the weight is recorded, after immersion in calibrated 

water filled cylinder yield volume is determined by displacement, and the final density is calculated with 

the simple formula: mass/volume.  
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6.9 Grade Estimation 
 

Drill-hole assays were selected inside the vein wireframes for each vein individually.  Length-weighted 

composite grades were computed for 1.5 meter lengths for the Arista and Margaritas veins.   A 2.0 meter 

run-length was used for the Switchback and Alta Gracia veins.  Missing values in the assay sequence were 

ignored for composite calculation.   

 

Underground chip channel samples were composited using the same procedure as was used for the drill 

holes.  The chip channel sample composites were appended to the drill-hole composites to provide a 

combined dataset for grade estimation. 

The Arista and Baja veins have extensive chip channel sampling and more closely spaced drilling at higher 

elevations and more widely spaced drilling at depths. 

Proven and Probable Reserves and Measured and Indicated Mineralized Material were estimated using 

the Inverse Distance Weighting (IDW) method for metal grades for the Arista, Switchback and Alta Gracia 

vein systems.  In areas of lower confidence, the Nearest Neighbor (NN) method of estimation has been 

applied.  This method was applied for the remaining portions of these veins which are mainly defined by 

drill-hole intercepts.  Grade estimation using the NN method was also done for the minor veins and splays 

using the composited data within each vein as the data source. 

Spatial grade continuity, as indicated by the variogram, can be an important consideration when assigning 

reserve confidence classification since variance can strongly influence estimation quality parameters.  

Several iterations of variography were performed early in the modeling procedure to determine the best 

method for application to the reserve calculations, specifically to reveal potential nugget affect, sill, range, 

and search ellipse parameters.  

The variogram structures were determined to be only well-defined for the Arista, Baja and related veins 

in the vicinity of the chip channel samples collected from underground workings.  There was a high level 

of confidence in the modeled variograms in these areas but they only represented a limited amount of 

the total reserve volume.  The variogram structures were not found to be useful beyond the underground 

workings where ore is mainly defined by drill-hole intercepts.  As such, the IDW method for block 

estimation was chosen over other geostatistical estimation methods related to variograms, like kriging. 

 

6.10 Reserve Classification 
 

Reserve classification considers a number of aspects affecting confidence in reserve estimations, such as:  

 

• Geological continuity (including geological understanding and complexity)  

• Data density and orientation  

• Data accuracy and precision  



 

89 
 

• Grade continuity (including spatial continuity of mineralization) 

There is substantial information to support a good understanding of the geological continuity of the 

primary veins at the Arista Underground Mine.  Exploration drilling has defined the geological continuity 

of the primary veins, mainly the Arista, Baja, Chuy, Vein 1, Vein 3, Santiago, Splay 5 and Splay 66 along 

strike and down dip.  

Confidence in the geological continuity of the remaining secondary veins and splays is lower as there tend 

to be fewer intercepts.  The uncertainty in the geology of the secondary veins has been taken into account 

during reserve classification. 

Understanding of the vein systems has greatly increased by the presence of extensive underground 

workings allowing detailed mapping of the geology.  Underground observations have increased the ability 

to accurately model the mineralization.  The proximity of reserves to underground workings has been 

taken into account during reserve classification.  

Grade estimation for the veins was done in three passes, each of which used different search parameters 

and estimation methods.  For the Arista and Switchback veins, a minimum of two and a maximum of 20 

drill hole composites are required for each pass.  At Alta Gracia, a minimum of two and a maximum of 15 

drill hole composites are required for each pass.  For the Tapada vein at Margaritas, a minimum of one 

and a maximum of 10 drill hole composites are required for each pass. The other search parameters for 

assigning reserve and mineralized material classes are summarized in Table 6.7.   

After each pass was completed, the results were evaluated and those blocks that did not meet specified 

criteria, or that had missing grade values were estimated in the next pass.   

Proven Reserves and Measured Mineralized Material are assigned to all blocks estimated in Pass 1.  An 

anisotropic search ellipse (X, Y, Z) of 30, 15 and 20 meters was used for grade estimation for Proven 

Reserves and Measured Mineralized Material.  Effectively, the search parameters limit proven reserves to 

blocks that are bracketed by underground workings with extensive channel sampling in this primary class. 

Probable Reserves and Indicated Mineralized Material are assigned to blocks were estimated in Pass 2.  A 

search ellipse of 90, 45 and 60 meters was used for grade estimation for Probable Reserves and Indicated 

Mineralized Material.  This was applied for the secondary class with the exception of minor veins and 

splays which were assigned a tighter radius owing to less defined drill spacing and over estimation of 

classification from the larger radius.   

Any blocks which have not been estimated in Pass 1 or 2, with drill hole spacing is greater than 90 but less 

than 300 meters, were estimated in the tertiary pass.  The search radius was 300, 150 and 200 meters for 

grade estimation of the remaining blocks during the third pass in order to fill the modeled structures.  

All estimation was done using block and composite coordinates transformed relative to the longitudinal 

section plane.   
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As of December 31, 2016, only a limited amount of horizontal development had been conducted along 

the Switchback veins.  Thus, only closely-spaced drill holes in the vicinity of the Switchback ramps and 

horizontal development was used to classify proven and probable reserves.  In addition, only material 

included in the 2017 mine plan were classified as proven and probable reserves.  Further horizontal vein 

development, channel sampling and stoping will permit classification of additional material as proven and 

probable reserves in the future. 
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Table 6.7  Grade Estimation Search Parameters 

Modeled Structure Estimator Power Bearing Plunge Dip 
Primary Search Radius Secondary Search Radius Tertiary Search Radius 

Major Smajor Minor Major Smajor Minor Major Smajor Minor 

Arista Vein System 

Baja ID 2 140 -45 10 30 15 20 90 45 60 300 150 200 

Baja RM1 ID 3 165 -45 30 30 15 20 90 45 60 300 150 200 

Baja RM2 ID 3 170 -45 30 30 15 20 90 45 60 300 150 200 

Arista ID 2 110 -45 -25 30 15 20 90 45 60 300 150 200 

Chuy ID 3 145 -45 10 30 15 20 90 45 60 300 150 200 

Veta 1 ID 2 135 -45 35 30 15 20 90 45 60 300 150 200 

Veta 03 ID 2 125 -45 0 30 15 20 90 45 60 300 150 200 

Veta 03 RM1 ID 2 115 -45 5 30 15 20 90 45 60 300 150 200 

Alta ID 2 118 -45 -15 30 15 20 90 45 60 300 150 200 

Aire ID 2 168 -45 0 30 15 20 90 45 60 300 150 200 

Splay 66  ID 2 145 -45 10 30 15 20 90 45 60 300 150 200 

Splay 66 RM1 ID 2 130 -45 0 30 15 20 90 45 60 300 150 200 

Splay 66 RM2 ID 3 180 -45 15 30 15 20 90 45 60 300 150 200 

Candelaria ID 2 135 -45 30 30 15 20 90 45 60 300 150 200 

Luz ID 2 135 -45 25 30 15 20 90 45 60 300 150 200 

Splay 05 ID 2 125 -45 23 30 5 20 90 45 60 300 150 200 

Splay 05 RM1 ID 2 115 -46 12 30 5 20 90 45 60 300 150 200 

Splay 06 ID 2 177 -45 5 30 15 20 90 45 60 300 150 200 

Marena  ID 2 130 -45 -7 30 15 20 90 45 60 300 150 200 

Santiago ID 2 125 -45 25 30 15 20 90 45 60 300 150 200 

Santa Lucia ID 2 150 -45 25 30 15 20 90 45 60 300 150 200 

Splay 31 ID 2 114 -45 -30 30 15 20 90 45 60 300 150 200 

Splay 06 South ID 2 154 -45 10 15 7 10 30 15 20 300 150 200 

Helena ID 2 135 -45 -10 30 15 20 90 45 60 300 150 200 

Este-Norte ID 2 145 -45 10 15 7 10 30 15 20 300 150 200 

Este-Norte_RM1 ID 2 140 -45 10 15 7 10 30 15 20 300 150 200 

Este-Sur ID 2 155 -45 -5 15 7 10 30 15 20 300 150 200 

Viridiana ID 3 140 -45 10 30 15 20 90 45 60 300 150 200 

Sta.Clara ID 2 116 -45 -25 30 15 20 90 45 60 300 150 200 

Sta.Cecilia ID 2 182 -45 18 30 15 20 90 45 60 300 150 200 

Switchback Vein System 

Soledad ID 2 114 -41 -28 30 15 20 60 30 40 120 60 80 

Sagrario ID 2 131 -41 -32 30 15 20 60 30 40 120 60 80 

Susana ID 2 102 -41 -32 30 15 20 60 30 40 120 60 80 

Sabrina ID 2 129 -44 -24 30 15 20 60 30 40 120 60 80 

Silvia ID 2 110 -41 -29 30 15 20 60 30 40 120 60 80 

Sofia ID 2 125 -43 -24 30 15 20 60 30 40 120 60 80 

Selene ID 2 150 -45 -15 30 15 20 60 30 40 120 60 80 

SB1 ID 2 139 -45 -16 30 15 20 90 45 60 300 150 200 

SB2 ID 2 136 -46 -14 30 15 20 90 45 60 300 150 200 

Mirador Mine 

Mirador ID 2 332 -72 90 30 15 20 60 30 40 120 60 80 

Mirador_Sp ID 2 332 -72 90 30 5 20 60 10 40 120 20 80 
* ID Inverse Distance Weighting 
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6.11 Dilution and Mining Recovery 
 

GRC uses available information upon which to estimate actual dilution and mining recovery in the 

development headings, stopes, and transport system.  Dilution and mining recoveries are functions of 

many factors including workmanship, heading design, vein width, mining method, extraction, and 

transport.  Misclassification of ore and waste by mine operations personnel due to a variety of factors also 

contributes to variations in both dilution and mining recovery.  It is nearly certain that the dilution and 

recovery experienced in the mine is a combination of many factors and is at best valid on a global basis 

over relatively long time periods.   

GRC uses different dilution and mining recovery factors depending on the underground mining method 

employed.  These factors are estimated for the four underground mining methods employed at the Arista 

mine: 1) Development Drifting (DRIFT), 2) Long Hole Open Stoping (LHOS), 3) Cut-and-Fill mining (CAF) 

and 4) Shrinkage Stoping (SH).   

Mining methods and corresponding dilution factors are as follows: 

Mining Method    Dilution (%) 

Shrinkage Stoping (SH)      10 

Long Hole Open Stoping (LHOS)     26 

  Overhand Mechanized Cut and Fill (CAF)   25 

  Development Drifting along Vein (DRIFT)   15 

       Average  26 

Mining dilution averages 26% at zero grade; 10% for SH (up to 20%), 26% for LHOS (up to 40%), 25% for 

CAF (up to 66%) and 15% for DRIFT (up to 50%).  

Mining dilution has been estimated by GRC as a minimum 0.2 m of overbreak wallrock dilution for SH and 

a minimum operational width of 1.8 m.  For LHOS, mining dilution has been estimated as a minimum 0.4 

m of overbreak wallrock dilution and a minimum operational width of 1.5 m.  Mining dilution applied for 

CAF is a minimum 0.6m of overbreak wallrock dilution and a minimum operational width of 2.5 m.  Mining 

dilution for DRIFT is estimated to be 0.5 m of overbreak wallrock dilution and a minimum operational 

width of 3.0 m.  Additional 0.1 m of dilution is derived from re-mucking of floor fill.  Dilution applied is 

given a value of zero ppm.  

Mine recovery factor estimation is based on the mine design and whether pillars are required in ore blocks 

for ground support, and ore recovery inefficiencies due to losses in stopes that can occur from inefficient 

drilling and blasting and remote-control mucking resulting in ore being left behind in stopes.   

Mining methods and corresponding mining recovery factors of reserve blocks are as follows: 
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Mining Method    Mining Recovery (%) 

Shrinkage Stoping (SH)      95 

Long Hole Open Stoping (LHOS)     90 

  Overhand Mechanized Cut and Fill (CAF)   90 

  Development Drifting along Vein (DRIFT)   95 

  Remanent Blocks & Pillars (REMANENT)   60 

       Average  84 

 

Overall mining recoveries averaged 84%, after applying 90% for LHOS and CAF stopes, 95% for SH and 95% 

for DRIFT.  In 2015, GRC began applying a lower, 60% recovery factor for all remanent blocks and pillars.  

Based on actual experience in the mine, GRC deemed this to be a more realistic recovery factor for 

remanent blocks and pillars. 

6.12 Cutoff Grade 
 

Copper, lead and zinc base metal production contributes to more than 30% of the revenues generated 

from ore extracted from the Arista underground mine.  In 2014, to better represent this contribution, GRC 

began using an economic breakeven Net Smelter Return (NSR) cutoff grade for Proven and Probable 

Reserves and Measured and Indicated Mineralized Material estimations.  The NSR cutoff grade calculation 

considers actual metal prices, total mining, milling and general administration costs, plant recoveries, 

smelting/refining costs and metal price participation by the smelters.  NSR values are determined by using 

the three-year trailing average price for gold, silver, copper, lead and zinc.  Current smelter contract terms 

and plant recoveries used are the average of actual recoveries reported by the plant during the twelve 

months of 2016.  The cut-off grade does not include either exploration or capital costs. 

The breakeven NSR cutoff grade is determined by the actual average cash operating costs for the Oaxaca 

Mining Unit for the twelve-month period from January 2016 through December 2016 determined by 

GRC’s finance department (Table 6.8).   

Table 6.8  2016 Mine Site Cash Operating Costs Used for Breakeven NSR Cutoff Grade Calculations 
Description (Units) Value US$ per tonne milled 

Mining Cost 42 

Plant & Energy Cost  25 

General & Administration Cost  13 

Total Mine Site Operating Cash Cost 80 
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The average cash operating cost for 2016 was US$ 80 per tonne milled.  All material with a NSR greater 

than this value is regarded as having the potential for economic extraction.   

The breakeven NSR cutoff grade is applied to the estimated Proven and Probable reserve blocks, and 

those that exceed the breakeven NSR cutoff grade are considered for inclusion in the mine plan and for 

reporting as reserves.   

The breakeven NSR cutoff grade for the Arista Underground Mine is US$ 80per tonne.  Parameters used 

for estimation of the economic breakeven NSR cutoff grade for the Arista Underground Mine Reserves 

are in Table 6.9.  

The NSR multiplier values calculated for each element which takes into consideration the commercial 

terms for 2015 are detailed in Table 6.10.  For each reserve block, gold, silver, copper, lead and zinc grades 

are multiplied by their respective NSR multiplier value and then summed together to determine the total 

NSR value for the block.  If the total NSR value (diluted) is above the breakeven NSR cutoff grade of US$ 

80/tonne, then the reserve block is further evaluated for economic extraction. 

The same breakeven NSR cutoff grade of US$80/tonne was applied to Measured and Indicated 

Mineralized Material at the Arista Underground Mine (including the Switchback Veins).  This mineralized 

material, however, is excluded from the mine plan and is in addition to reported reserves.   

 

No appreciable amounts of base metals are present in the veins identified to-date at the Alta Gracia and 

Margaritas properties.   Therefore, a breakeven cutoff grade using gold and silver only was used for these 

properties.   

The breakeven cutoff grade used for the Alta Gracia Project and the Mirador Underground Mine for 

proven and probable reserves and measured and indicated mineralized material was 1.52 g/t gold-

equivalent (AuEq) using gold and silver only to calculate gold equivalencies.  Gold equivalencies are 

determined by taking the three-year trailing average price for gold and silver and converting them to gold 

equivalent ounces using the gold to silver average price ratio for the period.   

The breakeven cutoff grade used for the Margaritas Project measured and indicated mineralized material 

was 2.0 g/t gold-equivalent (AuEq) using gold and silver only to calculate gold equivalencies.   
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Table 6.9 Parameters Used for Breakeven NSR Cutoff Grade Calculations (*All amounts in US Dollars) 

Item Unit* Value   Unit* Value Source / Comments 

 Metal Prices 
Copper $/lb 2.60    $/t 5,732 3yr Trailing Average 
Zinc $/lb 0.94    $/t 2,072 3yr Trailing Average 
Lead $/lb 0.87    $/t 1,918 3yr Trailing Average 
Silver $/oz. 17.29    $/g 0.56 3yr Trailing Average 
Gold $/oz. 1,225    $/g 39.39 3yr Trailing Average 

Item Unit* 
Cu 

Concentrate 
Zn 

Concentrate 
 Pb 

Concentrate 
Knelson 

Concentrate Source / Comments 

 Flotation Recovery 
Ag % 56.6% 5.2%  30.0% 0.5% 2016 YTD Met Balance 
Au % 41.4% 4.2%  10.7% 33.8% 2016 YTD Met Balance 
Cu % 77.9% 3.6%  11.2% 0% 2016 YTD Met Balance 
Pb % 9.5% 8.1%  74.2% 0% 2016 YTD Met Balance 
Zn % 1.3% 83.7%  4.7% 0% 2016 YTD Met Balance 

 Concentrate Grade 
Ag g/t 8,418 120  2,341 1,362 2016 YTD Met Balance 
Au g/t 87.1 1.4  11.8 1,350 2016 YTD Met Balance 
Cu % 25.0 0.2  1.9 0.4 2016 YTD Met Balance 
Pb % 12.6 1.7  51.5 18.7 2016 YTD Met Balance 
Zn % 5.4 53.7  10.2 6.5 2016 YTD Met Balance 

 Moisture content 
  % 7% 9%  6% 0% 2016 YTD Metal Sales 

 Smelter Payables 
Ag payable % 96.5% 70%  95% 99.250% 2017 Smelter Contracts 
Au payable % 96.0% 70%  95% 99.925% 2017 Smelter Contracts 
Cu payable % 100.0% 0%  0% 0% 2017 Smelter Contracts 
Pb payable % 0% 0%  95% 0% 2017 Smelter Contracts 
Zn payable % 0% 85%  0% 0% 2017 Smelter Contracts 

 Minimum Deductions 
Ag g/t in conc 50.0 93.3  50.0   2017 Smelter Contracts 
Au g/t in conc 1.0 1.0  1.0   2017 Smelter Contracts 
Cu % dry net weight of con 1.0% 0.0  0.0 0.0 2017 Smelter Contracts 
Pb % dry net weight of con 0.0 0.0  3% 0.0 2017 Smelter Contracts 
Zn % dry net weight of con 0.0 8%  0.0 0.0 2017 Smelter Contracts 

 Treatment and Refining Charges 

Base Treatment Charge 
$/dmt conc or oz. metal 

received 175.0 72.0 
 

80.0 0.3 
2017 Smelter Contracts 

Ag $/pay oz. 0.75 0.0  1.0   2017 Smelter Contracts 
Au $/pay oz. 15.0 0.0  15.0  2017 Smelter Contracts 
Cu $/lb 0.175 0.0  0.0 0.0 2017 Smelter Contracts 
Pb $/lb 0.0 0.0    0.0 2017 Smelter Contracts 
Zn $/lb 0.0 0.0  0.0 0.0 2017 Smelter Contracts 

 Deleterious Element Penalties 
2016 YTD Con Produced dmt conc 4,136 26,627  7,871   2016 YTD Metal Sales 
Pb+Zn penalty              

YTD Costs $ 170,505        2016 YTD Metal Sales 
Unit Cost $/dmt conc 41.23 0.00  0.00     

As+Sb Penalty              
YTD Costs $ 258,450 0     2016 YTD Metal Sales 
Unit Cost $/dmt conc 62.49 0.00       

SiO2 Penalty              
YTD Costs $   142,995  26,179   2016 YTD Metal Sales 
Unit Cost $/dmt conc 0.00 5.37  3,33     

Cd Penalty        0.00     
YTD Costs $   73,055      2016 YTD Metal Sales 
Unit Cost $/dmt conc 0.00 2.74  0.00     

Bi Penalty              
YTD Costs $          2016 YTD Metal Sales 
Unit Cost $/dmt conc 0.00 0.00  0.00     

Total Penalty Unit Cost $/dmt conc 103.72 8.11  3.33   (No penalties on doré) 

 Transport Costs 

Transport to smelter $/wmt 106.16 106.16 
 

106.16   
Contract Cost $2,123.21 

MXN 
Dore fixed transport fee $/bar        1,500.00 12.18.13 Smelter Contracts 
Dore incremental transport 
fee $/thousand dollars in value     

 
  0.30 12.18.13 Smelter Contracts 

Dore bar weight kg        20.00 USD/MXN 20.0  
Dore bars shipped per 
shipment units per shipment     

 
  1   

 Royalties 
Royalty %NSR 5% 5%  5% 4%   
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Table 6.10 NSR Multiplier Values used for Breakeven NSR Cutoff Grade Calculations 

Metal (Units) 
NSR 

Multiplier Value 

Gold (US$ /g) 31.03 

Silver (US$ /g) 0.41 

Copper (US$ /%) 36.61 

Lead (US$ /%) 11.91 

Zinc (US$ /%) 11.36 

 

 

6.13 Reserve Estimation Methodology 
 

The following describes GRC’s reserve estimation methodology conducted during January and February 

2017 based on mineral zone block models created as of December 31, 2016.  Reserves reported reflect 

mining depletion as of December 31, 2016.  The flow chart for the reserve estimation process at the Arista 

and Mirador Underground Mines is shown in Figure 6.5 and described below. 
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Figure 6.5 GRC’s Flow Chart for the Reserve Estimation Process at the Arista and Mirador Underground Mines 
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6.13.1   Selective Mining Unit (SMU) 
 

The reserve estimation process for the Arista and Mirador Underground Mines first involves a review of 

resource block models created from the 3D vein wire-framed solids.   

Block models are mainly reviewed to confirm that estimation of reserve and mineralized material blocks 

was done correctly and to validate the various fields in the model (e.g. Class, Tonnage, Grades, Width, in-

situ NSR, etc.). 

A Selective Mining Unit (SMU) is then designed based on the 3D vein wire-framed solids and other factors 

including hydraulic radius, ore width, potential dilution, nearby development etc.   

The hydraulic radius (HR) is the area of a stope divided by its perimeter.  For example, a stope having a 

strike length of 20 meters by a 25 meter level height has a HR of 500/90 equal to 5.5 meters in comparison 

to a stope that has dimensions of 50 meters of strike length by a 25 meter level height which has a larger 

HR of 1250/150 equal to 8.3 meters.  The chart shown in Figure 6.6 shows that a lower HR is more stable 

as indicated by its modified stability number (N). 

 

Figure 6.6 Chart of Hydraulic Radius (in meters) versus Modified Stability Number (N).   

The design and evaluation of the SMU solids is currently done in Vulcan (Mine Modelling and Planning 

Software designed by Maptek).  The vein solids are cut into benches and drifts and then subdivided into 
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stopes (SMU), which are usually 15 meters along the strike direction of the vein.  Typically, especially in 

new mining areas, heights are 4 meters high for drifts and 16 meters high for benches.  

Examples of specific SMU solids are shown in Figure 6.7.   

 

Figure 6.7 Example of vein divided into Selective Mining Units (SMU) 
 

Vulcan reserve routines are run on the SMU solids to create a TXT file that can be imported into XACT 

(Reserving and Mine Scheduling software designed by RPM Global).  XACT is a mining software that makes 

use of spreadsheet and database functionalities to facilitate reserve calculations and their subsequent 

mine scheduling. 

Figure 6.8 is a screen capture of the imported data section of the Main Database within XACT. 

 

 

Figure 6.8 XACT´s Main Database 
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The SMU is given a classification of Measured, Indicated or Inferred based on the predominant resource 

class tonnage within it.  Figure 6.9 presents a vein with SMUs classified by class. 

 

 
 

Figure 6.9 Vein Resource Classification (XACT) 
 

Other databases are also setup in XACT to store operational and economic parameters.  These parameters 

include minimum mining widths, dilution, recoveries, metal prices, NSR multipliers and breakeven cut-

offs. 

 

The imported data from the Main Database in XACT are processed using auditable and easy to read 

formulas or expressions that link these data to the economic and operational parameters mentioned 

above. 

6.13.2   Dilution and Minimum Mining Widths 

 

Dilution and minimum mining width assumptions are made for tonnes and grades based on factors 

estimated by GRC’s geology and mine planning departments.  Three sources of dilution are usually 

considered: mining (planned), extraction (unplanned) and loading (mucking) dilution.  Figure 6.10 
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illustrates the basic components of the applied dilution in an underground mine (loading dilution not 

shown on this illustration). 

The dilution for the economic evaluation is determined by the mineralized zone modeled by the 

geologists, the dip of the vein and the average width of the SMU.  During the mine design, the material 

that is outside of the economic ore limits is incorporated as applied dilution.  Waste material is considered 

to contain no mineralization, with gold, silver and base metal grades set at a zero value. 

In the Arista and Mirador underground mines different dilution factors are applied to each vein and 

operating mining method (eg. Longhole Stoping, development Drift, cut-and-fill) as part of the evaluation 

process. 

For example, in a particular longhole stope, where 0.20 meters of dilution is applied to each side of a 2-

meter wide vein, the percentage dilution can then be calculated as follows: 

% Applied Dilution = 0.4 m * 100 = 20% 
                                     2.0 m 
 

Loading (mucking) dilution is usually based on the underground surveys of the stopes and estimates of 

the amount of back fill extracted during mucking.  In the Arista and Mirador underground mines, 0.1 meter 

of floor dilution is applied to drifts and cut-and-fill stopes.  Back fill is considered to contain no 

mineralization with gold, silver and base metal grades set at a zero value. 
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Figure 6.10  Conceptual Model Illustrating the Basic Contributing Components of the Applied Dilution in 
an Underground Mine 

 

6.13.3   Mining Recovery and Pillar Losses 

 

Different mine recovery factors are applied to each vein, and associated operating mining method, based 

on field experience and geological characterization of the ore bodies.  Figure 6.11 is an example of the 

dilution and recovery factors loaded into a database in XACT. 

Additional pillar losses of up to 8.4% are applied to Longhole Stoping benches based on geotechnical 

studies developed at the Arista underground mine. 
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Figure 6.11 XACT´s Dilution and Recovery Factors Database 
 

6.13.4   Reserve Calculation 
 

After applying dilution, mining recovery and pillar losses, the value per tonne of each SMU is determined 

based on metal prices and metallurgical recoveries for each metal, which is accounted for in the NSR 

multipliers. 

 

An economic evaluation of the SMUs is then undertaken using established economic parameters (Table 

6.11). 
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Table 6.11 Economic Parameters used for Economic Evaluation 

 

The breakeven cut-off grade is determined based on operational costs of production, processing, energy 

and general administration (total operating cost in US$ /t).  If the NSR of a SMU is higher than the 

breakeven cut-off grade, and the resource class is either measured or indicated, the SMU has the potential 

to be considered as part of the Reserves.  Final checks are required to give the SMU a reserve status.  

6.13.5   Operational Geometrics and Development Analysis 
 

After the economic evaluation, an analysis is conducted on the operational geometrics of each vein in 

XACT.  This mainly involves: 

 Identification of accessible blocks using current mining practices including stope design 

 Removal of block models from the mined-out areas within the vein wire-frames 

 Separation of any structural lineaments/features 

 Checking and cleaning of SMU’s and filter of infrastructure 
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For this operational analysis, current working outlines are brought from Vulcan into XACT.  The objective 

is to flag the SMU´s that have been mined out so they are excluded from the reported Reserves. 

An infrastructure filter is also undertaken. This mainly consists of discarding any SMU solids of satellite 

bodies which are too far from the primary infrastructure and economic development is not justified to 

access them.  

Figure 6.12 outlines the SMU operational classification for reserve reporting of a particular vein after the 

final checks have conducted on it. 

 

 
Figure 6.12 Vein Operational Classification (XACT) 

 

6.13.6   Reserve Estimation 
 

The final step of the reserve estimation process is to deliver the reserve values in a reportable format. 

XACT with its reporting capabilities is quite suited for this task.  The reports are populated automatically 

from the economic evaluation and checks previously performed. The process maintains records of the 

formulas and expressions used and thus allowing monitoring and validation of such. 

The final Proven and Probable Reserve tabulation and reporting is effective as of December 31, 2016. 

6.14 Reserve Statement 
 

The Arista Underground Mine Reserves comply with SEC Guide 7 standards and definitions of Proven and 

Probable reserves.  Reserve blocks that meet dilution and cutoff grade requirements, and that are deemed 

feasible and economic for extraction in a life-of-reserve mine plan, are classified as Proven and Probable, 

respectively, after further adjustment of tonnage for expected mining recovery.   
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Measured and Indicated Mineralized Material is used to describe mineralization in mineral deposits that 

do not constitute reserves under SEC Guide 7.  Mineralized Material meets the same dilution, expected 

mine recovery and cutoff grade requirements as Reserves but does not have demonstrated economic 

viability.  Mineralized Material is in addition to Proven and Probable Reserves.  

The estimation of measured and indicated mineralized material involve greater uncertainty as to their 

existence and economic feasibility than the estimation of proven and probable reserves.  Therefore, one 

cannot assume that all or any part of measured and indicated mineralized material will be converted into 

SEC Guide 7 compliant reserves. 

Calculations required during the reserve estimating process arrive at totals and weighted averages with 

some variability in precision.  Rounding to normalize to significant digits has resulted in minor apparent 

discrepancies in some tables, and these discrepancies are not material in the opinion of the author. 

6.14.1  Proven and Probable Reserves 

 

During 2016, GRC’s exploration and development programs replaced mined reserves and added new 

reserves.  After replacing 2016 production, contained gold and silver reserves increased in spite of using 

reduced metal prices in the estimation.   

As of December 31, 2016, Proven and Probable Reserves for the Arista Underground Mine totaled 

1,847,700 tonnes grading 2.79 g/t Au, 160 g/t Ag, 0.31 % Cu, 1.30 % Pb and 3.56 % Zn.  Contained ounces 

of proven and probable reserves totaled approximately 165,800 gold ounces and 9,527,900 silver ounces.  

A total of 300,200 gold equivalent ounces were estimated for the Arista Underground Mine using only 

gold and silver in the calculation of gold equivalencies. 

As of December 31, 2016, Proven and Probable Reserves for the Mirador Underground Mine at the Alta 

Gracia Project totaled 43,800 tonnes grading 1.06 g/t Au and 342 g/t Ag.  Contained ounces of proven and 

probable reserves totaled approximately 1,500 gold ounces and 481,400 silver ounces.  A total of 8,300 

gold equivalent ounces were estimated for the Mirador Underground Mine using only gold and silver in 

the calculation of gold equivalencies. 

Proven and Probable reserves for the Arista and Mirador Underground Mines as of December 31, 2016 

are summarized in Table 6.12, and by particular vein in Table 6.13.  
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Table 6.12 Proven and Probable Reserves for the Oaxaca Mining Unit as of December 31, 2016* 

Description Tonnes 
Au Ag AuEq Au Ag AuEq Cu Pb Zn 

g/t g/t g/t oz oz oz % % % 

Arista Mine 

Arista Veins 

Proven 1,333,800 2.79 172 5.22 119,700 7,365,900 223,700 0.3 1.3 3.6 

Probable 310,400 3.23 156 5.43 32,300 1,554,500 54,200 0.3 1.1 3.0 

Arista Veins Total 1,644,200 2.88 169 5.26 152,000 8,920,400 277,900 0.3 1.3 3.5 

Switchback Veins 

Proven 161,500 2.16 95 3.51 11,300 494,600 18,200 0.5 1.8 4.1 

Probable 42,000 1.87 84 3.06 2,500 112,900 4,100 0.4 1.7 5.5 

Switchback Veins Total 203,500 2.10 93 3.42 13,800 607,500 22,300 0.5 1.7 4.4 

Arista Mine Total 1,847,700 2.79  160  5.05 165,800 9,527,900 300,200 0.3 1.3  3.6  

Mirador Mine 

Proven 32,600 1.12 358 6.18 1,200 374,800 6,500       

Probable 11,200 0.86 295 5.03 300 106,600 1,800       

MIrador Mine Total 43,800 1.06 342 5.88 1,500 481,400 8,300       

Oaxaca Mining Unit Total 1,891,500 2.75 165 5.07 167,300 10,009,300 308,500       
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Table 6.13  Proven and Probable Reserves by Vein for the Oaxaca Mining Unit as of December 31, 2016* 
Description Vein Tonnes Au g/t Ag g/t AuEq g/t Au oz Ag oz Au Eq oz Cu % Pb % Zn % 

Arista Mine 

Arista Veins 

P
ro

ve
n

 

AIRE          21,300          1.31  230         4.55                900           157,700               3,100          0.10          0.39          0.79  

SPLAY-06          27,400          1.04  228         4.25                900           200,300               3,800          0.24          0.63          0.96  

VETA-01          47,000          2.47  121         4.18             3,700           183,100               6,300          0.23          1.41          4.38  

ARISTAV          39,800          1.90  177         4.39             2,400           226,400               5,600          0.28          0.64          1.62  

BAJA        130,200          2.30  211         5.28             9,600           883,400            22,100          0.22          1.00          2.95  

BAJA-RM1          49,100          1.72  113         3.31             2,700           178,100               5,200          0.28          2.44          5.61  

BAJA-RM2            9,800          2.32  54         3.07                700              16,900               1,000          0.22          1.21          3.05  

SPLAY-31        125,700          3.88  171         6.30          15,700           692,200            25,500          0.32          1.73          4.42  

SANTIAGO          66,000          2.48  59         3.30             5,300           124,200               7,000          0.24          1.19          3.11  

SPLAY-66          54,600          2.20  249         5.72             3,900           438,100            10,100          0.32          0.69          3.86  

SPLY-66RM1          25,100          3.39  122         5.11             2,700              98,100               4,100          0.27          1.26          2.02  

SPLAY-05          92,000          1.35  269         5.15             4,000           795,700            15,200          0.15          1.07          1.85  

VETA-03          38,000          4.17  206         7.08             5,100           251,700               8,700          0.44          1.54          6.24  

CHUY          57,400          3.00  193         5.72             5,500           355,200            10,600          0.45          1.86          5.17  

ALTA          41,400          2.36  96         3.72             3,100           127,900               5,000          0.29          1.37          3.74  

CANDELARIA          55,500          2.16  209         5.11             3,900           373,600               9,100          0.15          0.50          1.00  

ESTE-SUR          17,600          3.34  490       10.26             1,900           277,800               5,800          0.98          1.29          1.54  

LUZ          41,500          1.88  212         4.87             2,500           283,100               6,500          0.21          0.49          0.68  

ESTE-NORTE          35,700          2.33  45         2.97             2,700              51,800               3,400          0.23          1.25          3.13  

MARENA          10,300          2.13  305         6.44                700           101,400               2,100          0.40          0.76          1.27  

STA-HELENA          78,700          8.61  118       10.28          21,800           299,400            26,000          0.43          1.41          4.72  

VIRIDIANA        199,800          2.66  123         4.40          17,100           789,800            28,200          0.30          1.39          4.82  

STA-CLARA          29,800          0.58  189         3.25                600           181,300               3,100          0.60          2.33          3.95  

SPLY-66RM2          28,300          2.00  179         4.53             1,800           163,300               4,100          0.13          1.61          6.31  

SPLY5RM1          11,800          1.31  305         5.61                500           115,400               2,100          0.13          1.21          2.17  

TOTAL    1,333,800          2.79  172         5.22        119,700        7,365,900          223,700          0.29          1.28          3.58  

P
ro

b
ab

le 

AIRE            7,500          1.10  198         3.89                300              47,900                  900          0.08          0.35          0.71  

SPLAY-06          12,600          0.98  258         4.62                400           104,600               1,900          0.18          0.39          0.57  

ARISTAV            1,400          1.11  95         2.45                100                4,300                  100          0.21          0.66          1.88  

BAJA            2,500          1.39  98         2.76                100                7,800                  200          0.13          1.16          2.53  

BAJA-RM1            8,500          2.66  91         3.94                700              24,900               1,100          0.19          1.98          4.80  

SPLAY-31          63,100          4.37  169         6.76             8,900           342,700            13,700          0.35          1.93          4.78  

SANTIAGO          45,500          1.84  53         2.59             2,700              77,400               3,800          0.24          1.13          2.74  

SPLAY-66          22,700          1.46  154         3.64             1,100           112,900               2,700          0.23          0.59          3.60  

SPLY-66RM1            3,900          1.82  76         2.90                200                9,600                  400          0.20          0.55          0.81  

SPLAY-05          26,400          0.86  130         2.70                700           110,000               2,300          0.10          1.23          2.46  

CHUY            1,500          3.36  93         4.67                100                4,500                  200          0.10          1.07          0.24  

ALTA            2,700          2.83  45         3.47                200                3,800                  300          0.17          0.51          0.71  

CANDELARIA            3,900          1.31  254         4.89                100              31,600                  600          0.17          0.54          1.27  

ESTE-SUR          20,300          2.80  555       10.63             1,800           361,200               6,900          0.86          1.05          1.36  

LUZ          14,500          1.63  240         5.02                800           112,200               2,300          0.24          0.53          0.60  

ESTE-NORTE          11,600          4.42  48         5.09             1,600              17,800               1,900          0.24          0.64          2.08  

MARENA            8,500          1.10  219         4.19                300              59,900               1,100          0.07          0.19          0.07  

STA-HELENA          25,000        13.43  31       13.86          10,800              24,700            11,100          0.25          0.83          3.35  

VIRIDIANA          17,600          1.53  76         2.60                900              42,900               1,500          0.13          1.07          4.91  

STA-CLARA            2,700          0.28  100         1.69                100                8,700                  200          0.38          2.04          2.89  

SPLY-66RM2            7,600          1.37  174         3.82                300              42,600                  900          0.08          1.18          4.63  

SPLY5RM1                400          0.77  189         3.44                100                2,500                  100          0.07          0.36          0.52  

TOTAL        310,400          3.23  156         5.43          32,300        1,554,500            54,200          0.27          1.12          2.96  

P
ro

ve
n

 &
 P

ro
b

ab
le 

AIRE          28,900          1.25  221         4.38             1,200           205,500               4,100          0.09          0.38          0.77  

SPLAY-06          40,000          1.02  237         4.37             1,300           304,900               5,600          0.22          0.56          0.84  

VETA-01          47,000          2.47  121         4.18             3,700           183,100               6,300          0.23          1.41          4.38  

ARISTAV          41,200          1.87  174         4.33             2,500           230,700               5,700          0.28          0.64          1.62  

BAJA        132,700          2.28  209         5.23             9,700           891,300            22,300          0.22          1.00          2.94  

BAJA-RM1          57,600          1.86  110         3.41             3,400           203,000               6,300          0.26          2.38          5.49  

BAJA-RM2            9,800          2.32  54         3.07                700              16,900               1,000          0.22          1.21          3.05  

SPLAY-31        188,800          4.05  170         6.45          24,600        1,034,900            39,200          0.33          1.80          4.54  

SANTIAGO        111,400          2.22  56         3.01             7,900           201,600            10,800          0.24          1.17          2.96  

SPLAY-66          77,400          1.98  221         5.11             4,900           550,900            12,700          0.29          0.66          3.78  
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SPLY-66RM1          29,000          3.18  116         4.81             3,000           107,800               4,500          0.26          1.16          1.86  

SPLAY-05        118,300          1.24  238         4.60             4,700           905,700            17,500          0.14          1.10          1.99  

VETA-03          38,000          4.17  206         7.08             5,100           251,700               8,600          0.44          1.54          6.24  

CHUY          58,900          3.01  190         5.69             5,700           359,700            10,800          0.45          1.84          5.04  

ALTA          44,000          2.39  93         3.70             3,400           131,700               5,200          0.29          1.32          3.56  

CANDELARIA          59,400          2.10  212         5.10             4,000           405,200               9,700          0.15          0.50          1.01  

ESTE-SUR          37,900          3.05  525       10.46             3,700           639,100            12,700          0.92          1.16          1.44  

LUZ          56,100          1.82  219         4.91             3,300           395,300               8,900          0.22          0.50          0.66  

ESTE-NORTE          47,400          2.84  46         3.49             4,300              69,600               5,300          0.23          1.10          2.87  

MARENA          18,800          1.67  266         5.42             1,000           161,400               3,300          0.25          0.50          0.73  

STA-HELENA        103,600          9.77  97       11.14          32,600           324,100            37,100          0.38          1.27          4.39  

VIRIDIANA        217,400          2.57  119         4.25          18,000           832,600            29,700          0.29          1.37          4.83  

STA-CLARA          32,500          0.56  182         3.12                600           189,900               3,300          0.58          2.30          3.86  

SPLY-66RM2          35,900          1.86  178         4.38             2,200           205,900               5,100          0.12          1.52          5.95  

SPLY5RM1          12,200          1.29  301         5.54                500           117,900               2,200          0.13          1.18          2.12  

TOTAL    1,644,200          2.88  169         5.26        152,000        8,920,400          277,900          0.29          1.25          3.46  

Switchback Veins 

P
ro

ve
n

 

SUSANA            9,000          0.46  135          2.37                100              39,100                  700          0.29          0.72          3.75  

SILVIA            7,400          0.81  166          3.15                200              39,300                  700          0.14          1.81          3.46  

SOLEDAD          77,400          1.29  126          3.07             3,200           313,600               7,600          0.42          1.62          4.52  

SAGRARIO          50,300          3.92  53          4.67             6,400              85,800               7,600          0.75          2.33          4.17  

SOFIA          17,400          2.44  30          2.87             1,400              16,800               1,600          0.71          1.11          2.22  

TOTAL        161,500          2.16  95          3.51          11,300           494,600            18,200          0.54          1.75          4.07  

P
ro

b
ab

le 

SILVIA            1,400          2.77  77          3.86                100                3,300                  200          0.23          0.80          2.99  

SOLEDAD          20,500          1.30  125          3.07                800              82,800               2,000          0.39          2.07          6.74  

SAGRARIO          19,500          2.38  42          2.97             1,500              26,300               1,800          0.47          1.39          4.55  

SOFIA                600          2.95  25          3.30                100                   500                  100          0.72          0.76          2.25  

TOTAL          42,000          1.88  84          3.06            2,500           112,900              4,100          0.43          1.69          5.53  P
ro

ve
n

 &
 P

ro
b

ab
le 

SUSANA            9,000          0.46  135          2.37                100              39,100                  700          0.29          0.72          3.75  

SILVIA            8,800          1.11  152          3.26                300              42,600                  900          0.15          1.65          3.38  

SOLEDAD          97,900          1.29  126          3.07             4,000           396,400               9,600          0.42          1.71          4.99  

SAGRARIO          69,800          3.49  50          4.19             7,900           112,100               9,400          0.67          2.07          4.28  

SOFIA          18,000          2.46  30          2.88             1,500              17,300               1,700          0.71          1.10          2.22  

TOTAL        203,500          2.10  93          3.42          13,800           607,500            22,300          0.51          1.74          4.37  

Mirador Mine 

P
ro

ve
n

 

MIRADOR          25,100          1.14  345         6.01                900           278,700               4,900        

MIRADOR-SPN            7,500          1.08  400         6.73                300              96,100               1,600        

TOTAL          32,600          1.12  358         6.18            1,200           374,800              6,500        

P
ro

b
ab

le 

MIRADOR            7,600          0.76  235         4.07                200              57,500               1,000        

MIRADOR-SPN            3,600          1.07  422         7.03                100              49,100                  800        

TOTAL          11,200          0.86  295         5.02                300           106,600              1,800        

P
ro

ve
n

 
&

 

P
ro

b
ab

le 

MIRADOR          32,700          1.05  320         5.56             1,100           336,100               5,900        

MIRADOR-SPN          11,100          1.08  407         6.83                400           145,300               2,400        

TOTAL          43,800          1.06  342         5.88            1,500           481,400              8,300        

OAXACA MINING UNIT TOTAL 1,891,500 2.75 165 5.07 167,300 10,009,300 308,500    

Notes to the above Proven and Probable (“P & P”) reserves: 

9. Metal prices used for P & P reserves were $1,225 per ounce of gold, $17.29 per ounce of silver, $2.60 per pound of copper, $0.87 per 

pound of lead and $0.94 per pound of zinc.  These prices reflect the three-year trailing average prices for gold, silver, copper, lead and 

zinc. 

10. Precious metal gold equivalent is 70.85:1 using gold and silver only to calculate gold equivalencies. 

11. A breakeven Net Smelter Return (NSR) cutoff grade of $80 per tonne was used for estimations of P & P reserves.  The term “cutoff 

grade” means the lowest NSR value considered economic to process. 

12. Mining, processing, energy, administrative and smelting/refining costs were based on 2016 actual costs for the Oaxaca Mining Unit. 

13. Metallurgical recovery assumptions used were 89% for gold, 92% for silver, 78% for copper, 74% for lead and 84% for zinc.  These 

recoveries reflect 2016 actual average recoveries for the Oaxaca Mining Unit. 

14. P & P reserves are diluted and factored for expected mining recovery. 

15. Minimum mining width for P & P reserves is 1.5 meters. 

16. Figures in tables are rounded to reflect estimate precision and small differences generated by rounding are not material to estimates. 
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6.14.2  Measured and Indicated Mineralized Material  
 

In 2016, GRC estimated Measured and Indicated Mineralized Material identified by diamond drilling for 

four (4) exploration areas: Arista Veins, Switchback Veins, Alta Gracia and the Tapada Vein in the historic 

Margaritas mining area.  Portions of the Switchback and Alta Gracia Vein systems, reported last year as 

Mineralized Material, are now being classified as Reserves.   

The Switchback vein system, comprising part of the Arista Underground Mine, is located approximately 

500 meters northeast of the Arista vein system.  Alta Gracia is a historic mining area easily accessible and 

located approximately 16 kilometers northwest of the Arista Underground Mine.  The Margaritas historic 

mining area is located approximately 6 km west-northwest of the Arista Mine.   

Estimates of Measured and Indicated Mineralized Material used the same metal prices and similar dilution 

and mining recovery parameters as Proven and Probable Reserves.  The same breakeven NSR cutoff grade 

of US$ 80/t for the Arista Underground mine was used for Measured and Indicated Mineralized Material 

of the Arista and Switchback vein systems.  A breakeven gold-equivalent cutoff grade of 1.5 g/t AuEq and 

2.0 g/t AuEq was used for the Alta Gracia and Margaritas Projects Measured and Indicated Mineralized 

Material, respectively.  Gold and silver vein mineralization identified to date at Alta Gracia and Margaritas 

is not associated with any appreciable base metals, so only gold and silver are used to calculate gold 

equivalencies. 

Measured and Indicated Mineralized Material are in addition to reserves and do not have demonstrated 

economic viability.  The estimate of Measured and Indicated Mineralized Material may be materially 

affected by environmental, permitting, legal, title, taxation, socio-political, marketing, or other relevant 

issues.  

Table 6.14 Summarizes the Measured and Indicated Mineralized Material for the Oaxaca Mining Unit and 

and Table 6.15 sumarized this material by vein. 
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Table 6.14 Measured and Indicated Mineralized Material for the Oaxaca Mining Unit as of December 31, 
2016* 

Description Tonnes 
Au Ag Cu Pb Zn 

g/t g/t % % % 

ARISTA MINE 

Arista Veins 

Measured 285,700 2.11 173 0.2 1.4 3.9 

Indicated 488,200 1.06 141 0.2 1.4 3.4 

Arista Veins Total 773,900 1.45 153 0.2 1.4 3.6 

Switchback Veins 

Measured 492,100 1.85 100 0.5 1.8 5.7 

Indicated 466,900 1.36 93 0.4 1.9 5.8 

Switchback Veins Total 959,000 1.61 97 0.4 1.8 5.7 

ARISTA MINE TOTAL 1,732,900 1.54 122 0.3 1.7 4.8 

ALTA GRACIA PROJECT 

Measured 145,000 0.36 242       

Indicated 151,900 0.36 222       

ALTA GRACIA TOTAL 296,900 0.36 232       

MARGARITAS PROJECT 

Measured 19,800 0.70 280       

Indicated 38,100 0.73 274       

MARGARITAS TOTAL 57,900 0.72 276       

OAXACA MINING UNIT M&I 

TOTAL 2,087,700      
Notes to the above Measured and Indicated (“M & I”) mineralized material: 

17. Metal prices used for M & I mineralized material were $1,225 per ounce of gold, $17.29 per ounce of silver, $2.60 per pound of copper, 

$0.87 per pound of lead and $0.94 per pound of zinc. These prices reflect the three-year trailing average prices for gold, silver, copper, 

lead and zinc. 

18. A breakeven NSR cutoff grade of $80 per tonne was used for estimations of M & I mineralized material. The term “cutoff grade” means 

the lowest NSR value considered economic to process. 

19. Metallurgical recovery assumptions used were 89% for gold, 92% for silver, 78% for copper, 74% for lead and 84% for zinc.  These 

recoveries reflect 2016 actual average recoveries for the Oaxaca Mining Unit. 

20. M & I mineralized material is diluted and factored for expected mining recovery. 

21. Minimum mining width for M & I mineralized material is 1.5 meters. 

22. Figures in tables are rounded to reflect estimate precision and small differences generated by rounding are not material to estimates. 
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Table 6.15 Measured and Indicated Mineralized Material by Vein for the Oaxaca Mining Unit as of 
December 31, 2016* 

Description Vein Tonnes Au g/t Ag g/t Cu % Pb % Zn % 

Arista Veins 

Measured 

SPLAY-06            2,200          0.06  270          0.05          0.03          0.05  

BAJA            4,700          0.51  73          0.23          1.52          3.50  

SANTIAGO          29,200          0.41  196          0.15          1.44          1.57  

SPLY-66RM1            5,000          6.90  4          0.10          1.63          1.21  

STA-LUCIA          12,100          1.60  74          0.24          0.99          2.16  

SPLAY-05          14,300          3.00  575          0.19          1.54          1.58  

VETA-03-RM1            9,700          0.49  91          0.08          1.33          5.01  

CANDELARIA          27,300          2.96  841          0.17          0.69          1.45  

ESTE-SUR          44,100          4.82  19          0.20          1.50          2.91  

SPLAY06STH            3,100          1.62  351          0.02          0.08          0.09  

ESTE-NORTE          22,400          0.04  120          0.05          2.65          7.79  

MARENA          33,600          0.86  57          0.16          2.46          7.53  

STA-HELENA            3,400          0.42  21          0.26          0.51        17.87  

VIRIDIANA          13,800          8.79  39          0.03          0.24          0.97  

STA-CECILIA          53,100          0.67  40          0.37          1.06          4.63  

ESTEN-RM1            7,300          0.09  81          0.19          2.12          6.27  

SPLY-66RM2                400          1.91  36          0.08          0.36          1.12  

Total        285,700          2.11  173          0.19          1.43          3.94  

Indicated 

SPLAY-06            6,900          0.27  238          0.09          0.16          0.21  

BAJA          26,200          0.83  69          0.20          1.34          3.96  

BAJA-RM1          16,500          1.40  61          0.13          2.28          4.78  

BAJA-RM2            7,200          2.93  24          0.09          0.71          1.71  

SANTIAGO          63,200          0.34  162          0.13          1.16          1.31  

SPLY-66RM1            3,600          2.94  43          0.07          0.96          2.11  

SPLAY-05          88,400          1.39  254          0.13          1.71          1.68  

CANDELARIA          46,900          1.66  371          0.11          0.45          0.84  

ESTE-SUR          40,500          1.89  85          0.32          2.07          4.15  

SPLAY06STH            1,500          1.36  317          0.02          0.06          0.09  

ESTE-NORTE          22,200          0.06  88          0.06          2.40          6.15  

MARENA          51,000          0.82  44          0.14          1.81          5.32  

STA-HELENA            5,600          1.39  26          0.28          0.55          9.68  

VIRIDIANA            3,900          3.19  64          0.03          0.61          4.77  

STA-CECILIA          86,300          0.75  40          0.35          1.06          4.68  

ESTEN-RM1          12,600          0.09  68          0.17          1.92          5.68  

SPLY-66RM2            5,700          1.98  197          0.09          1.70          6.53  

Total        488,200          1.06  141          0.18          1.41          3.35  

Measured & 
Indicated 

SPLAY-06            9,100          0.22  246          0.08          0.13          0.17  

BAJA          30,900          0.78  70          0.21          1.37          3.89  

BAJA-RM1          16,500          1.40  61          0.13          2.28          4.78  

BAJA-RM2            7,200          2.93  24          0.09          0.71          1.71  

SANTIAGO          92,400          0.36  173          0.14          1.25          1.39  

SPLY-66RM1            8,700          5.24  21          0.09          1.35          1.59  

STA-LUCIA          12,100          1.60  74          0.24          0.99          2.16  

SPLAY-05        102,600          1.61  299          0.14          1.69          1.67  

VETA-03-RM1            9,600          0.49  91          0.08          1.33          5.01  

CANDELARIA          74,300          2.14  544          0.13          0.54          1.07  

ESTE-SUR          84,600          3.42  51          0.26          1.77          3.51  

SPLAY06STH            4,600          1.54  340          0.02          0.07          0.09  

ESTE-NORTE          44,600          0.05  104          0.06          2.53          6.97  
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MARENA          84,600          0.83  49          0.15          2.07          6.20  

STA-HELENA            9,000          1.03  24          0.27          0.54        12.75  

VIRIDIANA          17,700          7.56  45          0.03          0.32          1.81  

STA-CECILIA        139,400          0.72  40          0.36          1.06          4.66  

ESTEN-RM1          19,900          0.09  73          0.17          1.99          5.90  

SPLY-66RM2            6,100          1.98  186          0.09          1.61          6.15  

Arista Veins Total        773,900          1.45  153          0.19          1.42          3.57  

Switchback Veins 

Measured 

SUSANA          32,300          1.01  53          0.24          1.36          3.53  

SILVIA          50,700          3.23  127          0.38          1.75          5.12  

SOLEDAD        144,800          1.94  118          0.45          1.80          5.47  

SAGRARIO          88,900          1.60  93          0.51          1.19          3.05  

SABRINA          90,100          1.65  125          0.42          2.44        10.14  

SELENE          11,800          0.62  92          0.31          2.64          7.69  

SOFIA          34,200          1.61  38          0.70          1.23          3.34  

SB-N1          31,100          2.42  66          0.53          2.52          6.73  

SB-N2            8,200          0.35  20          0.28          2.55          3.89  

Total        492,100          1.85  100          0.45          1.81          5.68  

Indicated 

SUSANA            3,100          0.80  110          0.15          0.79          3.69  

SILVIA          16,200          1.17  131          0.15          1.57          3.85  

SOLEDAD          88,300          0.80  94          0.32          1.32          5.01  

SAGRARIO          77,500          1.15  86          0.42          0.89          2.52  

SABRINA          99,600          1.44  160          0.44          2.63          9.28  

SELENE            9,400          0.58  91          0.29          2.52          7.22  

SOFIA            5,100          0.40  57          0.46          0.95          2.70  

SB-N1        139,400          2.11  60          0.50          2.11          6.19  

SB-N2          28,300          0.36  21          0.29          2.67          4.07  

Total        466,900          1.36  93          0.41          1.87          5.77  

Measured & 
Indicated 

SUSANA          35,400          0.99  58          0.23          1.31          3.54  

SILVIA          66,900          2.73  128          0.32          1.70          4.81  

SOLEDAD        233,100          1.51  109          0.40          1.62          5.30  

SAGRARIO        166,400          1.39  90          0.47          1.05          2.80  

SABRINA        189,700          1.54  144          0.43          2.54          9.69  

SELENE          21,200          0.60  92          0.30          2.58          7.48  

SOFIA          39,300          1.46  40          0.67          1.20          3.26  

SB-N1        170,500          2.16  61          0.50          2.19          6.29  

SB-N2          36,500          0.36  21          0.29          2.64          4.03  

Switchback Veins Total        959,000          1.61  97          0.43          1.84          5.73  

Alta Gracia    

Measured 

Huaje 2 15,800 0.68 292    
Independencia 42,600 0.25 212    
Independencia_South 24,000 0.32 364    
San Juan 18,700 0.33 168    
San Juan_NE30 17,200 0.39 204    
San Juan_NE62 17,300 0.23 198    
San Juan_uf 9,400 0.60 284    

Total 145,000 0.36 242    

Indicated 

Huaje 2 2,300 0.55 201    
Independencia 40,600 0.24 187    
Independencia_South 12,200 0.32 337    
San Juan 15,800 0.61 313    
San Juan_NE30 37,400 0.46 222    
San Juan_NE62 32,900 0.26 180    
San Juan_uf 10,700 0.49 220    
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Total 151,900 0.36 222    

Measured & 
Indicated 

Huaje 2 18,100 0.66 281    
Independencia 83,200 0.24 199    
Independencia_South 36,200 0.32 355    
San Juan 34,500 0.46 234    
San Juan_NE30 54,600 0.44 216    
San Juan_NE62 50,200 0.25 186    
San Juan_uf 20,100 0.54 250    

Alta Gracia Total 296,900 0.36 232    
Margaritas    

Measured Tapada 19,800 0.70 280    
Indicated Tapada 38,100 0.73 274    

Measured & 
Indicated 

Margaritas Total 57,900 0.72 276 
   

Notes to the above Measured and Indicated (“M & I”) mineralized material: 

23. Metal prices used for M & I mineralized material were $1,225 per ounce of gold, $17.29 per ounce of silver, $2.60 per pound of copper, 

$0.87 per pound of lead and $0.94 per pound of zinc. These prices reflect the three-year trailing average prices for gold, silver, copper, 

lead and zinc. 

24. A breakeven NSR cutoff grade of $80 per tonne was used for estimations of M & I mineralized material. The term “cutoff grade” means 

the lowest NSR value considered economic to process. 

25. Metallurgical recovery assumptions used were 89% for gold, 92% for silver, 78% for copper, 74% for lead and 84% for zinc.  These 

recoveries reflect 2016 actual average recoveries for the Oaxaca Mining Unit. 

26. M & I mineralized material is diluted and factored for expected mining recovery. 

27. Minimum mining width for M & I mineralized material is 1.5 meters. 

28. Figures in tables are rounded to reflect estimate precision and small differences generated by rounding are not material to estimates. 

6.14.2.1 Arista Veins 
 

As of December 31, 2016, Measured and Indicated Mineralized Material estimated for the Arista vein 

system totaled 773,900 tonnes grading 1.45 g/t Au, 153 g/t Ag, 0.19% Cu, 1.42% Pb and 3.57% Zn (Table 

6.14).  This mineralized material is exclusive of Proven and Probable reserves reported for the Arista Veins.  

Measured and Indicated Mineralized Material was estimated on nineteen (19) veins.  The majority of the 

Measured and Indicated Mineralized Material was estimated for the Santa Cecilia, Splay 5, Santiago, 

Marena, Este-Sur and Candelaria veins in the Arista vein system (Table 6.15).  

 

6.14.2.2 Switchback Veins 
 

As of December 31, 2016, Measured and Indicated Mineralized Material estimated for the Switchback 

vein system totaled 959,000 tonnes grading 1.61 g/t Au, 97 g/t Ag, 0.43% Cu, 1.84% Pb and 5,73% Zn 

(Table 6.14).  This mineralized material is exclusive of Proven and Probable reserves reported for the 

Switchback Veins.  Measured and Indicated Mineralized Material was estimated on nine (9) main veins 

with the majority material contained in the Soledad, Sabrina, Sagrario and SB-N1 veins in the Switchback 

vein system (Table 6.15).  

 



 

115 
 

6.14.2.3 Alta Gracia 
 

As of December 31, 2016, Measured and Indicated Mineralized Material estimated for Alta Gracia project 

totaled 296,900 tonnes grading 0.36 g/t Au and 232 g/t Ag (Table 6.14.  Measured and Indicated 

Mineralized Material was estimated for seven (7) veins and related splays.  The majority of the Measured 

and Indicated Mineralized Material was estimated for the Independencia Vein identified in the Alta Gracia 

historic mine area (Table 6.15).  Gold and silver vein mineralization identified to date at Alta Gracia is not 

associated with any appreciable base metals. 

 

6.14.2.4 Margaritas 
 

As of December 31, 2016, Measured and Indicated Mineralized Material estimated for Margaritas project 

totaled 57,900 tonnes grading 0.72 g/t Au and 276 g/t Ag (Table 6.14).  Measured and Indicated 

Mineralized Material was estimated for the Tapada vein only located in the Margaritas historic mine area 

(Table 6.15).  Gold and silver vein mineralization identified to date at Margaritas is not associated with 

any appreciable base metals.  

 

6.15 Production Reconciliation 

Production reconciliation is the process of comparing, balancing and adjusting production estimates 

between mine and plant for consistency in reporting.  Reserve models are also used for short and long-

term mine planning, mining selectivity, dilution, losses and ore allocation records, stockpile records, plant 

feed records and production results.  A comparison can then be made of what is planned versus what is 

actually mined.  GRC currently maintains records of reserves, mine production and plant processing for 

tonnage and grade reconciliation.  
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6.15.1   Mine Production versus Plant Processing 

During the past 12 months, (January 2016 through December 2016), GRC has kept a record of the material 

mined from underground at Arista and haulage by trucks to the plant (Aguila mill (described in Section 8) 

for processing. 

For the period of January 2016 through December 2016, a total of 401,222 tonnes was mined and shipped 

to the plant (Table 6.16).  The grades of mined material averaged 1.84 g/t gold, 142 g/t silver, 0.30% 

copper, 1.56% lead and 4.71% zinc. 

For the same period, January 2016 through December 2016, the Aguila plant processed a total of 

393,852 tonnes with grades of 2.20 g/t gold, 156 g/t silver, 0.34% copper, 1.39% lead and 4.34% zinc. 

This comparison shows that the reported material mined was an adequate estimate for the tonnes 

processed at the plant.  The mined tonnes were 7,370 more or 1.84 percent greater than tonnes milled. 

The gold and silver grades of tonnes mined, however, were significantly lower than grades processed at 

the plant.  Grades reported by the mine under-estimated the plant grades by 19.78% and 10.13% for gold 

and silver, respectively.  The reported differences between mine and plant grades were even more 

significant than reported for gold in 2015 and about the same for silver.  In 2015, the reported mine grades 

under-estimated the plant grades by 10.69% for gold and 13.02% for silver. 

The copper grade of tonnes mined were also significantly lower than the grade processed at the plant.  

Grades reported by the mine under-estimated the plant grades by 13.09% for copper. 

Conversely, the lead and zinc grades of tonnes mined were higher than the grades processed at the plant 

in 2016.  Grades reported by the mine over-estimated the plant grades by 10.93% for lead and 7.91% for 

zinc during 2016.  

During 2015, the mine geology staff at the Arista Underground Mine began a program of significantly 

capping sample assays used to estimate haulage grades.  The capping factors applied to gold, silver and 

copper assays now appear to be too harsh resulting in substantial under-estimations of actual grades 

processed at the plant.  Lead and zinc grades, on the other hand, are not be capped enough and thus, 

over-estimate the grades sent to the plant.  

In 2017, the mine geology staff will continue to review assay data to determine the appropriate capping 

levels, if any, to be applied to the sample assays used to estimate the grades of ore hauled to the plant. 
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    Table 6.16 Comparison of Tonnage and Grade for Mine versus the Mill for the Arista Underground Mine, 2016 

MONTH 

MINE (Haulage) PLANT (Metallurgical Balance) 

DRY Gold Silver Gold Silver  Copper Lead Zinc DRY Gold Silver Gold Silver  Copper Lead Zinc 

TONNES g/t g/t oz oz % % % TONNES g/t g/t oz oz % % % 

JANUARY 33,582 1.91 116 2,067 125,067 0.33 1.22 3.73 31,032 1.94 151 1,940 150,184 0.38 1.14 3.32 

FEBRUARY 30,220 2.01 102 1,952 98,690 0.23 1.09 4.39 28,681 1.58 111 1,456 102,602 0.30 1.04 3.58 

MARCH 34,883 2.06 134 2,314 149,954 0.30 1.38 4.76 36,734 2.43 181 2,874 213,277 0.33 1.45 4.86 

APRIL 28,392 2.46 199 2,246 181,655 0.37 1.42 4.64 31,411 4.42 234 4,467 236,434 0.56 1.73 5.17 

MAY 34,706 2.52 165 2,816 184,614 0.38 1.78 5.79 33,531 3.33 184 3,586 198,604 0.44 1.58 5.15 

JUNE 33,613 2.04 175 2,205 188,687 0.31 1.32 4.39 28,783 2.42 183 2,243 169,284 0.33 1.19 4.14 

JULY 32,484 1.45 148 1,519 154,153 0.25 1.32 3.41 32,596 1.73 145 1,812 152,163 0.24 0.97 2.67 

AUGUST 35,979 1.91 129 2,211 148,652 0.29 1.43 4.03 34,766 2.21 144 2,471 160,896 0.31 1.38 4.03 

SEPTEMBER 36,347 1.36 134 1,594 156,875 0.23 1.87 5.39 35,124 1.73 127 1,953 143,562 0.25 1.56 4.73 

OCTOBER 36,071 1.66 131 1,923 152,132 0.27 2.24 5.98 36,947 1.49 136 1,774 161,065 0.29 1.72 5.48 

NOVEMBER 33,460 1.25 130 1,340 140,288 0.28 1.89 5.05 30,343 1.23 139 1,199 135,131 0.26 1.52 4.67 

DECEMBER 31,484 1.47 144 1,486 146,068 0.36 1.58 4.71 33,903 1.89 139 2,058 151,785 0.38 1.24 3.86 

TOTALS 401,222 1.84 142 23,673 1,826,834 0.30 1.56 4.71 393,852 2.20 156 27,834 1,974,987 0.34 1.39 4.34 

              Difference -7,370 0.36 14 4,161 148,154 0.04 -0.17 -0.37 

        % Difference -1.84% 19.78% 10.13% 17.58% 8.11% 13.09% -10.93% -7.91% 
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6.15.2   Block Model versus Mine Production 

 

The ultimate validation of the block model is to compare actual grades to predicted grades using the 

established estimation parameters.  This is typically done by evaluating reserve blocks identified as being 

above cut-off mainly from grade control chip channel sampling. 

For this study, GRC’s mine planning department prepared a reconciliation of estimated reserve blocks to 

actual production from sampling for the period of January through December, 2016.   

All underground development and stopes are regularly surveyed using Total Station and Electronic 

Scanner methods at the Arista Underground Mine as a component of monitoring the underground 

workings.  The survey information is imported into Surpac and Vulcan and used to generate 3D solids 

defining the extracted regions of the mine.   

Mine geologists and computer technicians subsequently combine the geology reported with the surveyed 

outlines to create three-dimensional models of the mining areas.  These three dimensional "solids" or 

wireframes represent the production volume for a given vein during a given month.  It has been found 

that this type of wireframe model accurately approximates the true volume of excavated rock.  

The block model versus the mine production tonnes and grades are presented in Table 6.17. 

From January through December, 2016, an estimated total of 409,612 tonnes with an average grade of 

2.03 g/t gold and 159 g/t silver were mined out of the block model reserve area.  This estimate was based 

on tonnages determined by monthly stope surveys and average grades from channel samples taken from 

production drifts and stopes.  In comparison, the block modeled tonnes and grades for the mined-out 

reserves for the same mined out areas were 452,908 tonnes (including dilution) grading 2.21 g/t gold and 

160 g/t silver.  Comparison of the reserve block model against the mine production (mineral in-situ 

extracted) underestimates the tonnes by 10%, gold by 8% and silver by 1%.    

The block model versus mine production reconciliation results for the twelve months of 2016 suggests 

tonnes and gold grade were over-estimated.  GRC considers these differences acceptable, and in-line with 

similar underground mining operations which typically report differences between reserve models and 

actual production around 10% for tonnages and grades.  The over-estimation of the silver grade by only 

1% in 2016 compares to a 24% under-estimation in 2015.  This shows that estimation of the silver grades 

in the block models now closely matches the actual silver grade of the material being mined. 

The reasons for the over-estimations of tonnage as well as the gold grade, shall be further evaluated to 

provide a better understanding of the model and the reconciliation process.  Possible sources of the 

tonnage and grade differences include one or more of the following: 1) the dilution factors at zero grade 

applied to the resource blocks are too low, 2) the width of the vein in the models is too narrow, 3) tonnage 

has been mined from other veins and splays that are not accounted for in the reconciliation, 4) capping 

levels for gold are too high, resulting in higher average grades silver and 5) a bulk density is being used 

that is too high.  
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Table 6.17 Comparison of Tonnage and Grade for Block Model versus Surveyed Mine Production by Vein 
for the Arista Underground Mine for the Period January through December, 2016 

MONTH 
BLOCK MODEL MINE PRODUCTION (SURVEY) 

TONNES Au g/t Ag g/t Au Oz Ag Oz TONNES Au g/t Ag g/t Au Oz Ag Oz 

 January 36,811 1.65 153 1,953 180,839 32,774 1.88 132 1,985 139,547 

 February 32,333 2.77 171 2,879 177,656 31,797 2.17 128 2,219 131,284 

 March 31,003 2.28 157 2,273 156,891 35,997 2.35 161 2,725 186,810 

 April 39,821 2.50 136 3,201 174,245 28,388 3.88 283 3,543 258,507 

 May 38,221 2.15 137 2,642 168,842 37,832 2.95 218 3,591 265,608 

 June 40,518 2.00 121 2,605 157,104 31,749 1.95 177 1,991 180,335 

 July 40,397 2.54 156 3,299 202,871 32,155 1.50 169 1,548 175,085 

 August 39,353 1.96 155 2,480 195,478 37,442 1.92 122 2,313 146,926 

 September 39,175 2.46 199 3,098 250,515 37,367 1.31 139 1,580 166,522 

 October 39,980 2.31 181 2,969 233,169 38,415 1.68 130 2,078 161,106 

 November 38,588 2.13 185 2,643 229,145 33,840 1.33 126 1,444 137,585 

 December 36,708 1.86 176 2,195 207,241 31,856 1.72 137 1,766 140,014 

TOTALS 452,908 2.21 160 32,237 2,333,996 409,612 2.03 159 26,783 2,089,328 

     Difference -43,296 -0.18 -1 -5,454 -244,668 

     % Difference -10% -8% -1% -17% -10% 

6.16 Risk Factors 
 

During the reserve estimation process, potential risk factors were identified:  

 Although care was taken to snap the interpreted vein strings to drill holes, the positional accuracy of 

the veins is poor unless underground workings are available to correct for inaccuracies in down-hole 

surveys.  This problem is particularly evident when drill holes intersect veins at oblique angles, and 

where drill holes are widely spaced.  

 There were some difficulties in determining which intervals in different drill holes represent the same 

vein owing to multiple closely-spaced mineralized structures.  This problem is very difficult to solve 

when drill holes are widely spaced, and some of the apparently continuous veins may be broken up 

by faulting and/or the continuity may not be verified by more detailed drilling. 

 Some of these veins are simple splays from the Arista-Baja vein system and so represent relatively 

low tonnage and strike length.   

 Removal of extracted material often results in remnant resource blocks being left in the model that 

will likely never be exploited.  These represent inevitable components of mining such as pillars and 

sills, or lower grade peripheral material that was left behind. 

 In many cases, negative mine-mill reconciliations may be handled by application of mine call factors 

(MCF) to provide realistic forecasts of expected tonnage and grade.  However, it is always 

important to understand whether the MCF is due to sampling, reserves, operational constraints, or 

poor performance, otherwise it can simply mask these problems and lower expectations more than 

necessary.  Reserves should reflect expectations of performance over the life of the mine.  GRC 

currently does not apply a MCF to its reserves.  Further evaluation by GRC may be required to 

determine whether that is appropriate going forward.  
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7 MINING OPERATIONS 

7.1 Surface Mining 
 

GRC declared commercial production at the Aguila Project on July 1, 2010.  Mineral production during 

2010 consisted of processing mineralized material from the Aguila open pit located approximately 0.5 

kilometers from the mill (Figure 7.1).   

GRC developed and mined the shallow-dipping accessible portion of the Aguila vein (manto) by open pit 

methods, while the projection of the vein to depth may indicate additional underground mine potential.  

Estimated tonnes and grade of the mined-out portion of the Aguila vein (manto) was estimated as 345,000 

tonnes at an average grade of 4.4 g/t Au and 43 g/t Ag.   

Mining of the open pit mineralized material was essentially completed in 2010 but there remains a lower-

grade stockpile of open pit material for future processing estimated at approximating 120,000 tonnes.  

The majority of the stockpiled open pit material was processed at the Aguila plant in 2016. 

 

 

Figure 7.1 Surface Layout Map for Underground and Open Pit Mines, Process Plant and Tailings Pond of 
GRC’s Aguila Project 

 

Mine Water 

Decantation Ponds 
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7.2 Underground Mining 
 

Substantial development was undertaken from 2010-2011 to access the mineralized material of the Arista 

and Baja veins and to provide ancillary access for further exploration and development.  In addition, a 

significant amount of mining on the Arista vein system was achieved to determine the “minability“ of the 

orebody and to optimize an extraction method(s) for mining the mineralized zones. Current underground 

mine planning and exploitation is based on a typical vertical separation of mine levels of approximately 

18m.  

During 2010 and 2011, the principal exploration access and haulage decline ramp was opened at surface 

positioned along Aire creek.  The portal opening is located at an elevation at 902 (masl) accessing the 

mineralized area of the Arista vein system.  The decline ramp was constructed by the contract mining 

firm, Contratista de Obras Mineras S.A. de C.V. (COMSA) of Mexico City, based on design by GRC mine 

staff engineers.  The decline was driven as a spiral with a minus 10 percent grade in the footwall of the 

mineralized area. 

Initial underground exploration of the Arista vein developed about 250 meters of ore grade mineralization 

along strike on multiple levels in 2011.  The Arista vein was first investigated on Level 2 (at 872 masl), 

where it occurred as a narrow vein (35 cm to 40 cm).  Development of the Arista vein advanced to depth 

and on Level 4 the vein had an average 5.5 meters true width.   

The Baja vein was initially developed in 2011, in underground workings, from Level 6 in the mine. 

By December 31, 2016, GRC had advanced the primary decline ramp down to Level 24, approximately 

3,900 meters ramp distance from the mine portal.  GRC has also constructed a safety/ventilation decline 

ramp in conjunction with the primary decline ramp along with various drifts, raises and stopes.  Developed 

mining areas of the Arista Underground Mine are shown in Figure 7.2 encompassing approximately 440 

m vertically and 1,100 m along strike length.  
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Figure 7.2   Diagrammatic Illustration of Mining areas of the Arista Deposit 
 

Access to the mining areas is provided mainly by ramps.  Mine development headings are either drilled 

by jumbo or by jackleg.  The dimensions of the different development sections are as follows: 

 

Main Ramps: 5.5 W x 4 H meters  

Accesses: 4 x 4 meters 

Sill in Mineral 3.5 x 4 meters (if wider width of structure) 

Raise: 2 x 2 meters 

Bore Holes Raise:  1.8 meters diameter 

 

Compressed air for mechanized tool operation is supplied to the mine by compressors which are all 

located in different areas on surface.  

The choice of equipment is generally guided by the anticipated vein widths, stoping method, and 

equipment availability. 
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7.2.1 Underground Mining Methods 
 

Conventional drill and blast methods are used to extract the mineralized material from the Arista 

underground mine at the Aguila project on the Oaxaca Mining Unit.     

 

There are three main mining methods used in the Arista mine: 1) overhand mechanized cut and fill (CAF) 

2) long-hole open stoping (LHOS) with delayed fill, and 3) shrinkage stoping (SH).  Occasionally cemented 

rock fill is applied to long-hole stoping areas in order to increase extraction levels (removal of rib pillars). 

For the stoping methods, a cross-cut from the main ramp intersects the vein, from which an initial drift 

(called a sill) is excavated perpendicular in both directions along the strike length of the vein.  Once the 

economic limits of the vein have been reached the production cycle starts.   

 

7.2.1.1 Overhand Mechanized Cut and Fill (CAF)  
 

A CAF stope is started by means of a short (40 to 60 meter) negative 15 percent access ramp usually in 

the footwall of the vein to provide access to the bottom of the mining block (Figure 7.3).  The ore is then 

mined in 3-meter horizontal slices using a Jumbo drill (Figure 7.4).  The jumbo will drill 4-meter long 

essentially parallel and horizontal 1-3/4 inch holes that will later be charged with explosives to “breast 

down” and break the ore. 

The length of these mining blocks can vary from 50 to 250 meters in strike length.  After the first slice or 

cut is complete, the void will be filled with loose waste rock to form the floor of the next cut.  Access to 

the second and subsequent cuts is gained from the access ramp by changing its grade to reach the higher 

elevation.  

For CAF stoping, upper holes are sometimes drilled using a jackleg.  In this case, geologists will mark up 

the vein, and the stope is drilled and blasted accordingly.  In some cases, the drill holes on the vein are 

blasted first.  After the ore has been mucked, the holes drilled in waste are then blasted to achieve the 

dimensions required to work in the next production lift.   
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Figure 7.3  Three-Dimensional Schematic of the Overhand Mechanized Cut-and-Fill (CAF) Mining Method 

 

 

Figure 7.4 Longitudinal View of Cut-and-fill (CAF) Mining Method Using a Jumbo 
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7.2.1.2 Long Hole Open Stoping (LHOS) 
 

GRC targets to longhole open-stoping as its primary long-term stoping method (Figure 7.5).   

The mineralized vein is developed with the assistance of an electric hydraulic drill or jumbo.  The size of 

the tunnel is 3.5 meters in height with a minimum width of 3.2 meters to accommodate mining 

equipment.  Ground or rock support is applied in the vein development to match the rock or ground 

condition as specified staff rock mechanics engineer.  This artificial support can be spilt set bolts, resin 

rebar bolts, screen and /or shotcrete.  The ore development or drill levels have a 20-meter floor to floor 

interval.  The mineralized vein is broken by means of drilling 3-inch diameter holes from the top level to 

the bottom levels.  The drill length is approximately 14 meters, depending on the angle or dip of the vein.  

These drill holes are then charged or loaded with explosives and detonated.  The broken rock is then 

extracted from the bottom level with a 6-yard articulated loader or scoop.  For safety reasons, the scoop 

is operated remotely at a safe distance from the brow of the open stope and any rock that could slough 

off from the walls.  As mining progresses in a bottom up sequence (lower level first), the lower mining 

block is filled with loose waste development rock, to form the floor of the next stope.  The stoping 

sequence will then be repeated on the mining block above the lower now mined out block. 

 

For longhole open stoping GRC utilizes a Stopemaster HX longhole drilling machine (Figure 7.6). 

 

Figure 7.5 Schematic Vertical Longitudinal Projection of Typical Longhole stope Design 
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Figure 7.6 Stopemaster HX Long Hole Drilling Machine Drilling Down Holes in a Sublevel 
 

7.2.1.3 Shrinkage Stoping (SH) 
 

Shrinkage stoping is a mining method used for steeply dipping, narrower veins with self supporting walls 

and ore (Fig. 7.7).  It is an overhand mining method that relies on broken ore being left in the stope to be 

used as the “working floor” and to support the walls.  When mining is complete to the next upper horizon, 

the ore is extracted.  When the broken ore is taken from the bottom of the stope, and the ore in the slice 

is blasted down restoring the volume withdrawn, the miners then reenter the stope and work off the 

recently blasted ore.  During the mining cycle, only 30 – 40% of the ore blasted is extracted being 

equivalent to the swell factor of in-situ ore to broken.   

Shrinkage stoping is also called the vertical stoping method because the ore is mined in horizontal slices 

from bottom to top and remains in the stope as temporary support to the walls and to provide a vertical 

platform for the miners.  The stope width is typically 1 – 30 m, length 45 – 90 m and height 60 – 90 m.  

Typically used when ore and rock strength are strong, the deposit shape is tabular/lenticular, the dip is 60 

to 90 degrees, ore continuity is uniform and grades are fairly high. 

Although it is not necessary to fill the resulting voids, they are commonly filled with waste rock from 

development.  Level intervals seldom exceed 40 meters due to uneven muck draw.  Recoverable pillars 

are left at each level. 
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When correctly planned and executed, shrinkage mining is a very effectual technique for ore mining.  It is 

used where the hanging and footwalls of the excavation are strong sufficient to be self supporting, 

although artificial support like rock and cable bolts might be installed as shrinkage progresses.  Where the 

technique is used for ore mining, careful planning and scheduling are requisite to ensure consistency of 

ore grade and manufacture tonnage. 

 

Figure 7.7 Three-Dimensional Schematic of the Shrinkage Stoping Mining Method 

 

7.2.2 Underground Mine Equipment 
 

GRC has its own fleet of scoop tram, trucks, jumbo drills etc.  Underground ore is delivered to the surface 

by trucks via ramp.  Underground mine equipment, like the Cat-730 trucks shown in Figure 7.8, have been 

purchased for the Arista underground mine.   

Other improvements in the mine include installation of a Pump Station on Level 11, “Leaky Feeder’’ 

Underground Mine Communication system, a power distribution upgrade and introduction of cemented 

rockfill. 

The major mining equipment and installations inventory for the Arista underground mine is summarized 

in Table 7.1.   
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Contractors supply additional mining equipment for development at the Arista underground mine.  The 

mine contractor utilized through June 30, 2013 was COMSA.  From July 1, 2013 through December 2014, 

the contractor used by GRC at the Arista mine was changed to Cominvi, S.A. de C.V (COMINVI).  COMINVI 

are mainly involved in the advancing the main decline development ramp.  Starting in January 2015, GRC 

began using Dumas Mining, a Canadian contractor to continue underground development in the Arista 

mine. 

 

Figure 7.8 CAT 730 Trucks acquired in 2013 for the Arista Underground Mine 
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Table 7.1 Major Mining Equipment Inventory of the Arista Underground Mine* 

General Description Detailed Description Make Year Model Value (pesos) Value (US$ ) Date Acquired Value (pesos) Value (US$ ) 

SCOOP TRAM SCOOP TRAM MARCA SANDVIK 
MODELO LH410 DE 6 YARDAS MARCA 
SANDVIK MODELO LH410 SERIE 
S6014393/56015463 

SANDVIK 0 LH410 7,937,380.00 667,477.88 22/06/2011 

                   
2,698,709.20  

                      
226,942.47  

SCOOP TRAM SCOOP TRAM DE 3.5 YARDAS MARCA 
ATLAS COPCO WAGNER MODELO 
ST710 SERIE DL07236 

ATLAS COPCO 0 ST710 2,137,509.93 149,341.53 31/12/2015 1,605,099.04 112,143.55 

JUMBO JUMBO EQUIPADO CON 
PERFORADORA DE LA MISMA MARCA 
MODELO BRASB14360STD CON 
NUMERO DE SERIE 78014662 DE 17 
PIES DE LONGITUD MARCA SANDVIK 
MODELO DD210 SERIE L11D5196 

SANVIK 0 DD210 2,957,378.57 223,866.48 31/12/2015 

                   
1,590,589.18  

                      
120,403.80  

JUMBO JUMBO EQUIPADO CON 
PERFORADORA DE LA MISMA MARCA 
MODELO B26FTFLEFT CON NUMERO 
DE SERIE 77010621 DE 17 PIES DE 
LONGITUD MARCA SANDVIK 
MODELO DD310-26 SERIE L08D4658 

SANDVIK 0 DD310-26 5,034,653.16 369,429.06 04/11/2010 

                   
1,359,356.37  

                        
99,745.85  

BULLDOZER-
TRACTOR DE 
ORUGAS 

BULLDOZER, TRACTOR DE ORUGAS 
MARCA CATERPILLAR MODELO 
D5MXL 5M-6GN01145 ( USADO ) 

CATERPILLAR 0 D5MXL 608,566.40 52,252.26 24/05/2011 
                      
200,826.96  

                        
17,243.25  

MOTOCONFORMAD
ORA 

MOTOCONFORMADORA MARCA 
CATERPILAR MODELO 120G SERIE 
87V1301 

CATERPILLAR 0 120G 468,000.00 40,183.06 24/05/2011 
                      
154,440.00  

                        
13,260.42  

CARGADOR 
FRONTAL 

CARGADOR FRONTAL MARCA 
CATERPILAR MODELO 928F SERIE 
2XL01612 ( USADO ) 

CATERPILLAR 0 928F 456,090.63 39,160.50 24/05/2011 
                      
150,509.86  

                        
12,922.91  

TELEHANDLER MANIPULADOR TELESCOPICO 
TELEHANDLER MARCA CATERPILLAR 
CAPACIDAD 4080 KG MARCA 
CATERPILAR MODELO TL943 SERIE 
TBL01393 

SANDVIK 0 TL943 864,239.70 72,663.04 29/06/2011 
  

TRACTOR DE 
ORUGAS( TRASCABO 

TRACTOR DE ORUGAS MARCA 
CATERPILLAR MODELO D6RXL CON 
CUCHARON No. D SERIE 6NC09614 
AÑO 1999 TRANSMISION No. 
9RX02709 COLOR AMARILLO 

CATERPILLAR 1999 D6RXL 819,000.00 70,320.35 24/05/2011 

                      
270,270.00  

                        
23,205.76  

CARGADOR 
FRONTAL 

CARGADOR FRONTAL MARCA 
CATERPILLAR MODELO 950H SERIE 
CAT09050HAM1G1829 EQUIPADO 
CON MOTOR DIESEL MCA 
CATERPILLAR MODELO C7 BOTE 
DELANTERO DE 3.7 CYD. COLOR 
AMARILLO 

CATERPILLAR 0 950H 3,283,521.60 267,782.45 06/01/2011 

                      
952,221.22  

                        
77,656.96  

TRACTOR DE 
ORUGAS 

TRACTOR DE ORUGAS MARCA 
CATERPILLAR MODELO D7R SERIE 
7ZR23217 AÑO 2008 RIPPER SERIE 
71P01277 MODELO D7 COLOR 
AMARILLO 

CATERPILLAR 2008 D7R 3,374,837.48 266,950.17 27/09/2010 

                   
1,157,782.39  

                        
91,580.78  

SCOOP TRAM 
MARCA TAMROOK 

SCOOP TRAM MARCA JARVIS CLARK 
MODELO JS220 SERIE 951827 AÑO 
1994 60% ( ALTAGRACIA )USADO 

JARVIS CLARK 1994 JS-220 1,279,072.41 77,933.79 31/12/2015 960,481.08 58,522.05 

SCOOP TRAM 
MARCA SANDVIK 

SCOOP TRAM MARCA SANDVIK 
MODELO LH410 SERIE L010D583 
CAPACIDAD DE 6 YARDAS 220 KW 
COLOR ROJO AÑO 2011 

SNDVIK 2011 LH410 3,983,277.93 252,923.78 30/06/2016 3,472,018.33 220,460.64 

MONTACARGA 
MARCA 
CATERPILLAR 

MONTACARGA MARCA CATERPILLAR 
MODELO GC45K- SWB SERIE 
AT87A00238 CAPACIDAD 9100 
LIBRAS. AÑO 2004 ( USADO ) COLOR 
AMARILLO 

CATERPILLAR 2004 GC45K 117,927.99 9,163.37 22/05/2009 

                        
10,613.52  

                              
824.75  

CARGADOR 
FRONTAL MARCA 
CATERPILLAR 

CARGADOR FRONTAL MARCA 
CATERPILLAR MODELO IT28B SERIE 
1HF02174 COLOR AMARILLO ( USADO 
) 

CATERPILLAR 0 IT28B 416,283.00 35,035.94 27/06/2011 

                      
141,536.22  

                        
11,912.21  

CARGADOR CON 
MANO DE CHANGO 

RETROEXCAVADORA CON MANO DE 
CHANGO MARCA CATERPILLAR 
MODELO 416E SERIE 
CAT0416EVSHA04428 AÑO 2008 
COLOR AMARILLO ( USADO ) 

CATERPILLAR 0 416E 779,640.58 67,064.70 26/04/2011 249,484.94 21,460.67 

TELEHANDLER MONTACARGA TELESCOPICO MARCA 
CATERPILLAR MODELO TH460B SERIE 
CATTH4660TSLF00715 CAPACIDAD 4 
TONELADAS COLOR AMARILLO ( 
USADO ) 

CATERPILLAR 0 TH460B 561,637.93 43,434.12 08/07/2010 

                      
129,176.72  

                           
9,989.86  

CARGADOR DE 
ORUGAS 

CARGADOR DE ORUGAS MARCA 
CATERPILLAR MODELO 953D SERIE 
LBP01395 PIN: CAT0953DLLBP01395 
MOTOR MARCA CATERPILLAR 
SISTEMA ELECTRICO DE 24 VOLTS. 
TRANSMISION HIDROSTATICA 
SISTEMA DE ALUMBRADO, ALARMA 
DE REVERSA 

CATERPILLAR 0 953D 2,820,168.00 225,906.21 01/09/2011 

                   
1,043,462.16  

                        
83,585.33  
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SCOOP TRAM 
MARCA SANDVIK 
LH201 

SCOOP TRAM MARCA SANDVIK 
MODELO LH201 SERIE L11L0346 AÑO 
2011 

SANDVIK 2011 LH201 2,583,810.56 200,304.71 15/09/2011 956,009.85 74,112.71 

JUMBO JUMBO DE UN BRAZO MARCA 
SANDVIK MODELO DD210 SERIE 
L11D548 

SANDVIK 2011 DD210 4,777,466.44 338,129.57 25/11/2011 
                   
1,863,211.96  

                      
131,870.48  

PERFORADORA 
STOPEMASTER HX 

PERFORADORA STOPEMASTER HX 
SERIAL NO. 2010-69 

BOART 
LONGYEAR 

2011 HX 
STOPEMASTER 
ELECTRICAL 
PANEL 

7,505,631.87 537,891.60 01/12/2011 3,902,928.57 279,703.63 

CARGADOR 
FRONTAL 
938H CAT 
(ingenieria) 

CARGADOR FRONTAL MODELO 938H 
MARCA CATERPILLAR ID NUMBER: 
CAT0938HCMJC00836 NO. SERIE: 
CMJC00836 

CATERPILLAR 2012 938H 2,835,678.60 218,000.00 02/02/2012 

                   
1,190,984.96  

                        
91,560.00  

CARGADOR 
FRONTAL 928HZ CAT 

CARGADOR FRONTAL MARCA 
CATERPILLAR MODELO 928H ID 
NUMBER:CAT0928HJCXK01556 NO. 
SERIE: JCXK01556 

CATERPILLAR 2012 928H 2,641,132.40 206,188.66 03/04/2012 

                   
1,162,098.30  

                        
90,722.97  

MOTOCONFORMAD
ORA 120K 

MOTOCONFORMADORA MODELOS 
120K MARCA CATERPILLAR ID 
NUMBER: CAT0120KCJAP00750 N. 
MOTOR MODEL C-2 N. 
SERIE:KHX24239/MDJ01053 

CATERPILLAR 2012 120K 3,131,550.81 232,881.00 14/05/2012 

                   
1,409,197.84  

                      
104,796.45  

VENT AXIAL 
BIETAPICO (2 /E) C 

VENTILADOR AXIAL BIETAPICO CON 
ALABES VARIABLE DE ALUMINIO T-
AIRFOIL DE 30000 CFM MODELO: 
VAV.760.75.2. 2/T SERIE:V001 
MOTOR: 75 HP SERIE M001 INCLUYE 
TABLERO DE ARRANQUE MOTOR 75 
HP SEIRE: T001 ATENUADORES DE 
SONIDO DELANTERO SLC 760 
SERIE:01400001 

EL TIGRE 2012 VAV.760.75.2.2
/ T 

447,322.94 32,603.00 24/05/2012 201,295.32 

                        
14,671.35  

VENT AXIAL 
BIETAPICO (2 /E) C 

VENTILADOR AXIAL BIETAPICO CON 
ALABES VARIABLE DE ALUMINIO T-
AIRFOIL DE 30000 CFM MODELO: 
VAV.760.75.2. 2/T SERIE:V002-V003 
MOTOR: 
75 HP SERIE M002-M003 INCLUYE 
TABLERO DE ARRANQUE MOTOR 75 
HP SEIRE: T002-T003 ATENUADORES 
DE SONIDO DELANTERO SLC 760 
SERIE:01400003-01400005 

EL TIGRE 2012 VAV.760.75.2.2
/ T 

855,509.24 65,206.00 20/07/2012 402,089.34 30,646.82 

CAMARA DE 
REFUGIO STRATA 

Refugio de Emergencia a base de 
acero: Incluye como Estándar: • 
Conexión para aire comprimido de la 
mina • Sistema exclusivo de Strata de 
filtración de aire de la mina en 
3-Etapas con Silenciador • Luces de 
LED interiores de 24V ( 6 luces ) con 
switch • Luces de LED de emergencia 
de 24V ( ROJO/AZUL ) con modulo de 
Alarma • Ensamble de switch de 3 
partes • Colocación de calcomanías 
de emergencia • Entrada con doble 
puerta para mantener una presión 
positiva • Purga de aire por medio del 
aire de la mina • Asientos y 

0 2012 0 2,395,933.00 182,500.00 27/08/2012 1,150,047.84 87,600.00 

VENTILADOR ZITRON 
100,000 CFM 

VENTILADOR HORIZONTAL ZITRON 
5MVS1950 PA MODELO ZVN 1-16-
126/4 NO. DE FABRICACION 21268/1 
EQUIPADO CON MOTOR ELECTRICO 
MARCA WEG TIPO 315SM4 Y 
ARMARIO DE FUERZA CON 
ARRANCADOR SUAVE DE 126 KW 

ZITRON 2012 ZVN 1-16-126/4 1,233,790.85 94,114.97 14/08/2012 592,219.61 45,175.19 

VENTILADOR ZITRON 
100,000 CFM 

VENTILADOR HORIZONTAL ZITRON 
5MVS1950 PA MODELO ZVN 1-16-
126/4 NO. DE FABRICACION 21679/1 
EQUIPADO CON MOTOR ELECTRICO 
MARCA WEG TIPO 315SM4 Y 
ARMARIO DE FUERZA CON 
ARRANCADOR SUAVE DE 126 KW 

ZITRON 2012 ZVN 1-16-126/4 1,233,791.23 94,912.86 13/09/2012 604,557.70 46,507.30 

PERFORADORA 
STOPEMASTER HX 

PERFORADORA STOPEMASTER 
ELECTRICAL PANEL CEMA 3R STEEL 
WELDEDEPOXYPAINTEDELECTRI CAL 
CONTROL PANELDIGITAL METERING 
FOR VOLTS AND OIL TEMPERATURE 
460 VOLTS HX STOPEMASTER 
DRILLIRIG DRILL ASSEMBLY SERIE 
NUMBER: 12100 FECHA DE 
ELABORACION 
2012 

BOART 
LONGYEAR 

2012 HX 
STOPEMASTER 
ELECTRICAL 
PANEL 

7,273,013.73 563,057.50 28/09/2012 3,563,776.73 275,898.18 

JUMBO DD311-40 JUMBO DD311 MARCA SANDVICK 
TIPO REGULATION DD311 SLCU-D SN 
05127623 ID 10587738 SERIE 
NUMBER:77018514 

SANDVIK 2012 DD311 6,447,706.07 499,857.05 26/12/2012 3,352,807.16 259,925.67 

SCISSOR LIFT 
SLX4000 6 X 10 DE 

CAMION TIJERA MODELO: 
SLX4000DF- HS SERIE NUMERO: 1218 

WALDEN 
EQUIPMENT 

2013 SLX4000DF-HS 3,620,736.22 285,020.00 29/03/2013 1,991,404.92 156,761.00 
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SCISSOR LIFT 
SLX4000 6 X 10 DE 

CAMION TIJERA MODELO: 
SLX4000DF- HS SERIE NUMERO: 1220 

WALDEN 
EQUIPMENT 

2013 SLX4000DF-HS 3,620,736.22 285,020.00 29/03/2013 1,991,404.92 156,761.00 

REAR PACKAGE 
COMPLETE BTX 5000 

BOOM TRUCK CAMION GRUA 
BTX5000 MF MARCA WALDEN 
EQUIPMENT NO SERIE:1206 NO. 
SERIE MOTOR: 906-991-06- 927-294 

WALDEN 
EQUIPMENT 

2013 BTX5000 MF 4,207,261.24 331,165.00 29/03/2013 2,313,993.68 182,140.75 

TRANSFORMADOR 
DE POTENCIA DE 

SUBESTACION MOVIL DE 1000 KVA 
PARA OPERAR A UN VOLTAJE DE 
4160V, EL INTERRUPTOR PRINCIPAL 
SERA EN VACCIO TIPO EVOLIS, 

MINE POWER 2015 SUBESTACION 
MOVIL 1000 
KVA 

1,177,701.22 96,796.30 23/04/2013 659,512.68 54,205.93 

SCANNER SCANNER  GEOSIGHT 
INC.                  

 
CMS ESCANER 
MINA 
SUBTERRANEA 
SISTEMA DE 
MONITERO 
CAVERNAS 

946,254.89 65,007.00 31/03/2015 

                      
508,931.39  

34,963.20 

ESTACION TOTAL 
TRIMBLE 

ESTACION TOTAL MARCA TRIMBLE 
MODELO S6 DE 2" NO. DE SERIE 
93310254 INCLUYE COLECTORA DE 
DATOS MARCA TRIMBLE MODELO 
TSC3 NO. DE SERIE RS1FC28460 

TRIMBLE 2013 S6 520,848.61 41,724.30 05/06/2013 302,092.19 24,200.09 

SCOOP TRAM 2 YD SCOOP 2 YARD MARCA WALDEN 
EQUIPMENT LTD, MODEL: JS220 
SERIAL No. 5029, CON CONTROL 
REMOTO CON INTERFACE PARA ST 
JS220 2YD CUBICAS 

WALDEN 
EQUIPMENT 

2014 JS220 3,589,456.46 274,712.27 30/06/2014 1,200,595.93 91,885.36 

CAMION BAJO 
PERFIL DE 20 TON. 

DUMP TRUCK 20 TON, MODEL: MK -
A20 SERIAL No. 3709/46 PA 8704 
COUNTRY OF ORIGIN: GERMANY, 
CON INSTALACION DE SISTEMA 
ANSUL SENCILLO 

GHH 2014 MK-A20 5,679,009.76 428,362.50 30/10/2014 3,793,433.24 286,135.19 

TRANSFORMADOR 
1000 kva 

  
2015 4160-480/277 

06A1000013F01 
429,166.59 28,403.01 28/02/2015                       

218,855.94  
                        
14,484.28  

PERFORADORA 
NEUMATICA 

PERFORADORA NEUMATICA DE 
PIERNA 
N.SERIE:1188,1144,1152,1186,1183,1
122,1145,1031,1168,1212 

 
2015 N.SERIE:1188,1

144,1152,1186,
1183,1122,1145
,1031,1168,121
2 

599,057.20 40,000.00 31/03/2015 322,195.44 21,513.50 

BOMBA 
WORTHINGTON 
HSM 21060Y15 

MPM HSM 5X13 
 

2015 
 

1,077,111.35 69,189.30 31/08/2015 710,636.60 45,648.44 

BOMBA 
WORTHINGTON 
HSM 21060Y15 

MPM HSM 5X13 
 

2015 
 

1,077,111.35 69,189.30 31/08/2015 710,636.60 45,648.44 

PERFORADORA 
NEUMATICA 
COMPLETA 

PERFORADORA NEUMATICA 
COMPLETA 

 
2015 N. SERIE 

1306,1323,1308
,1318,1331 

316,562.00 20,000.00 31/08/2015 208,855.42 13,195.93 

PERFORADORA 
NEUMATICA 
COMPLETA 

STOPER DRILL WITH 7/8" X4- 1/4" 
CHUCK SIZE 

 
2015 N.SERIE 

1374,1389,9184
5,991,COPPER1 

422,658.23 24,750.00 30/10/2015 298,675.96 17,489.85 

SISTEMA DE 
SUPRESION DE 
INCENDIO 

SISTEMA DE AIRE ACONDICIONADO 
 

2015 
 

1,408,579.45 84,950.07 31/12/2015 1,057,730.53 63,790.91 

TRANSFORMADOR 
1500 kva  mine 

  
2015 

 
1,879,441.78 114,605.00 31/12/2015 1,411,310.49 86,059.19 

VENTILADOR MARCA 
ZINTRON 

VENTILADOR MARCA ZITRON 
MODELO GEL7-42/2  SERIE 
1009484971 ACCIONADO POR 
MOTOR ELECTRICO MARCA WEG 
TIPO 200 DE 27 PULGADAS COLOR 
BLANCO AÑO 2011 

   
222,273.76 18,950.46 25/05/2011 73,350.34 6,253.65 

VENTILADOR  
ZITRON 100,000 CFM 

    
1,233,790.85 94,114.97 14/08/2012 592,219.61 45,175.19 

VENTILADOR  
ZITRON 100,000 CFM 

    
1,233,791.23 94,912.86 13/09/2012 604,557.70 46,507.30 

BOMBAS NIVEL 11 
Int Mina 

    
12,941,368.59 1,026,428.65 30/12/2013 8,282,475.90 656,914.34 

REFUGIO MINERO 
    

1,444,928.75 107,119.91 31/12/2014 678,928.37                             
50,332.41  

COMPRESOR 
INGERSOLL RAND   

    
249,636.47 19,182.00 02/05/2012 112,336.41 8,631.90 

GENERADOR DE 
ENERGIA ELECTRICA 
# 4 

GENERADOR DE ENERGIA ELECTRICA 
# 4 MARCA CATERPILLAR MODELO C-
32 SERIE C32CSXC01372 CAPACIDAD 
910 KW MAQUINA DEL GENERADOR 
MODELO C-32ATTAC COMB. INTERNA 
DE 4 CICLOS INYECC. DIRECTA 
TURBOCARGADO DE 12 CILINDROS 
SISTEMA DE CONTROL ELECTRONICO 
CAT-ADEM, SISTEMA DE 
ENFRIAMIENTO RADIADOR 
MONTADO EN BASE ESTRUCTURAL, 
SISTEMA DE ESCAPE DE GASES DE 
COMBUSTION, SISTEMA DE 
COMBUSTIBLE,TANQUE DE 
COMBUSTIBLE CAP. 1000 GALONES, 

   
1,434,417.40 137,107.38 28/04/2008 0.00 0.00 
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PANEL DE CONTROL DIGITAL EMPC 
No. EQUIPO 900-GEN-04 

GENERADOR DE 
ENERGIA ELECTRICA 
# 3 

GENERADOR DE ENERGIA ELECTRICA 
# 3 MARCA CATERPILLAR MODELO C-
32 SERIE C32ASXC03469 CAPACIDAD 
910 KW MAQUINA DEL GENERADOR 
MODELO C-32ATTAC COMB. INTERNA 
DE 4 CICLOS INYECC. DIRECTA 
TURBOCARGADO DE 12 CILINDROS 
SISTEMA DE CONTROL ELECTRONICO 
CAT-ADEM, SISTEMA DE 
ENFRIAMIENTO RADIADOR 
MONTADO EN BASE ESTRUCTURAL, 
SISTEMA DE ESCAPE DE GASES DE 
COMBUSTION, SISTEMA DE 
COMBUSTIBLE,TANQUE DE 
COMBUSTIBLE CAP. 1000 GALONES, 
PANEL DE CONTROL DIGITAL EMPC 
No. EQUIPO 900-GEN-03 

   

                              
1,520,549.95  

                            
82,022.26  

31/12/2016 

                        
1,520,549.95  

                            
82,022.26  

GENERADOR DE 
ENERGIA ELECTRICA 
# 5 

GENERADOR DE ENERGIA ELECTRICA 
# 5 MARCA CATERPILLAR MODELO C-
32  SERIE C32-PJSJ01204 PRH01204 
CAPACIDAD 1000EKW MAQUINA DEL 
GENERADOR MODELO C-32ATTAC 
COMB. INTERNA DE 4 CICLOS INYECC. 
DIRECTA TURBOCARGADO DE 12 
CILINDROS SISTEMA DE CONTROL 
ELECTRONICO CAT-ADEM, SISTEMA 
DE ENFRIAMIENTO RADIADOR 
MONTADO EN BASE ESTRUCTURAL, 
SISTEMA DE ESCAPE DE GASES DE 
COMBUSTION, SISTEMA DE 
COMBUSTIBLE,TANQUE DE 
COMBUSTIBLE CAP. 1000 GALONES, 
PANEL DE CONTROL DIGITAL EMPC 
No. EQUIPO 900-GEN-05 

   

                              
1,168,645.10  

                            
66,487.34  

31/12/2016 

                        
1,168,645.10  

                            
66,487.34  

GENERADOR  
CATERPILLAR C32 #7 

    
                            

983,247.69  
                        

58,456.83  
31/12/2016                       

983,247.69  
                        

58,456.83  

CARGADOR R1600 
CAT (SCOOP) 

   

 

9,643,754.03 754,709.54 01/06/2013                    
5,496,939.80  

                      
430,184.39  

CAMION 
ARTICULADO CAT 
730 

   

 

5,206,765.44 407,475.72 01/06/2013 2,967,856.30 232,261.16 

CAMION 
ARTICULADO CAT 
730 

    
5,206,765.44 407,475.72 01/06/2013 2,967,856.30 232,261.16 

CAMION 
ARTICULADO CAT 
730 

    
5,206,765.44 407,475.72 01/06/2013 2,967,856.30 232,261.16 

GENERADOR CAT 
MOD C-32 910 KW 

    
2,241,902.30 169,297.28 27/06/2013 1,300,303.33 98,192.42 

ESPECTOFOTOMETR
O UV VISIBLE, H 

    
132,957.11 10,040.26 27/06/2013 77,115.12 5,823.35 

BOMBA DE 
INYECCION DE 
CEMENTO 

    
441,874.83 33,368.18 27/06/2013 256,287.40 19,353.55 

ESTACIÓN TOTAL 
LEICA T506 DE 5 

    
120,518.04 9,100.92 27/06/2013 69,900.47 5,278.53 

MOTOR JOHN DEERE 
SERIE  *PE404 

    
174,790.38 13,199.30 27/06/2013 101,378.42 7,655.59 

SISMOGRAFO 
(MINIMATE PLUS) 

    
96,912.48 7,318.35 27/06/2013 56,209.24 4,244.64 

MOTOR VERTICAL US 
MOTOR´S 

    
138,037.21 10,423.88 27/06/2013 80,061.58 6,045.85 

DUMP TRUCK MK 
A20 3574/28 

    
5,583,442.44 421,633.73 27/06/2013 3,238,396.62 244,547.56 

DUMP TRUCK MK 
A20 3575/28 

    
5,583,442.44 421,633.73 27/06/2013 3,238,396.62 244,547.56 

SISMOGRAFO 
MARCA GEOSONIC 

    
78,448.03 5,924.00 27/06/2013 45,499.86 3,435.92 

TRACTOR KUBOTA 
4X4 CON CARGADO 

    
402,314.07 30,380.75 27/06/2013 50,289.26 3,797.59 

TRACTOR KUBOTA 
4X4 CON CARGADO 

    
402,314.07 30,380.75 27/06/2013 50,289.26 3,797.59 

CATERPILAR 2000 
KW DIESEL 
GENERATOR 

    
5,724,964.90 432,320.80 27/06/2013 3,320,479.64 250,746.06 

CATERPILAR 2000 
KW DIESEL 
GENERATOR 

    
5,724,964.90 432,320.80 27/06/2013 3,320,479.64 250,746.06 

CATERPILAR 2000 
KW DIESEL 
GENERATOR 

    
5,724,964.90 432,320.80 27/06/2013 3,320,479.64 250,746.06 

CATERPILAR 2000 
KW DIESEL 
GENERATOR 

    
5,724,964.90 432,320.80 27/06/2013 3,320,479.64 250,746.06 
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PERFORADORA 
MONTABERT HC109 
COMPLETA CON LO 
SIGUIENTE: -PISTÓN 
TIPO E -MOTOR DE 
ROTACIÓN - 
CARTUCHO 067 -
NIPLE DE FLUJO 3/4" 
-ZANCO T45 CON 
DIÁMETRO 045 DE 
ACERO INOXIDABLE 

    
1,152,360.21 64,222.67 03/03/2016 935,802.68 52,153.61 

VARIADOR WEG 500 
HPGABINETE 
200CMX180CMX600
CM 

    
430,382.37 23,985.82 03/03/2016 349,502.67 19,478.28 

VARIADOR WEG 500 
HPGABINETE 
200CMX180CMX600
CM 

    
451,288.41 23,985.82 30/04/2016 374,270.26 19,892.33 

BOLTER DS311 
COMPRA DE EQUIPO 
USADO 
CONTRATISTA DU 

    
5,381,729.96 291,650.00 31/05/2016 4,587,076.38 248,585.65 

CAT 730 EQUIPO 
USADO 

    
5,195,387.48 298,559.75 31/03/2016 4,219,043.22 242,452.85 

100 000 CFM 
chinook 48" under 
round mining axial f 

    
964,791.06 52,185.00 20/07/2016 859,823.32 46,507.35 

Variador de 
velocidad en 
gabinete ACFW11-
0312-480  

    
714,209.60 37,337.85 29/07/2016 636,504.72 33,275.55 

COMPRESOR 
INGERSOLL RAND 
MODELO R160 I Ie-
A125 110 

    
1,247,639.67 68,100.00 27/07/2016 1,111,898.45 60,690.83 

Perforadora 
Montabert 

    
1,280,720.40 69,664.19 27/07/2016 1,170,539.51 63,670.95 

SUBESTACION MINE 
POWER 1500 KVA 
4160 V-480 V  CONE 

    
1,996,145.19 108,225.00 30/11/2016 1,957,477.39 106,128.55 

1 VARIADOR WEG 
500HP 480 VOLTS 
MODELO 
NACFW110601T4SZ 

    
436,582.02 21,510.00 09/12/2016 436,582.02 21,510.00 

1 VARIADOR WEG 
500HP 480 VOLTS 
MODELO 
NACFW110601T4SZ 

    
441,554.71 21,755.00 09/12/2016 441,554.71 21,755.00 

          
Totals 

    
217,519,519.85 16,110,514.42 

 
121,541,009.16 8,763,489.50 

* Equipment highlighted in yellow italics are out of operation 

 

7.2.3 Geotechnical Factors 
 

It is standard procedure throughout the mine to install systematic ground control.  Ground control is 

carried out using a combination of split sets, mesh, w-straps, shotcrete and other methods.  The type of 

support varies according to the conditions encountered, but split sets are most common and are 

complemented as needed with mesh and/or W-straps. 

The upper levels of the mine are relatively dry.  Water inflows are a factor in the lowest development 

levels where they are collected, pumped, and distributed to help supply the mine’s needs for water.    

GRC conducts geotechnical studies to determine ground support required on an on-going basis.  

Based on the structural evidence available, the Arista veins have formed in a dilatant jog along a regional 

fault zone striking at 280°; the veins are a combination of fault-veins and filled extension fractures.  The 
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model is based on a paleo-stress axis trend of about 315°; this direction corresponds to the orientation of 

sigma1 (or sigma 1 max-horiz) at the time of formation (Ross-Brown and Levy, 2012).   

GRC also uses a rock mass quality classification system for engineering design and rock stability analysis.  

This system is based on empirical relations between rock mass parameters and engineering applications, 

such as underground mine workings.  The objectives of rock mass quality classifications are to: 

 Identify the most significant parameters influencing the behavior of a rock mass. 

 Divide a particular rock mass formulation into groups of similar behavior – rock mass classes of 
varying quality. 

 Provide a basis of understanding the characteristics of each rock mass class. 

 Relate the experience of rock conditions at one site to the conditions and experience encountered 
at others. 

 Derive quantitative data and guidelines for engineering design. 

 Provide common basis for communication between engineers and geologists. 

The main benefits of rock mass classifications: 

 Improving the quality of site investigations by calling for the minimum input data as classification 

parameters. 

 Providing quantitative information for design purposes. 

 Enabling better engineering judgment and more effective communication on a project. 

Rock mass quality measurements as determined by SRK Consulting (SRK) (Ross-Brown and Levy, 2012) are 

presented in Table 7.2. 

Table 7.2 Rock Quality Mass Measurements for Borehole Cores 

 

*Notes to Table 7.2       1. RMR is Rock Mass Rating,     2. Q is stated as a property of Rock Mass 
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GRC has also conducted Triaxial shear tests, a common method used to measure the mechanical 

properties of many deformable solids (e.g. quartz veins and andesite host rock). 

Uniaxial strength tests were also determined by SRK and the results are presented in Table 7.3.   

An example of results of Triaxial Tests determined by SRK on Andesite borehole core samples is shown in 

Figure 7.9. 

Table 7.3 Summary of Laboratory Strength Test Results 
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Figure 7.9   Example of Andesite Triaxial Test Results 
 

7.2.4 Ventilation 
 

The ventilation system at the Arista underground mine is a combination of natural and mechanical 

ventilation.  Air flow enters through the access ramp, old workings and designated raise bore holes, and 

moves down to the lower part of the mine, exhausting through remaining raise bore holes. 

In 2013, GRC completed an upgrade of the mine ventilation system.  The current Arista Mine ventilation 

system encompasses six (6) 2.4 meter diameter raise bore holes from surface to various points in the mine 

and a ramp access (Figure 7.10).  Presently, GRC has three (3) extractor fans at the top of two raise bore 

holes and a third in the auxiliary ramp supply 390,000 cubic feet per minute (CFM) to the mine workings.  

A fourth extractor fan to be installed on a recently completed raise bore hole will increase the total system 

capacity to 600,000 CFM. 

Figure 7.11 shows ventilation simulation completed on the Arista underground mine showing ventilation 

raises and fan locations, and airflows for fresh air and exhaust.  The location of the fourth extractor fan 

required to provide ventilation to a new mining area of the mine is also shown. 

In summary, the normal ventilation system for the mine must be continually improved to minimize the 

risk of an underground fire, improve environmental working conditions, and improve production levels.  

There are three major components to the planned improvements to the ventilation system: 1) purchasing 
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ventilation equipment; 2) increasing electrical power capacity; and 3) increasing the number of raise bore 

holes dedicated to ventilation in strategic locations. 

 

 

Figure 7.10 Ventilation Fans Installed at the Collars of Raisebore Holes at the Arista Underground Mine 
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Figure 7.11 Three Dimensional View of the Arista Mine Ventilation System 
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7.3 Ore Stockpiles 
 

The Oaxaca Mining Unit maintains small stockpiles underground and at the mine entrance in order to 

manage continuous ore haulage.  Mined ore for processing is also stockpiled on a large patio (capacity 

20,000 to 30,000 tonnes) near the crushing plant (Figure 7.12).  The mined ore undergoes a rigorous 

blending program to ensure a homogeneous feed is sent to the plant.   

 

Figure 7.12 Coarse Ore Stockpiles at the Aguila Plant 
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8 MILLING AND PROCESSING 

8.1 Aguila Plant 
 

GRC currently mills and processes the Arista underground mine ore through the flotation circuit at the 

Aguila Plant (Figure 8.1).  The plant was built near the mine site and consists of both a differential flotation 

circuit and an agitated leach (oxide) circuit (Figures 8.2 & 8.3).  To date the agitated leach circuit has not 

been put into operation. Late in 2013, as part of the flotation plant expansion from 850 tpd to a nominal 

1,500 tpd, two Knelson gravity concentrators were installed.  In 2014, a Gekko Intensive Leach Reactor 

and Electrowinning Circuit was installed to upgrade the gravity concentrate to doré.  In 2015, 40 percent 

of the gold production from the Aguila plant was produced as doré. 

The crushing, milling and processing plant, which was designed and constructed by Lyntek of Denver, 

Colorado, was placed into service in late 2009.  During 2010 and the first two months of 2011, most milling 

and processing was on Aguila open pit mineralized material.  However, as of February 2011, milling and 

processing of underground mineralized material from the Arista vein system commenced. 

The products from the flotation circuit in the plant are four types of high-grade concentrates: copper 

concentrate with gold-silver; lead concentrate with gold-silver; zinc concentrate with gold-silver and high-

grade gravity concentrate which is subsequently smelted and poured into gold-silver bullion (doré) bars.  

Concentrates are sold to two subsidiaries of the Trafigura Group Company: Consorcio Minero de Mexico 

Cormin Mex. S.A. de C.V. and Trafigura Beheer, B.V. of Lucerne Switzerland.   In 2016, GRC began to sell 

all of its doré to Republic Metals Corporation.   

In actual practice, average metallurgical recoveries are about 92 percent for silver and about 89 percent 

for gold.  Copper, lead and zinc recoveries average 78, 74 and 84 percent, respectively.  

For 2016, the average production rate of the plant milling and flotation circuit was 1,295 tpd, up more 

than 6% from the 2015 average of 1,220 tpd.  The capacity of the Aguila milling and flotation circuit is a 

nominal 1,500 tpd owing to a mill expansion completed in 2013.  The grinding section of the agitated leach 

section of the plant can handle up to 300 tpd. 
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In summary, the principal stages of the Aguila Plant are as follows:  

Flotation Circuit    Agitated Leach Circuit 

Crushing and Milling    Crushing and Milling 

Differential Flotation     Leaching 

Thickening, filtering and shipping   Counter Current Decantation (CCD) 

      Merrill Crowe Zinc Precipitation 

      Bullion Furnace/Doré 

Figures 8.2 and 8.3 are schematic flow sheets showing the general arrangement of the process flow for 

the Aguila plant.   

 

Figure 8.1 The Aguila Plant 
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Figure 8.2  Schematic Flow Sheet for the Differential Flotation Circuit at the Aguila Processing Plant 
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Figure 8.3 Schematic Flow Sheet for the Agitated Leach (Oxide) Circuit Processing Plant 



 

144 
 

8.1.1 Crushing and Milling 
 

Crushing is a dry process which begins at the reception hopper, where ore from the mine is deposited. 

The maximum size of rock that can be fed to the crushers is a nominal 635 mm.  The primary crusher is a 

0.91 m X 0.51 m Pioneer jaw crusher.  The crushed ore is transferred via conveyors to a 3-deck MCA 

vibrating screen with dimensions of 1.83- X 6.10-m per deck with the oversize from screening conveyed 

to a secondary 1.52-m Pioneer cone crusher, where the final product for milling is reduced to -95 mm.  

The maximum crushing rate for this plant is about 110 tonnes per hour.  The fine ore is stockpiled before 

being fed into the crusher and ball mills. 

The fine crushed ore is transported via conveyor belts to the flotation plant grinding circuit.  The grinding 

circuit consists of an Allis-Chalmers 3.04- x 4.27-m ball mill, and a 15-inch cyclone classifier.  The ball mills 

are filled with 38 % of their volume with 3-inch wrought steel balls used to further reduce (grind) the ore 

size.  The product of the mill is pumped to the classification process comprised of hydro-cyclones, where 

two products are generated; 1) a fine ore, which is expulsed thorough the top of the cyclone, and 2) a 

coarse ore that exits through the bottom and is recycled back into the mill for further grinding.  The fine 

ore must comply with the metallurgical conditions for metal recovery, which indicates 55% of the product 

must be under the 200-mesh size (equivalent to 74 microns), before being sent to the flotation process. 

GRC has also improved two areas of the crushing and milling.  In 2013, a Knelson Concentrator gravity 

circuit was installed to help improve gold recovery.  In addition, the mill was expanded to a nominal 1,500 

dry tonnes per day employing the same process and generally the same equipment types as described 

above.  The expansion included doubling the amount of flotation cells and thickener surge tanks and the 

addition of a second ball mill on the flotation circuit (Figure 8.4).  



 

145 
 

 

Figure 8.4  Installation of a New Ball Mill to complement two existing mills at the Aguila Plant in 2013 
 

8.1.2 Differential Flotation 
 

Most of the underground ore from the Arista vein system has consisted of very clean, primary sulfides, 

which have high recoveries in the differential flotation circuit.  The principal economic components are 

gold and silver; however, the ores also contain economically significant amounts of lead, zinc, and copper.  

The flotation plant produces three concentrates for sale: a copper concentrate with gold-silver, a lead 

concentrate with gold-silver, and zinc concentrate with gold-silver.  Concentrates are sold to several 

buyers in Mexico (see Section 8.1). 

The flotation process starts with ground pulp being pumped from the ball-mill sump to a 2.5- x 2.5 m 

general conditioner tank.  From this tank, it is first pumped to a bank of four 5.10-m3 rougher flotation 

cells, from which a rougher copper concentrate is recovered.  Underflow from the copper rougher circuit 

is pumped to a second bank of four 5.10-m3) rougher flotation cells for production of a lead rougher 

concentrate, and the underflow from the lead rougher cells is pumped to a third bank of 5.10-m3 rougher 

flotation cells to produce a rougher zinc concentrate.  Copper rougher concentrates are passed through a 

bank of six 0.68-m3 copper cleaner cells to produce a copper product, which is pumped to a 5.0- X 1.7-m 

thickener tank for thickening before filtration into a saleable copper concentrate.  The thickened copper 

concentrates are filtered in a 1.10-m pressure filter to produce a final saleable product. 
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The flotation product from the lead rougher stage are pumped to a bank of five 0.68-m3 lead cleaner cells 

as an initial cleaner stage for the lead concentrate.  The product from the first lead cleaner stage is 

pumped to a second series of three 0.68-m3 cleaner cells to produce a lead concentrate that is also 

thickened and filtered for sale as a final product.  The sizes and characteristics of both the lead concentrate 

thickeners and the press filter systems are identical to the copper thickener and filter. 

Tailings from the lead flotation are pumped to two 2.5- x 2.5 m zinc conditioning tanks, and from these 

into a bank of four 5.10-m3 zinc rougher flotation cells.  The product from the rougher cells passes to 

another set of four 5.10-m3 secondary flotation cells, and the product from these passes to a series of 

nine 0.68-m3 zinc cleaner flotation cells.  The product from the cleaner cells is pumped to the zinc 

concentrate thickener; thickened concentrate is then filtered and stored for subsequent shipment to the 

concentrate buyer.  Concentrates are bulk shipped on contracted tractor-trailer trucks.  

The flotation cells for the Aguila plant are shown in Figure 8.5. 

 
 

Figure 8.5 Banks of Flotation Cells at the Aguila Plant 
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8.1.3 Agitated Leaching 
 

GRC has also installed a separate agitated leach plant with its own grinding circuit.  It is expected that 

gold-rich or silver-rich deposits with little or no base metal components, or a combination of these, will 

be generated in the near future.  Potential exists for such deposits and the agitated leach circuit was 

installed for milling and processing them.  This part of the mill and process plant, which has a plant capacity 

of about 300 tpd, has not operated to date.  No test work data was available for this agitated leach plant 

since the Arista underground ore is not processed there. 

8.2 Tailings and Water Management 
 

The Tailings Storage Facility (TSF) is in a valley just below the process plant site (Figure 8.6).  The tailings 

facility was constructed using international standards in excess of Mexican permit requirements.  The TSF 

is formed by two rock filled dams that have been raised once 10 meters using the down stream 

construction method.  The TSF is double lined with the first liner made of a clay and synthetic material 

that acts as a leak prevention system with the effective absorption equal to ~ 3 meters of clay.  The second 

liner is made of 1.5 mm Linear Low-Density Polyethylene (LLDPE), which was a permitting requirement.   

The TSF is zero discharge with the process water being recycled with the plant.  Additional make-up water 

for the flotation process comes from either mine discharge water or a well located in the nearby town of 

San Jose de Gracia, approximately five kilometers to the southeast, from a permitted well located near 

the Rio Grande River.  

The TSF was constructed according to regulations with a holding storage capacity of about 1.7 million 

tonnes.     

GRC contracted the firm Ausenco to design the expansion of the TSF for additional tailings capacity.  A 

permit for the expansion was granted in October 2014 by the Mexican authorities.  Construction 

commenced immediately upon issuance of this permit and was completed during the second quarter of 

2015.  The new tailings facility is shown in Figure 8.7.  The first phase of the tailings facility expansion will 

add 1.37 million tonnes of additional capacity or approximately 2 years at 1,500 tpd.  A subsequent dam 

raise will add an additional 1.44 million tonnes of capacity.   
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Figure 8.6 View of Tailings Storage Facility (TSF) at the Aguila Project 
 

 

Figure 8.7 View looking south at the new TSF for the Aguila Project 
 

8.3 Laboratory Facilities 
 

GRC has designed and constructed a laboratory for assaying samples and metallurgical testing (Figure 8.8).   

The laboratory staff currently consists of 21 employees for sample preparation and assaying.  The Aguila 
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Laboratory prepares and assays more than 100 samples per day.  In addition, the laboratory conducts 

between 5 and 10 metallurgical tests per day.  

  
Figure 8.8  Aguila Project Laboratory 

8.3.1 Sample Preparation 
 

The Aguila laboratory sample preparation consists of the following stages: 

 Reception and identification of the samples 

 Drying 

 Primary, secondary, and tertiary crushing to particle about 4 mm 

 Homogenization (mixing) 

 Sample splitting (Jones splitter)  

 Pulverization in Spray rings to 100% <100 mesh sample for analysis  

 Sample control and analysis 

8.3.2 Fire Assaying 
 

The fire assaying procedures employed at the Aguila laboratory are as follows: 

 Fusion: Fusion is carried out weighing 5 to 20 grams of sample depending on the source, mixed 

with lead-based flux, fusion performed at 1050 ° C for 50 minutes. 

 Cupellation: it starts with cleaning of lead button hammered, then the cups are placed in the oven 

at 940 ° C, then place the button of lead inside the cups for 45 minutes. 

 Dissolution: brown button obtained weighed, the next step is dissolved in nitric acid for 25 

minutes.  After dissolving the silver buttercup washed and calcinations. 

 The button of gold is weighed on a microbalance.  
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8.3.3 X-Ray Fluorescence Analysis 
 

X-Ray fluorescence (XRF) is the emission of characteristic "secondary" (or fluorescent) X-rays from a 

material that has been excited by bombarding with high-energy X-rays or gamma rays.  The phenomenon 

is widely used for elemental analysis and chemical analysis, particularly in the investigation of metals and 

for research in geochemistry. 

This analysis is performed by mixing the sample with wax, then form a compressed tablet.  It is then placed 

in the auto-sampler Brucker Ranger.  The analysis time depends on the origin of the samples; it takes 3 to 

5 minutes for reading per sample. 

8.3.4 Atomic Adsorption Spectroscopy 
 

Atomic absorption spectroscopy (AAS) is a spectroanalytical procedure for the quantitative determination 

of chemical elements employing the absorption of optical radiation (light) by free atoms in the gaseous 

state.  In analytical chemistry the technique is used for determining the concentration of a particular 

element (the analyte) in a sample to be analyzed. AAS can be used to determine over 70 different 

elements either in solution or directly in solid samples. 

GRC has two atomic absorption units for the analysis of gold, silver and base metals.  Samples are analyzed 

for mainly gold and silver, as well as copper, lead, zinc and arsenic.   The analysis is performed with partial 

digestion in a microwave oven with mixer acids (hydrochloric and nitric). 

8.3.5 Metallurgical Testing 
 

GRC has completed and continues to conduct the following metallurgical tests at the Aguila laboratory: 

 Denver flotation cell D-12, including 2, 4 and 6 liter-cells with stirring SUB-a and DR, and laboratory 

type ball mill.  Flotation tests are conducted on ore to improve the processing plant. 

 Dynamic tests in cyanide bottle. 

 Particle size analysis on wet and dry. 

 Determination of specific gravity on drilling cores. 

 Sedimentation and flocculation tests. 

 Vacuum filtration. 
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8.3.6 Laboratory Quality Assurance/Quality Control 
 

The Aguila laboratory’s quality controls include the use of a primary or secondary standard sample which 

is certified for analysis in fire assay, atomic absorption and X-ray fluorescence.  These standard samples 

are analyzed at the end of each month, evaluating the assay results.  This determines the quality control 

of the Aguila lab’s analysis.  Some duplicate samples are sent to ALS for lab quality controls.  

 

8.3.7 Laboratory Equipment 
 

The primary equipment utilized in the Aguila laboratory consists of the following: 

 (3) Jaw crushers 

 (2) Four-rings Pulverizers 

 (2) Disc Pulverizers 

 (10) Porcelain mortars 

 Gas furnace (Fusion) 

 Electrical furnace (Copelation) 

 Micro-balance 

 X-Ray fluorescence Spectrometer 

 Atomic Adsorption Spectrometer (Perkin Elmer Analyzer 300) 

 Atomic absorption Spectrometer (Perkin Elmer Analyzer 400) 

 Microwave (Merk 5 CEM) 

 Analytical Balance (Mettler Toledo) 
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9 PROJECT INFRASTRUCTURE 

9.1 Roads and Transportation 
 

The Aguila Project is on paved Mexican Federal Highway No. 190, 115 km from the capital city of Oaxaca.  

The highway, which is a leg of the Pan American Highway system, runs through the nearby village of San 

José de Gracía.  The distances from San José de Gracía to the mine and plant sites are 4.0 km and 6.0 km 

respectively. 

As the final products consist of metal concentrates and bullion (doré), and because the property and 

facilities are easily connected to the paved Pan American highway (and from there to major cities by 

means of the national paved road system), there is no need for construction of new external processing 

facilities.  

Tractor trailers that can transport two 26-tonne trailers each are used to transport concentrate.  The 

containers must be made of stainless steel.  Each container is registered and weighed at the mine scales 

before the loading, sampling and weighing process is performed of the concentrate prior to the unit being 

sealed and registered.  The concentrate is then transported by road to a port in Mexico for subsequent 

shipping to purchasers in 400, 600 and 1,200 tonne lots for copper, lead and zinc concentrates, 

respectively.  Concentrate trucks are formed into convoys and escorted by contracted security personnel 

during the entire trip to the purchaser’s warehouse. 

9.2 Electrical Power 
 

Electrical power for the Aguila Project is mainly provided by a combination of GRC-owned diesel 

generators.  The area is remote, so the Mexican national power company Comisión Federal de Electricidad 

(CFE) provides only limited 500 Kilowatt (Kw) electrical power to the community of San José de Gracia and 

GRC’s mine and camp.    

The current diesel-electric power generating installation consists of four CAT C32 600-KW diesel-electric 

gensets, located in the power house near the mill and process plant site.  In 2013, a new power house was 

constructed near the mine entrance consisting of four CAT 3516B 1640-KW gensets.  A 13.2 Kilovolt-

ampere (KVA) line distributes power between the process plant and the underground mine.   

Obtaining electric power exclusively from CFE’s National grid may be possible in the future, but currently 

there is insufficient capacity in the local grid to serve the current demand, let alone, a new high-demand 

mining operation.  CFE will need to up-grade the grid before any heavy industry can prosper in the region.  

The estimated cost of construction of such a power-line and ancillary facilities would be about $5.0 million.  

The company is currently evaluating plans to pursue this option. 

GRC recently expanded its diesel storage capacity.  Diesel fuel storage for the mine and plant process site 

currently consists of: 
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 One (1) 40,000-liter capacity steel tank at the plant area. 

 One (1) 60,000-liter capacity steel tank at the plant area. 

 One (1) 50,000-liter capacity steel tank at the plant area. 

 Two (2) 100,000-liter capacity steel tank at the mine area. 

 One (1) 20,000-liter capacity steel tank near the mine warehouse. 

9.3 Water 
 

GRC has a permit granted by the Mexican federal water authority, Comisión Nacional del Agua 

(CONAGUA) for the usage of 150,000 cubic meters annually.  Mine service and potable water are pumped 

up to the underground mine and mill sites from a pump station on a well that has been constructed on 

the edge of the Rio Grande River, located a short distance south of the community of San José de Gracia.  

Water is pumped to the sites via a 6-in. dia. steel pipeline to holding tanks at both locations.  The 

approximate pumping head to the mill site tanks is 400 meters. 

The majority of process water for the operation of the plant, however, is recycled water from the tailings 

pond.  Only a small amount of fresh water is pumped from the well near the Rio Grande River to account 

for water lost to evaporation. 

9.4 Offices and Buildings 
 

GRC has constructed substantial infrastructure to support the Aguila Project operations.  The main 

administration and offices are located in the vicinity of the Aguila Plant.  The mine office is located 2 

kilometers to the southeast, near the entrance to the Arista underground mine ramp.  Nearly all the 

administrative personnel and activities are currently conducted from these offices.  

The underground mine site has a small mobile equipment maintenance and repair shop, a parts and 

supply warehouse, dining hall and offices and workspace for engineering, geology, exploration and mine 

administration.  Most building construction consists of concrete-block buildings, although the shop 

structures are steel frame buildings with steel sheet cladding.  GRC has also constructed exploration 

offices near the lower end of the open pit.  These are similar block buildings with patios covered with steel 

structures, roofed with steel sheets. 

GRC has constructed a good quality housing, recreation and dining hall facility, called “Tres Palmas’’, in 

the town of San José de Gracía, which is situated in the Rio Grande River valley (Fig. 9.1). Buildings are 

constructed of concrete blocks and all are designed for the tropical climate.  This housing area is mainly 

for salaried employees and their families, and there are more than 50 employees housed in the facility.  

In addition, GRC rents numerous houses in the village of San José de Gracía, as well as a local hotel, where 

about 30 employees are housed.  
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Mexican government medical services (Servicios de La Secretaría de Salúd) are close by the operation in 

the villages of El Camerón (first aid), and Nejapa de Madero (hospitalization, surgery, etc.). GRC has an 

ambulance at the mine site available to transport injured or sick employees to one of these facilities. 

 

Figure 9.1  Housing, Recreation and Dining Hall Facility for Oaxaca Mining Unit (Tres Palmas) in the Town 

of San José de Gracía. 

9.5 Core Storage Facility 
 

In 2015, GRC began construction of a permanent core storage facility to store the thousands of meters of 

diamond drill core collected during past drilling programs (Fig. 9.2).  The core storage facility is located 

near the Exploration Office, above the Aguila open pit and in close proximity to the Aguila Plant.   

 

Figure 9.2 Core Storage Facility for the Aguila Project.  
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10 ENVIRONMENTAL, PERMITS AND HUMAN RESOURCES 

10.1 Environmental Permitting and Compliance 
 

In connection with mining, milling and exploration activities, GRC is subject to all Mexican federal, state 

and local laws and regulations governing the protection of the environment, including laws and 

regulations relating to protection of air and water quality, hazardous waste management and mine 

reclamation as well as the protection of endangered or threatened species.  Potential areas of 

environmental consideration for mining companies, including GRC, include but are not limited to, acid 

rock drainage, cyanide containment and handling, contamination of water courses, dust and noise. 

All mining and environmental activities in México are regulated by the Dirección General de Minas (DGM) 

and by the Secretaría de Medio Ambiente y Recursos Naturales (SEMARNAT) from México City, under the 

corresponding laws and regulations. 

Mining operations in México operate under a unique environmental license (Licencia Ambiental Unica).  

This environmental license is issued after approval of the Evaluación del Impacto Ambiental (EIA).  As well, 

special permits are issued for certain new developments such as expansions, tailings dams, etc.   

On May 18, 2012, GRC was granted an Environmental Declaration regarding the Aguila Project.  This 

declaration stated that all environmental permits and requirements are current and was prepared by the 

México City-based consulting firm, Consultores en Ecología con Visión Integral, S.A. de C.V. (COREVI), on 

behalf of GRC.  This declaration was based on a review of the current status of required permits and 

regulatory compliance with the environmental laws of México.   

According to COREVI, “all activities, construction of the project facilities and infrastructure were in 

compliance with current regulations that govern the different instruments of environmental evaluations 

for the mining sector that were designed and required by SEMARNAT and the Procuraduria Federal de 

Proteccion al Ambiente (PROFEPA), the regulatory agency responsible for enforcement of environmental 

laws in Mexico. 

According to the Environmental Declaration, COREVI confirms that GRC and its Mexican subsidiaries 

possess all the required environmental permits by the authority in accordance with current environmental 

legislation in the United Mexican States.  This document is signed by COREVI’s General Director Mr. Eng. 

Marcial Chávez Quinto. 

GRC is currently using environmental consultants, Gestión Ambiental Omega S.C. (OMEGA) of Oaxaca City 

to secure exploration and mining permits for the Aguila Project 

The Aguila Project of the Oaxaca Mining Unit is permitted according to mining, environmental, labor, tax 

and other Mexican regulations for the mining and metallurgical complex. 



 

156 
 

GRC is also required to obtain various permits for surface and underground water use and discharge of 

waste water discharge.  The permissions are granted by the Comisión Nacional del Agua (CONAGUA), the 

administrative, technical advisory commission of SEMARNAT.  CONAGUA administers national waters, 

manages and controls the country's hydrological system, and promotes social development. 

The Oaxaca Mining Unit currently operates under the permits and status as indicated in Table 10.1.  These 

types of documents are based on the information contained in the document to be registered.  Documents 

are currently handled under the codes shown in Table 10.2. 

Table 10.1 Oaxaca Mining Unit Environmental Permits and Issuing Agencies 
Permit Number Description Code Area Concessions Date Expiration Status 

20/MP-0056/08/07/ 
SEMARNAT-SGPA-DIRA- 049-
2008 

Environmental 
Impact for 
expansion and 
opening of the 
Plant Access 
road. 

AIA 3.7 Ha El Aguila. 1/28/2008 2009 

First Annual Report 
(2009-2010), 
Second Annual 
Report (2010- 
2011) and Final 
Report, the three 
admitted on 
07/08/2012 

20/DS-0037/12/07/ 
SEMARNAT-SGPA-AR- 0654-
2008 

Land Use 
Modification for 
the expansion 
and opening of 
the Plant Access 
road 

ACS 3.7 Ha El Aguila. 3/24/2008 2009 

20/DM-0124/10/07/ 
SEMARNAT-SGPA-DIRA- 413-
2008 

Environmental 
Impact for the 
Construction 
and Operation 
of the Mineral 
Beneficiation 
Plant 

AIA 5.7 Ha El Aguila 6/2/2008   

First Annual Report 
(2009- 2010), 
Second Annual 
Report (2010- 
2011) and Final 
Report, the three 
admitted on 
07/08/2012 
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20/DG-0077/11/08 / 
SEMARNAT-SGPA-DIRA- 
1212-2009 

Construction 
Project 
Modification 
and Processing 
Plant Operation. 

AIA     7/24/2009     

20/DG-0040/04/12 / 
SEMARNAT-SGPA-DIRA- 716-
2012 (Undated letter) 

2nd 
Construction 
Project 
Modification 
and Processing 
Plant Operation. 

AIA     6/7/2012     

20/DS-0122/10/07/ 
SEMARNAT-SGPA-AR- 1246-
2008 

Land Use 
Modification for 
the Construction 
and Operation 
of the Mineral 
Beneficiation 
Plant. 

ACS 5.7 Ha El Aguila. 6/18/2008 2010 
Final Report 
22/02/2010 – 
3/02/2010 

20/MP-0225/05/08/ 
SEMARNAT-SGPA-DIRA- 
1010/2008 

Environmental 
Impact for the 
Construction 
and Operation 
of Tailings 
Impoundment. 

AIA 12.1 Ha El Aguila 11/13/2008 **** 

First Annual Report 
(2009- 2010), 
Second Annual 
Report (2010- 
2011) and Final 
Report, the three 
admitted on 
07/08/2012 

ACS 3.9 Ha El Aguila 3/13/2009 2011 
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20/DS-0090/09/08/ 
SEMARNAT-SGPA-AR- 0390-
2009 

Environmental 
Impact for the 
Construction 
and Operation 
of an Open Pit 

Final Report – 
23/02/2010 Final 
report scope – 
07/08/2012 

20/MP-0089/09/08/ 
SEMARNAT-SGPA-DIRA- 
1310-2009 

Land Use 
Modification for 
the Construction 
and Operation 
of an Open Pit 

AIA 3.9 Ha El Aguila. 8/12/2008 2010 
Final Report on 
date 07/08/2012 

09/MP-1080/10/09/ 
SEMARNAT-SGPA-DIRA- 474-
2010 

Environmental 
Impact for the 
construction of 
the Ramp called 
La Fortuna. 

AIA 5. Ha El Aire 5/18/2010 **** Compliant 

20/DG-0144/08/10/ 
SEMARNAT-SGPA-DIRA- 858-
2010 

Modification to 
the construction 
and operation of 
an access ramp 
called El Aguila 

na na na 11/18/2010 na na 

SEMARNAT-SGPA-AR- 
1825/2010 

Construction of 
a Underground 
Mine access 
ramp 

ACS     10/18/2010   
Final Report – 
07/08/2012 

20/DS-0074/10/09 

Land Use 
Modification for 
the construction 
of the ramp 
called La 
Fortuna. 

ACS 5.1 Ha El Aire   2010 Compliant 

20/MP-0058/08/11/ 
SEMARNAT-SGPA-DIRA- 
1423-2011 

Environmental 
Impact for the 
Expansion of the 
Open Pit 

AIA 4.1 Ha El Aguila 10/30/2011 2013 Compliant 

ACS     5/15/2012     
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20/DS-0096/08/11 / 
SEMARNAT-SGPA-AR- 0800-
2011 

Open Pit Mine 
expansion 

20/MP-0080/10/11/ 
SEMARNAT-SGPA-DIRA- 035-
2012 

Environmental 
Impact for the 
Tepetatera No. 4 

AIA 4.0 Ha El Aire 1/11/2012 2014 Final Report 

20/MG-0082/10/11/ 
SEMARNAT-SGPA-DIRA- 231-
2012 

Environmental 
Impact for the 
opening of Las 
Margaritas road 

AIA 1.4 Ha 
La Tehuana 
and La 
Herradura 

2/8/2012 2012 Compliant 

20/DS-0009/04/12 / 
SEMARNAT-SGPA-AR- 1122-
2012 

Land Use 
Modification for 
the opening of 
Las Margaritas 
road 

ACS 1.4 Ha 
La Tehuana 
and la 
Herradura 

7/20/2012   Compliant 

20/IP-0131/05/08 / 
SEMARNAT-SGPA-DIRA- 604-
2008 

Preventive 
Report 
Authorization 
“Pilon” Mining 
Exploration 

AIP 1.4 Ha 

El Pilón                       
El Aire                         
El Pitayo 
Fracc III 

12/1/2008  03/2011 Compliant 

20/EV-0167/01/10 

Registration as 
Hazardous 
Waste 
Generator 

GIR **** El Aguila unit 2010 **** Compliant 

20/IP-0187/01/10/ 
SEMARNAT-SGPA-DIRA- 152-
2010 

Environmental 
Impact 
Preventive 
Report for the 
Expansion of 
mining 
exploration 
project called "El 
Aguila". 

AIP 2,062.5 Ha 

El Chacal, el 
Pilón, el 
Pitayo 3, and 
el Pitayo 4. 

4/8/2010  12/2014 Compliant 

20/IP-0002/11/10/ 
SEMARNAT-SGPA-DIRA- 844-
2010 

Environmental 
Impact 
Preventive 
Report for the 
Alta Gracia 
Exploration Area 

AIP 67.45 Ha 
La Herradura 

and David 
Fraction 1. 

11/23/2010  03/2012 Compliant 
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20/IP-0001/11/10/ 
SEMARNAT-SGPA-DIRA- 
845/2010 

Environmental 
Impact 
Preventive 
Report for the 
exploration of 
Margaritas Area. 

AIP 4,110 Ha 

San Luis, el 
Talaje, la 
Tehuana, la 
Herradura 
and el Pitayo 
1. 

11/23/2010  03/2012 Compliant 

SEMARNAT-SGPA-DIRA- 104-
2007; SEMARNAT-SGPA-
DIRA- 451-2012 

Environmental 
Impact 
Preventive 
Report for the 
exploration of 
the Chichicapam 
(El Rey) Area. 

AIP 900 Ha 
El Rey, La 

Reyna y, El 
Virrey 

17/04/2007; 
04/04/2012 

 07/2013 Compliant 

SEMARNAT-SGPA-DIRA- 
148/2007 

Environmental 
Impact 
Preventive 
Report for the 
exploration of 
Margaritas Area. 

AIP 
2,300 m2 – planillas; 
3,500 m2 - vialidades 

la Tehuana 4/17/2007  07/2013 Compliant 

05OAX137811/22FADA13 

Construction 
Permission or 
Federal Zone 
Works 
modification 

DIV 100 m2 

El Aguila 
Unit– 

Underground 
mine 

7/27/2015 9/30/2024 Compliant 

05OAX137811/22FADA13 
Underground 
water use 
license 

DIV 150, 000 m3 El Aguila Unit 7/27/2015 9/30/2024 Compliant 

05OAX137811/22FADA13 

Permission to 
use water and 
waste water 
discharge 

DIV 
9460.8 m3  water and 

waste water discharge 
El Aguila Unit 7/27/2015 9/30/2024 Compliant 
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SEMARNAT-SGPA-UGA-2411-
2015 

Environmental 
Impact for the 
Alta Gracia 
project 

DIV 
1 tepetatera 651.73 

m2,  no change in land 
use, 13 drill hole sites 

Alta Gracia 
project 

02/15/2016 07/16/2018 Compliant 

SEMARNAT-SGPA-DIRA-
0289-2016 
SEMARNAT-SGPA-DIRA-
0290-2016 

No 
Environmental 
Impact 
Requirement - 
Las Margaritas 
Exploration 
Property 

NRIA 
Maintenance and 

rehabilitation of roads, 
32 drill hole sites  

Las 
Margaritas 
Exploration 
Project 

03/22/2016 NA Compliant 

SEMARNAT-SGPA-UGA-1304-
2015 

Environmental 
Impact for 
Tepetatera 5 
and Robbins 12 

AIP 2.1208 Ha El Aguila Unit 9/18/2015 1/18/2016 
Elaboration of final 
report 

  
Environmental 
Single License 

LAU 
This is a global report 

of environmental 
permits 

 El Aguila 
Unit 

In evaluation In evaluation Pending 

20/COW0249/01/16 
Annual 
operating report 

COA 

This report contains 
measurements of both 
Carbon monoxide and 

Carbon dioxide 
emissions. Additionally, 

it shows the 
wastewater and 
hazardous waste 

amount generated per 
annum. 

El Aguila Unit 1/28/2016 
5/16/2017 
05/16/2016 

Compliant 

20-PMG-I-2005-2016 
Management 
plan for 
hazardous waste 

PMRP 

This report contains 
classification and 
measurements of 
hazardous waste 

amount generated per 
annum 

El Aguila Unit 03/29/2016 NA Compliant 

20-PMM-I-0151-2016 
Management 
plan for mining 
waste 

PMRM 

This report contains 
classification and 
measurements of 

mining waste amount 
generated per annum  

El Aguila Unit 10/07/2016 10/07/2021 Compliant 

DG/DPMA/DMIR/0890/2016 
Management 
plan for special 
waste (scrap) 

PMRME 

This report contains 
classification and 
measurements of 

special waste (scrap) 
amount generated per 

annum 

El Aguila Unit 05/06/2016 NA Compliant 

DG/DPMA/DCCIA/0912/2016 
Environmental 
impact for 
mining camp 

MIA 
“Tres Palmas” mining 

camp 
El Aguila Unit 05/23/2016 NA Compliant 
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Table 10.2 Description of Information and Codes for GRC’s Environmental Documents 
Code Description 

AIA  Environmental Impact Authorization 

ACS  Land Use Change Authorization 

AIP  Exploration Preventive Report Authorization 

ETJ  Technical Justification Study (land use change study) 

MIA  Environmental Impact Statement (study for environmental impact valuation) 

IP  Preventive Reports (exploration mining claims) 

ERA  Environmental Risk Valuation 

PPE  Plans, Programs and Studies 

PFP  PROFEPA (Documentation related to administrative records we have with Profepa) 

GIR  Waste (Information related to integrated waste management) 

DIV  Miscellaneous. 

NRIA  No Environmental Impact Requirement 

COA  Annual Operating Report 

LAU  Single Environmental License 

PMRP Management plan for hazardous waste 

PMRME Management plan for special waste (scrap) 

PMRM Management plan for mining waste 

 

10.1.1   Solid Waste Disposal 
 

The process plant, underground mine and mine camp have individual sewage treatment plants.  The 

treatment systems are biochemical tanks and filtration.  The treated water is returned to the soil through 

an absorption well. 

10.1.2   Water and Air Sampling 

 

GRC has established strict procedures of operation and monitoring water and air quality in accordance to 

accepted standards. 

The tailing facilities require the main environmental and operation control.  Water in the tailings facility 

is returned to the Aguila processing plant. 

Some water pumped from the underground workings is discharged at the surface into decantation ponds.  

GRC has the necessary permits to discharge underground mine water at the surface. 

To reduce the possibility of an incident regarding any potential contamination, the following aspects are 

treated with special care by GRC as they represent potential risks to the operation: 

 Tests of water for pollutants into rivers near to the tailings dams. 

 Tests of discharge sewage pollutants. 

 Tests of running water in the intermittent streams within the property for mineral elements and 

contaminants.  
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 Tests of the combustion gases from laboratory's chimneys and foundry, and lead exposure for lab 

workers. 

 

Sampling of surface waters in rivers and creeks is conducted every six months, and underground water 

sampling is completed every three months.  The water samples are sent for analysis to an external 

laboratory (Laboratorios ABC, Mexico City), which has been accredited by the Entidad Mexican de 

Acreditación A.C. (EMA).  

10.1.3   Mine Closure Plan 
 

GRC is required to prepare a mine closure plan for the possible future abandonment of the Aguila Project.  

In compliance with environmental obligations, GRC is required to consider two levels of care: 

1. Works and actions that are specifically identified in the current environmental regulations, or in 
case of modifications or new regulations arising and, 

2. Those particular terms and conditions listed in the permissions, registers or certificates, as 
established in the authorization in terms of environmental impact and land use change (CUS), and 
although not specifically identified in any order, are the result of case-specific analysis. 

 
The environmental authority in all cases, however, makes it clear that individual or project specific 

conditions are additional to what the legislation requires.  In this case, it is necessary to maintain constant 

reviews and updates of the information related to either new regulations or other legal instruments that 

affects GRC, including that Mexican law principle is such that the lack of knowledge does not imply 

exemption from its obligation. 

The environmental study presented here is mainly an exercise in self environmental evaluation involving 

monitoring and systematic review of the facilities and business processes, in terms of their environmental 

practices and procedures, in order to check the level of compliance with both matters governed by the 

laws, regulations, and existing standards, that affect the good performance and process improvement in 

the permits that have been granted by SEMARNAT, PROFEPA and CONAGUA. 

To be compliant, any mine closure activities should broadly consist of the following: 

1. Prevent erosion in all areas where authorized land use changes involve placing containment 
structures such as buttresses, retaining walls, rock gabions and balances.  There shall be a 
buffer zone of native vegetation around the perimeter of polygons of various facilities such 
as Processing Plant, Open Pit Mine, Plant Access Road, Ramp, waste dumps (No.’s 3 & 4, 
etc..), at least a 4.0 meters width. 

 
2. Consider within the main points, installing wells to monitor water quality in the pits and 

tailings dams, in order to analyze whether the runoff from these areas alter the quality of 
surface water, soil, or subsoil in the rainy season.  Perform technical and environmental 
examinations that determined the location of these wells, likewise attach the graphic 
material showing its location relative to mine workings.  Integrate the results of the trimestral 
monitoring of the wells in the Annual Technical Report of Environmental Monitoring, and 
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finally, record the results of these actions in the field logbook including description of 
activities. 

 
3. Determine the Ecological Restoration Program plans and actions for the conservation of soil, 

which must be proposed according to the parameters that the petitioner stated in Soil 
Management Program and considering the Ecological Restoration Program; must conform to 
functional and operational integration in space and time to provide continuity-discontinuity 
of the processes of nature and thus, improve the basic benefit-cost ratio to ensure the 
achievement of sustainable development. 

 
4. Maintain the equipment use in good condition in such a way that the emissions are within 

permissible limits. Maintain the equipment units to prevent spills on the floor, draining or 
dumping into water bodies present in the area, including waste fats, oils, solvents and any 
substance or hazardous waste encountered at different stages of the project. 

 
A Mine Closure Plan and Reclamation Budget has been prepared by SRK Consulting (U.S.), Inc. (SRK).  

The closure cost estimate includes funds for covering the tailings ponds, and for securing, and cleaning up 

the other surface and underground mine facilities.  In December 2016, SRK provided an evaluation of the 

closure costs liabilities that exist at the Aguila Project as of the end-of-the-year 2016 and prepared a 

schedule for the direct costs of the various tasks in accordance with a mine plan provided by GRC (Braun, 

2016).  The total estimated closure and reclamation cost is estimated to be 51.78 million Mexican Pesos 

(MXP), which is equal to about US$ 2.55 million at an exchange rate of 20.33 pesos to US $1.00, the 

exchange rate at the time SRK prepared their report in December 2016. 

SRK Consulting’s conceptual closure and reclamation cost summary and schedule for the Aguila project 

are in Tables 10.3 and 10.4.  The areas considered for conceptual closure and reclamation area shown in 

Figures 10.1 and 10.2. 
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Table 10.3 Conceptual Mine Closure and Reclamation Cost Summary for the Aguila Project 
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Table 10.4 Conceptual Mine Closure and Reclamation Schedule for the Aguila Project 
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Figure 10.1  Overall Surface Plan of Aguila Project  

 

Figure 10.2  Detailed view of North Area (left) and South Area (right)  
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10.2 Manpower 
 

At the end of 2013, GRC divested the wholly-owned Mexican subsidiary that employed GRC’s Mexican 

employees.  GRC now contracts for the services of former employees with the firm that acquired the 

subsidiary of GRC.  

GRC contracts for the services of nearly 400 individuals employed by a third party and also uses various 

independent contractors for constructing the Arista and Mirador underground mines, surface exploration 

drilling and trucking.  Services áre also contracted for geology, planning, mining, mechanical and surveying 

personnel and operates using detailed production plans and schedules.  All the mining activities are 

conducted under the direct supervision and guidance of the General Manager (GM).  

On December 31, 2016, GRC had contracted a total of 386 full-time workers distributed in different 

department areas (Table 10.5).  Approximately 132 of these contractors are professional staff.  The 

remainder of the contractors are members of two local trade unions (Sindicatos): Sección 02 del Sindicato 

de Trabajadores de la Construcción, Similares y Conexos del Estado de Oaxaca, C.T.M. and Sindicato de 

Trabajadores de la Construcción, Similares y Conexos del Estado de Oaxaca, C.T.M.  The former represents 

the truck drivers hauling ore and concentrates and the latter is the trade union for the miners, laborers 

and construction-related workers. 

In addition, various operational support groups include; ROK for Shotcrete, CAT Service for Maintenance, 

Netsuite for Logistics, SRK for Hydrology and Rock Mechanics and Major Drilling for surface and 

underground exploration drilling. 

An organization chart for GRC and its Oaxaca Mining Unit shown in Figure 10.3. 
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Table 10.5 Full-time Contractors for the Oacaca Mining Unit 

 

 

 

 

 

 

 

 

 

 

 

 

AREAS MANPOWER 

MINE 128 

TECHNICAL SERVICES, GEOLOGY-PLANNING 34 

PLANT 62 

MINE MAINTENANCE  50 

MILL MAINTENANCE 34 

SAFETY & HEALTH 10 

PROJECTS 5 

ENVIRONMENT 4 

LOGISTICS 17 

MINE ACCOUNTING 3 

HUMAN RESOURCES & TRAINING 6 

INFORMATION TECHNOLOGY 3 

COMMUNITY 3 

OVERHEAD OAXACA 9 

COMMERCIAL 3 

TOTAL OPERATIONS 371 

EXPLORATION 15 

TOTAL OAXACA MINING UNIT 386 
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Figure 10.3 GRC and Oaxaca Mining Unit Organization Chart  
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10.3 Health and Safety 
 

GRC employees practice good safety and health practices in the underground mines and surface facilities 

including use of personal protective equipment, seatbelts, signage, barricading of open or idle workings, 

housekeeping, routine rock bolting, and use of scaling bars.    

All new employees, including contractors, are required to complete a safety induction course that explains 

the risks of the operation, procedures, how to use the safety gear, first aid, handling of explosives, etc.  At 

the end of the training each employee is evaluated to determine if further training is necessary.  Safety 

talks and safety audits are completed and recorded on a daily basis.   

Table 10.6 shows safety statistics for January through December 2016.  Lost Time Frequency Rates for the 

Aguila Project from January through December 2016 are shown in Figure 10.4. 

The Aguila Project relies on the support of a full time medical doctor and paramedics, three in the La Arista 

Underground Mine and one paramedic in the Aguila plant.  Facilities include; fully equipped ambulance, 

three bed clinic, and training center for workers and staff. 

Table 10.6 Safety Statistics for the Aguila Project for January through December 31, 2016 
 

  2016 Safety Satistics 

  

Loss Time 
Accident 

Non- Lost 
Time 

Accident 
Property 
Dannage 

Operational 
failure 

Quasi 
Accident 

Medical 
Attention 

January 0 17 2 0 0 113 

February 0 6 4 0 1 150 

March 0 9 4 0 1 136 

April 0 6 6 0 0 195 

May 0 5 2 0 0 104 

June 0 13 6 0 1 213 

July 1 11 0 0 0 220 

August 1 7 3 1 1 226 

September 1 6 7 0 0 157 

October 2 7 4 1 1 198 

November 5 5 8 0 1 141 

December 2 3 2 0 3 129 

 2016 Total  2 3 48 2 9 1,982 
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Figure 10.4 Lost Time Frequency Rate for the Aguila Project from January through December 2016 

10.3.1   Mine Rescue Team 

  

The Arista underground mine has an Emergency and Mine Rescue team that consists of twenty-two 

members distributed on three shifts.  The Mine Rescue personnel are equipped with Drager BG breathing 

apparatus (Figure 10.5).   

The mine rescue team was formed in 2012 and is led by an employee trainer/supervisor.  Training sessions 

are conducted every Saturday for six hours during each shift.  Annually, external instructors conduct 

training based on themes of leadership, teamwork, psychological profile, etc. 

The mine rescue team also provides emergency services support to the local community, as needed. 

The fire assay lab personnel are potentially exposed to oxides of lead as part of the assay process.  A blood 

lead test is conducted every 6 months by GRC. 

Hazardous substances are kept in inventory on site.  Except for those withdrawn for daily use, explosives 

are kept in secure and guarded powder magazines.   

Both the oxide and flotation process plants have a fire protection system consisting of a fire water tank 

and system of fire hydrants. 
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Figure 10.5 GRC’s Mine Rescue Teams Equipped with Drager BG Units 

10.4 Community Relations 
 

GRC considers nearby communities as important stakeholders and, as such, the company pays special 

attention to their problems and requests for support.  A good neighbor and open-door policy characterizes 

the relations with the communities inside and around the area of operations.  

A community relations company representative interacts with the local authorities frequently.   

GRC has a policy of social responsibility based on community development.  The tactic used to achieve 

this strategic principle is focused on: 

 Encouraging sustainable self-development of communities 

 Systematically promoting quality of life conditions that ensure ongoing successful operation of 

the company in the locality. 

 

In order to carry out social responsibility actions, GRC has an internal procedure intended to channel the 

demands of the local communities, to assess their needs, to prioritize them, and to evaluate donations to 

be made to improve quality of life.  GRC is interested in maintaining a social license to operate by working 

together with the communities, providing communication support in resolving problems, promoting good 

practices in social solidarity through a work plan with the localities, and aiming for sustainability in all its 

actions.  

GRC works respectfully and in coordination with the established leaders in the surrounding communities, 

and with local authorities, educational institutions, and government agencies to achieve sustainable 

development.  Actions are mainly aimed at promoting education, sports, culture, health, and 

environmental care.  

GRC works in coordination with the municipal and state governments to promote cultural activities in the 

communities.  The company has a cultural center open to the public where workshops of handicrafts, 
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music, and painting are conducted.  In addition, GRC promotes the realization of social events (e.g. 

festivals, theater plays, and cinema for children and adults), and facilitates transportation of students to 

civic and cultural events and sports competitions. 

GRC provides garbage collection service to contribute to environmental sanitation and prevent 

gastrointestinal diseases and a recycling station.  The company also supplies medical services and 

medicines in cases of emergency or whenever the community service is not available.  The company’s 

ambulance is available as needed. 

In 2016, GRC was awarded the distinction of being a Socially Responsible Company (ESR) by the Mexican 

Center for Philanthropy (Cemefi) and the Mexican Alliance for Corporate Social Responsibility (AliaRSE).  

This certifies that the company is an organization commited voluntarily and publically with social 

responsibilty as part of its culture and business management strategy.  
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11 CAPITAL AND OPERATING COSTS 

11.1 Capital Costs 
 

11.1.1   Initial Capital Costs 
 

The Aguila Project on the Oaxaca Mining Unit declared commercial production July 1, 2010 and has been 

producing continuously since that date.  Once the production decision was made, the total initial capital 

investment in Aguila Project, including the mine, process plant and equipment, and related infrastructure, 

was $34.2 million.  About $26.7 million of the capital was required to construct the mill complex and the 

capital cost of the Phase 1 tailings impoundment was an additional $2.7 million.  Mine development and 

mine equipment capital were expensed as the expenditures occur.  A summary of the initial project capital 

expenditures is shown in Table 11.1. 

Table 11.1 Summary of Initial Capital Investment for the Aguila Project  
 

AREA CONCEPTS Investment 
(US $000's) 

Permits $264 

 
Mill 

Equipment & transportation $10,489 
Installation & buildings $10,690 

 
 
 
 
Infrastructure 

Engineering, Design & Construction 
Management 

$5,568 
Roads $850 
Waterline & system $1,234 
Tailings impoundment, Phase I $2,717 

 
Other 

Community relations $539 
Housing $1,880 

TOTAL  $34,231 
 

11.1.2   2016 Capital Cost Budget 
 

The 2016 Capital Cost Budget included all investments in mine development, equipment and 

infrastructure necessary to upgrade the mine facilities and sustain the continuity of the operation.   

A total of US$ 12.1 million was spent for 2016.  Capital was mainly allocated to mine development, 

underground diamond drilling for reserve definition and machinery and equipment. 

Capital cost expenditures for 2016 are summarized in Table 11.2. 

 

 



 

176 
 

Table 11.2 2016 Capital Cost Expenditures for the Aguila Project* 

DESCRIPTION Q1 Q2 Q3 Q4 YTD 

MINE DEVELOPMENT 2,903,458 1,431,764 1,305,099 1,619,498 7,259,819 

UNDERGROUND DIAMOND DRILLING 571,974 584,471 584,148 430,602 2,171,195 

POWER GENERATION 0 144,172 87,174 -32,271 199,075 

MINE EQUIPMENT 183,420 327,902 69,664 0 580,986 

MACHINERY AND EQUIPMENT 221,581 290,714 318,632 51,607 882,534 

TRUCK AND VEHICLE 298,560 0 0 92,749 391,309 

BUILDINGS 337 33,522 6,100 84,970 124,929 

TAILINGS STORAGE FACILITY 52,277 0 0 53,792 106,069 

MILL EQUIPMENT 0 0 0 20,401 20,401 

COMMUNICATION & OTHER 15,036 93,054 156,321 78,698 343,109 

TOTAL 4,246,643 2,905,599 2,527,138 2,400,046 12,079,426 
*All amounts in US Dollars 

11.1.2.1 Capital Expenditures (CAPEX) 
 

Capital Expenditures (CAPEX) are mainly allocated to mine equipment and development and Arista 

underground mine diamond drilling.   

Mine equipment and development includes the main development and infrastructure of the mine through 

the generation of ramps, ventilation raises, and extraction levels.  

Inside mine exploration is mainly infill delineation drilling which also has the objective of discovering new 

mineral reserves in order to increase the life of mine.   

Other equipment and infrastructure costs are attributed to all departments of the mine including; mine, 

plant, maintenance and energy, safety, information technology, administration and human resources, 

logistics, geology, planning, laboratory and environmental.   

11.1.2.2 Project Expenditures 
 

Due to budgetary restrictions, only minimal project expenditures were made in 2016.  These mainly 

involved improvements to buildings and communication infrastructure.  

 

11.2 Operating Cash Costs 
 

Operating cash costs include production costs and expenses for the Arista Underground Mine.  Production 

costs relate to activities that are performed on the property including mine, plant, energy and general and 

administrative (G & A) service costs for the Arista Underground Mine.  Expenses include costs associated 

with transportation, selling and refining concentrates and Oaxaca City office overhead expenses less by-

product credits.   
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In general, mine operating costs include drilling, blasting, support, loading and haulage.   

The plant operating costs are distributed over the following areas: crushing, milling, flotation, thickening 

and filtering, and tailings disposal. 

Energy costs include all electrical power required for the Arista Underground mine, Aguila plant and all 

other support facilities for the Aguila project. 

General and Administrative services costs are related to day-to-day operations of the mine.  These costs 

typically cover operations management, geology, planning, safety, environmental, administration, human 

resources, hospital, legal, communication systems, accounting, social assistance and community relations. 

In calculating operating cash costs, an adjustment is also made for any change in inventory of stockpiles 

for material mined, stockpiled either on surface or underground, and any concentrates remaining on the 

surface at the end of the year.  Each stockpile has a cost associated with it based on actual production 

costs.  An inventory adjustment is made to reflect any reductions or additions to the stockpiles.   

Total operating cash costs for the Arista Underground Mine for January through December 2016 are 

summarized in Tables 11.3 and 11.4.  Total operating cash cost data is provided by the Oaxaca Mining Unit 

accounting staff for the year ended December 31, 2016.  For this period, the total operating cash costs 

per tonne of mill feed averaged US$ 57 (Table 11.3).  The total operating cash cost per ounces of gold-

equivalent sold averaged US$ 528 (Table 11.4).  Gold equivalents are determined by taking gold ounces 

sold, plus silver ounces sold converted to gold equivalent ounces using the gold to silver average price 

ratio for the period.  The gold and silver average prices used to determine the gold to silver average price 

ratio are the actual metal prices realized from actual sales of gold and silver produced. 

Table 11.3 Total Operating Cash Costs per Tonne of Mill Feed for the Arista Underground Mine for 
January through December 2016 

DESCRIPTION OF AREA COST & CREDITS US$ 

Mine 40 

Plant 16 

Energy 9 

General & Administrative-Mine Site 13 

Mine Site Operating Cash Cost 79 

Change Inventory  0 

Total Mine Site Operating Cash Cost 79 

Concentrate Transportation & Sales 13 

Overhead for Oaxaca City Office 5 

Total Cash Cost of Sale 97 

Royalties 8 

Refining 18 

Treatment Charges 18 

By Product Credit -84 

Total Operating Cash Cost per Tonne of Mill Feed 57 

 

 



 

178 
 

Table 11.4 Total Operating Cash Costs per AuEq (1) Ounces Sold for the Arista Underground Mine for 
January through December 2016 

DESCRIPTION OF AREA COST & CREDITS US$ 

Mine 373 

Plant 151 

Energy 87 

General & Administrative-Mine Site 122 

Mine Site Operating Cash Cost 733 

Change Inventory 1 

Total Mine Site Operating Cash Cost 734 

Concentrate Transportation & Sales 116 

Overhead for Oaxaca City Office 46 

Total Cash Cost of Sale 896 

Royalties 70 

Refining 167 

Treatment Charges 168 

By-Product Credit -772 

Total Operating Cash Cost per Ounce Sold 528 
(1) Gold ounces sold, plus gold equivalent ounces of silver ounces sold converted to gold ounces using realized gold price per ounce to 

silver price per ounce ratio, at the Arista underground mine. 

11.3 Operating Plan 
 

For 2017, GRC prepared an operating plan based on in-house reserve estimates.  The operating plan was 

designed to extract identified proven and probable reserves in the Arista and Mirador Underground 

Mines.  A three-dimensional view showing blocks scheduled for mining at the Arista Underground Mine 

in 2017 is presented in Figure 11.1. 
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Figure 11.1 Three-Dimensional View Showing Blocks Scheduled for Mining at the Arista Underground 

Mine in 2017 
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12 FINANCIAL ANALYSIS 
 

The following summarizes GRC’s financial data based on production from the Arista underground mine at 

the Aguila Project for the year 2016.  Financial data is obtained from GRC’s audited annual report to the 

SEC (Form 10-K) for the year ended December 31, 2016.  Prior year Form 10-K and other financial reports 

are available on GRC’s website (www.goldresourcecorp.com). 

12.1.1  2016 Operating and Financial Data 

 

The total Arista Underground Mine estimated production after metallurgical recoveries for the twelve 

months ended December 31, 2016 was 27,628 ounces of gold, 1,857,658 ounces of silver, 1,035 tonnes 

of copper, 4,049 tonnes of lead and, 14,302 tonnes of zinc from mining and milling of 450,221 tonnes of 

ore grading 2.13 grams per tonne gold, 139 grams per tonne silver, 0.29 percent copper, 1.21 percent 

lead, and 3.78 percent zinc.  

Table 12.1 is a summary of key production statistics for GRC’s Arista Underground Mine during the three 

and twelve months ended December 31, 2016 and 2015. 

During the period January 1 through December 31, 2016 the plant at the Oaxaca Mining Unit produced a 

total of 53,023 precious metal gold equivalent ounces.  During the same period, at total of 48,725 precious 

metal gold equivalent ounces were sold at a total cash cost of US$ 548 per precious metal gold equivalent 

ounce sold (total cash cost includes payment of a royalty).  Precious metal gold equivalent is determined 

by taking gold ounces produced or sold, plus silver ounces produced or sold converted to precious metal 

gold equivalent ounces using the gold to silver average price ratio for the period.  The gold and silver 

average prices used to determine the gold to silver average price ratio are the actual metal prices realized 

from actual sales of gold and silver produced.  The realized average prices were US$ 1,256 per ounce gold 

and US$ 17.18 per ounce silver for sales during the twelve-month period ended December 31, 2016.  

For the twelve months ended December 31, 2016, GRC realized revenue of US$ 83.2 million, mine gross 

profit of US$ 22.4 million and net income of US$ 4.4 million.  Dividend distributions to shareholders 

totaling US$ 1.7 million were made during this same period. 

Tables 12.2 and 12.3 are consolidated statements of GRC’s operations and cash flows for the years ended 

December 31, 2016, 2015 and 2014.   

All financial information reported herein were derived from consolidated financial statements as filed in 

GRC’s 10-K report for the year ended December 31, 2016. 
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Table 12.1 Summary of Production and Sales Statistics for the Arista Underground Mine at the Aguila 
Mine Project for Years ended 2016 and 2015 

 
              

  Three months ended 

December 31,   

Year ended 

December 31,   

  2016 

   

  2015  2016  2015   

Milled              

Tonnes Milled (1)    118,798    113,436    450,221    413,626  

Tonnes Milled per Day (2)    1,373    1,350    1,295    1,220  

Grade              

Average Gold Grade (g/t)    1.53    2.36    2.13    2.47  

Average Silver Grade (g/t)    121    169    139    203  

Average Copper Grade (%)    0.26    0.42    0.29    0.40  

Average Lead Grade (%)    1.28    1.37    1.21    1.37  

Average Zinc Grade (%)    3.98    4.73    3.78    4.04  

Recoveries              

Average Gold Recovery (%)    87    89    89    90  

Average Silver Recovery (%)    91    93    92    93  

Average Copper Recovery (%)    82    80    78    80  

Average Lead Recovery (%)    79    71    74    74  

Average Zinc Recovery (%)    84    86    84    83  

Mill production (before payable metal deductions) (3)              

Gold (ozs.)    5,088    7,684    27,628    29,644  

Silver (ozs.)    419,683    573,726   

 

1,857,658   

 

2,506,337  

Copper (tonnes)    258    382    1,035    1,310  

Lead (tonnes)    1,202    1,103    4,049    4,174  

Zinc (tonnes)    3,996    4,600    14,302    13,900  

Payable metal sold              

Gold (ozs.)    4,330    7,430    25,426    29,424  

Silver (ozs.)    366,667    542,892   

 

1,704,336   

 

2,312,985  

Copper (tonnes)    224    361    964    1,238  

Lead (tonnes)    1,168    982    3,797    3,857  

Zinc (tonnes)    3,313    3,810    11,816    11,478  

Average metal prices realized (4)              

Gold ($ per oz.)    1,184    1,091    1,256    1,156  

Silver ($ per oz.)    16.17    14.95    17.18    15.82  

Copper ($ per tonne)    5,499    4,716    4,792    5,226  

Lead ($ per tonne)    2,224    1,636    1,936    1,718  

Zinc ($ per tonne)    2,640    1,545    2,188    1,836  

Precious metal gold equivalent ounces produced (mill production) (3)              

Gold Ounces    5,088    7,684    27,628    29,644  

Gold Equivalent Ounces from Silver     5,730    7,864    25,395    34,319  

Total Precious Metal Gold Equivalent Ounces    10,818    15,548    53,023    63,963  

Precious metal gold equivalent ounces sold              

Gold Ounces    4,330    7,430    25,426    29,424  

Gold Equivalent Ounces from Silver     5,006    7,441    23,299    31,671  

Total Precious Metal Gold Equivalent Ounces    9,336    14,871    48,725    61,095  

Total cash cost before by-product credits per precious metal gold equivalent ounce 

sold (5) 

 

$  2,045  $  1,170  $  1,325  $  1,076  

Total cash cost after by-product credits per precious metal gold equivalent ounce sold 
(5) 

 

$  698  $  551  $  548  $  517  

Total all-in sustaining cost per precious metal gold equivalent ounce sold (5)  $  1,215  $  979  $  970  $  1,016  

Total all-in cost per precious metal gold equivalent ounce sold (5)  $  1,593  $  1,074  $  1,137  $  1,236  

 

(1) For the fourth quarter and twelve months of 2016, this includes 17,605 and 56,369 tonnes, respectively of low-grade stockpile open pit ore.  
The net effect of running this is it reduces the grade of all metals as it only contains gold, negligible silver, and no base metals. 

(2) Based on actual days the mill operated during the period. 
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(3) Mill production represents metal contained in concentrates produced at the mill, which is before payable metal deductions are levied by the 
buyer of our concentrates. Payable metal deduction quantities are defined in our contracts with the buyer of our concentrates and represent 
an estimate of metal contained in the concentrates produced at our mill which the buyer cannot recover through the smelting process. There 
are inherent limitations and differences in the sampling method and assaying of estimated metal contained in concentrates that are shipped, 
and those contained metal estimates are derived from sampling methods and assaying throughout the mill production process. The Company 
monitors these differences to ensure that precious metal mill production quantities are materially correct. 

(4) Average metal prices realized vary from the market metal prices due to final settlement adjustments from our provisional invoices when 
they are settled. Our average metal prices realized will therefore differ from the market average metal prices in most cases. 

(5) For a reconciliation of this non-GAAP measure to total mine cost of sales, which is the most comparable U.S. GAAP measure, please see 
Non-GAAP Measures. 

 

 

 

Table 12.2 Consolidated Statements of Net Income and Comprehensive Income for the years ended 

December 31, 2016, 2015 and 2014 

          

   Year ended December 31,   

      2016      2015  2014   
          

Sales, net  $  83,227    92,701   115,405  

Mine cost of sales:          

Production costs     48,460    54,362   60,241  

Depreciation and amortization    12,169    7,974   4,293  

Reclamation and remediation    165    42   -  

Total mine cost of sales    60,794    62,378   64,534  

Mine gross profit    22,433    30,323   50,871  
Costs and expenses:          

General and administrative expenses     9,533    10,254   12,336  

Exploration expenses    4,314    7,150   6,947  

Total costs and expenses    13,847    17,404   19,283  

Operating income    8,586    12,919   31,588  

Other income (expense), net    560    (2,466)   (322)  

Income before income taxes    9,146    10,453   31,266  

 Provision for income taxes    4,759    7,391   16,230  

Net income   $  4,387    3,062   15,036  

Net income per common share:          

Basic and Diluted  $  0.08    0.06   0.28  

Weighted average shares outstanding:          

Basic    55,140,237    54,186,547   54,119,095  

Diluted    55,725,206    54,259,312   54,620,332  

 

 
 

 
Note: US. dollars in thousands, except shares and per share amounts. 
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Table 12.3 Consolidated Statements of Cash Flows for the years ended December 31, 2016, 2015 and 
2014 

 
          

  Year ended December 31,  

      2016      2015  2014   

          

Cash flows from operating activities:              

Net income  $  4,387  $  3,062 $  15,036  

Adjustments to reconcile net income to net cash from operating activities:          

Deferred income taxes    (1,555)    5,133   3,771  

Depreciation, depletion and amortization    12,588    9,097   4,551  

Stock-based compensation    1,240    3,472   4,951  

Other operating adjustments    298    2,874   (107)  

Changes in operating assets and liabilities:          

Accounts receivable    (309)    1,095   891  

Inventories    (738)    (430)   206  

Prepaid expenses and other current assets    793    233   930  

Accounts payable and other accrued liabilities    (3,579)    3,357   (2,832)  

Mining royalty and income taxes payable/receivable    4,695    (7,721)   10,256  

Other noncurrent assets    79    (2)   -  

Net cash provided by operating activities    17,899    20,170   37,653  

Cash flows from investing activities:          

Capital expenditures    (15,140)    (26,685)   (17,898)  

Proceeds from the sale of equity investments    749    -   -  

Proceeds from sale of property, plant and mine development    -    30   1,763  

Proceeds from sale of subsidiary, net of distributions    -    -   1,291  

Purchase of investments    -    -   (1,805)  

Acquisitions    (311)    (122)   -  

Other investing activities    9    37   32  

Net cash used in investing activities    (14,693)    (26,740)   (16,617)  

Cash flows from financing activities:          

Proceeds from the exercise of stock options    391    -   100  

Dividends paid    (1,670)    (6,502)   (6,494)  

Repayment of capital leases    (606)    (1,501)   (1,469)  

Net cash used in financing activities    (1,885)    (8,003)   (7,863)  

Effect of exchange rate changes on cash and cash equivalents    23    (146)   (605)  

Net increase (decrease) in cash and cash equivalents    1,344    (14,719)   12,568  

Cash and cash equivalents at beginning of period    12,822    27,541   14,973  

Cash and cash equivalents at end of period  $  14,166  $  12,822 $  27,541  

          
Supplemental Cash Flow Information          

Interest expense paid  $  13  $  78 $  149  

Income and mining taxes paid  $  256  $  9,514 $  939  

Non-cash investing activities:          

Common stock issued for the acquisition of Walker Lane Minerals Corp.  $  13,060  $  -   -  

Common stock issued for the acquisition of the Mina Gold property  $  850  $  -   -  

 

 

Note: US. Dollars in thousands. 
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12.1.2     Balance Sheet (as of December 31, 2016) 

 

As of December 31, 2016, GRC had assets totaling US$ 118.0 million including US$ 14.2 million in cash and 

cash equivalents.  Total liabilities were US$ 11.4 million.  Total shareholders’ equity was US$ 106.6 million.  

Total liabilities and shareholders’ equity was US$ 118.0 million.  Information reported herein was derived 

from consolidated financial statements as filed in GRC’s 10-K report for the year ended December 31, 

2016 (Table 12.4). 

 

Table 12.4 Consolidated Balance Sheets for Twelve Months Ending December 31, 2016 and December 

31, 2015 

 

        

  

December 31,

   

December 31,

   

  2016  2015  

           
ASSETS        

Current assets:        

Cash and cash equivalents  $  14,166  $  12,822  

Gold and silver rounds/bullion    3,307    2,988  

Accounts receivable    630    321  

Inventories    8,946    8,753  

Income tax receivable    626    3,794  

Prepaid expenses and other current assets    1,605    3,904  

Total current assets    29,280    32,582  

Property, plant and mine development, net    70,059    51,637  

Deferred tax assets    17,580    21,064  

Other non-current assets    1,542    1,216  

Total assets  $ 118,461  $  106,499  

LIABILITIES AND SHAREHOLDERS' EQUITY        

Current liabilities:        

Accounts payable   $  5,383  $  11,600  

Mining royalty taxes payable    2,033    230  

Accrued expenses and other current liabilities    1,544    3,036  

Total current liabilities    8,960    14,866  

Reclamation and remediation liabilities    2,425    2,815  

Total liabilities    11,385    17,681  

Shareholders' equity:        

Preferred stock - $0.001 par value, 5,000,000 shares authorized:        

no shares issued and outstanding    -    -  

Common stock - $0.001 par value, 100,000,000 shares authorized:        

56,903,272 and 56,566,874 shares issued and outstanding, respectively, at December 

31, 2016 and 54,603,104 and 54,266,706 shares issued and outstanding, respectively, 

at December 31, 2015    57    55  

Additional paid-in capital    112,034    96,766  

Accumulated retained earnings (deficit)    2,040    (948)  

Treasury stock at cost, 336,398 shares    (5,884)    (5,884)  

Accumulated other comprehensive loss    (1,171)    (1,171)  

Total shareholders' equity    107,076    88,818  

Total liabilities and shareholders' equity  $  118,461  $  106,499  

 
Note: U.S. dollars in thousands, except shares and per share amounts 
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12.1.3   Summary of Operating and Financial Data 
 

Table 12.5 is a summary of the operating and financial data for GRC’s Oaxaca Mining Unit since commencing 

commercial production on July 1, 2010 through December 31, 2016.  During this period, the plant at the 

Aguila Project has processed a total of 2,218,312 tonnes averaging 3.12 g/t gold and 246 g/t silver to 

recover 193,262 ounces of gold and 15,982,408 ounces of silver.  

As of December 31, 2016, GRC had realized revenues totaling US$ 668.9 million, mine gross profit of US$ 

346.7 million and net income of US$ 91.5 million.  Dividend distributions to shareholders totaling US$ 

109.2 million were made during this same period.  

Table 12.5 Summary of Operating and Financial Data for the Oaxaca Mining Unit 2010 – 2016 

  

2010 
2011 2012 2013 2014 2015 2016 Totals 

(July - Dec) 

Tonnes 166,237  214,215  282,120  316,270  375,623  413,626  450,221  2,218,312  

Au g/t (Average Grade) 3.70 3.43 4.30 3.72 3.21 2.47 2.13 3.12 

Ag g/t (Average Grade) 43 357 355 326 296 203 139 246 

Cu % (Average Grade) 0 0.46 0.45 0.38 0.43 0.40 0.29 0.36 

Pb% (Average Grade) 0 1.28 1.70 1.24 1.57 1.37 1.21 1.28 

Zn% (Average Grade) 0 2.84 3.98 2.95 4.21 4.04 3.78 3.43 

Au oz 10,493 21,586 34,417 33,942 35,552 29,644 27,628 193,262  

Ag oz 111,316 2,180,309 2,996,743 3,032,841 3,297,204 2,506,337 1,857,658 15,982,408  

Revenue (US$ M) 14.8  105.2  131.8  125.8  115.4  92.7  83.2  668.9  

Mine Gross Profit (US$ M) 9.8  87.2  87.8  58.3  50.9  30.3  22.4  346.7  

Net Income (US$ M) (23.1) 58.3  33.7  0.1  15.0  3.1  4.4 91.5  

Dividend Paid (US$ M) 7.7  25.4  35.9  25.5  6.5  6.5  1.7  109.2  

 

Prior to July 1, 2010, none of GRC’s properties were in production, and consequently, did not record any 

revenue from the sale of minerals. 

Production from the Aguila Open Pit Mine and now the Arista Underground Mine has proven that the 

Oaxaca Mining Unit has the grade and continuity required to justify continued development and mining.   

The known veins and other targets on the Oaxaca Mining Unit are underexplored by drilling.  If GRC 

maintains its exploration programs, excellent potential exists for mineral reserves to maintain or grow.   

12.1.4     Marketing 
 

As of the date of issuing this report, GRC has not conducted any market studies, as gold and silver are 

commodities widely traded in the world markets. 
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13 2016 EXPLORATION PROGRAM 
 

Exploration in 2016 followed-up on prospective targets that were generated from previous exploration 

programs.  Field mapping, geochemical sampling and geophysical surveys have all been successful in 

identifying anomalous areas that appear worthy of further work including drilling. 

13.1 2016 District Exploration Expenditures 
 

An exploration budget for 2016 was allocated by GRC to continue drilling and investigating other targets 

where high grade precious metals concentrations have been located.  Table 13.1 and Table 13.2 show 

actual expenditures for surface and underground exploration at the Oacaca Mining Unit during 2016.  The 

program was managed by GRC’s exploration and mining geology staff with support as needed from Oaxaca 

Mining Unit operations. 

The 2016 district exploration work program included 2,855 meters of surface diamond drilling requiring 

an expenditure of US$ 1.49 Million and 15,453 meters of underground diamond drilling with expenditures 

totaling US$ 2.17 Million.  The program took place from January through December, 2016, utilizing one 

surface rig and at least one electric-hydraulic underground rig, with each rig drilling at an average rate of 

about 1,900 and 1,400 meters per month for surface and underground, respectively.  

The budget accounted for costs associated with the drilling contractors, assays, personnel, field expenses, 

road and drill site preparation, and surface use agreements.  The surface exploration budget also included 

property holding costs, mainly annual tax payments to the Mexican federal government.  Capital was 

provided for exploration equipment.  Other costs included mobilization, hourly charges, survey 

instrument rental, drilling mud, assays, core boxes, labor, miscellaneous tools and supplies and provision 

for database support.  The targets were chosen for their immediate accessibility and favorable chances to 

prove additional reserves.   

The 2016 exploration program covered testing of several readily accessible targets from the surface and 

underground.  Diamond drilling at the Oaxaca Mining Unit was conducted under two general modes of 

operation: one by the surface exploration staff (surface exploration drilling and geological and 

geochemical studies) and the other by the mine exploration staff (production and underground 

exploration drilling).  Production drilling was predominantly concerned with definition and extension of 

the known mineralized zones in order to guide development and mining.  Exploration drilling was 

conducted farther from the active mining area with the goal of expanding the reserve base.  Drilling results 

from both diamond and production programs were used in the reserve estimates presented in this report.  

The mine has substantial potential to develop exploration targets close to existing operations.   Moreover, 

substantial Mineralized Material has the potential to be upgraded to reserves through further definition 

by underground development and diamond drilling.     
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Table 13.1  2016 Surface Exploration Expenditures for the Oaxaca Mining Unit 
Description Mexican Pesos US Dollars 

AGUILA/ARISTA 

Salaries                 10,377,978                    556,945  

Laboratory Assays                      482,583                       25,562  

Contractors - Drilling                                  -                                  -    

Maintenance Vehicles                      134,112                         7,240  

Maintenance Machinery & Equipment                         64,121                         3,552  

Transportation Other Freight                         28,711                         1,542  

Professional Fees- Others                      255,866                       12,820  

Insurance - Vehicles                         66,491                         3,597  

Transportation                      134,809                         7,191  

Gasoline                      185,769                         9,970  

Lubricantes                              193                               10  

Diesel                         36,786                         1,925  

Security Equipment                         86,975                         4,574  

Tools                         35,711                         1,886  

Hardware, Paint and Others                      591,087                       31,141  

Office Supplies                         87,704                         4,389  

Software & Licenses                      543,031                       28,875  

Land Rights                   5,172,865                    283,098  

Miscellaneous Expenditures                         38,698                         2,191  

Light Equipment Tires                         62,804                         3,117  

Allocation of Power Costs                      506,403                       27,051  

Other Business Services                      159,527                         8,511  

Electrical Materials                         31,692                         1,717  

Computer Equipment                         12,160                            606  

Replacement Parts                         32,265                         1,682  

Aguila/Arista Totals          19,128,340           1,029,193  

REY 

Land Rights                      404,807                       22,173  

Easement Permits                         58,306                         3,137  

Rey Totals               463,113                25,309  

ALTA GRACIA 

Laboratory Assays                      468,430                       24,665  

Miscellaneous Expenditures                              579                               32  

Easement Permits                         68,606                         3,704  

Security Equipment                              271                               15  

Hardware, Paint and Others                              673                               35  

Alta Gracia Totals               538,559                28,452  

MARGARITAS 

Laboratory Assays                      288,251                       16,054  

Easement Permits                         99,348                         5,438  

Miscellaneous Expenditures                           4,634                            257  

Hardware, Paint and Others                                 94                                 5  

Environmental Studies                         51,809                         2,522  

Aid to Local Community                         91,810                         4,802  

Office Supplies                              868                               47  

Margaritas Totals               536,814                29,125  

FUEGO 

Land Rights                      102,586                         5,719  

Fuego Totals               102,586                  5,719  

CERRO PILON 

Land Rights                         (2,499)                               -    

Cerro Pilon Totals                 (2,499)                      -    

TRENES 

Laboratory Assays                      737,382                       37,508  

Contractors - Drilling                   5,910,094                    309,962  

Transportation- Various Freight                      399,752                       20,605  

Trenes Totals            7,047,228              368,075  

GRAND TOTALS          27,814,142           1,485,872  
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Table 13.2 2016 Underground Exploration Expenditures for the Oaxaca Mining Unit 
Description Mexican Pesos US Dollars 

ARISTA 

Contractors - Drilling                    12,230,399                       656,338  

Laboratory Assays                      1,089,811                          57,482  

Anchoring                            59,729                            3,124  

Mine Services                            65,097                            3,405  

Mine Transportation                              8,998                               471  

Mine Labor Costs                            26,614                            1,392  

Mine Maintenance Equipment                            92,678                            4,847  

Explosives                            19,796                            1,035  

Drill Steel                            22,652                            1,185  

Allocation of Power Costs                          217,601                          11,729  

Arista Totals         13,833,375              741,007  

SWITCHBACK 

Contractors - Drilling                    13,261,053                       740,450  

Laboratory Assays                      1,230,672                          67,372  

Security Equipment                                    81                                    4  

Hardware, Paint and Others                              1,267                                  69  

Office Supplies                                  394                                  21  

Contractors - Mechanized                      1,720,354                          98,413  

Mine Transportation                            51,436                            2,918  

Drilling Steel                            16,105                               820  

Mine Services                          142,754                            7,149  

Mine Labor Costs                            47,622                            2,385  

Mine Maintenance Equipment                          155,438                            7,784  

Explosives                            38,693                            1,938  

Anchoring                          216,593                          11,373  

Allocation of Power Costs                          257,902                          14,659  

Switchback Totals         17,140,364              955,353  

NORTHEAST ZONE 

Contractors - Drilling                      8,914,067                       458,635  

Laboratory Assays                            82,959                            4,372  

Allocation of Power Costs                          231,404                          11,827  

Northeast Zone Totals            9,228,430              474,834  

GRAND TOTALS         40,202,169          2,171,195  

 

 

 

13.2 Exploration Programs 

 

In January 2016, surface drilling continued on targets within GRC’s concessions at the Oaxaca Mining Unit.  

The focus of the exploration program was to expand the mineralization of the mine outside of the 

footprint of current mine operations.  The program shall continue into 2017. 

Work on exploration targets also included detailed mapping and geochemical sampling, including soil and 

stream geochemistry, to better define drill targets.   
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13.2.1   Introduction 

 

The Oaxaca Mining Unit maintains the highest of industry standards, including well defined and applied 

QA/QC controls to determine the quality of the mineralization.  GRC plans to continue with the high-level 

investigations currently taking place at the Oaxaca Mining Unit. 

The drill holes are generally oriented to intersect the veins at as large an angle as possible.  Drill holes are 

typically drilled from the hanging wall, perpendicular to, and passing through the target structure into the 

footwall.  The drilling is designed to avoid intercepts with angles less than about 35° to the target, and 

most are between 45° and 90°.  Surface drill holes are typically HQ to NQ in size. 

Drill hole spacing is variable, ranging from 20 m to greater than 50 m for underground drilling.  Surface 

drilling programs are designed for approximately 50 m spacing.   

On the drill site, the drill set-up is surveyed for azimuth, inclination and collar coordinates, with the drilling 

subject to daily scrutiny and coordination by GRC’s geologists.  Drill holes are surveyed using a Reflex 

multi-shot down-hole survey instrument normally at 50 m intervals from the bottom of the hole back up 

to the collar.  The survey data obtained from the drill holes are transferred to the databases and corrected 

for local magnetic declination.  Information for each drill hole is stored in a Microsoft SQL Server database. 

The full drill core boxes are collected daily and brought to the core storage building where the core is laid 

out, measured, logged for geotechnical and geological data, and marked for sampling.   

When assay results are received from the laboratory, they are merged to the Microsoft SQL Server 

database for interpretation using various software applications.  The starting and ending point of each 

vein and/or vein/vein breccia intercept is determined from a combination of geology notes in the logs and 

assay results.  The center point of the intercept interval length, and gold and silver assay values are plotted 

on vertical longitudinal projections of each vein.  These are used to guide further drilling, and to interpret 

potentially mineralized ore shoots.  

13.2.2   Aguila Project Area 
 

The exploration program at the Aguila Project during 2016 continued to focus on expanding known, and 

discovery of new, mineralization on the Arista vein system.  Exploration and development of this vein 

system remains the highest exploration priority.  

Most of the exploration work focused on an area which covers the corridor from the Arista mine, to the 

Aguila open pit, and the areas that are adjacent and between the two.  The main objective was to find 

extensions to the Arista deposit and other parallel subsidiary veins that lie to the north-west and south-

east of the mine.   
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In 2016, GRC continued to target the northeast extensions of its Arista deposit.  Significant drill intercepts 

included 5.55 meters grading 14.20 g/t gold and 43 g/t silver, including 2.52 meters grading 28.63 g/t gold 

and 85 g/t silver in the Viridiana vein.  In addition, while testing the extensions of the Viridiana vein 

discovered in 2015, GRC discovered another new vein named Marena which included an intercept of 3.34 

meters grading 12.05 g/t gold, 150 g/t silver, 0.74% copper, 7.62% lead and 24.40% zinc, including 0.74 

meters grading 37.50 g/t gold, 178 g/t silver, 1.54% copper, 12.65% lead and 30.45% zinc.  Both Viridiana 

and Marena remain open on strike and at depth. 

In 2016, step-out and infill drilling also continued to expand the high-grade mineralization at the 

‘’Switchback’’ discovery, located approximately 500 meters northeast of the Arista mine.  Highlights of 

the 2016 Switchback drill results include a step-out hole on the Sabrina vein which returned 8.03 meters 

grading 6.85 g/t gold, 462 g/t silver, 0.54% copper, 2.03% lead and 5.21% zinc; including 2.32 meters 

grading 15.60 g/t gold, 1,192 g/t silver, 0.60% copper, 1.59% lead and 5.53% zinc.  An infill hole also 

intercepted the Silvia vein which returned 9.50 meters grading 8.85 g/t gold, 669 g/t silver, 0.67% copper, 

1.86% lead and 6.83% zinc; including 0.95 meters grading 31.40 g/t gold, 5,420 g/t silver, 1.35% copper, 

0.93% lead and 2.32% zinc.  Another infill hole intercepted the Soledad vein which returned 7.96 meters 

grading 6.90 g/t gold, 618 g/t silver, 0.80% copper, 1.20% lead and 2.50% zinc; including 0.92 meters 

grading 18.15 g/t gold, 1,985 g/t silver, 0.83% copper, 1.76% lead and 3.40% zinc. 

These drill results extend known Switchback mineralization to its highest elevation to date. The 

mineralized horizon at Switchback has grown to more than 450 meters along the strike by 450 at depth 

and and remains open on strike and depth.   

Starting in 2014 and continuing into 2016, the Arista mine’s underground infrastructure was expanded by 

driving a ramp towards Switchback.  The first objective was to shorten the drill distance to the mineralized 

area and to provide the drill better angles to intercept the veins.  This drilling program targeted further 

exploration and delineation of the multiple high-grade parallel veins at Switchback, while continuing to 

optimize the initial mine plan.  Mine development reached Switchback in October 2016 and began 

drawing mineral for processing in the Aguila plant.  

During 2016, other surface prospecting work continued including field geological, structural and alteration 

mapping, and geochemical sampling. 

A total of 17,305 meters of surface and underground diamond drilling was completed on the Oaxaca 

Mining Unit properties during 2016.  A total of US$ 3.66 Million was spent for exploration at Oaxaca 

Mining Unit in 2016. 

 

13.2.3   Rey Property Area 

 

The Rey property is approximately 64 kilometers by road to the north-west from the Aguila Project area.  

Previous drilling by GRC at Rey encountered gold and silver mineralization up to 1 meter of 132.5 grams 
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per tonne gold and 1.5 meters of 958 grams per tonne silver.  The mineralized material has been located 

within 100 meters from the surface.  A total of 48 core holes for a total of 5,278 meters have been 

completed at the Rey property.  

During 2012, some rehabilitation work was conducted on an old mine shaft but this could not be 

completed due to difficulties of attaining surface access from the local community.  All work has 

temporarily ceased at Rey following a request to obtain additional approvals from local community 

agencies.  From 2013 through 2016, GRC continued to work with the local agencies to resolve this matter.  

If the matter is resolved, GRC will follow up of the previous drilling done.   

In 2013, the property-wide airborne geophysical survey covered the Rey property.   

No significant exploration activity was conducted on the Rey Project during 2015. In 2016, the Company 

plans to conduct the acceptable minimum amount of work required to maintain the claims. 

Holding costs for the Rey Project totaled US$ 25,309 during 2016. 

 

13.2.4   Alta Gracia Property Area  
 

Alta Gracia experienced small scale artisanal mining in the past but with only limited historical exploration.  

Previous surface sampling and geologic mapping at Alta Gracia has identified several structural targets 

containing gold and silver mineralization, including three high-grade polymetallic veins that outcrop on 

the surface near some historic workings.  To-date, 97 exploratory core holes for a total of 21,675 meters 

has been completed at Alta Gracia.  Initial drill results were encouraging and warrant continued drilling to 

test other targets generated from surface sampling and the deeper zones of veins encountered to date.  

Assays have identified surface mineralization up to 1,020 grams per tonne silver with 3.73 grams per tonne 

gold and only trace amounts of other base metals.  

GRC has also conducted a small amount of underground exploration by driving drifts and crosscuts into 

exposed veins.  In addition, detailed mapping and sampling was conducted to assess the resource 

potential of Alta Gracia and determine if mine development is warranted.   

In 2013, previous drill and underground sampling results were assessed to develop a plan for further 

drilling in 2014.  In 2014 and 2015, follow-up surface drilling was conducted at Alta Gracia. 

The 2015 drill campaign followed-up on previous high-grade intercepts near the historic Mirador 

underground mine, mainly testing the Mirador vein.  Significant intercepts included 4.01 meters grading 

2.52 g/t gold and 595 g/t silver on the Mirador Vein and a second Mirador vein intercept in the hanging 

wall which returned 2.12 meters grading 1.74 g/t gold and 493 g/t silver, both in Hole 4150006.  The 

Mirador vein gold and silver mineralization discovered to date does not show any appreciable base metals, 

so this precious metal mineralization could potentially be trucked to and processed through the Aguila 

Mill’s agitated leach circuit.  In 2015, mineable resources were estimated and metallurgical test work was 
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completed and it was determined that mining and processing of Alta Gracia mineralized material is 

warranted at the Aguila processing facility.  Mining agreements with the local community at Alta Gracia 

are being finalized and mine permitting is underway.  Historic mining took place at Alta Gracia and GRC 

plans to utilize existing mine development to access mineralization in an expedited manner.  GRC is 

targeting 2016 to be in position to mine, truck and process Alta Gracia mineralized material once final 

community agreements and permits are in place.  GRC is using OMEGA to secure mining permits for Alta 

Gracia.  GRC is moving forward towards production at Alta Gracia based on internal analysis and has not 

established proven and probable reserves at Alta Gracia. 

Future work shall include projection of surface mapping to the drill intercepts in the areas of San Juan and 

Independencia veins and surface mapping at Victoria-Navajas and Chamizo (base metal) area.  Drill plans 

have already been prepared for the Chamizo and Victoria-Navajas targets.  Drilling at Chamizo, however, 

is pending a permit for road construction.   

A total of US$ 28,452 was spent for exploration at Alta Gracia in 2016, mainly for laboratory assays on 

samples collected from historic underground workings. 

13.2.5 Margaritas Property Area 
 

Surface sampling at Margaritas has identified mineralization containing up to 4,150 grams per tonne silver 

and 6.29 grams per tonne gold.  In 2012, fifteen surface diamond drill holes totaling 5,002 meters were 

also completed on the Margaritas property.  High-grade mineralization was encountered with drill 

intercepts including 27.90 grams per tonne gold and 2,600 grams per tonne silver over a core length of 

2.85 meters.  

In 2013, drilling continued at Margaritas to test various structural and mineralized exploration targets.  A 

total of 3,033 meters of surface diamond drilling in nine surface diamond drill holes was completed on 

the Margaritas property in 2013.  The property-wide airborne geophysical survey covered the Alta Gracia 

and Margaritas properties.  Surface geochemical sampling was also conducted at Margaritas in 2013. 

In 2014, a detailed soil and rock geochemical program was conducted at the Margaritas property.  This 

program was a follow-up of the stream sediment geochemical program conducted in 2010 and 2012.  A 

total of 1,494 soil samples were collected on lines oriented from southwest to northeast across the 

projection of known regional structures.  The soil data showed a series of west-northwest and northwest 

trending trends visible in the epithermal pathfinder suite of metals (gold, silver, arsenic, antimony, 

mercury and thallium).  These linear patterns spatially correlate with known historical mining in the 

Margaritas district.  The linear patterns also extend beyond and between the known workings and 

establish additional trends for prospecting along mapped structural orientations.   

In conjunction with the soil geochemical program geologic mapping was conducted at Margaritas in 2014.  

This included detailed outcrop mapping to reconnaissance work from scales of 1:100 to 1:5000.  Sixty-six 

rock chip samples were taken for analysis and nearly 1550 spectral (SWIR-short wave infrared) 

determinations were performed on soil and rock fractions for discrimination of alteration mineralogy.  
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Modeling of the SWIR data indicated several north-northwesterly to irregular zones of higher temperature 

clays (illite-smectite, plus local alunite).  Many of these coincide well with trace element enrichment as 

seen in the soil geochemistry.   

In 2015, 23 surface core holes totaling 10,409 meters were completed at Margaritas.  This drilling reported 

high-grade exploration results for the Tapada vein including 2.15 meters grading 1.15 g/t gold and 599 g/t 

silver in Hole 315003.  Holes 315002 and 315004 also intercepted the Tapada vein including 0.30 meters 

grading 7.05 g/t gold and 4,010 g/t silver and 0.68 meters grading 1.65 g/t gold and 1,260 g/t silver, 

respectively.  The high-grade veins at Margaritas may widen at depth, similar to what has been defined at 

the Arista deposit and the associated Switchback discovery where thin veinlets exposed at the surface 

widen to multiple meter width veins at depth.  Similar to Alta Gracia, drilling at Margaritas to date does 

not show any appreciable base metals, therefore any potential precious metal mineralization could be 

trucked to the Aguila mill and processed through the agitated leach circuit in the future. 

A total of US$ 397,200 was spent at Margaritas in 2016.  This included US$ 368,075 for surface diamond 

drilling at Trenes, and US$ 29,125 for laboratory analyses on surface samples collected for geochemical 

assaying. 

13.2.6 Fuego and Cerro Colorado (“Jabalí”) Properties 
 

Geologic mapping campaigns continued at both Fuego and Cerro Colorado (now called “Cerro Jabalí”) 

properties in 2015.  The mapping ranged from detailed outcrop examinations to reconnaissance traverses.  

Corresponding spectral analysis was performed in-house on a portion of those samples for clay-alteration 

determinations and examination of relationships to mineralized potential.  Confirmation of favorable 

structural trends in historic mine workings and resampling of those areas also was a focus of the field 

reconnaissance.  Based on the favorable indicators the properties remain prospective and further work is 

under consideration.        

Exploration expenditures incurred on the Fuego and Cerro Jabalí properties during 2015 were allocated 

to evaluation of regional prospects discussed below.  Geologic mapping and surface sampling conducted 

on the Fuego and Cerro Jabalí properties during 2015 were sufficient to meet the acceptable minimum 

amount of work required to maintain the claims.  Further geologic mapping and sampling is planned in 

2016. 

Holding costs for the Fuego Project totaled US$ 5,719 during 2016. 

   

13.3 2017 District Exploration  

GRC’s 2016 exploration program was successful thus warranting a modest increase in the district 

exploration budget which has been set at US$ 4.2 million for 2017.  This budget will focus primarily deposit 

expansion on the Arista mine’s vein systems, including Switchback, and Alta Gracia.  Other secondary 
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drilling targets on the various properties will be put on-hold until sustainably higher metals prices take 

hold warranting an increase in the drill budget.  

A budget for the 2017 district exploration program has been approved by GRC’s Board of Directors.  The 

primary long-term goal of this program is to expand known mineralization and discover new areas. 

The exploration program shall focus on exploring the highest priority areas in order to prepare them for 

an updated reserve report at year-end 2017.  Oaxaca Mining Unit exploration priority targets for 2017 are 

listed in Table 13.3. 

Exploration expenditures may vary from those listed below depending on variable including, but not 

limited to; metal prices, expenditures and available cash flows. 

 

Table 13.3  Oaxaca Mining Unit Exploration Priority Targets – 2017 

Target Area 
2017 Program Budget 

Holes Meters MXP US$ 

Administration & Concession Holding Costs 

Aguila/Arista   19,024,080  1,022,800 

Margaritas (inc. Trenes)   670,020  36,023 

Rey   470,580 25,300 

Fuego/Rio Grande/Other Prospects   948,600 51,000 

Subtotal   21,113,280 1,135,123 

Surface Drilling 

Alta Gracia 25 10,000 20,974,400 1,127,656 

Subtotal 25 10,000 20,974,400 1,127,656 

Underground Drilling 

Switchback 12 7,500 20,700,000 1,112,903  

Northeast Zone 5 3,000 8,280,000 445,161 

Southwest Zone 5 3,000 8,280,000 445,161 

Subtotal 22 13,500 37,260,000 2,003,225  

Grand Total 47 23,500 78,869,660 4,240,304 
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13.3.1   Surface Exploration Program 

 

The 2017 surface exploration program mainly includes 10,000 meters of surface drilling at Alta Gracia and 

administration, mainly exploration staff salaries, and concession holding costs.   

Table 13.4 summarizes the 2017 surface exploration budget for the Oaxaca Mining Unit. 

Table 13.4 2017 Surface Exploration Budget for the Oaxaca Mining Unit 
Account Description Mexican Pesos US Dollars 

AGUILA/ARISTA 

Salaries 10,490,400  564,000  

Land Rights 5,319,600  286,000  

Hardware, Paint and Other Supplies 558,000  30,000  

Software & Licenses 513,360  27,600  

Allocation of Power Costs 468,720  25,200  

Transportation & Freight 279,000  15,000  

Laboratory Assays 223,200  12,000  

Professional Fees 200,880  10,800  

Gasoline 189,720  10,200  

Contract Services 156,240  8,400  

Maintenance Vehicles 133,920  7,200  

Maintenance Machinery & Equipment 89,280  4,800  

Security Equipment 78,120  4,200  

Insurance - Vehicles 66,960  3,600  

Miscellaneous Expenditures 256,680  13,800  

AGUILA/ARISTA TOTALS 19,024,080  1,022,800  

REY 

Land Rights 412,920  22,200  

Miscellaneous Expenditures 57,660  3,100  

REY TOTALS 470,580  25,300  

ALTA GRACIA 

Laboratory Assays 1,900,000  102,151  

Contractors - Drilling 19,000,000  1,021,505  

Easment Permits 74,400  4,000  

ALTA GRACIA TOTALS 20,974,400  1,127,656  

OTHER PROSPECTS 

Land Rights 186,000  10,000  

Registration Fees and Charges 61,380  3,300  

OTHER PROSPECTS TOTALS 247,380  13,300  

MARGARITAS 

Laboratory Assays 223,200  12,000  

Easment Permits 192,000  10,323  

Contract Services 68,820  3,700  

Miscellaneous Expenditures 186,000  10,000  

MARGARITAS TOTALS 670,020  36,023  

FUEGO 

Land Rights 223,200  12,000  

FUEGO TOTALS 223,200  12,000  

RIO GRANDE 
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Laboratory Assays 223,200  12,000  

Transportation & Freight 68,820  3,700  

Miscellaneous Expenditures 186,000  10,000  

RIO GRANDE TOTALS 478,020  25,700  

GRAND TOTAL 42,087,680  2,262,778  

 

 

13.3.2 Underground Mine Exploration Program 

 

The main objective of the Arista underground mine exploration program is to increase reserves on known 

veins and discover new vein structures.  A total of 13,500 meters in 22 holes is planned for 2017 with a 

budget of US$ 1.5 Million (Table 13.5).  The drilling program will be conducted from existing underground 

workings in the Arista mine. 

 

Table 13.5 2017 Underground Exploration Budget for the Arista Mine at the Aguila Project 
Account Description Mexican Pesos US Dollars 

SWITCHBACK 

Contractors - Drilling 18,000,000  967,742  

Laboratory Assays 1,050,000  56,452  

Contractors - Mechanized 1,050,000  56,452  

Mine Services 262,500  14,113  

Allocation of Power Costs 337,500  18,145  

SWITCHBACK TOTALS 20,700,000  1,112,903  

NORTHEAST ZONE 

Contractors - Drilling 7,200,000  387,097  

Laboratory Assays 420,000  22,581  

Contractors - Mechanized 420,000  22,581  

Mine Services 105,000  5,645  

Allocation of Power Costs 135,000  7,258  

NORTHEAST ZONE TOTALS 8,280,000  445,161  

SOUTHWEST ZONE 

Contractors - Drilling 7,200,000  387,097  

Laboratory Assays 420,000  22,581  

Contractors - Mechanized 420,000  22,581  

Mine Services 105,000  5,645  

Allocation of Power Costs 135,000  7,258  

SOUTHWEST ZONE TOTALS 8,280,000  445,161  

GRAND TOTAL 37,260,000  2,003,226  
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1 GLOSSARY OF TERMS 
The following terms used in this report shall have the following meanings:  

 
Adit: A more or less horizontal drive (walk-in mine) into a hill that is usually driven for the purpose 

of intersecting or mining an ore body. An adit may also be driven into a hill to intersect or 
connect a shaft for the purpose of dewatering. Adits were commonly driven on a slight 
incline to enable loaded mine trucks to have the advantage of a downhill run out, while the 
empty (lighter) truck was pushed uphill back into the hill. The incline also allows water to 
drain out of the adit. An adit only becomes a tunnel if it comes out again on the hill 
somewhere, like a train tunnel. 

Andesite: An extrusive igneous, volcanic rock, of intermediate composition, with aphanitic to 
porphyritic texture characteristic of subduction zones (eg. western margin of South America).  

Doré: Unrefined gold and silver bars usually containing more than 90% precious metal. 
Epithermal: Used to describe gold deposits found on or just below the surface close to vents or 

volcanoes, formed at low temperature and pressure. 
Gram: 
 
 
Gold Institute 
Production Cost 
Standard: 

A metric unit of weight and mass, equal to 1/1000th of a kilogram. One gram equals .035 
ounces. One ounce equals 31.103 grams. 
 
To improve the reporting practices within the gold mining industry, the gold industry in 1996 
adopted The Gold Institute Production Cost Standard, a uniform format for reporting 
production costs on a per-ounce basis. The purpose of the Standard is to provide analysts 
and other market observers with a means to make more-reliable financial comparisons of 
companies and their operations. 

Hectare: Another metric unit of measurement, for surface area. One hectare equals 1/200th of a 
square kilometer, 10,000 square meters, or 2.47 acres. A hectare is approximately the size of 
a soccer field. 

Kilometer: Another metric unit of measurement, for distance. The prefix “kilo” means 1000, so one 
kilometer equals 1,000 meters, one kilometer equals 3,280.84 feet, which equals 1,093.6 
yards, which equals 0.6214 miles. 

Manto: A mineralogy term meaning a layer or stratum. 
Mineralized Material: Minerals or any mass of host rock in which minerals of potential commercial value occur. 
Net Smelter Return 
Royalty:                          

A share of the net revenue generated from the sale of metal produced by the mine. 
Usage-based payments made by one party (the “licensee”) to another (the “licensor”) for the 
right to ongoing use of an asset, sometimes called an intellectual property.  Typically agreed 
upon as a percentage of gross or net revenues derived from the use of an asset or a fixed 
price per unit sold. 

Ore or Ore Deposit: Rocks that contain economic amounts of minerals in them and that are expected to be 
profitably mined. 

Portal: The entrance to the mine at the surface. 
  
Silicified: Is combined or impregnated with silicon or silica. 
  
Skarn: A coarse-grained metamorphic rock formed by the contact metamorphism of carbonate 

rocks.  Skarn typically contains garnet, pyroxene, epidote, and wollastonite combined or 
impregnated with silicon or silica.  Many skarns also include ore minerals.  Several productive 
deposits of copper or other base metals have been found in and adjacent to skarns. 

SurpacTM Surpac-Gemcom software for geological modeling, mine planning, design, and surveying. 

Tonne: A metric ton.  One tonne equals 1000 kg. It is approximately equal to 2,204.62 pounds. 
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US GAAP: United States Generally Accepted Accounting Principles 
  
Volcanic domes: These are mounds that form when viscous lava is erupted slowly and piles up over the vent, 

rather than moving away as lava flow. The sides of most domes are very steep and typically 
are mantled with unstable rock debris formed during or shortly after dome emplacement. 
Most domes are composed of silica-rich lava which may contain enough pressurized gas to 
cause explosions during dome extrusion. 
 

Volcanogenic Of volcanic origin 
  
VulcanTM: Maptek-Vulcan world’s premier 3D mining software; validate and transform raw mining data 

into dynamic 3D models, accurate mine designs and operating plans 
  

Conversion Table 

Metric System Imperial System 

1 metre (m) 3.2808 feet (ft) 

1 kilometer (km) 0.6214 mile (mi) 

1 square kilometer 
(km2) 

0.3861 square mile (mi2) 

1 square kilometer (km2 
) 

100 hectares (has) 

1 hectare (ha) 2.471 acres (ac) 

1 gram (g) 0.0322 troy ounce (oz) 

1 kilogram (kg) 2.2046 pounds (lbs) 

1 tonne (t) 1.1023 tons (t) 

1 gram/tonne (g/t) 0.0292 ounce/ton (oz/t) 

Unless stated otherwise, all measurements reported here are metric and currencies are expressed in constant U.S. 

dollars.  

Other common abbreviations encountered in the text of this report are listed below: 

˚C  degree Centigrade  

AA  atomic absorption 

Ag  silver 

Au  gold 

AuEq  Precious Metal Gold Equivalent (unless otherwise noted) 

Cfm  cubic feet per minute 

cm  centimeter 

Cu  copper 

dmt  dry metric tonne 

ft or (‘)  feet = 0.3048 metre 

g/T  gram/tonne   

g  1 g = 0.001 kg 

GPS  Global Positioning System 

GIS   Geographic Information System 

ha  hectare(s) 

hp  horsepower  

in or (“)  inches, 2.42 cm 

K-Ar  Potassium-Argon (referring to age date technique) 

kg  kg, or kg/T (kilogram per tonne) 

km  kilometer 
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Kva  Kilovolt-amps 

l  liter  

m  meter   

Ma  million years old 

masl  meters above sea level 

mean  arithmetic average of group of samples 

mm  millimeter  

Mw  Megawatt 

NI 43-101 National Instrument 43-101 

Ounce  Troy ounce, or 31.1035 g   

oz.  ounce 

Pb  lead 

ppm  parts per million = g/T 

psi  pounds per square inch 

RQD  Rock Quality Designation 

QA/QC  Quality Assurance/Quality Control 

QP  Qualified Person 

Standard Standard Reference Material  

T, tonne metric tonne = 1.1023 short tonnes 

Tpd, or tpd tonnes per day 

wt  weight 

Zn  zinc  
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3 APPENDIX 1 
 

Longitudinal Sections of Wire Frame Solids and Corresponding Net Smelter Return (NSR) Grade Contours 

of Proven and Probable Reserve for the 32 Veins and Splays Modeled for the Arista and Mirador 

Underground Mines (Views northeast orthogonal to local trend of veins; grid in meters)  
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4 APPENDIX 2 
 

Longitudinal Sections of Wire Frame Solids of Measured and Indicated Mineralized Material for 

Corresponding Net Smelter Return (NSR) Grade Contours for the Arista and Switchback veins at the 

Arista Underground Mine and Gold Equivalent (AuEq) Grade Contours for the Alta Gracia and Margaritas 

Projects (Views are variable, looking orthogonal to local trend of the veins; grid in meters). 
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