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1 Summary 
AMC Mining Consultants (Canada) Ltd. (AMC) was commissioned by Hecla Canada Ltd. on behalf of Hecla 
Mining Company (collectively Hecla) to prepare a Preliminary Economic Assessment (PEA) and corresponding 
Technical Report (Technical Report) in compliance with National Instrument 43-101 - Standards of Disclosure 
for Mineral Projects (NI 43-101) for the San Sebastian Property in Mexico (Property).  

The Property is located in the municipality of Cuencamé in Durango State, within the Saladillo Mining District. 
The Property, which includes the San Sebastian and Andrea projects, is 100% owned by Hecla through its 
Mexican subsidiary, Minera Hecla S.A. de C.V (Minera Hecla). Hecla acquired the Property as part of its 
acquisition of Monarch Resources Investments, Ltd in 1999 (Monarch). Monarch had explored the area in the 
1990s resulting in the discovery of the Francine, North and Andrea Veins. Minera Hecla operated the San 
Sebastian underground mine from 2001 to 2005 on the Francine Vein, producing over 0.5 million tons of 
mineralized material containing approximately 200,000 ounces of gold and 12.7 million ounces of silver with 
average grades of 11.7 g/t gold and 763 g/t silver. Mineralized material was trucked to the town of Velardeña for 
milling, approximately 100 km northeast of the mine. The Velardeña Mill is no longer owned by Minera Hecla. 

The Property is covered by the Saladillo concession block consisting of 31 contiguous mining concessions 
totalling 40,324 ha (403 km2). Minera Hecla owns most of the surface leases and has in place leasing 
agreements with six private land owners to control additional adjacent land required for rock and tailings 
storage. The control of title for parts of three concessions is contested by a third party, however this area is 4 km 
from the San Sebastian project and 17 km from the Andrea project and is considered to be of marginal potential 
economic mineral endowment. The San Sebastian project carries a 2% Net Smelter Royalty payable to La 
Cuesta International, Inc., a private mineral exploration company. 

The Property is located in a sparsely populated rural agricultural area dominated by dry land farming, at an 
elevation of approximately 2,100 m. The land is gently undulating, and has ample flat-lying areas for mining and 
milling infrastructure. All services are available in the City of Durango (population over 0.5 million), an 
approximate 2 hour drive from the San Sebastian project. The Andrea project is approximately 10 km from the 
San Sebastian project, along a narrow paved highway and dirt road. The climate is semi-arid and the area 
receives an average of 529 mm of rainfall annually. Mining and exploration activities can be carried out 
throughout the year. 

The San Sebastian project site includes offices and surface infrastructure for mining and exploration. The 
underground portal remains open and provides access to the San Sebastian Mine workings. No crushing or 
processing facilities exist on site. A power line from Guadalupe Victoria provides 500 kw of electricity to the 
project. Groundwater is abundant in the area and multiple sources of surface water occur within the Property 
area. 

The Property lies within the Mesa Central morphotectonic province of northcentral Mexico, near the eastern 
margin of the Sierra Madre Occidental. In Durango State, these structural provinces display a general north-
northwest to northwest orientation. The Property occurs within the Magistral-Providencia gold-bearing structural 
corridor, which runs along the eastern boundary of the Sierra Madre Occidental and can be traced though 
northern Durango into Chihuahua. Deposits along this corridor include Fresnillo, Inde, Santa Maria del Oro, and 
Sombrerete. 

The Property is located at the intersection of three major fault zones and terrane boundaries: the north-
northwest trending contact between the Parral and Sierra Madre terranes; the regional west-northwest faulting 
that may represent part of the Mojave-Sonora Megashear; and a major northeast to east-northeast trending fault 
zone associated with several mercury and antimony deposits and prospects termed the La Roca trend. The 
district is centered on the small village of La Roca, an historical mercury mining area. The hydrothermal systems 
responsible for the mercury mineralization may or may not be genetically related to the gold-bearing vein 
systems in the San Sebastian area.  

The Saladillo Valley, which hosts the San Sebastian Vein system, is largely covered with thin alluvium and sheet 
wash deposits. It is flanked to the north and south by Oligocene to Miocene volcanic rocks and overlain to the 
southwest by later basaltic rocks. Clastic Cretaceous rocks of the Caracol Formation sub-crop within the valley 
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and consist of calcareous shales and mudstones, with minor siltstones, greywackes and limestones. The 
Caracol Formation is the main host to the San Sebastian Vein system. To the west and east of the Saladillo 
Valley, conglomerate units cover extensive areas, and also occur within the valley capping low hills. 

The San Sebastian Vein system consists of the Francine, East Francine, Professor, North and Middle Veins. It 
strikes to the west-northwest and varies in dip from steep to shallow to the southwest. The Pedernalillo Vein 
system consists of the Don Sergio-Andrea Vein system, Antonella Vein, and Aracely Vein. The Don Sergio-
Andrea Vein system is about 2.6 km long, strikes north-northwest to northwest and has variable dips and dip 
directions. Average true vein widths in the district range from 2.0 m at the Middle Vein to 3.0 m at the East 
Francine Vein, and the average true width of all veins in the district is 2.5 m. The wider portions of both the 
North and East Francine Veins show true widths on the order of 4 to 5 m and the northern portion of the Andrea 
Vein extends over 10 m wide.  

Economically, the most important veins are the Francine, East Francine, Middle and North Veins of the San 
Sebastian Vein system, followed by the Don Sergio-Andrea Vein system at Pedernalillo. 

Mineralization occurs in an epithermal setting at various paleo-depths. Known mineralization occurs in high-level 
systems (Don Sergio-Andrea and Antonella Veins), intermediate-level systems (North, Esperanza and Orona 
Veins), and deep-level systems (Francine Vein, Hugh Zone). High-grade gold and silver occur both in the very 
shallow epithermal environment in the upper 350 m of the crust (Don Sergio Vein), as well as deep in the root 
zones of a silver-gold-lead-zinc vein at depths between 600 and 1,130 m below the paleo water table (Francine 
Vein, Hugh Zone).  

Mineralization comprises both sulphides and oxides consisting of sphalerite, galena, argentite, minor pyrite, 
minor chalcopyrite, native silver, gold in electrum, bromargyrite, cerargyrite, hematite and limonite. Matrix 
minerals include amethyst crystals, crystalline quartz, multistage coarse- and fine-grained quartz bands and 
chlorite-quartz-adularia bands. Mineralization within the vein structures is generally deposited in high-grade 
“shoots” bound both laterally and horizontally by sharp gradients in grade-thickness. 

Alteration into the hangingwall and footwall of the vein structures is narrow and consists of increased quartz and 
calcite veinlets, silicification, and/or argillic alteration. 

The Francine Vein hosts three zones of mineralization: the upper Francine Vein, which was mined from 2001 to 
2005; the Hugh Zone, which is the deeper silver-copper-lead-zinc sulfide zone below the upper Francine Vein; 
and the newly discovered East Francine Vein, which is the offset segment of the Francine Vein in the 
hangingwall of the San Ricardo Fault Zone. Significant calcite is present in areas and cerussite is present in 
most of the oxidized portions of the vein. Pyrrhotite and arsenopyrite are present in the host rocks of the Hugh 
Zone. 

The Middle Vein has similar mineralization to the Francine Vein, with base metal concentrations increasing at 
depth. Gangue mineralogy comprises cockscomb quartz, calcite, rhodochrosite, adularia and minor pyrite.  

The North Vein is located less than 150 m from the Middle Vein, but this vein shows significantly different 
mineralogical characteristics. Most notably the total volume of sulfide material in the North Vein is very low; 
consequently, the volume of supergene oxidation material in the upper portion of the vein is very low. Gangue 
mineralogy in similar to the Middle Vein apart from an absence of rhodochrosite.  

In contrast to the San Sebastian veins, no base metal enrichment is observed in the Andrea Vein at depth. 
However the vein does show metal zonation, with gold being dominant in the northwest and silver increasing to 
the southeast. Tetrahedrite has been identified from microprobe analysis and pyrargyrite has been visually 
identified in all the Andrea Vein drillhole intercepts that carry elevated grade gold values. Gangue mineralogy 
consists primarily of quartz and calcite with minor adularia. The total sulfide content within the vein is generally 
less than 1%. 

Between 1996 and the end of 2014, 1,193 diamond core, mixed reverse circulation (RC) top/diamond core tail, 
RC, and rotary air blast (RAB) drillholes have been completed for a total of 330,297 m. All of the drilling has 
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been from the surface. A total of 67% of the historical drilling meters is diamond core, 18% is mixed RC/core, 
13% is RC, and 2% is RAB. Nearly all definition drilling has been completed with core or mixed RC/core holes. 

A significant proportion of the drillhole and assay database has been verified by the responsible Qualified 
Person, who is satisfied that is has been prepared to good industry standards and is adequate for Mineral 
Resource estimation purposes. 

Mineral Resources have been estimated as at 31 December 2014, based on geological block models that 
incorporated drillhole data and in some instances chip samples from trenches. The East Francine Vein model is 
based on 75 drillholes (6 reverse circulation holes (RC), 67 diamond drillholes (DDH) and 2 RC/DDH). The 
Middle Vein model is based on 200 drillholes (166 DDH, 29 RC, 5 RC/DDH), supported by data from 79 
trenches. The North Vein model is based on 164 drillholes (151 DDH, 1 RC/DDH, 12 RC holes), supported by 
data from 19 trenches. The Andrea Vein model is based on 156 drillholes (57 DDH, 99 RC/DDH), supported by 
data from 14 trenches. The Hugh Zone model is based on 106 drillholes (32 DDH, 74 RC/DDH). 

Mineral Resource estimation followed the standard procedure of geological interpretations and domaining, 
analysis of sample assay data, compositing and cutting of high grades, variography, creation of partial 
percentage block models (dimensions 10 m x 5 m x 10 m ), and grade interpolation using inverse distance 
cubed (ID3). Results were checked using standard procedures, and subdivided into Indicated Resources and 
Inferred Resources. The results are summarized in Table 1.1. 

Table 1.1 Summary of estimated Mineral Resources as of 31 December 2014 

Indicated 
Resources 

Tonnes Au Ag Pb Zn Cu AgEq Au Ag Pb Zn Cu AgEq 
(kt) g/t g/t % % % g/t (koz) (koz) (t) (t) (t) (koz) 

E. Francine Vein 50.5 7.54 2,197.0 - - - 2,782.3 12.3 3,569 - - - 4,520 
Middle Vein 710.4 2.08 449.4 - - - 606.8 47.6 10,264 - - - 13,861 
North Vein 356.5 3.59 153.3 - - - 430.2 41.1 1,757 - - - 4,931 
Andrea Vein 628.4 2.85 44.6 - - - 267.1 57.5 901 - - - 5,396 
Hugh Zone 447.0 0.87 233.0 2.96 3.85 1.70 628.8 12.5 3,348 13,220 17,220 7,620 9,036 
Total Indicated 2,192.7 2.43 281.4 - - - 535.4 171.0 19,838 - - - 37,744 
              
Inferred 
Resources 

Tonnes Au Ag Pb Zn Cu AgEq Au Ag Pb Zn Cu AgEq 
(kt) g/t g/t % % % g/t (koz) (koz) (t) (t) (t) (koz) 

E. Francine Vein 68.9 6.79 636.1 - - - 1,166.6 15 1,409 - - - 2,583 
Middle Vein 72.9 0.28 212.5 - - - 228.5 0.7 498 - - - 535 
North Vein 98.4 3.19 143.5 - - - 390.8 10.1 454 - - - 1,237 
Andrea Vein 1,997.1 1.52 108.4 - - - 223.6 97.7 6,968 - - - 14,358 
Hugh Zone 1,138.6 0.16 175.5 1.80 2.55 1.50 442.0 5.7 6,426 20,460 29,090 17,110 16,181 
Total Inferred 3,375.9 1.19 145.1 - - - 321.5 129.2 15,744 - - - 34,894 

CIM definitions were used for the Mineral Resources  
Mr. K. Blair, MSc. CPG of Hecla and Qualified Person under NI 43-101, takes responsibility for the Mineral Resource estimates. 
Cut-off values: Hugh Zone: US$100 NSR; Andrea Vein: US$50 NSR; Middle Vein: US$100 NSR; North Vein: US$100 NSR; East 
Francine Vein: US$100 NSR 
Resources reported at a minimum width of 2.0 m for Hugh Zone and 1.5 m for Andrea Vein, Middle Vein, and North Vein. East Francine 
Vein is reported at vein width. 
Tonnages rounded to nearest 1000; contained metal in ounces (Au, Ag) rounded to nearest 1000; contained metal in tonnes (Pb, Zn, 
Cu) rounded to nearest 10. Totals may not agree due to rounding. 
For all Mineral Resources except the Hugh Zone the Ag Equivalent Factor was calculated as follows (example for Au): [(($Price Au) - 
($Refining Au)) / (($Price Ag) - ($Refining Ag))] x [(%Recovery Au) / (%Recovery Ag)] x [(%Payable Au) / (%Payable Ag)] = AgEq Factor  
For the Hugh Zone the Ag equivalent factor was calculated similar to the example for gold above but refining charges were not 
considered. An example for Pb: [($Price Pb / $Price Ag) x (%Recovery Pb / %Recovery Ag) x (%Payable Pb / %Payable Ag)] = AgEq 
Factor  
Metal Prices: US$1,300/oz Au, US$20/oz Ag, US$0.90/lb Pb, US$0.80/lb Zn, US$3.0/lb Cu 

Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability. 

Hecla plans to commence open pit mining at San Sebastian on parts of the East Francine, North and Middle 
Veins in September 2015. Extraction will be by conventional truck and excavator, operated by a mining 
contractor. Mining of mineralized material will be limited to day shifts to aid in geological control and 
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minimization of dilution and loss of mineralized material. A breakeven NSR cut-off was determined to be 
approximately US$110/t of mineralized material. 

Oxide waste material will be free-dug using hydraulic excavators, and oxide mineralized material will be 
recovered with a hydraulic hammer mounted on a 30 t hydraulic excavator. Transitional and fresh material will 
be drilled and blasted on 5 m benches, and loaded using two, 30 t excavators on two, 2.5 m flitches. Haulage 
will be by 40 t trucks, taking waste to waste dumps located adjacent to the open pits, and mineralized material to 
a centralized mineralized material stockpile. Grade control will be performed using RC drilling and sampling 
methods.  

The open pit life is approximately 18 months, including three months of pre-stripping and 15 months of 
mineralized material mining. Backfilling of the open pits commences 8 months after start of operations, and 
takes approximately two years to complete. 

Open pit costs total US$23.6 million, comprising of US$0.6 million capital and US$23.0 million operating, with an 
average operating cost of US$3.7/t mined.  

Approximately 300,000 tonnes of Indicated Mineral Resources at grades of approximately 3.4 g/t Au and 640 g/t 
Ag, located below the planned open pits in the Middle Vein, have potential to be extractable by underground 
mining methods. Current infill and exploration drilling programs may result in additional, potentially underground-
extractable, Mineral Resources in the East Francine, Middle and North Veins. More work needs to be 
undertaken, to assess the potential for underground mining. 

Mineralized material from San Sebastian Mine will be trucked approximately 100 km to the existing Velardeña 
Mill, and processed under a toll treatment arrangement. The mill equipment consists of primary and secondary 
crushing, grinding, agitated cyanide leach, counter-current decantation, cyanide destruction, a Merrill-Crowe 
circuit, and smelting. Planned throughput is 400 dry metric tonnes per day. The existing tailing storage facility 
has enough space remaining to hold approximately 50% of the life of mine material. An expansion has been 
factored into planning and included in capital costs. 

A conceptual mill schedule indicates processing of 248kt of mineralized material at grades of 5.0 g/t Au and 819 
g/t Ag, producing approximately 36,000 ounces of gold and approximately 5.6 million ounces of silver. 
Approximately 91% of the projected mill feed is derived from Indicated Mineral Resources, and 9% from Inferred 
Mineral Resources. 

Processing operating costs are estimated at US$93/t of material milled, and processing capital costs are 
estimated at US$4.8 million. Total project capital costs are estimated at US$5.7 million. 

Most necessary infrastructure is already in place at the San Sebastian Mine. Hecla has the main permits 
required to operate the planned open pit mine, being a Manifesto De Impacto Ambiental (Environmental Impact 
Assessment or MIA), a Cambio de Uso de Suelo (Change of Land Use Permit or ETJ), and a Estudio de Riesgo 
(Risk Assessment or ER). It also has most other necessary permits, and has reasonable expectations of being 
granted those required in a timely manner. 

At the end of mine life, the open pits and will be backfilled with waste rock, and the site re-contoured and re-
vegetated. The preliminary cost estimate for reclamation of the San Sebastian project is approximately $US1.5 
million. 

At metal prices of US$1,103/troy ounce for gold and US$15.53/troy ounce for silver, the project has an after-tax 
net present value of US$43 million at a discount rate of 5%, and a post-tax internal rate of return of 404%. 
Sensitivity analysis shows that the project is most sensitive to head grades and metal prices, but remains 
potentially economic even when these parameters are decreased by 10%. 
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Table 1.2 Potential project economics 

Life of Mine 

Mining Statistics 

Mineralized Material Mined 000 tonnes 248 

Waste Mined 000 tonnes 6,224 

Grades Mined 

Gold g/t 5.0 

Silver g/t 819 

Milling Statistics 

Total Material Milled 000 tonnes 248 

Head Grades Milled 

Gold g/t 5.0 

Silver g/t 819 

Recovery 

Gold % 90.79% 

Silver % 85.58% 

Economics 

Total Gross Revenues US$ '000 121,979 

Treatment, Refining and Freight US$ '000 (7,704) 

Net Revenues US$ '000 114,275 

Less: Total Cash Direct and Indirect Costs 

Mining US$ '000 (27,337) 

Milling US$ '000 (24,404) 

Indirect Costs US$ '000 (11,522) 

Total Direct and Indirect Costs US$ '000 (63,263) 

Less: Cash Taxes US$ '000 - 

Less: Capex US$ '000 (5,756) 

Less: Reclamation US$ '000 (1,507) 

Total After-Tax Cash Flow US$ '000 43,749 

NPV (5%) US$ '000 43,013 

IRR 404% 

Cash Cost per oz Silver $/oz 5.5 

Mining and Milling Cost per tonne milled $/tonne 189 

 

The preliminary economic assessment is preliminary in nature. It includes Inferred Mineral Resources that are 
considered too speculative geologically to have the economic considerations applied to them that would enable 
them to be categorized as Mineral Reserves. There is no certainty that the preliminary economic assessment 
will be realized. 

A number of recommendations have been made and are included in Section 26 of this Technical Report. Many 
have no material impact on the open pit project currently planned, and are proposed in order to improve on 
existing procedures that support the Mineral Resource estimates, and to prepare for the possibility of eventual 
underground mining. The two most material recommendations are to undertake additional processing tests and 
to prepare a PEA study on the underground potential. The estimated costs for these recommendations are 
US$0.2 million and US$0.1 million respectively.  
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2 Introduction 
AMC Mining Consultants (Canada) Ltd. (AMC) was commissioned by Hecla Canada Ltd. on behalf of Hecla 
Mining Company (collectively Hecla) to prepare a Preliminary Economic Assessment (PEA) and corresponding 
Technical Report (Technical Report) in compliance with National Instrument 43-101 - Standards of Disclosure 
for Mineral Projects (NI 43-101) for the San Sebastian Property in Mexico (Property). Hecla also requested that 
a fatal flaw review of the Property's Mineral Resources estimate be conducted by AMC, to be reported 
separately to the Technical Report. 

The Property is located in the municipality of Cuencamé in Durango State, near the border between Durango 
and Zacatecas States within the Saladillo Mining District. The Property, which includes the San Sebastian 
project, is 100% owned by Hecla through its Mexican subsidiary, Minera Hecla S.A. de C.V (Minera Hecla). 
Hecla acquired the Property as part of its acquisition of Monarch Resources Investments, Ltd. in 1999. Minera 
Hecla operated the underground mine from 2001 to 2005 on the Francine Vein. During that time, the district 
produced 520,666 tons of mineralized material containing 196,456 ounces of gold and 12.7 million ounces of 
silver with average grades of 11.7 g/t gold and 763.1 g/t silver. Mineralized material was shipped by truck to the 
town of Velardeña for milling, approximately 100 km northeast of the mine. The mill is no longer owned by 
Minera Hecla. 

The PEA and Technical Report have focused on the Property’s Mineral Resources mineable by open pit method 
as highlighted in previous study work conducted by AMC in 2015. The underground potential that was also 
covered in the previous study work is referenced in Section 24 (Other Relevant Data) of the Technical Report.  

AMC was responsible for managing and preparing the PEA and Technical Report with inputs from Hecla and 
M3 Engineering & Technology Corp. (M3), a contractor to Hecla. Table 2.1 lists the persons involved in the 
preparation of the Technical Report.  

Table 2.1 Persons who prepared or contributed to this technical report 

Qualified Persons Responsible for the Preparation of this Technical Report 

Qualified 
Person 

Position Employer 
Independent 

of Hecla? 
Date of Last Site 
Visit 

Professional 
Designation 

Sections of Report 

Mr P Lebleu 
Principal Mining 
Engineer 

AMC Mining Consultants 
(Canada) Ltd. Yes 

January 12-14, 
2015 

P.Eng (BC) 
1, 2, 3, 15, 16, 18 
(part), 20, 21 (part), 
22, 25 26 (part), 27 

Mr S Redak Exploration 
Manager 

Minera Hecla S.A No Full time on site AIPG, CPG 4, 5, 9, 10 

Mr K Allen Director New 
Projects 

Hecla Mining Company No April 21-22, 2015 AIPG, CPG 6, 7, 8, 23 

Mr K Blair Senior Resource 
Geologist 

Hecla Limited No April 20-23, 2015 AIPG, CPG 11,12, 14, 26 (part) 

Mr A Riles 
Principal 
Metallurgical 
Consultant 

Riles Integrated Resource 
Management  Pty 

Yes No visit MAIG 19 

Mr G Methven 
Principal Mining 
Engineer 

AMC Mining Consultants 
(Canada) Ltd 

Yes No visit P.Eng (BC) 24  

Ms E Patterson Engineer 
M3 Engineering & 
Technology Corporation 

Yes October 8, 2013 P.E. 
17, 18 (part), 21 (part) 
26 (part) 

Mr A Anderson President 
 

Allen R. Anderson 
Metallurgical Eng. Inc. 

Yes 21 Nov, 2013 P.E. 13 and 26 (part) 

Other Experts who assisted the Qualified Persons 

Expert Position Employer 
Independent 

of Hecla? 
Visited Site Sections of Report 

Mr L Russell 
Vice President 
External Affairs Hecla Limited No Yes 20 

Dr A Ross 
Principal 
Geologist 

AMC Mining Consultants 
(Canada) Ltd. Yes No Compilation of whole report 

 

The key information used in this report is listed in Section 27, References.  
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All currency amounts and commodity prices are in US dollars unless stated otherwise. Quantities are stated in 
metric (SI) units. Commodity weights of measure are in grams (g) or percent (%) unless stated otherwise.  

This Technical Report includes the tabulation of numerical data which involves a degree of rounding for the 
purpose of Mineral Resource estimation. AMC does not consider any rounding of the numerical data to be 
material to the Property.  

This Technical Report has been produced in accordance with the Standards of Disclosure for Mineral Projects 
as contained in NI 43-101 and accompanying policies and documents. NI 43-101 utilizes the definitions and 
categories of Mineral Resources and Mineral Reserves as set out in the Canadian Institute of Mining, Metallurgy 
and Petroleum (CIM) Standards on Mineral Resources and Mineral Reserves Definitions and Guidelines (CIM 
Standards). 

A draft of the Technical Report was provided to Hecla to check for factual accuracy. The Technical Report is 
effective as at 8 September 2015. 
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3 Reliance on other experts 
The Qualified Persons have relied, in respect of legal aspects, upon the work of the Experts listed below. To the 
extent permitted under NI 43-101, the Qualified Persons disclaim responsibility for the relevant section of the 
Technical Report.  

The following disclosure is made in respect of these Experts:  

Ruben Gil, Administration Manager and Legal Representative, Minera-Hecla, Durango, Durango, 
México.  

Rodrigo Sanchez Mejorada,  External Legal Counsel, Monterrey, Nuevo León, Mexico.  

Juan García Rivera, Certified Professional Landman, Guadalajara, Jalisco, Mexico. 

Report, opinion or statement relied upon: information on mineral tenure and status, title issues, royalty 
obligations, etc. 

Extent of reliance: full reliance following a review by the Qualified Person(s). 

Portion of Technical Report to which disclaimer applies: Section 4. 

The Qualified Persons have relied, in respect of environmental aspects, upon the work of an Expert listed below. 
To the extent permitted under NI 43-101, the Qualified Persons disclaim responsibility for the relevant section of 
the Technical Report. 

The following disclosure is made in respect of this Expert: 

Luke Russell, Vice President External Affairs, Hecla Limited, Coeur d’Alene. 

Report, opinion or statement relied upon: information on permitting, environmental, social and community 
factors. 

Extent of reliance: full reliance following a review by the Qualified Person(s). 

Portion of Technical Report to which disclaimer applies: Section 20. 
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4 Property description and location 
4.1 Location 

The Property is located in the municipality of Cuencamé, Durango, Mexico, near the border between Durango 
and Zacatecas states within the Saladillo Mining District. It is centered at NAD 27 Zone 13 UTM coordinates 
621,670 east, 2,700,925 north and is located 90 km northeast of the capital city of Durango, DGO. The Property 
location is illustrated in Figure 4.1. 

Figure 4.1 San Sebastian Property – location 

 
Source: Hecla 2015.  

4.2 Mineral tenure 

The Property is covered by the Saladillo concession block consisting of 31 contiguous mining concessions 
totalling 40,324 ha (403 km2). The Saladillo concession block and main veins are shown in Figure 4.2. A listing 
of the current concessions is shown in Table 4.1.  

In Mexico, foreign entities can retain 100% of a mining concession through a Mexican subsidiary company. The 
San Sebastian project is 100% owned by Hecla Mining Company through its Mexican subsidiary, Minera Hecla. 
Mexican mining concession titles are issued for a 50 year period and can be renewed for an additional 50 years. 
Minera Hecla’s oldest concession was issued title in 2000 and is valid until 2050. Concession holders are 
required to pay a bi-annual amount to the Secretaria de Economia. Payments are based on: a) the years 
elapsed since the issue of title of the concession, and b) the total size of the concession. 

The control of title for a portion of the Saladillo 30, Saladillo 31 and Saladillo 36 concessions is contested by a 
third party as illustrated in Figure 4.2. This area is 4 km from the San Sebastian project area and 17 km from the 
Andrea project area and is considered to be of marginal potential economic mineral endowment. 
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Figure 4.2 Location of San Sebastian concessions 

 
    Source: Hecla 2015.  
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Table 4.1 Minera Hecla’s San Sebastian concessions 

Number 
Concession 

Name 
Title Number Agency Year Issued Year to Expire Hectares 

1 Saladillo 217982 Durango 2002 2052 6,500 

2 Saladillo 1 217983 Durango 2002 2052 6,050 

3 Saladillo 2 218423 Durango 2002 2052 9,209 

4 Saladillo 3A 219061 Durango 2003 2053 3,466 

5 Saladillo 4 220904 Durango 2003 2053 60 

6 Saladillo 5 221363 Durango 2004 2054 1,400 

7 Saladillo 7 212641 Durango 2000 2050 17 

8 Saladillo 8 212384 Durango 2000 2050 34 

9 Saladillo 9 212893 Durango 2001 2051 49 

10 Saladillo 11 212813 Durango 2001 2051 16 

11 Saladillo 12 213462 Durango 2001 2051 10 

12 Saladillo 13 213473 Durango 2001 2051 9 

13 Saladillo 15 213472 Durango 2001 2051 9 

14 Saladillo 16 214382 Durango 2001 2051 18 

15 Saladillo 17 214383 Durango 2001 2051 20 

16 Saladillo 18 215512 Durango 2002 2052 14 

17 Saladillo 19 215513 Durango 2002 2052 64 

18 Saladillo 20 216031 Durango 2002 2052 2,300 

19 Saladillo 25 218358 Durango 2002 2052 2 

20 Saladillo 26 218359 Durango 2002 2052 51 

21 Saladillo 28 221131 Durango 2003 2053 16 

22 Saladillo 29 220933 Durango 2003 2053 17 

23 Saladillo 30 221561 Durango 2004 2054 2,390 

24 Saladillo 31 221562 Durango 2004 2054 2,698 

25 Saladillo 35 222976 Durango 2004 2054 1,202 

26 Saladillo 36 233748 Durango 2004 2054 417 

27 Saladillo 37 224432 Durango 2005 2055 490 

28 Saladillo 38 226666 Durango 2006 2056 9 

29 Saladillo 39 233749 Durango 2006 2056 1,601 

30 Saladillo 40 240035 Durango 2006 2056 855 

31 Saladillo 42 240994 Durango 2012 2062 1,331 

TOTAL 40,324 

 

4.3 Surface rights 

In Mexico mineral rights are separate from surface rights. The surface land at the Property is controlled by a 
combination of small and large private land owners and ejidos (rural communal land sharing agreements). 
Minera Hecla owns the surface land above most of the San Sebastian project area and has in place long term 
leasing agreements with six private land owners to control additional adjacent land to be used primarily for 
development rock storage and for a potential tailings storage facility. Minera Hecla maintains a good relationship 
with the local community and surface access to outlaying exploration areas is negotiated on an as-needed 
basis. Figure 4.3 illustrates the surface land status near the San Sebastian project area. 

Hecla controls suffient surface rights for mining operations, including, potential waste disposal areas. 
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Figure 4.3 San Sebastian project area– surface land status 

 
Source: Hecla 2015 on IKONOS image background 

4.4 Royalties 

The entirety of the San Sebastian project carries a 2% Net Smelter Royalty payable to La Cuesta International, 
Inc., a private mineral exploration company, through two agreements. The first agreement (Agreement 
Saladillo), dated 1 July 2001, covers the Saladillo, Saladillo 1, and Saladillo 5 concessions; the second 
agreement (Agreement Saladillo 2), dated 1 July 2003, covers the Saladillo 2, Saladillo 3A, Saladillo 4, and 
Saladillo 7 through to Saladillo 42 concessions. Minera Hecla currently pays a yearly minimum advance royalty 
of US$25,000 (Advance Royalty), payable in four quarterly installments of US$6,250 each, for the Agreement 
Saladillo, and a yearly minimum Advance Royalty of $50,000, payable in four quarterly installments of 
US$12,500 each, for the Agreement Saladillo 2. All Advance Royalty payments are credited against any 
production royalties otherwise payable during the same calendar year in which the Advance Royalty payments 
are made. To date, the San Sebastian project has produced approximately 420,000 gold equivalent (AuEq) oz, 
which apply toward this royalty. 

4.5 Permits 

All required permits are either currently in place or have been submitted for approval. Permitting is discussed in 
detail in Section 20 (Environmental Studies, Permitting and Social or Community Impact). 

4.6 Environmental liabilities 

The project is not subject to any known environmental liabilities. A detailed description of the environmental 
permitting at the project is given in Section 20.1 (Environmental Permitting). 
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5 Accessibility, climate, local resources, infrastructure and physiography 
5.1 Accessibility 

By air, the Property is approximately 80 km northeast of Durango. By road, the Property is reached by driving a 
total of 116 km on the Durango -Torreon highway from Durango to the town of Guadalupe Victoria (78 km), then 
28 km southeast on a narrow paved highway through the towns of Ignacio Allende and Emiliano Zapata, 
followed by 10 km to the San Sebastian Mine entrance. From the San Sebastian Mine area, the Andrea Vein 
project area is approximately 10 km along a narrow paved highway and dirt road (Figure 5.1). 

Figure 5.1 San Sebastian Property – access map 

 
Source: Hecla 2015.  

All services are available in Durango, which has a population of over 520,000 people, approximately 2 hours 
drive from the Property site. Most services are available at Guadalupe Victoria, the largest town near the 
Property, with a population of approximately 17,000 people. The small towns of Ignacio Allende with 2,500 
inhabitants and Emiliano Zapata with 2,100 inhabitants have both provided minor services and near-mine 
housing in the past. 

5.2 Climate 

The climate is classified as semi-arid and the area receives an average of 529 mm of rainfall annually (Table 
5.1). Most of the precipitation is in the summer rainy season, which normally occurs from June to September. 
Temperatures in the area are generally mild, but rise to an approximate maximum of 39.5°C in June and decline 
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to below 0°C in December-January (Table 5.1). Mining and exploration activities can be carried out throughout 
the year. 

Table 5.1 Temperature and rainfall chart for the City of Durango, Durango, Mexico 

 
 

5.3 Local resources 

The Property is located in a sparsely populated rural agricultural area dominated by dry land farming primarily of 
beans with some cattle ranching. Most of the local population lives in the nearby small towns of Emiliano 
Zapata, San Angel and Heroes de Chapultepec. Emiliano Zapata is located 9.5 km west of the main resource 
area. Since these towns are too small to source a mining work force, miners were bused to the Property from 
the historical mining town of Cuencamé when the Property was previously in production. Cuencamé is located 
approximately one hour drive northeast of the Property. 

5.4 Infrastructure 

As the Property was in production in the recent past, significant infrastructure exists at the San Sebastian Mine 
site. The site includes offices for mining and exploration including a core shack, shop, warehouse, and dry 
facilities. The portal remains open and provides access to the San Sebastian Mine workings. No crushing or 
processing facilities currently exist on site. In the past operation, mineralized material was hauled by 
conventional dump trucks to an offsite mill in the town of Velardeña located approximately 100 km by highway. 
A power line from Guadalupe Victoria provides 500 kw of electricity to the project. Groundwater is abundant in 
the area and multiple sources of surface water occur within the Property.  

5.5 Physiography 

The elevation of the Property area is around 2,100 m. The physiography of the area is undulating with minor 
relief and is dominated by the broad west northwest-trending Saladillo Valley. There are ample flat-lying areas 
for mining and milling infrastructure. Soil is mostly sandy, with a significant amount of coarse material and 
caliche is present. Natural vegetation is limited to prickly pear cactus, mesquite and huisache trees, with 
deciduous trees present near waterways. Grasses are primarily heartier sedge types due to the low annual 
rainfall. 
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6 History 
6.1 Ownership and summary of exploration 

Historically, significant mercury and minor antimony were mined in the Saladillo district at the La Roca area, 
located approximately 8 km northeast of the San Sebastian Mine area. Mercury production occurred up to the 
mid-1970’s from zones of mineralization and alteration representing the preserved upper expression of a large 
epithermal system. Precious metals were not discovered in the Saladillo district until 1995 by La Questa 
International Company geologists who were doing generative exploration work under a prospectors’ agreement 
with Monarch Resources de Mexico, S.A. de C.V (Monarch). At that time, some high-grade epithermal vein 
material was discovered in an agricultural field. Precious metals were not mined in the district until production 
started at the San Sebastian Mine in 2001.  

From 1995 to 1998, Monarch explored the area with a combination of trenching and core drilling that resulted in 
the definition of a significant Mineral Resource at the Francine Vein. Monarch’s drilling on the Francine Vein was 
very systematic; starting with exploration drilling of the upper 50 m to surface in the first campaign. This was 
followed with drilling of the next 50 m in the second campaign, and continuing to the 200 m depth to test the 
vertical and lateral limits in the third campaign (Cameron, 2003a). Monarch’s drilling of the Francine Vein 
totalled 14,304 m of HQ core drilled in 107 holes. 

Continued exploration by Monarch up to 1999 led to the discovery of the North Vein, located 600 m north of the 
Francine Vein, and the Andrea Vein, located about 5.0 km south of the Francine Vein in the Pedernalillo 
prospect area. Monarch sampled and completed limited trenching on both the North and Andrea Vein systems, 
followed by drilling of 32 HQ core holes totalling 4,900 m on the North Vein and 4 HQ core holes totalling 425 m 
on the Andrea Vein. 

Hecla acquired the San Sebastian prospect and all of the assets of Monarch as part of its acquisition of 
Monarch Resources Investments, Ltd., in 1999. Minera Hecla, Hecla’s Mexican subsidiary, put the San 
Sebastian Mine into production in 2001.  

Historical drilling is discussed in Section 10 (Drilling).  

6.2 Historical Mineral Resource estimates 

An historical Mineral Resource estimate, as defined by NI 43-101 guidelines, is an estimate prepared before the 
issuer acquired, or entered into an agreement to acquire, an interest in the Property and that an issuer has not 
verified as a current mineral resource. Two precious metal estimates were completed before the promulgation of 
NI 43-101 and thus no Technical Reports exist.  

In 1996, a consultant prepared a Mineral Resource estimate on the Francine Vein on behalf of Monarch. The 
result, at a 4.5 g/t AuEq cutoff grade, was 730,000 t averaging 5.5 g/t Au and 369 g/t Ag, containing 
approximately 128,000 ounces of gold and approximately 8.7 million ounces of silver. The subdivision into 
different Mineral Resource categories is not available. 

In 1999, after in-fill drilling in 1997 and 1998, another consultant prepared a Mineral Resource estimate for the 
Property on behalf of Monarch. The result, at an unknown cut-off grade, was 565,000 t averaging 4.4 g/t Au and 
489 g/t Ag, which included 20% dilution containing 0.2 g/t Au and 90 g/t Ag.  

A Qualified Person has not done sufficient work to classify the historical estimates as current Mineral 
Resources, and they have been superseded by subsequent mining and more recent Mineral Resource 
estimates contained in Section 14 of this Technical Report. Hecla is not treating the historical estimates as 
current Mineral Resources.  

6.3 Historical production 

There has been no recorded production on the Property prior to ownership by Minera Hecla. However Minera 
Hecla operated the underground mine from 2001 to 2005 on the Francine Vein. During that time, the district 
produced 520,666 tons of mineralized material containing 196,456 ounces of gold and 12.7 million ounces of 
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silver with average grades of 11.7 g/t gold and 763 g/t silver. Mineralized material was shipped by truck to the 
town of Velardeña for milling, approximately 100 km northeast of the mine. The mill is no longer owned by 
Minera Hecla. 
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7 Geological setting and mineralization 
7.1 Regional geology 

The Property is located in the Saladillo district and lies within the Mesa Central morphotectonic province of 
northcentral Mexico, near the eastern margin of the Sierra Madre Occidental. In Durango State, these structural 
provinces display a general north-northwest to northwest orientation. The Property lies within the Magistral-
Providencia gold-bearing structural corridor, which runs along the eastern boundary of the Sierra Madre 
Occidental and can be traced through the San Sebastian area through Northern Durango and into Chihuahua. 
Deposits along this corridor include Fresnillo, Inde, Santa Maria del Oro, and Sombrerete. 

The basement geology of Mexico is known to be composed of different tectono-stratigraphic terranes displaying 
features of the Paleozoic Appalachians, the Mesozoic Atlantic Ocean and Gulf of Mexico combined with rocks of 
the North American Cordillera (Campa and Coney; 1983). These basements terranes include deformed 
Precambrian, Paleozoic and lower to middle Mesozoic rocks which are overlain in places by a thick sequence of 
Mesozoic sedimentary and igneous suites and Tertiary intrusive and volcanic rocks. 

7.2 Tectonic evolution of the Saladillo District  

The Property is located at the intersection of three major fault zones that appear to be related to major 
basement fault zones and terrane boundaries in the basement blocks underlying the Mesozoic sedimentary 
sequence (Figure 7.1) (Starling, 2004). Described from the more regional to the more local, these fault zones 
and boundaries consist of:  

1. The north-northwest trending contact of the Parral terrane with the Sierra Madre terrane to the east of 
the Saladillo district; 

2. The regional west-northwest faulting that may represent part of the Mojave-Sonora Megashear 
(developed initially along the Precambrian paleo-continental margin); and 

3. Traversing the district is a major northeast to east-northeast trending fault zone associated with several 
mercury and antimony deposits and prospects termed the La Roca trend (Starling, 2004). 

7.2.1 The north-northwest contact between the Parral and Sierra Madre Terranes 

The Sierra Madre terrane is mainly composed of a series of Upper Mesozoic limestones, shales and sandstones 
exhibiting folding and imbricate thrusting. These rocks are the Gulf of Mexico transgressive sequence deformed 
during the Late Cretaceous-Early Tertiary Laramide orogeny. Older Precambrian crystalline basement, 
Paleozoic sedimentary sequences and Mesozoic flysch are observed in the cores of anticlines. The Parral 
terrane to the west was originally considered part of the Sierra Madre terrane. The full extent of Precambrian 
and Paleozoic rock located under the Sierra Madre is unknown. On the northern margin of the terrane, south of 
the Torreon-Monterrey discontinuity, a slightly metamorphosed and cleaved redbed evaporitic sequence is 
interpreted as being part of the Lower to Middle Jurassic magmatic arc exposed in southern Arizona and Sonora 
where it lies depositionally on the Chihuahua terrane. This implies that the Sierra Madre-Parral terranes are 
para-autochthonous, transported from the northwest along the Mojave-Sonora Megashear – Torreon-Monterrey 
discontinuity (Campa & Coney, 1983 & 1987; Starling, 1997B). 

The contact between the Sierra Madre and Parral terranes has been mapped by the Consejo de Recursos 
Minerales as lying on the northeast edge of the La Roca district to the immediate northeast of San Sebastian 
(Figure 7.2). It is likely to be a low-angle southwest dipping structure owing to the northeast directed thrusting of 
the Parral terrane onto the Sierra Madre terrane. The presence of significant north-northwest faulting such as 
the San Ricardo fault system broadly associated with or controlling mineralization suggests that it forms a wide 
fault zone with numerous antithetic, northeast dipping hangingwall splays (Starling, 2004). On regional imagery 
interpretations, the north-northwest fault zones form part of a series of north-northwest to north-south structures 
that traverse the San Sebastian district and extend north towards Yerbanis (Starling, 2004). 
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Figure 7.1 Basement terranes of Mexico.  

 
 

     Modified from Campa and Coney (1983, 1987) 
      Notes: SMO= Sierra Madre Occidental; TMVB=Trans-Mexico Volcanic Belt 
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Figure 7.2 Regional geology map of the Property 

 
Modified from Consejo de Recursos Minerales, 1999 

7.2.2 Regional west-northwest faulting 

The Mojave-Sonora Megashear represents one of the largest and most important regional tectonic zones with 
respect to mineralization in northwestern Mexico. It defines the northern margin of the Sierra Madre terrane but 
does not extend across into Baja, California (Figure 7.1). As with other mining districts (the Real de Angeles-
Zacatecas-Fresnillo-San Martin belt and the Velardeña-Concepcion-del Oro belt); this terrane-bounding 
basement structure appears to have a control on the location of several deposits at the district scale. As its 
origin was an intra-continental transform system extending to the Gulf of Mexico, its trace further east is 
probably defined by the Torreon-Monterrey discontinuity controlling mineralization from Velardeña to 
Concepcion del Oro (Starling, 1997B). 

7.2.3 Northeast trending La Roca fault zone 

Traversing the district is a major northeast to east-northeast trending fault zone that coincides with several 
mercury and antimony deposits and prospects to the northeast of the Property, and which has been termed the 
La Roca trend. The orientation of this fault zone orthogonal to regional Laramide deformation trends suggests it 
originated as a steep transfer fault zone related to fold-thrust deformation, but may also be related to a 
basement discontinuity. It also shows an offset of its trace along the west-northwest-trending Miguel Auza fault 
zone that suggests it has either been displaced sometime during its evolution and/or that the fault zone 
developed in a different manner on either side of this major discontinuity (Starling, 2004). 

7.2.4 The Laramide Orogeny 

A significant change in the relative rates of plate motion occurred in the late-Cretaceous (Figure 7.3) resulting in 
a doubling of the rate of subduction along the west coast of Mexico. The consequent shallowing of the 
subduction angle signaled the start of the main phase of the Laramide orogeny (~80-60 Ma) (Starling, 2004). 
The Laramide orogeny is comprised of:  
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1. A phase of east-northeast directed compression that resulted in north-northwest-trending fold-thrust 
zones as part of a thin-skinned deformation that affected only the Mesozoic sediments with decollement 
in the basal evaporitic units; 

2. In areas where Mesozoic horst and graben blocks trended more east-west, folding and thrusting 
displays a west-northwest to east-west strike (the absence of late-Cretaceous conglomerates in the San 
Sebastian area suggests it formed a horst block); and 

3. Overlying the basement west-northwest trends, later recumbent thrusts and folds trend both north 
northwest and west-northwest.  

The north-northwest trending Parral-Sierra Madre boundary structural zone may well have been reactivated as a 
major Laramide thrust zone as one of a series of regional north-northwest trending, west-southwest dipping 
thrusts. One of these thrusts may underlie the San Sebastian district as part of the San Ricardo fault system 
(Starling, 2004). 

In the late-Laramide (~60-40 Ma), deformation changed to a phase of transpressional faulting and folding with 
reactivation of the basement shear zones perhaps related to the translation of southern Mexico to the northwest. 
At the Property, dextral transpressional (i.e. coeval strike-slip and inverse movement) shear occurred along the 
Francine west-northwest trend, perhaps coincident with development of the northwest to west-northwest-
trending antiform over the main San Sebastian Mine area. This may have resulted in the development of a 
positive flower (palm) structure with convex strike-slip reverse faults that show shallower dips away from the 
center of the structure (Figure 7.4). The palm structure geometry at San Sebastian mine area is consistent with 
the decrease to the north in the dip of the Middle Vein and North Vein, but may also be explained by faulting and 
tilting of the sequence during post-mineralization extension. 

At approximately the same time as the late-Laramide dextral strike-slip event, the dioritic batholithic rocks 
appear to have been emplaced. Geophysics data indicate these large equigranular stock intrusions occur in the 
Saladillo Valley (contributing to the high local magnetic signature) and are probably pre-mineralization in age. As 
these rocks were intruded under a transpressional regime, some of them are likely to show low-angle contacts 
and tabular sill forms. At Pedernalillo, some of the splays on the Don Sergio-Andrea Vein system are controlled 
by intrusion-shale contacts, some of which are low-angle. Altered diorite dikes also intrude the Francine 
structure and, like the footwall quart-rich breccias, may have been emplaced in right step-over/jogs in the main 
fault zone (Starling, 2004). 
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Figure 7.3 Tectonic evolution of Mexico during the Laramide deformation event  

 
  From Starling, 2004, after Sedlock et al., 1993 
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Figure 7.4 Sketch model for the formation of negative and reactivated positive flower structures during 
extension 

 
Source: after Starling 2004.  
 

7.2.5 Tertiary volcanic provinces 

Volcanics with minor intrusives form the mid-Tertiary plateau of the Sierra Madre Occidental and the later 
Tertiary Trans-Mexico volcanic axis (Figure 7.5). In the Sierra Madre Occidental, two volcanic suites can be 
identified:  

1. Lower Volcanic Complex – an early continental margin type suite (~45-35 Ma); and 

2. Upper Volcanic Complex – a later suite associated with extensional tectonics in a region of thin crust 
and high heat flow (~35-23 Ma) (Starling, 1997a). 

The Sierra Madre Occidental is a 1,200 km long by 300 km wide north-south trending arc with elevations in 
excess of 3,000 m. The volcanic rocks are Paleocene-Oligocene in age and unconformably overlie the 
Mesozoic sedimentary rocks, which were deformed in the Laramide orogeny. The Lower Volcanic Series 
(Paleocene) comprises a 1 to 1.5 km thick pile of calc-alkaline intrusions, andesites, and rhyolites, whereas the 
Upper Volcanic Series (Oligocene) is composed of 1 km thick rhyodacitic ash flow tuffs. The arc is overprinted at 
the southern end by the younger east-west trending Trans-Mexico volcanic axis (Middle-Late Miocene). Thin 
basalts were extruded from late Miocene times onward. To the north and east of the plateau are block faulted 
basin and ranges. 

The Trans-Mexican Volcanic Belt is an east-west trending volcanic arc dominated by late Miocene-Holocene 
andesites and dacites. It is a 1,000 km long belt exhibiting strato-volcanoes up to 5,400 m above sea level. The 
eastern end may be continuous with the San Andreas-Tuxtla center and the modern Chiapanecan volcanic arc. 

3-D block model of a sinistral negative (extensional) flower structure

NE

Palm Structure

Reactivated positive (compressional) flower structure

San Sebastian ?
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7.2.6 Post-Laramide extension 

At the end of the Laramide there was a significant change in subduction regimes leading to rapid regression of 
the slab or the development of a new subduction zone to the west. This transition is marked as a change from 
the end-Laramide dextral transpressional phase to a phase of regional north-south extension. Following the 
Laramide compressional event, the district underwent a protracted phase of north-south to north-northeast 
directed extension, which can be divided into pre- and syn-mineralization phases (Starling, 2004). 

7.2.7 Pre-mineralization north-south extension phases (40-35 Ma) 

Within the Saladillo district there is evidence for igneous and tectonic activity that pre-dated the development of 
the low-sulfidation epithermal vein system. The pre-mineralization phases include:  

1. The further uplift and erosion of the San Sebastian block 

2. Intrusion of andesitic sills 

3. The onset of rhyolitic volcanism 

The uplift of several fault blocks, including the block hosting the San Sebastian Vein systems (San Sebastian 
Block), may have initiated in the Laramide leading to the deposition of more limestone-rich conglomerates in 
marginal basins. At least some of the conglomerate beds probably formed late or immediately following the 
Laramide fold-thrust event, because some are cut by late-Laramide veins as seen at Cerro Blanco (Starling, 
2004).  

The existence of relatively thin layers of conglomerate beds north of the San Sebastian Mine between the 
Mesozoic sedimentary rocks and the Tertiary rhyolitic volcanics indicate that this area formed a topographic high 
or was uplifted during the very beginning deposition phases of the rhyolitic volcanism. It is likely that the San 
Sebastian Block behaved as a relatively “buoyant” low-density block during the early extensional faulting owing 
to the presence of the interpreted large diorite stocks at depth (Starling, 2004). 

The andesite sills at the San Sebastian Mine are different in character to the coarse-grained diorites and consist 
of fine-grained sub-volcanic units with little or no apparent chilled margins. Although there is some doubt as to 
their age and origin, these rocks appear to be coeval with late-Cretaceous to early Tertiary andesite volcanic 
rocks that form the base of the Tertiary volcanic sequence as seen at Velardeña for example. 

Following the andesite intrusive-volcanic phase, extension increased and volcanic activity changed to the large-
scale deposition rhyolite-ignimbrite sequence (possibly Oligocene in age), outcrops of which dominate the 
topography in the district. The volcanic units at San Sebastian, La Roca and Cerro Blanco all show strong 
argillic alteration and silicification and in places host anomalous grades to potentially sub-economic 
mineralization as evidence of their pre-mineralization age. 
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Figure 7.5 Location of the Property relative to the Magmatic Provinces of Mexico (after Clark et al., 1982) 

 
Source: Hecla 2015.  

7.2.8 Syn-mineralization north-south to north-northeast extension phases (35-28 Ma) 

During the main phase of north-south extension, the circulation of meteoric fluids and hydrothermal activity 
associated with deep-seated intrusions (as part of the rhyolite-dominated magmatic system) resulted in 
mineralization in the active structures of the Saladillo district. The current available evidence indicates that San 
Sebastian and La Roca are older deposits compared with Pedernalillo, Cerro Blanco and Cerro Orona that 
appear to have developed during Basin and Range extension (Starling, 2004). 

The reactivation of regional basement structures, including sinistral transtensional shear along parts of the San 
Ricardo fault system, occurred during this period. In addition, reactivation of the west-northwest structures such 
as the Francine, as extensional to dextral transtensional structures, controlled the formation of the main low-
sulfidation epithermal veins in the district. These structures are likely to be responsible for the control of deep-
seated intrusions that were associated with the San Sebastian mineralization. 

Extensions along the west-northwest structures were controlled by north-northwest and north-northeast transfer 
structures which acted both as sites of enhanced permeability and fluid up-flow but also as limits on lateral fluid 
flow, resulting in partitioning of the vein structure into a series of discrete mineralized blocks. This is particularly 
important at the Property where the host shales are relatively impermeable. 
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7.2.9 Initial post-mineralization extension 

At the Property, north-south to north-northeast extension continued after the hydrothermal system waned and 
then, with time, began to rotate towards the northeast when the initial phases of Basin and Range extension 
began (Starling, 2004). This continued extension caused the formation of a wide northwest trending belt of listric 
normal faults. The reactivation of vein contacts, especially in the hangingwall, led to fault repetition of the 
Francine Vein, the tilting to the north of the sequence hosting the San Sebastian Veins, and reactivation of 
transfer faults leading to offsets of the veins along strike.  

This phase of extensional faulting appears to have been associated with development of a zone of major listric 
normal faults, part of which run through the Property. This is most notable approximately 5 km to the north of the 
San Sebastian Mine at the contact of the rhyolite cover with Mesozoic sedimentary rocks (Figure 7.6). 

Figure 7.6 Schematic cross-section showing location of listric normal fault as related to San Sebastian Vein 
system (Starling, 2004) 

 
Green = Mesozoic sedimentary rocks 

7.2.10 Early basin and range-age mineralization 

As extension rotated to the northeast at the start of the early Basin and Range (25-18 Ma), a second younger 
phase of hydrothermal circulation and mineralization occurred in the district as seen at Pedernalillo, Cerro 
Blanco and possibly Cerro Orona. This may have been coeval with the main phase of post-mineralization 
faulting seen at the Property. 

During this time, northeast extension produced northwest to north-northwest trending normal and listric normal 
faults and perhaps reactivated lower-angle structures such as the San Ricardo thrust zone and its antithetic 
hangingwall faults. 

In a few locations, “hot-spring” type hydrothermal systems also developed, resulting in “ore shoots”1 of 
potentially economic to sub-economic grades perhaps adjacent to intrusion-feeding rhyolite flow domes and 
flows. Maximum fluid flow was concentrated at the intersection of northwest normal faults and either east-
                                                      

1 The word “ore” in the term “ore shoots” is used in its common geological connotation. It does not imply the existence of Mineral Reserves 
or that the Mineral Resources are economically exploitable. 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 37
 

northeast transfer faults (Cerro Blanco and Pedernalillo Vein systems) or west-northwest dextral transtensional 
structures (Pedernalillo Vein system). 

Although abundant fluid flow produced silica caps as at Pedernalillo, high-level argillic alteration is either absent 
or at a much smaller scale in this stage compared to the San Sebastian and La Roca hydrothermal systems 
(Figure 7.14). A significant number of low-grade to barren quartz veins were produced during this event 
including early extensional veins in the hangingwall of listric faults. 

7.2.11 Main stage basin and range extension (<12 May) 

At around 12 Ma another phase of marked west–northwest extension marked the start of the main phase of the 
Basin and Range as recognized in the United States, which extends to the present day in northern Mexico 
(Starling, 2004). This event is relatively minor but can be recognized by the formation of north-south to northeast 
normal faults and veinlets and the reactivation of north south to northeast veins such as the Orona Vein. The 
main phase of oxidation of the San Sebastian district led to minor supergene enrichment of some of the 
mineralized zones near the surface and remobilization of minor amounts of gold to lower levels as evidenced in 
the surface trenching at the Francine Vein, East Francine Vein, Middle Vein, and North Vein. 

7.3 Property geology 

The Property is located in the Parral terrane near the regional northwest-striking thrust fault zone that demarks 
the contact between the Parral terrane and the Sierra Madre terrane (Figure 7.2). The district is centered on the 
small village of La Roca. The La Roca area is an historic mercury mining district, and contained mercury mines 
and prospects scattered over an extensive area of approximately 10 km2. Associated hydrothermal alteration 
consists of locally intense silicification and clay alteration. The hydrothermal systems responsible for the 
widespread mercury mineralization and associated acid sulfate alteration may or may not be genetically related 
to the gold-bearing vein systems in the San Sebastian area (Allen and Redak, 2015).  

The Saladillo Valley, which hosts the San Sebastian Vein system including the Francine, East Francine, 
Professor, Middle, and North Veins, the Pedernalillo Vein system including the Don Sergio-Andrea, Antonella, 
and Aracely Veins, and the Orona and Esperanza Veins, trends west-northwest and is largely covered with 
relatively thin alluvium and sheet wash deposits (Figure 7.2). The Saladillo Valley is flanked to the north and 
south by Oligocene to Miocene intermediate to felsic volcanic rocks, overlain to the southwest by Miocene to 
Pliocene basaltic cover. The volcanic rocks generally consist of dacitic to rhyolitic flows, volcanic breccias and 
tuffaceous units, with minor andesitic units locally. 

Clastic Proano-type Mid to Late Cretaceous rocks belonging to the Caracol Formation sub-crop within the 
valley. These generally consist of calcareous shales and mudstones, with minor intercalated siltstones and 
greywackes, and rare limestone units. The Caracol Formation is the main host to the San Sebastian Vein 
systems. To the northeast, in La Roca area, limestone units belonging to the Cuesta del Cura Formation are 
surrounded and intruded by rhyolitic volcanic rocks. 

To the west and east of the valley, conglomerate units cover extensive areas. Conglomerate also occurs within 
the Saladillo Valley, capping low hills as at Loma El Rodeo near Chapultepec. These conglomerates are inferred 
to be at least in part Upper Cretaceous sedimentary units, semi- to unconformably overlying the Proano-type 
sediments; they may also represent an erosion surface or unconformity between the Cretaceous sediments and 
Tertiary volcanic cover. The hills flanking the Saladillo Valley display evidence of abundant faults, which 
generally trend northwest and north-northeast. 

7.3.1 Property structure 

7.3.1.1 San Sebastian Vein system 

The San Sebastian Vein system, (San Sebastian) (Figure 7.2) consists of the Francine, East Francine, 
Professor, North, and Middle Veins (Figure 7.7). This vein system has a west-northwest strike with dips ranging 
from 80º to 85º southwest in the Professor Vein, 65º to 75º southwest in the Francine Vein, 20º to 40º southeast 
in the East Francine, 40º to 60º southwest in the Middle Vein, and 30º to 50º southwest in the North Vein. In 
general, these veins dip steeply to the southwest from the near vertical Professor Vein with progressively 
shallower dips through Francine Vein and Middle Vein to the North Vein system. The veins east of the San 
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Ricardo Fault system have also been rotated (Allen and Redak, 2015). Figures 7.8 and 7.9 show cross-sections 
along the significant veins. The vein length, width and continuity are discussed in Section 7.4.4. 

The main phase of north-south extension in the San Sebastian area resulted in reactivation of the west-
northwest structures (such as the fault zone interpreted to underlie the Francine Vein system) as extensional to 
dextral transtensional faults and fractures controlling the formation of the main low-sulfidation epithermal veins 
in the district. At depth, these structures also were likely to be responsible for the control of deep-seated 
intrusions that were associated with the San Sebastian mineralization (Starling, 2004). 

The accommodation of extensions along these west-northwest structures was controlled by north-northwest and 
north-northeast transfer structures, which acted both as sites of enhanced permeability and fluid up-flow, but 
also as limits on lateral fluid flow resulting in partitioning of the vein structure into a series of discrete mineralized 
blocks.  

The lateral extension of the southeastern portion of the Francine Vein across the San Ricardo Fault zone was 
recently discovered and named the East Francine Vein (Figure 7.9). As the component fault zone dips northeast 
and the veins dip southwest, the sinistral transtensional faulting along the San Ricardo Fault zone has not only 
displaced the Francine Vein further north and to deeper levels, but also rotated the vein from an average dip of 
70° southeast to an average dip of 25° southeast (Allen and Redak, 2015). The San Ricardo Fault zone as 
observed in the San Sebastian Mine represents the late-stage post mineral faulting that deforms the southeast 
extensions of the San Sebastian Vein system. 

7.3.1.2 Pedernalillo Vein system 

The Pedernalillo Vein system (Figure 7.2) consists of the Don Sergio-Andrea Vein system, Antonella Vein, and 
Aracely Vein (Figure 7.10). In all, the known length of the Don Sergio-Andrea Vein system is about 2.6 km and 
strikes north 15° west to north 40° west. The Don Sergio segment of the Pedernalillo Vein system dips steeply 
to the northeast to an approximate depth of 50 m from the surface and dips steeply to the southwest below 50 m 
below surface and averages 1.60 m wide (Figure 7.11). The northern portion of the Andrea Vein dips shallowly 
at 40° to 50° southwest and is 13.6 m wide. In the upper portions of the Andrea Vein, dips are steeper at 
between 50° and 70° southwest and the vein tightens up averaging 2.3 m wide. The Antonella vein strikes north 
15º west and at the surface dips on average 85º northeast. The Antonella Vein appears to be a parallel vein 
structure to the Don Sergio-Andrea Vein system. The Aracely Vein strikes north 20º east and dips 87º to 89º 
northwest. This vein may represent a tensional structure between the Antonella and Andrea Veins (Allen and 
Redak, 2015). 

The Don Sergio-Andrea Vein system is potentially the most economically significant and is shown in the plan 
map and cross-section in Figures 7.10 and 7.11. The Antonella and Aracely Veins are not currently important 
economically and are only shown on the plan map in Figure 7.10. 
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Figure 7.7 Plan map of the San Sebastian Vein system showing the location of cross-sections 500º east 
and 800º east 

 
Source: Hecla 2015.  

 

The Hugh Zone occurs at depth underneath the Francine Vein, thus is not possible to represent in Figure 7.7.  
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Figure 7.8 Cross-section 500º east across the Francine Vein/Hugh Zone, Middle Vein, and North Vein 

 
                      Source: Hecla 2015.  

 
Figure 7.9 Cross-section 800º east across the Hugh Zone and East Francine Vein 

 
                      Source: Hecla 2015.  
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Figure 7.10 Geologic map of the Pedernalillo Vein system area 

 
Source: Hecla 2015.  
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Figure 7.11 Cross-section 50º southeast across the Don Sergio Vein and Andrea Vein.  

 
Source: Hecla 2015.  

 

7.4 Alteration and mineralization 

Low and intermediate-sulfidation epithermal veins characterize the mineral systems identified to date in the 
Saladillo district. Economically, the most important are the Francine, East Francine, Middle and North Veins at 
San Sebastian followed by the Don Sergio-Andrea Vein system at Pedernalillo. Other known veins include the 
Professor Vein at San Sebastian, the Orona Vein, the Esperanza Vein, and the Antonella and Aracely Veins at 
Pedernalillo (Allen and Redak, 2015). 

The Property exhibits within a single district a marked variety of mineralization styles, which were deposited both 
shallow and deep in the low to intermediate-sulfidation environment. High-grade gold and silver occurs both in 
the very shallow epithermal environment in the upper 350 m of the crust as well as deep epithermal environment 
at depths between 600 and 1,130 m below the paleo water table (Allen and Redak, 2015). 
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7.4.1 Vein paragenesis  

Numerous studies have been conducted on the Property to characterize the mineralogy, paragenesis of vein 
formation and fluid inclusion characteristics of the various vein stages. Below is a summary of the work by 
Albinson (2004, 2006), and Allen and Redak (2015). 

Observation in surface outcrops and core indicate that the veins of the district exhibit similar stages of formation 
(Figure 7.12). In general, there are four stages of vein development:  

1. An early breccia forming stage; 

2. The dominant period of mineralization and associated quartz veining emplacement; 

3. Deposition of barren (no precious metals) quartz and amethyst veins; and  

4. A time of late calcite vein development.  

The Francine Vein exhibits the most complex paragenesis and longest history of hydrothermal events or stages 
of all the known veins in the district. 

During the second period of vein development, Stage 2, most of the higher-grade gold and silver mineralization 
at the Property was emplaced. Within this stage of vein development are four sub-stages:  

1. Sub-stage 2(a); 

2. Sub-stage 2(b); 

3. Sub-stage 2(c); and  

4. Sub-stage 2(d). 

Of the four sub-stages, the first three contributed most of the sulfides with the last sub-stage contributing very 
little sulfide mineralization. 

7.4.1.1 Sub-Stage 2(a) 

Portions of the veins formed during the early heavy sulfide sub-stage 2(a) are very gold- and silver-rich, which in 
the Francine Vein consists of massive sulfides containing sphalerite, galena, argentite, minor pyrite and 
chalcopyrite, native silver, and gold in electrum. Sections of vein formed during this sub-stage are easily 
identified in the non-oxidized deeper Hugh Zone and may have been more widespread than currently 
recognized due to the later intense oxidation of the upper portions of the vein. In the Don Sergio Vein, a few 
fragments of this early heavy sulfide sub-stage 2(a) veining occurred within bands of sub-stage 2(d) quartz. 

7.4.1.2 Sub-Stage 2(b) 

Sub-stage 2(b) in the Francine Vein is characterized by rather brecciated and broken prismatic amethyst 
crystals, which can be up to 1 cm long and are present as fragments surrounded by coarse chlorite-quartz-
adularia-sulfide bands. Pyrite and brown sphalerite (with chalcopyrite replacement textures known as 
chalcopyrite “disease”) appear as the main sulfides present in this sub-stage. This sub-stage also hosts 
chalcopyrite, which can be typically rimmed by digenite and/or covellite. At the end of this sub-stage, there 
appears to be an acid-leach event that formed coarse vugs lined with crystalline quartz and covellite often times 
filled with kaolinite as identified by a Portable Infrared Mineral Analyzer (PIMA). Digenite and covellite are 
common in sub-stage 2(b), whereas these sulfides are relatively sparse in sub-stages 2(a) and 2(c). Sub-stage 
2(b) is absent to depths currently drilled in other known veins in the district (Albinson, 2004, 2006). 

7.4.1.3 Sub-Stage 2(c) 

Sub-stage 2(c) surrounds sub-stage 2(b) and occurs as well banded material consisting of multistage coarse- 
and fine-grained quartz bands with coarse-grained sulfides associated preferentially with the fine-grained quartz 
bands. In the Francine Vein, this sub-stage occurs up to 30 cm wide occupying its paragenetic position both in 
the hangingwall and footwall portions of the vein. The oxidation of coarse-grained sulfides of this sub-stage 
gives this material a salt-and pepper appearance. Where non-oxidized, the coarse-grained sulfides consist 
dominantly of sphalerite, galena, pyrite, and chalcopyrite. Sphalerite here is typically brown and exhibits 
chalcopyrite replacement (chalcopyrite “disease”) textures. This sub-stage contains minor digenite and covellite, 
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and adularia is rare. Sub-stage 2(c) is absent to depths currently drilled in other known veins in the district 
(Albinson, 2004, 2006). 

7.4.1.4 Sub-Stage 2(d) 

Sub-stage 2(d) was sparsely identified in the upper parts of the Francine Vein and dominates the economically 
important vein stages in the Middle Vein, North Vein, and Don Sergio-Andrea Vein systems. This sub-stage 
consists of well banded, greenish, and predominantly fine-grained crystalline to jigsaw quartz and subordinate 
coarse crystalline quartz bands. In the Francine Vein, this sub-stage occurred in the upper portions and absent 
in the lower portions of the vein. Sulfides are finer-grained than in sub-stage 2(c) and more abundant in finer-
grained quartz bands. Sulfides here are also only visible in vein intersections that are not oxidized; hence the 
term “light sulfide” has been used to characterize this depositional event. The sulfide assemblage is distinct in 
that sphalerite, the most abundant sulfide, is green in color and lacks chalcopyrite replacement textures. Gray 
silver sulfides and silver sulfosalts (pyrargyrite-proustite) are present. Chalcopyrite is rare and galena is notably 
absent. Adularia is relatively scarce in samples studied from this sub-stage in the Francine Vein but more 
common in the Don Sergio- Andrea Vein and North Vein (Albinson, 2004, 2006). 

Figure 7.12 San Sebastian project - Vein stratigraphy 

 
Source: Hecla 2015 from Albinson 2004. 

 

7.4.1.5 Vein depth of formation 

In the Saladillo district, high-grade gold and silver occur both in the very shallow epithermal environment in the 
upper 350 m of the crust as well as deep in the root zones of a silver-gold-copper-lead-zinc vein at depths 
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between 600 and 1,130 m below the paleo water table (Albinson, 2004). Figure 7.13 shows the depth of the 
veins relative to the paleo water table. The vertical spread of mineralization in the district appears to reflect 
significant shallowing of the paleo water table by several hundred meters during deposition of the later stages of 
vein development. 

Figure 7.13 San Sebastian project - Vein depth of formation  

 
  Source: Hecla 2015 from Albinson 2004. 

7.4.2 Alteration 

Alteration in the Saladillo district is best observed in the Aster image (Figure 7.14) in which argillic alteration and 
silicification show up as shades of red. Samples collected between the Property and La Roca were analyzed 
using short wave infrared techniques with a PIMA and TerraSpec, and confirmed the presence of argillic 
alteration with the identification of alunite, illite, kaolinite, buddingtonite, and minor dickite (Allen and Redak, 
2015). 

Alteration into the hangingwall and footwall host rocks of the vein structures is narrow and generally limited to 
less than 5 m due to the impermeability of the host shales belonging to the Caracol Formation. When the veins 
are in contact with thin beds of greywacke in the shale unit, narrow andesite sills, or diorite intrusive, this 
alteration can extend outward from the vein up to 10 m. These narrow alteration zones consist of increased 
quartz and calcite veinlets, silicification, and/or argillic alteration with montmorillonite, kaolinite, and illite. 

7.4.3 Mineralization 

7.4.3.1 Francine Vein 

The Francine Vein hosts three zones of mineralization, including the upper Francine Vein, which was mined 
from 2001 through 2005, the Hugh Zone, which is the deeper silver-copper-lead-zinc sulfide zone below the 
upper Francine Vein, and the newly discovered East Francine Vein, which is the offset segment of the Francine 
Vein in the hangingwall of the San Ricardo Fault zone (Allen and Redak, 2015). Gangue mineral phases 
identified with certainty in the upper portion of the Francine Vein samples include quartz, adularia, pyrite, 
goethite, clay, calcite, cerussite, malachite, and rosasite (Wenrich, 1998).  
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Figure 7.14 Aster image of the Saladillo District  

 
    Source: Aster image supplied by Hecla 2015 

    Note:Argillic alteration and silicification show as reddish colour in the image 

Carbonate species included calcite, cerussite, and rosasite. Significant calcite is present in areas of the 
Francine Vein. Cerussite is present in most of the oxidized portions of the vein (Clark, 2002). Sulfides identified 
in the Francine Vein include pyrite, chalcopyrite, galena, sphalerite, chalcocite, bornite, digenite, and spionkopite 
(Cu1.4S) (covellite), with increased chalcopyrite, galena, and sphalerite at depth in the Hugh Zone (Clark, 2006). 
Pyrrhotite and arsenopyrite are present in the host rocks of the Hugh Zone. 

Primary silver-bearing minerals identified in the upper portion of the Francine Vein, and visually in the East 
Francine Vein, include argentite, aguilarite, tetrahedrite, acanthite, and electrum. Secondary silver minerals are 
the halides, bromargyrite and emobolite. Bromine abundances greatly exceed those of chlorine in these phases. 
In the Hugh Zone, primary silver-bearing minerals include acanthite, arsenopolybasite, selenostephanite, 
stephanite, freibergite, and pyrargyrite (Clark, 2006). 

Electrum occurs primarily as tiny wispy inclusions in goethite/lepidocrocite pseudomorphs after pyrite, although 
traces of electrum were noted also intergranular to quartz and within masses of limonitic iron oxides, 
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bromargyrite, and malachite. The electrum contains significant silver in most cases (>40% Ag). Native gold 
contains about 15% Ag. A silver-gold phase was identified tentatively as uytenbogaardtite (Ag3AuS2). Gold is 
also present in the oxidized samples lying free in vugs or associated with fractures in the quartz. In some 
samples, the electrum appears to be located near remnants of sulfides (Clark, 2006). 

The deeper hypogene fluids in the Francine Vein are typical of deep polymetallic intermediate sulfidation 
deposits in Mexico, which exhibit gradually increasing temperatures and salinities at depth. The vein types in the 
Francine Vein consists of quartz-sulfide, quartz-calcite-sulfide (≥5% calcite), quartz-adularia-sulfide (≥5% 
adularia), and quartz-adularia-calcite-sulfide veining (≥5% calcite and ≥5% adularia). Quartz is the dominant 
gangue mineral in most of the vein material. Common quartz textures include drusy, mosaic, microcrystalline, 
flamboyant, and comb. Many of the veins are characterized by the presence of sub- to euhedral, medium- to 
coarse-grained drusy quartz crystals and aggregates. 

The most common phase assemblage in the Hugh Zone is sphalerite-chalcopyrite-galena-pyrite. Galena and 
pyrite are commonly subordinate in abundance to sphalerite and chalcopyrite. Sphalerite, chalcopyrite, and 
galena generally have anhedral morphologies, while pyrite exhibits common subhedral to euhedral cubic 
morphology. Pyrite is interpreted to be the first sulfide to crystallize, and it is often enveloped by chalcopyrite or, 
less commonly, sphalerite and/or galena. The major sulfide phases generally crystallize in edge contact or 
simple intergrowth. Blebby inclusions of chalcopyrite are locally present in sphalerite. All of the major sulfide 
phases, except for pyrite, are observed as inclusions within each other. The chalcopyrite, galena, and sphalerite 
are interpreted to be essentially co-crystalline. Trace amounts of bournonite (Cu-Pb-Sb sulfide) have also been 
identified (Clark, 2006). 

7.4.3.2 Middle Vein 

The Middle Vein is located approximately 200 m north of the Francine Vein and shares many mineralogical 
characteristics described above (Allen and Redak, 2015). However, detailed petrographic work on the Middle 
Vein has not been completed at this time. Visually, much of the shallow portion of the vein consists of banded 
quartz and calcite with varying amounts of a compact mix of iron and manganese oxide and hydroxide minerals, 
primarily hematite, goethite and pyrolusite. This material likely represents the oxidation product of hypogene 
mineralization that, when originally deposited, would have comprised several weight percent sulfide. The Middle 
Vein shows very little open space texture, i.e. vugs or boxwork or post-mineral fractures, and it appears that any 
open space within the structure was re-cemented by supergene fluids, likely descending from a shallower 
portion of the vein, which has since been eroded away.  

At approximately 100 m below surface, hypogene mineralization can be observed, consisting primarily of pyrite, 
galena, sphalerite and trace chalcopyrite, occurring both as disseminations in quartz and in bands within quartz. 
Similar to the Francine Vein, base metal concentrations in the Middle Vein increase at depth, and reach over 5% 
lead+zinc+copper in certain portions of the vein (Allen and Redak, 2015). However, structurally the vein in these 
areas is relatively narrow and this zone has not been explored extensively. 

Gangue mineralogy in the Middle Vein is dominated by bands of saccharoidal and coarse-grained cockscomb 
quartz, white calcite, brown calcite, creamy colored adularia, and minor pyrite. In contrast to the other veins in 
the district, the Middle Vein carries significant amounts of rhodochrosite, and material from this vein can readily 
be distinguished by its bands of salmon pink color material with mottled black Mn-oxides, formed as an oxidation 
product of MnCO3.  

As detailed petrographic work on the Middle Vein has not been completed, identification of certain minerals has 
been limited to hand lens observations. The most readily identifiable silver mineral is argentite, which can be 
observed in both the deeper non-oxidized portion of the vein and in the shallow oxidized portions the vein, 
where it tends to be particularly resistant to supergene oxidation. Minor pyrargyrite is observed in the highest-
grade zones. Electrum is also observed in very high-grade samples in both the oxidized and non-oxidized 
portions of the vein. A yellowish green mineral believed to be bromargyrite or cerargyrite or a mixture thereof is 
observed in the oxidized portion of the vein (Allen and Redak, 2015). 
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7.4.3.3 North Vein 

Similar to the Middle Vein, detailed petrographic work has not been done at the North Vein and at this time 
mineral identification is limited to hand lens and macroscopic examinations. The North Vein is located less than 
150 m north of the Middle Vein yet this vein shows significantly different mineralogical characteristics. Most 
notably the total volume of hypogene sulfide material in the North Vein is very low, on the order of less than 1%. 
Consequently, the volume of supergene oxidation material in the upper portion of the vein is corresponding very 
low.  

Gangue mineralogy consists of finely banded quartz, white calcite, brown calcite, minor adularia and minor 
pyrite. The quartz in most of the vein is fine-grained and very finely banded jigsaw quartz. This quartz commonly 
has a pale green tint, is generally re-brecciated and is clearly later stage, as it commonly fills the center of the 
structure. In the district, this material is known as stage 2(d) quartz as described above in Section 7.4.1.4 and is 
associated with higher gold values. The quartz in the deeper portions of the North Vein is characterized as 
saccharoidal with some coarse-grained cockscomb quartz, similar to the Middle Vein (Allen and Redak, 2015).  

The dominant identifiable hypogene silver mineral at the North Vein is argentite. Specks of electrum are 
observed in very high-grade samples. To date, no sphalerite, galena, or chalcopyrite have been observed at the 
North Vein. In two deeper drillhole intercepts at the North Vein, several percent vuggy marcasite was observed. 
Due to the very low (<1%) quantities of hypogene sulfide material in the North Vein, supergene oxide minerals 
are minor and consist primarily of mixed iron oxides and iron hydroxides occurring as specs and fillings on 
fracture surfaces. 

7.4.3.4 Don Sergio – Andrea Vein 

The Andrea Vein is located approximately 5 km south of the Francine, North, and Middle Veins. In contrast to 
the Francine Vein, Hugh Zone, North Vein, and the Middle Vein, no base metal enrichment is observed in the 
Andrea Vein at depth. However the vein does show metal zonation, where the northwestern portion of the vein 
is gold-dominant and the southeastern portion has both gold and silver in approximately equal dollar value 
amounts (Allen and Redak, 2015).  

Little work has been completed on the Don Sergio – Andrea Vein system with petrographic techniques other 
than a fluid inclusion study in 2004 (Albinson 2004) and a microprobe analysis of electrum and silver sulfosalts 
in the Don Sergio – Andrea Vein system in 2003 (Simpson 2003). The purpose of the latter study was to assess 
potential vertical zonation in the composition of electrum and sulfosalts within the ore shoots by microprobe 
analysis of eight samples from the vein system.  

Quantitative mineral compositions were determined for electrum, naumannite, pyrargyrite, and argentian 
tetrahedrite. Other silver sulfosalts were present in the samples; however, volatilization of sulfur during analysis 
precluded mineral identifications and quantitative compositional determination (Simpson, 2003). 

Tetrahedrite has been identified from microprobe analysis in both the Don Sergio and Andrea Vein segments. 
Overall the tetrahedrite contains between 9.2 to 12.8 weight percent silver and accordingly is an argentian 
tetrahedrite (Simpson, 2003). 

Pyrargyrite was identified by electron microprobe analysis in Andrea drillhole CP094. The analyses give an 
average composition of Ag3.3Sb0.9S3. Pyrargyrite has been visually identified in all of the Andrea Vein drillhole 
intercepts that carry higher-grade gold values. When pyrargyrite is not visibly present in fine bands within the 
quartz vein, the intercept is usually low-grade gold (Simpson, 2003). 

Other silver sulfosalts exist in both the Don Sergio and Andrea Vein systems, however due to sulfur 
volatilization, mineral formulas were not determinable. Within the Andrea Vein, likely candidates were 
billingsleyite (Ag7(As,Sb)S6), antimony containing acanthite, mckinstryite (Cu0.8Ag1.2S), and acanthite. Within the 
Don Sergio Vein, likely candidates were antimonpearcite + naumannite and argentian tetrahedrite (Simpson, 
2003).  
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Gangue mineralogy in the Andrea Vein consists primarily of quartz and calcite. Minor adularia has been 
identified. Vein textures are typical of low sulfidation epithermal deposits and include fine-to-coarse banding, 
bladed calcite and quartz replacement of bladed calcite “angel wings”. 

Mineralization occurs within the bands of an early quartz>calcite stage. This stage commonly contains medium- 
to fine-grained grey, greenish or amethystine quartz and usually occurs on either the hangingwall or footwall of 
the vein. Individual samples within this stage can carry grades ranging from 500 g/t to 1 kg Ag. A later low-grade 
to barren calcite>quartz stage commonly fills the vein center or brecciates the earlier mineralized stage 
(Albinson, 2004).  

Total sulfide content within the vein is generally less than 1%. Detailed mineralogical studies have not been 
conducted at the Andrea Vein; however, in hand lens, the primary silver minerals appear to consist of about 
70% argentite and 30% pyrargyrite. Pyrargyrite is generally only identified in the higher-grade portions of the 
vein. Microprobe work from the nearby Don Sergio Vein indicates the presence of naumannite. Some of the 
fine-to-medium grained black sulfide in the Andrea Vein may be naumannite (Ag2Se). In the gold-dominant 
portion of the vein toward the northwest, gold is typically associated with increased disseminated pyrite. 

7.4.4 Mineralization grade distribution and geometry 

Grade distribution and geometry of "ore shoots" on the Francine, Middle, North, East Francine, and Don Sergio-
Andrea Veins are best shown on long-sections (Figure 7.15). Grade distributions shown here are based on 
undiluted Net Smelter Return values (NSR) in US dollars per tonne.  

The strike length of the five principal veins on the Property (Francine, Middle, North, East Francine and Andrea) 
totals approximately 8.0 km. At 2.6 km, the Andrea Vein has the longest strike length of mineralization. The 
Francine Vein and Middle Vein each have approximately 2.0 km of mineralized strike length. The North Vein is 
mineralized over a strike length of approximately 1 km and the East Francine Vein is mineralized over a strike 
length of approximately 400 m (Figure 7.15).  

The depth below paleo water table of mineralization in the district ranges from approximately 100 m in the East 
Francine Vein to over 600 m in the deeper Hugh Zone portion of the Francine Vein. Because the veins in the 
district dip at angles ranging from nearly sub-vertical in the case of the Francine Vein to less than 25° at the 
East Francine Vein, the total down-dip extension of mineralization can be considerably more than the apparent 
extent of mineralization shown in long-section.  

Average true vein widths in the district range from 2.0 m at the Middle Vein to 3.0 m at the East Francine Vein, 
and the average true width of all veins in the district is 2.5 m. The wider portions of both the North and East 
Francine Veins show true widths on the order of 4 to 5 m and the northern portion of the Andrea Vein extends 
over 10 m wide.  

While fluid inclusion studies showed that boiling did not occur in the deeper Hugh Zone of the Francine Vein, in 
the shallower zones, the generally elongated aspect of mineralization within the structures suggests that boiling 
over a certain vertical depth range likely had some control on the location of mineralization within the veins. As 
in other epithermal vein districts, recognition of the elongated horizontal distribution of mineralization has been a 
useful guide for exploration in the district.  

While each vein at the Property shows a unique degree of mineral continuity, mineralization within the vein 
structures is generally deposited in high-grade “ore shoots” bound both laterally and horizontally by sharp 
gradients in grade-thickness. During step-out drilling, very narrow argillically altered faults or nearly 
imperceptible zones of fracture and/or silicification can sharply open up into very strongly mineralized zones. 
These changes can occur over relatively short distances on the order of 25 to 50 m. 
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Figure 7.15 Longitudinal vein contours showing undiluted $NSR values  

 
Source: Hecla 2015.  
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8 Deposit types 
8.1 Mineral deposit types on the Property 

Mineralization at the Property occurs in an epithermal setting at various paleo-depths. Known mineralization, 
occurs in high-level vein systems (Don Sergio-Andrea Vein and Antonella Vein), intermediate-level vein systems 
(North Vein, Esperanza Vein, and Orona Vein), and deep-level vein systems (Francine Vein-Hugh Zone). High-
grade gold and silver occur both in the very shallow epithermal environment in the upper 350 m of the crust 
(Don Sergio Vein), as well as deep in the root zones of a silver-gold-lead-zinc vein at depths between 600 and 
1,130 m below the paleo water table (Francine Vein-Hugh Zone).  

The upper levels of the epithermal systems at the Saladillo district are characterized by silicification and argillic 
alteration as seen in the rhyolite volcanics to the north of the San Sebastian resource area and at La Roca. This 
type of upper level alteration is common in many epithermal vein systems in Mexico and is the result of 
oxidation and condensation of magmatic gasses in the vadose above the paleo-water table. This indicates that 
mineralization at the Property is likely to be related to an interpreted deep magmatic source intrusion. 

Mineralization at the Property occurs in both low-sulfidation and intermediate-sulfidation styles of epithermal 
veins. The Andrea Vein, North Vein, and the historically mined portions of the Don Sergio Vein and the upper 
and peripheral portions of the historically mined Francine Vein are low-sulfidation style Ag-Au veins. The bulk of 
the Francine Vein and the deeper Hugh Zone consist of an intermediate-sulfidation style of epithermal 
polymetallic mineralization. The Middle Vein is dominated by a low-sulfidation style Ag-Au epithermal vein with 
some gradation to intermediate-sulfidation style mineralization at depth. 

Due to the presence of carbonates in the northern portion of the San Sebastian project area, the Saladillo 
district potentially may host other styles of mineralization, including skarn and Carbonate Replacement Deposit 
(CRD) mineralization. However, to date only epithermal veins have been identified at the Property.  

8.2 Characteristics of epithermal deposits 

Epithermal deposits have historically been the most economically important deposit type in Mexico, with world-
class Ag-Au+/-Pb,Zn,Cu deposits including the Pachuca, Guanajuato, Fresnillo, El Oro, Taxco, Tayoltita, and 
Zacatecas districts.  

Epithermal deposits were originally defined by Lindgren (1922) as precious or base-metal deposits forming at 
shallow depths and low temperatures. Since Lindgren's time, numerous schemes have been proposed to further 
classify epithermal deposits. The modern classification of epithermal systems is divided into high-, intermediate- 
and low-sulfidation types based on variations in hypogene sulfide assemblages (Sillitoe and Hedenquist, 2003). 
Camprubí and Albinson, (2007) recognized that particularly in Mexico, intermediate and low-sulfidation types are 
often formed during the same time spans, and may occur together within a single deposit. This phenomenon is 
observed at the Property.  

Epithermal deposits typically occur in intra- and back-arc as well as post-collisional extensional settings 
associated with felsic volcanic centers or shallow intrusive activity. Epithermal deposits are typically structurally 
controlled and may be directly or indirectly related to large regional faulting or more localized faulting related to 
intrusive activity or caldera formation. These deposits may have formed throughout geological time, however 
due to their relatively shallow emplacement (<1 km), most epithermal deposits that remain preserved are 
Cenozoic in age.  

Mineralization in epithermal veins is typically in the form of veins, stockwork veins, and mineralized breccias. 
Gangue mineralogy typically consists of banded quartz, carbonate minerals, and adularia, pyrite and illite. 

Mineralization consists of simple silver sulfides and sulfosalts, native gold, and electrum. Telluride and selenide 
minerals are important in some districts. Pyrite, sphalerite, galena, and chalcopyrite can range from <1% in low-
sulfidation type epithermal deposits to >10% in intermediate-sulfidation type epithermal deposits.  
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Wall rock alteration assemblages, include silicification, propylitic, argillic, and advanced argillic assemblages 
and show characteristic lateral and vertical zonation with respect to mineralization within the veins. Figure 8.1 
and Figure 8.2 schematically illustrate this zonation.  

Figure 8.1 Schematic section showing typical alteration and mineralization patterns in a low-sulfidation 
system 

 
                       Modified from Hedenquist et al. (2000) 

Figure 8.2 Schematic section of a typical epithermal vein system.  

 
                       Modified from Buchanan (1981) 
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Epithermal deposits are believed to be formed by boiling processes under high physio-chemical gradients; 
therefore metal grades may show sharp contacts with bonanza grade ore shoots quickly grading to low-grade 
tops and bottoms.  

Metal zonation is common in epithermal veins where silver and gold tend to be deposited at shallower levels 
and base metals (Pb, Zn, Cu) occur deeper in the system. Many veins show a broad transition zone between 
the upper precious metals rich zone and a more base metal rich root zone. Although, in some districts, due to 
changes in paleo-water and boiling depths at the time of metal deposition, the precious metal and root zone 
mineralization may either occur side by side (over-printing) or be completely separated by a barren vein zone. 
The veins at the Property show a broad spectrum of metal zonation. 
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9 Exploration 
A sustained exploration program has been in place at the Property since 1995 and an extensive amount of 
exploration work has been done over the last 19 years, including geological mapping and rock sampling, soil 
geochemistry sampling, geophysical surveying, remote sensing trenching and drilling. This section covers work 
undertaken by Minera Hecla after acquisition of the Property in 1999. 

9.1 Geological mapping and rock sampling 

A geological mapping program has been ongoing by Minera Hecla at the Property since 1999. To date, 66,600 
ha have been mapped and 10,966 surface chip samples have been taken on the Property. Geological mapping 
typically consists of a geologist and a helper/sampler mapping in the field at a scale of 1:2,000 to identify 
features related to mineralization. In conjunction with geological mapping, rock chip and channel samples are 
taken in areas of interest. Where appropriate, trenching with shovel and pick or a backhoe is done to expose 
bedrock.  

All samples taken as part of the district mapping and sampling program have been sent to an accredited 
laboratory and all samples have been analyzed for multi-element geochemistry in addition to gold and silver. 
Figure 9.1 shows the advance of the mapping and sampling program at the Property to date. 

Throughout the history of the project, geological mapping and rock sampling has been responsible for the initial 
discovery and definition as drill targets of the primary resource areas. More recently this work resulted in the 
discovery and development to drill stage of several new targets in the district, including Cerro Santiago, 
Arrastradero, La Joya, and Zapata Norte. In addition to target discovery and definition, surface geological 
mapping and sampling has been important for guiding numerous land tenure decisions over the years. 
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Figure 9.1 San Sebastian Property - geological mapping and sampling  

 
Source: Hecla 2015.  

9.2  Soil geochemistry 

Extensive soil geochemistry sample surveying has been done on the Property and, since 2002, 56,612 soil 
geochemistry samples have been taken. Based on an orientation survey conducted by external consultants, a 
systematic sampling protocol has been followed for all soil sample collection, preparation and analysis since 
2002. Figure 9.2 shows the chronological advance of the soil sampling program on the Property to date. 

Samples were taken on various spacing patterns with nominal spacing ranging from 10 to 250 m depending on 
the area. Most samples were taken with a backhoe. Some samples were taken with pick and shovel where 
necessary. Samples were taken from the top of the caliche horizon. The samples were sieved to a minus 10 
mesh fraction in the field, bagged and sent in batches to an external consultant in Reno for further custom 
preparation. The soil samples were then sent to ALS Chemex Labs in Reno, Nevada for multi-element analysis. 

A systematic Quality Assurance and Quality Control (QA/QC) program involving the insertion of standards and 
blanks remained in place throughout the duration of the soil sampling program. Gold, silver, arsenic and 
antimony are the primary pathfinder elements on the Property. Gold, silver and arsenic in soil contour maps of 
the Property are shown in Figures 9.3 to 9.5 respectively.  

Soil geochemistry sampling is believed to be a useful and cost effective exploration technique [in the district]. 
Areas of known mineralization are clearly identified with soil sampling including the San Sebastian group of 
veins (Professor, Francine, Middle, and North Veins), and the Pedernalillo group of veins (Don Sergio-Andrea 
and Antonella Veins). New targets have been identified through this technique and soil sampling has helped 
refine other target areas. Several lower order geochemistry in soil anomalies on the Property have not been 
tested by trenching or drilling. 
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Figure 9.2 San Sebastian Property - soil geochemistry sampling 

 
Source: Hecla 2015.  
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Figure 9.3 San Sebastian Property - gold soil geochemistry 

 
Source: Hecla 2015.  
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Figure 9.4 San Sebastian Property - silver soil geochemistry  

 
Source: Hecla 2015.  
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Figure 9.5 San Sebastian Property - arsenic soil geochemistry 

 
Source: Hecla 2015.  

  

9.3 Rotary Air Blast drilling 

Rotary Air Blast (RAB) drilling is described in this Section rather than in Section 10 as it is used as an 
exploration technique, not to estimate Mineral Resources.  

RAB is a relatively inexpensive exploration drilling technique designed to quickly sample bedrock in areas with 
thick soil cover. This exploration technique has been used extensively in parts of Australia and West Africa with 
thick soil cover and limited rock outcrop, similar to the conditions in the Saladillo Valley (Figure 9.6).  

In the fall of 2013, a modified Reverse Circulation (RC) drilling rig was used to drill 50 RAB-style orientation 
holes across the San Sebastian Vein system. Based on positive orientation results, additional RAB drilling was 
done in 2014 and 2015. To date, 675 RAB holes have been drilled in the district for a total of 9,704 m.  

RAB drilling has proven to be a useful exploration technique and several gold and silver anomalies have been 
identified a result of RAB drilling. RAB drilling anomalies are followed up with either trenching or core drilling 
depending on the soil depth in the area. A number of RAB anomalies on the Property have yet to be followed 
up. RAB drillhole results are shown in Figure 9.6. 
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Figure 9.6 San Sebastian Project - RAB drilling results 

 
Source: Hecla 2015 on IKONOS image background.  

9.4 Geophysics 

Bedrock exposure on the Property is generally poor and a significant portion of the prospective area is covered 
with thick soil obscuring important exploration areas. For this reason numerous geophysical techniques were 
implemented on the Property between 1999 and 2007.  

Prior to 2006, most of the geophysical survey planning and interpretation was done either internally or under the 
guidance of a consulting geophysicist based in Toronto, Ontario. Post 2006, all geophysical survey planning and 
interpretation was completed under the guidance of another consulting geophysicist based in Loveland, 
Colorado. The majority of the ground fieldwork was completed by a geophysical service company based in 
Tucson, Arizona. A description of the geophysical work completed on the Property to date is set out below. A 
map of the location of geophysical work conducted on the Property over time is shown in Figure 9.7. 

9.4.1 Pre-2006 geophysical work 

A fixed-wing aeromagnetic survey of the entire Property was conducted in March 2004. Survey specifications 
were 200 m line spacing with a typical station spacing of less than 10 m. A total of 4,824 line-km were flown. 

A series of ground surveys were conducted over the San Sebastian Mine area and an area near the Don Sergio 
Vein. This data was collected in late 1999, before any mining by Minera Hecla and without the current detailed 
knowledge of the mineralization system. Surveying started with gradient Induced Polarization (IP)-resistivity 
studies. The Francine gradient survey used a 10 m receiver dipole, while the Don Sergio gradient survey used a 
25 m dipole. A total of 18.6 line-km were collected on the two surveys. In addition, ground magnetic surveys 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 61
 

were completed in both areas including 11.4 line-km over the San Sebastian Mine area and 33.7 line-km over 
the Don Sergio Vein area. Station spacing was GPS controlled at less than 1 m. 

The pre-2006 work concluded with Controlled Source MagnetoTellurics data being collected on two longer lines 
southeast of the Francine Vein and three short lines at Don Sergio. 

9.4.2 2006-2007 geophysical work 

IP and Tensor IP-Resistivity (TIP) surveys were run over a large area in two phases. The first phase, in 2006, 
collected 93 stations including the area between the San Sebastian Mine area and the Don Sergio area. A 
second phase collected 458 stations in early to mid-2007 for a total of 551 stations. The complete data set 
covered roughly 250 km2. Some of these stations were repeats and some had cultural problems. These were 
edited to a final data set of 482 stations. 

From the first phase of TIP an IP high was identified in close association with a silver and zinc geochemical high 
south-southwest of the Francine Vein. About six km2 of gradient IP-Resistivity data were collected over the 
silver-zinc TIP IP high. This confirmed the TIP high and defined a local IP source and structural offsets. 

Two lines of Natural Source MagnetoTellurics (NSAMT) were collected over part of the silver-zinc TIP IP high to 
test the NSAMT method and collect some depth information on the IP targets. Two lines of NSAMT were added 
to the Francine Vein data set, partly as training for the crew and to test the NSAMT method on the Francine 
Vein. 

One of the IP highs, called El Nazareno, was defined by the second phase TIP program and along strike to the 
southeast of the Francine Vein. About 5 km2 of gradient IP-Resistivity were collected over this area. There were 
obvious cultural problems seen in the gradient data and finally recognized in the TIP data as well. A coherent 
and distinct IP high was defined along strike from the Francine Vein with structural offsets which is consistent 
with a northeast graben model developed with geologic data. 

Two lines of NSAMT were collected over the El Nazareno IP high to try to define data at depth. This data were 
severely contaminated by cultural and noise problems and should be rerun.  

Four lines of NSAMT were collected to the northeast in the La Roca area. This area is clearly in a different basic 
geology than the Francine – Don Sergio model and showed a very different physical property section. 

In the Don Sergio area, a TIP IP high at Don Sergio Vein appears to be related to known mineralized vein 
systems and intrusive sills and dikes which are closely associated with mineralization. The TIP high appears to 
be more extensive and extends to the west and southwest, outside of the intrusive rocks mapped by drilling and 
ground magnetics. The TIP high was detailed with three 1.0 km2 gradient IP-Resistivity blocks to cover the area 
from the Don Sergio mineralization and to the Ag anomaly area gradient survey. 

The Orona Norte target area is defined by a soil geochemistry high and a small vein system which is highlighted 
by a TIP IP high with apparent northwest and northeast structures. Northeast of Cerro Orona, the IP high is in a 
northwest direction with a similar strike extent to the Francine Vein mineralization. The northeast structural 
direction appears to cut the geophysical response from the Francine Vein area to the west and apparently 
down-drops the section to the west. Possible Orona targets may be deeper than the Francine Vein area. Two 
1.0 km2 gradient IP-Resistivity blocks covered the northwest strike IP high. 

The Orona Sur target is defined by a soil geochemistry high. An IP high occurs to the southwest of Cerro Orona 
that may have a suggestion of a northwest strike similar to that of the target area northeast of Cerro Orona. This 
high is poorly defined, but is reflected in several stations. One 1.0 km2 gradient IP-Resistivity block was collected 
over the smaller IP high. 

At the La Joya and Sotoles target area, two aeromagnetic responses were interpreted to be possible intrusive, 
pipe-like bodies. As a result, a total of approximately 20 line-km of ground magnetic data were collected. It was 
concluded that both targets were caused by thin sheets of high magnetic susceptibility volcanics. 
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At the La Joya and La Roca target area, major programs of 21 Dipole Dipole IP (DDIP) lines were collected to 
assist in the definition of the bedrock geology and define possible IP mineralization targets. A complex area of 
structurally controlled blocks with highly variable resistivities was defined with four specific IP targets outlined. 
One of the IP targets may have been located near a previous drillhole. The program was terminated late in 2007 
due to an equipment breakdown. 

The results of the geophysical studies on the Property to date have been mixed. Airborne magnetics in 
conjunction with remote sensing images have been useful for defining regional and district scale structural 
interpretations. However, currently, geophysical studies have been unable to define magnetic resolution at the 
vein level scale.  

Numerous variations of IP-Resistivity arrays have been tested to identify resistivity and or chargeability 
signatures associated with mineralization under cover. Current geophysical interpretations suggest poor 
correlations with identifying new areas of mineralization. Several IP and resistivity targets have been drill-tested 
and none have shown indications of potentially economic mineralization. 

Figure 9.7 San Sebastian Property - location of geophysical surveys 

 
Source: Hecla 2015.  

9.5 Remote sensing 

An Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) scene is available for the 
Property and was processed for argillic alteration by a consulting company in 2005. A portion of this image is 
shown in Figure 7.14. A high-resolution IKONOS satellite image and associated 2 m topography were flown at 
the Property in 2009. 
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9.6 Exploration potential and comments 

The Property covers a large area within the heart of the Mexican Silver belt (Figure 4.1) which includes several 
highly productive silver producing districts such as Fresnillo and Guanajuato. The Property exhibits within a 
single district a marked variety of mineralization styles, which were deposited both shallow and deep in the low 
to intermediate-sulfidation environment. High-grade gold and silver occur both in the very shallow epithermal 
environment in the upper 350 m of the crust as well as deep epithermal environment at depths between 600 and 
1,130 m below the paleo water table. Potential for the discovery of new mineralizing centers on the Property is 
strong and evidenced by the marked variety of mineralization styles in both shallow and deep mineralizing 
environments which are known to occur at the San Sebastian Vein system. 

While the current exploration programs are focused on near-surface step-out drilling looking for extensions to 
the East Francine Vein, Middle Vein, and North Vein systems with a view to quickly expanding oxide resources, 
numerous other veins and additional exploration targets occur on the Property. At depth on the East Francine 
Vein, Middle Vein, and North Vein systems, potential for deeper sulfide mineralization similar to the Hugh Zone 
mineralization is also considered strong. Regionally, large areas of high level, acid sulfate alteration zones 
(Figure 7.14) such as that seen at La Roca, occur on the Property. These zones of acid sulfate alteration 
suggest that most if not all of the epithermal systems in these areas have been preserved as well as any related 
precious metal mineralization.  

Given the location, property size, alteration extent, and number of exploration targets identified to date on the 
Property, it is the Qualified Persons’ opinion that:  

1. The exploration programs completed to date are appropriate to the style of deposit and prospects; 

2. The research work supports the epithermal interpretations for the deposits; and 

3. Additional systematic exploration has a likelihood of generating further exploration successes. 
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10 Drilling 
10.1 Drilling history 

Since 1996, when drilling started on the Property, to the end of 2014, 1,193 diamond core, mixed RC 
top/diamond core tail, RC, and RAB drillholes have been drilled for a total of 330,297 m. All of the drilling has 
been from the surface. A total of 67% of the drilling meters are diamond core, 18% are mixed RC/core, 13% are 
RC, and 2% are RAB drilling. Figure 10.1 is a graph showing the drilling advance on the Property over time. 
Figure 10.2 is a plan view map showing the traces of the holes drilled on the Property. 

Nearly all definition drilling has been completed with core or mixed RC/core holes, with core tails. RC drilling has 
been used primarily for early stage drill target testing and for testing soil geochemistry anomalies and 
geophysical anomalies under soil cover.  

From 1996 to 1998, drilling was operated and managed by Monarch. Since 1999, all drilling has been managed 
by Minera Hecla. As shown in Figure 10.1, drilling rates have fluctuated significantly over the last 19 years with 
increased drilling in 2002-2003 when the San Sebastian Mine was in full production. Mixed RC/core drilling 
increased in 2004-2005 as the deeper Hugh Zone Mineral Resource was discovered and drilled out with mixed 
RC/core drilling. Drilling decreased in 2008-2009 due to lack of funding related to the financial crisis at that time. 
Core drilling increased again from 2011-2014 as the Andrea Vein, Middle Vein, North Vein and East Francine 
Vein Mineral Resources were drilled out.  

From 1999 to mid-2011, all core drilling at the Property was done by Layne de Mexico, S.A. de C.V. (Layne), 
based in Hermosillo, Sonora, using a combination of track and truck mounted Christensen CT-14 and CT-15 
core rigs. Since mid-2011, all of the drilling has been completed by Major Drilling de Mexico, S.A. de C.V. also 
based in Hermosillo, using a track mounted UDR-200 rig. Most of the RC drilling over the years was done by 
Layne using an Ingersoll Rand TH-100- truck mounted rig. All RAB drilling has been done by Groupo Drilcor, 
S.A. de C.V. based out of Durango, Mexico. 

With the exception of a few drillholes that were reduced to NQ (47.6 mm, 1 7/8”) due to geotechnical 
complications, most of the diamond core drilling in the district has been HQ size (63.5 mm, 2 ½”). A few BQ 
(36.5 mm, 1 7/16”) core holes were drilled between 1996 and 1999. Any Mineral Resources defined by early BQ 
drilling at the Francine and Don Sergio Veins has since been mined out.  

Starting in December 2013, a modified RC drilling rig has been used at the Property to drill RAB holes. This 
drilling is used as an exploration sampling technique to access the bedrock below thick soil cover and the 
results are not used in the Mineral Resource estimations.  
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Figure 10.1 San Sebastian Property - 1996-2014 annual drilling meters 

 
Drilling from 1996-1998 is historical drilling completed by Monarch but forms part of the database.  



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 66
 

Figure 10.2 San Sebastian Property – drillhole traces 

 
Source: Hecla 2015.  

Note: Refer to Figure 7.7 for details of main area of drilling 

10.2 Geotechnical and hydrological drilling 

In 2006, three hydrological/geotechnical core holes were drilled in the Hugh Zone area, and pump tests and 
geotechnical studies were done at that time. In mid-2012, four hydrological/geotechnical core holes were drilled 
at the Andrea Vein area, and pump testing and geotechnical studies were done there.  

In late 2012, nine geotechnical/condemnation core holes were drilled in an area identified as a potential mill site 
and tailings storage facility. The data from these holes was reviewed by geotechnical consultants. 

In June of 2015, five oriented geotechnical core holes for a total of 503 m were drilled to provide geotechnical 
characterization of the pit walls for the AMC pit design. This data is currently being reviewed by Hecla’s in-house 
geotechnical group in conjunction with AMC. 

10.3 Exploration drilling general 

Drilling methods, core handling, logging and assaying procedures have evolved over the years, particularly as 
the Property changed hands and moved from being an early stage exploration project to a producing mine. Most 
of the mineralization identified by earlier generation drilling was mined by 2003, and most of the current Mineral 
Resource has been discovered and defined since 2004. The operating practices, procedures and conditions 
described below have been in place since Minera Hecla took control of the Property in 1999. 

10.4 Collar survey 

Prior to drilling, the azimuths and inclinations of the drilling rig are established on constructed drill pads, by 
either Minera Hecla geologists using a Brunton compass and inclinometer or by Minera Hecla surveyors using 
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professional surveying equipment. After the holes are completed, all drillhole collar locations are surveyed by a 
professional surveyor and the collar locations are marked with a cement monument labeled with the drillhole ID. 

10.5 Down-hole surveys 

Down-hole surveys are taken for all drillholes, usually at 50 m intervals. The drillholes through 2004 used a 
photographic film type of survey tool. A Reflex EZ-Shot electronic down-hole survey tool has been in use since 
2005. Magnetic azimuth and true inclination data are compiled in Excel data sheets and magnetic azimuth 
measurements are corrected to true north using an 8.0º northeast correction. 

10.6 Drillhole completion 

After the drillholes are finished and surveyed, they are cemented through their entire length for safety reasons. 

10.7 Drill core handling and pre-logging 

Drill core is picked up daily from the drill sites by Minera Hecla staff and transported to a core processing facility 
located at the San Sebastian Mine site. Upon delivery, the core and boxes are laid out and inspected to ensure 
no problems exist (such as misplaced core, core blocks or incorrectly numbered intervals as well as overall 
content and condition of the core). Concerns with core condition, recovery or interval mislabelling are addressed 
and resolved before the next stage of processing. The core is then cleaned with soap and water. 

10.8 Geotechnical core measurements 

Once the core is laid out and cleaned and depth blocks verified as correct, drilling recovery is calculated. The 
core runs are marked on each core block as well as the driller’s calculation of recovered length.  

Rock Quality Designation (RQD) measurements are taken to determine the overall rock quality in terms of 
fracture abundance over a specified interval of the core length. The data is collected by measuring the total 
length of all intact pieces of core in the run that are longer than two times the core diameter. With HQ core all 
pieces longer than 7 cm are measured. The sum of the >7 cm pieces divided by the length drilled and multiplied 
by 100 is the RQD value in percent. The results are entered into an Excel RQD template form. The data in Excel 
format as then loaded into the GEMCOM program for three-dimensional (3D) visualization and modelling.  

Nearly all mineralization in the district is hosted in well consolidated shale with only minor structural complexity. 
Core drilling in these areas has generally been fast with very few geotechnical complications and very good core 
recovery. Core recovery is discussed relative to each vein in Section 14. 

10.9 Geological logging 

Drillhole data is collected by Minera Hecla geologists on site onto a paper log. Data types recorded are lithology, 
alteration, mineralization and structural features. This data is later captured into an Excel data entry sheet by 
data entry professionals at Minera Hecla’s office in Durango. The data in Excel format is then loaded into the 
GEMCOM program for 3D visualization and modelling. 

10.10 Sampling method and approach 

Core samples are selected by the logging geologists for all potentially mineralized zones. Sample intervals are 
marked on the core and the wall of the core box by the logging geologist in preparation for sampling. Minimum 
sample lengths are 0.20 cm and maximum lengths are 1 m. After all samples are marked and labelled, the 
entire length of the drillhole is digitally photographed and close-up photos of better grade zones are taken. The 
samples are then cut with a diamond saw, the saw being cleaned between each sample cut to eliminate any 
cross contamination. One half of the core is placed in a numbered sample bag along with a pre-printed sample 
ticket and sealed for shipment. The remaining sample is placed back in the core box and securely stored at the 
core processing facility. 

Bulk density 

Bulk density is discussed relative to each vein in Section 14. 
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Drill plan and drill sections 

A drillhole plan and representative drill sections are shown in Section 7. 

10.11 Current drilling program 

Currently an infill drilling program is in progress on the Property, and is expected to be completed before the end 
of calendar 2015. 
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11 Sample preparation, analyses and security 
11.1 Sample handling 

After the sampling protocols are completed (see Section 10), the bags containing the samples are placed into 
larger sacks and tied closed for transfer to the assay laboratory. Except for a few samples that were assayed by 
BSI Inspectorate Laboratory (BSI) of Reno, Nevada in 2002 and early 2003, nearly all primary assay samples to 
date at the Property have been assayed by Chemex or ALS Chemex Labs, in North Vancouver, Canada. In 
2004 Chemex merged with ALS to become ALS Chemex (ALS). From 1999 to 2010 the ALS samples were 
shipped by parcel service from the nearby town of Guadalupe Victoria to the ALS sample preparation facility in 
the city of Guadalajara, Mexico. Since 2010 when ALS built a new sample preparation facility in the city of 
Zacatecas, Mexico, the samples have been collected at the Property by ALS personnel and taken to the ALS 
preparation facility in Zacatecas. All of the laboratories mentioned in this section are independent of the issuer. 

11.2 Sample preparation 

Samples are received at the ALS preparation facility in Zacatecas, logged into the internal laboratory tracking 
system and given bar codes. Samples are weighed, dried, and crushed to >70% passing -2 mm screen (ALS 
Code: CRU-31). The crushed material is then riffle-split to produce a representative 250 g split sample (ALS 
Code: SPL-21). The sample split is then pulverized to >85% passing 75 μm screen (ALS Code: PUL-31). The 
ALS sample preparation facilities were ISO 9001 certified for sample preparation in 1998.  

Once prepared, the sample pulps are shipped to the ALS laboratory in North Vancouver for digestion and 
analysis. 

11.3 Sample analysis 

Gold and silver are analyzed at ALS laboratory in North Vancouver using industry standard methods. Since 
2004, multiple element Inductively coupled plasma (ICP) geochemical analyses packages have been included in 
addition to Au-Ag analyses. Samples for silver analyses are digested using an aqua-regia digestion, followed by 
inductively coupled plasma atomic emission spectroscopy (ICP-AES) analysis for 35 elements (ALS Code: ME-
ICP41). Gold is analyzed using a standard 30 g fire assay with atomic absorption (AAS) metal determination 
(ALS Code: Au-AA23). Initial sample assay values above the upper analytical detection limit are re-run by aqua-
regia digest with variable determination for silver (ALS Code: Ag-OG46) and a 30 g fire assay with a gravimetric 
finish for gold (ALS Code: Au-GRA21). High-grade analysis protocols for copper, lead, and zinc were used for 
the Hugh Zone given the massive to semi-massive base-metal sulfide veins. The ALS facility in North 
Vancouver is ISO 9001 and ISO 17025 certified for the analytical techniques used. Analytical protocols used at 
ALS are summarized in Table 11.1.  

Table 11.1 ALS Minerals digestion and analytical protocols 

ALS Code Element Detect Limit Description 

ME-ICP41 Ag 0.2 ppm Aqua Regia Digestion, ICP-AES Determination 

Ag-OG46 Ag 1 ppm 
High grade Ag; Aqua Regia Digestion, Variable Determination (with ICP-AES >= 100 ppm Ag: 
over limit) 

Au-AA23 Au 0.005 ppm Au 30 g Fire Assay, AAS Determination 

Au-GRA21 Au 0.05 ppm Au 30 g Fire Assay, Gravimetric Determination (with Au-AA23 >= 10 ppm Au: over limit) 

Ag-GRA21 Ag 5 ppm Ag 30 g Fire Assay, Gravimetric Determination 

Cu-AA46 Cu 0.01 % High grade Cu, Aqua Regia digestion, AAS determination 

Pb-AA46 Pb 0.01 % High grade Pb, Aqua Regia digestion, AAS determination 

Zn-AA46 Zn 0.01 % High grade Zn, Aqua Regia digestion, AAS determination 

 

11.4 Quality assurance and quality control 

Hecla has had a Quality Assurance and Quality Control (QA/QC) program in place at the Property since 2002. 
Included as part of the QA/QC protocol is the insertion of blank and certified reference materials (CRM) for 
analytical validation. Since 2002, standards and blanks have been inserted into the assay orders once every 20 
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to 50 samples depending on the laboratory batch size; blanks have also been inserted after most visually 
important mineralized zones. A variety of commercially available reference materials have been used as project 
standards. For several years, blank material has come from an area on the Property where the rock is known to 
carry undetectable levels of gold and silver. Duplicate sample pulps and coarse reject samples are also sent to 
the primary and secondary laboratories for check analyses. 

11.4.1 Certified reference materials 

A variety of commercially available reference materials have been used over the years as project standards. A 
summary of the CRMs used at the Property is presented in Table 11.2.  

For the San Sebastian project, a standard result greater than three standard-deviations from the expected value 
is considered a failure. The three standard deviation threshold was originally used at the Property due to the use 
of some highly variable reference materials; use of these materials was discontinued as new, less variable, 
references materials were acquired. Upon failure, the entire batch or all samples between the failed standard 
and the preceding and following accepted standards are sent for re-analysis. Reference sample results are 
summarized in Table 11.3. 
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Table 11.2 San Sebastian Property reference samples 

 
 

Reference Sample Expected
Metal Value

Gold Source Au ppm Project Area Year
OxL17 Rocklabs 7.615 Andrea 2002
OxM16 Rocklabs 15.150 Andrea 2003, 2004
SJ10 Rocklabs 2.643 Andrea 2003, 2004
OxJ31 Rocklabs 2.373 Andrea 2003
OxL25 Rocklabs 5.852 Andrea 2003, 2004
OxJ24 Rocklabs 2.427 Andrea 2002 to 2004
SK11 Rocklabs 4.823 Andrea 2002 to 2004
RB-1 Hecla 1.894 Andrea 2003, 2004
RB-5 Hecla 5.430 Andrea 2003, 2004
RB-6 Hecla 12.738 Andrea 2003, 2004
SI25 Rocklabs 1.801 Hugh Zone, Middle Vein 2008, 2012
SP27 Rocklabs 18.104 Hugh Zone 2008
MEG-Au.09.01 Shea Clark Smith / MEG 0.684 Andrea 2010, 2011
MEG-Au.09.02 Shea Clark Smith / MEG 0.185 Andrea 2010, 2011
MEG-Au.09.03 Shea Clark Smith / MEG 2.093 Andrea, Middle Vein, North Vein, East Francine 2010 to 2014
MEG-Au.09.04 Shea Clark Smith / MEG 3.372 Andrea, Middle Vein, North Vein, East Francine 2011 to 2014
G310-8 GeoStats 7.970 Andrea, Middle Vein, North Vein, East Francine 2011 to 2014
AM-272 (ASL0003) African Mineral Standards 1.220 Middle Vein, North Vein, East Francine 2014, 2015
AM-274 (ASL0005) African Mineral Standards 3.310 Middle Vein, North Vein, East Francine 2014, 2015
OREAS 602 Ore Research & Exploration 1.950 Middle Vein, North Vein, East Francine 2015

Silver Source Ag ppm Project Area Year
OxL17 Rocklabs 7.99 Andrea 2002
DC90002 Brammer 112.00 Andrea 2002
DC90003 Brammer 298.00 Andrea 2002
DC90005 Brammer 559.00 Andrea 2002
OxM16 Rocklabs 15.53 Andrea 2003, 2004
RB-1 Hecla 32.23 Andrea 2003, 2004
RB-5 Hecla 52.15 Andrea 2003, 2004
RB-6 Hecla 101.01 Andrea 2003, 2004
GBM997-6C GeoStats 462.74 Hugh Zone, North Vein 2005
GBM302-10 GeoStats 75.70 Hugh Zone 2005
GBM900-10 GeoStats 1549.61 Hugh Zone 2005
GBM996-7C GeoStats 125.06 Hugh Zone, North Vein 2005
SI25 Rocklabs 33.25 Hugh Zone, Middle Vein 2008, 2012
SP27 Rocklabs 58.38 Hugh Zone 2008
MEG-Au.09.01 Shea Clark Smith / MEG 9.50 Andrea 2010, 2011
MEG-Au.09.02 Shea Clark Smith / MEG 0.16 Andrea 2010, 2011
MEG-Au.09.03 Shea Clark Smith / MEG 17.27 Andrea, Middle Vein, North Vein, East Francine 2010 to 2014
MEG-Au.09.04 Shea Clark Smith / MEG 26.29 Andrea, Middle Vein, North Vein, East Francine 2011 to 2014
GBM906-6 GeoStats 389.70 Andrea, Middle Vein, North Vein, East Francine 2011 to 2014
AM-272 (ASL0003) African Mineral Standards 110.00 Middle Vein, North Vein, East Francine 2014, 2015
AM-274 (ASL0005) African Mineral Standards 323.00 Middle Vein, North Vein, East Francine 2014, 2015
OREAS 602 Ore Research & Exploration 115.00 Middle Vein, North Vein, East Francine 2015

Copper Source Cu ppm Project Area Year
GBM997-6C GeoStats 3818.40 Hugh Zone 2005
GBM302-10 GeoStats 4278.00 Hugh Zone 2005
GBM900-10 GeoStats 151369.86 Hugh Zone 2005
GBM996-7C GeoStats 23482.52 Hugh Zone 2005

Lead Source Pb ppm Project Area Year
GBM997-6C GeoStats 249094.87 Hugh Zone 2005
GBM302-10 GeoStats 55869.00 Hugh Zone 2005
GBM900-10 GeoStats 141975.67 Hugh Zone 2005
GBM996-7C GeoStats 38878.92 Hugh Zone 2005

Zinc Source Zn ppm Project Area Year
GBM997-6C GeoStats 161944.32 Hugh Zone 2005
GBM302-10 GeoStats 143305.00 Hugh Zone 2005
GBM900-10 GeoStats 25631.87 Hugh Zone 2005
GBM996-7C GeoStats 110343.61 Hugh Zone 2005
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Table 11.3 San Sebastian Property reference sample results 

 
 

Gold Expected  Value Expected Std.Dev. Bias at Mean Failures
CRM N Au_ppm - Means Au_ppm - Std.Dev. Au_ppm Au_ppm % (+/- 3Std.Dev.)
OxL17 4 7.30 0.26 7.615 0.24 -4.2% 0
OxJ24 10 2.40 0.07 2.427 0.07 -1.2% 0
SK11 11 4.84 0.17 4.823 0.11 0.4% 0
SJ10 8 2.61 0.07 2.643 0.06 -1.3% 0
OxM16 2 47.95 24.25 15.15 0.29 216.5% 2 (high)
OxJ31 7 2.36 0.04 2.373 0.08 -0.4% 0
OxL25 7 5.86 0.11 5.852 0.11 0.2% 0
RB-1 5 2.05 0.02 1.894 0.08 8.0% 0
RB-5 7 7.00 3.50 5.43 0.23 28.9% 1 (high)
RB-6 11 13.28 0.37 12.738 1.24 4.3% 0
SI25 22 1.722 0.106 1.801 0.044 -4.4% 3
SP27 2 17.000 0.071 18.104 0.429 -6.1% 0
MEG-Au.09.01 46 0.678 0.077 0.684 0.016 -0.9% 22 (9 low, 13 high)
MEG-Au.09.02 33 0.179 0.014 0.185 0.019 -3.1% 0
MEG-Au.09.03 182 2.152 0.458 2.093 0.166 2.8% 6 (high)
MEG-Au.09.04 177 3.430 0.338 3.372 0.204 1.7% 13 (3 low, 10 high)
G310-8 150 7.921 0.729 7.970 0.290 -0.6% 2 (low)
AMS-272 112 1.264 0.041 1.220 0.100 3.6% 0
AMS-274 104 3.499 0.084 3.310 0.440 5.7% 0
ORE-602 93 1.977 0.045 1.950 0.066 1.4% 0

Silver Expected  Value Expected Std.Dev. Bias at Mean Failures
CRM N Ag_ppm - Means Ag_ppm - Std.Dev. Ag_ppm Ag_ppm % (+/- 3Std.Dev.)
OxL17 4 10.93 8.40 8 0.83 36.6% 3 (1 low, 2 high)
OxM16 8 15.37 0.67 15.5 1 -0.8% 0
RB-1 6 35.83 2.72 32.23 5.57 11.2% 0
RB-5 8 60.11 4.83 52.1484 1.97 15.3% 5 (high)
RB-6 12 107.33 6.15 101 5.68 6.3% 1 (high)
DC90002 1 158.00 0.00 112 4 41.1% 1 (high)
DC90003 4 288.30 9.48 298 10 -3.3% 0
DC90005 1 561.30 0.00 559 15 0.4% 0
GBM997-6C 74 441.81 12.26 462.74 27.66 -4.5% 0
GBM302-10 73 74.84 6.08 75.70 6.50 -1.1% 1 (high)
GBM900-10 13 1496.15 37.81 1549.61 75.60 -3.4% 0
GBM996-7C 66 128.08 4.15 125.06 10.42 2.4% 0
SI25 26 34.00 1.19 33.25 1.40 2.3% 0
SP27 2 60.20 0.57 58.38 2.64 3.1% 0
MEG-Au.09.01 45 10.31 0.34 9.50 0.96 8.5% 0
MEG-Au.09.02 33 0.18 0.08 0.16 0.32 12.7% 0
MEG-Au.09.03 182 18.68 0.83 17.27 1.82 8.2% 0
MEG-Au.09.04 176 27.46 1.79 26.29 3.30 4.5% 2 (high)
GBM906-6 143 387.83 21.49 389.70 21.10 -0.5% 1 (high)
AMS-272 112 112.96 3.30 110.00 7.00 2.7% 0
AMS-274 104 325.32 11.82 323.00 24.00 0.7% 0
ORE-602 94 118.54 2.68 115.00 5.00 3.1% 0

Copper Expected  Value Expected Std.Dev. Bias at Mean Failures
CRM N Cu_ppm - Means Cu_ppm - Std.Dev. Cu_ppm Cu_ppm % (+/- 3Std.Dev.)
GBM997-6C 73 3924.2 124.8 3818.40 247.65 2.8% 0
GBM302-10 73 4330.3 1512.5 4278.00 200.00 1.2% 1 (high)
GBM900-10 14 150542.9 2709.5 151369.86 7949.44 -0.5% 0
GBM996-7C 66 22986.4 364.1 23482.52 1456.30 -2.1% 0

Lead Expected  Value Expected Std.Dev. Bias at Mean Failures
CRM N Pb_ppm - Means Pb_ppm - Std.Dev. Pb_ppm Pb_ppm % (+/- 3Std.Dev.)
GBM997-6C 73 225979.5 19299.4 249094.87 13253.41 -9.3% 10 (low)
GBM302-10 72 54566.7 1791.5 55869.00 1814.00 -2.3% 2 (low)
GBM900-10 14 143357.1 3707.7 141975.67 4522.78 1.0% 0
GBM996-7C 66 39090.9 756.1 38878.92 2785.31 0.5% 0

Zinc Expected  Value Expected Std.Dev. Bias at Mean Failures
CRM N Zn_ppm - Means Zn_ppm - Std.Dev. Zn_ppm Zn_ppm % (+/- 3Std.Dev.)
GBM997-6C 73 150876.7 3284.8 161944.32 10527.05 -6.8% 0
GBM302-10 72 140583.3 4770.8 143305.00 6403.00 -1.9% 1 (low)
GBM900-10 14 25342.9 657.2 25631.87 1607.13 -1.1% 0
GBM996-7C 66 107153.0 2594.0 110343.61 6017.67 -2.9% 0

Assay Results

Assay Results

Assay Results

Assay Results

Assay Results
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All failed standards and associated samples are re-analyzed and appropriate annotations are made to assay 
data spreadsheets and standard control charts in the San Sebastian project files. Hecla also monitors CRM data 
accumulated over time. The “RB” series reference samples were built by Hecla for the Rosebud operation in 
Nevada. Poor results for RB-5 may have been due to incomplete pulverization of this sample. Use of “RB” 
reference samples was discontinued in 2004. Sieve tests on the “MEG” series of reference samples suggested 
that some of these samples did not meet the stated preparation specifications; use of two of these materials 
(MEG-Au.09.01 and MEG-Au.09.02) was discontinued in 2011. The anomalous results for gold for OxM16 may 
have been due to sample mix-up or problems with the original sample; the use of this material was discontinued 
in 2004. Other than these obviously anomalous materials, reference sample results are generally acceptable.  

11.4.2 Blank samples 

The blank material used at the Property is quarried from an on-site area with pervasive silicification associated 
with acid sulfate alteration. The material is composed of semi-massive chalcedonic silica and has a similar 
visual appearance, hardness and silica matrix to the typical quartz vein material on the Property. Blank material 
has been quarried from the same area at the Property for over 10 years and it has been established that this 
material contains gold and silver values that are below commercial detection levels. 

Blank material is inserted after each visually mineralized interval to test for laboratory contamination and to 
control sample mix-ups. The blank material is inserted into the sample stream using the same sample bags as 
those used for drill core. Approximately 200-500 g of material is typically used in a blank sample. As assay 
results are received from the laboratory, the gold and silver values from the blanks are separated out and listed 
in tables and viewed in graphs. Samples with >0.25 parts per million (ppm) Au or >10 ppm Ag are designated as 
anomalous and an investigation is made as to whether there may be a sample mix up or a laboratory problem. 
Recently, limits of up to 0.5 ppm Au and 30 ppm Ag were used as assay thresholds for anomalous blank assays 
given some extremely high-grade zones encountered in the drilling of the East Francine Vein. As up to 1% 
sample carryover is considered acceptable by commercial laboratories, anomalous values in blank samples 
must be evaluated with respect to the preceding samples. If sample contamination is suspected, the laboratory 
is notified and samples are prepared from the coarse reject and re-analyzed.  

A total of 598 blank samples have been analyzed since 2006. Of this total, 98% are below the Property grade 
thresholds for both gold and silver. These results are considered acceptable for the Property. 

11.4.3 Duplicate analyses and samples 

Sample pulps and coarse reject samples for all important vein intercepts are sent to the primary and secondary 
laboratories for confirmation analyses. The original sample pulps are renumbered and resubmitted to ALS for 
check analysis on the same pulp. The coarse-rejects from the same samples are sent to a second lab for check 
analysis. Secondary assays from the Property have predominantly been sent to SGS Laboratories (SGS) 
located in Durango, Mexico. The SGS facility in Durango is ISO 17025 certified for the analytical techniques 
used. Other secondary laboratories used infrequently over the years include: BSI, in Reno Nevada and the 
Luismin and Stewart Group labs, both located in Durango, Mexico.  

For this summary, the duplicate assay results are grouped into three data sets by time period and project area: 
the first is for 2004 to 2006 for the Hugh Zone, the second is for 2010 to 2012 for the Andrea Vein and the third 
is for 2012 to 2014 for the Main District including the Middle Vein, North Vein, and East Francine Vein. 

The first type of duplicates are blind laboratory check assays as they are completed at the primary laboratory on 
the original sample pulp. Comparative statistics for the pulp check assays are presented in Table 11.4 for the 
2004 to 2006 period, Table 11.5 and Figure 11.1 for the 2010 to 2012 period and Table 11.6 and Figure 11.2 for 
the 2012 to 2014 period. 

The final assay value used for Mineral Resource estimates is an averaged value of all three different assays. It 
is recognized that averaging of duplicate assays is not standard industry practice, but the Qualified Person for 
this section believes that it does not impact materially on the quality of the assay database. Analytical protocols 
at the secondary laboratories are consistent with those of ALS. 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 74
 

Table 11.4 2004 – 2006 Pulp check assay statistics – Hugh Zone – ALS-ALS 

N Mean Std.Dev. Coef.Var. Max Median Min R2 Bias at Mean

ALS_Au1_ppm 1273 0.098 0.77 7.85 17.45 0.01 0.003 

ALS_Au2_ppm 1273 0.114 0.72 6.35 15.20 0.03 0.003 0.87 16.4% 

N Mean Std.Dev. Coef.Var. Max Median Min R2 Bias at Mean

ALS_Ag1_ppm 1273 68.95 217.79 3.2 4630.00 4.60 0.10 

ALS_Ag2_ppm 1273 65.97 212.36 3.2 4530.00 5.00 2.50 0.98 -4.3% 

N Mean Std.Dev. Coef.Var. Max Median Min R2 Bias at Mean

ALS_Cu1_% 1273 0.54 1.59 2.9 17.30 0.02 0.00 

ALS_Cu2_% 1273 0.53 1.55 2.9 15.20 0.02 0.01 0.99 -1.8% 

N Mean Std.Dev. Coef.Var. Max Median Min R2 Bias at Mean

ALS_Pb1_% 1273 0.81 3.47 4.3 59.60 0.02 0.00 

ALS_Pb2_% 1273 0.79 3.38 4.3 58.30 0.02 0.01 0.99 -2.8% 

N Mean Std.Dev. Coef.Var. Max Median Min R2 Bias at Mean

ALS_Zn1_% 1273 1.15 3.91 3.4 32.20 0.03 0.00 

ALS_Zn2_% 1273 1.12 3.76 3.4 33.60 0.04 0.01 0.99 -2.6% 

 

Pulp check assays for the 2004 to 2006 period at the Hugh Zone show acceptable results for all metals with 
some scatter for gold. The gold values for the Hugh Zone are relatively low and the difference between the 
original and check assays are not considered significant. Additional study of the gold data is required. Statistics 
for silver are somewhat complicated by the fact that different analytical protocols were used for the original and 
check assays. Check assays for copper, lead, and zinc show very good agreement with the original assay. 
Additional details on the 2004 to 2006 QA/QC program and results can be found in Muerhoff and Allen, 2006. 

Table 11.5 2010 - 2012 Pulp check assay statistics – Andrea Vein – ALS-ALS 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Au1_ppm 508 0.961 2.382 2.5 23.7 0.131 0.003 

ALS_Au2_ppm 508 0.963 2.413 2.5 24.2 0.134 0.003 0.3% 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Ag1_ppm 508 84.03 194.03 2.3 1,400.0 8.30 0.10 

ALS_Ag2_ppm 508 82.45 189.18 2.3 1,470.0 8.25 0.10 -1.9% 
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Figure 11.1 2010 - 2012 Pulp check assay charts – Andrea Vein – ALS-ALS 

 
 

Pulp check assays for 2010 to 2012 show good agreement with the original assays with a tight distribution 
around the 1:1 line and a correlation of 0.99. The trend lines in the Relative-Difference plots show no systematic 
bias down to approximately 0.02 ppm Au and 1 ppm Ag. Below these levels the gold check assays are 
approximately 5% less than the original gold assay and the silver check assays are approximately 10% less 
than the original assay. No significant difference exists between the analyses that would materially impact grade 
estimation. 
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Table 11.6 2012-2014 Pulp check assay statistics – Main District – ALS-ALS 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Au1_ppm 788 4.89 17.61 3.6 261.00 0.64 0.01 

ALS_Au2_ppm 788 4.86 17.47 3.6 260.00 0.63 0.01 -0.7% 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Ag1_ppm 787 588.3 2852.9 4.8 48,716.0 110.0 0.6 

ALS_Ag2_ppm 787 591.2 2835.1 4.8 48,200.0 112.0 0.4 0.5% 

 

Figure 11.2 2012 - 2014 Pulp check assay charts – Main District – ALS-ALS 
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Pulp check assays for 2012 to 2014 also show good agreement with the original assays with little scatter around 
the 1:1 line and a correlation of 0.99. The trend lines in the Relative-Difference plots show no systematic bias at 
any grade range. No significant differences in the analyses exist that would materially impact grade estimation. 

Check analyses on the coarse sample-preparation reject material were originally completed at Stewart Group 
Laboratories during the 2010-2012 period; the secondary laboratory was changed to SGS Mineral Services 
during 2011. Comparative statistics for the 2010 to 2011 coarse reject check assays from the Stewart Group 
laboratory are presented in Table 11.7 and Figure 11.3.  

Table 11.7 2010 - 2012 Coarse reject check assay statistics – Andrea Vein – ALS-Stewart 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Au1_ppm 152 0.913 2.072 2.3 10.7 0.085 0.003 

Stewart_Au3_ppm 152 1.001 2.298 2.3 12.9 0.100 0.015 9.7% 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Ag1_ppm 152 104.47 246.51 2.4 1,400.0 11.15 0.10 

Stewart_Ag3_ppm 152 114.76 269.30 2.3 1,474.0 10.10 0.10 9.9% 
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Figure 11.3 2010 - 2012 Coarse reject check assay charts – Andrea Project – ALS-Stewart 

 
 

The Stewart coarse reject check assays show a systematic high bias to the gold assays of approximately 10% 
at the mean and between 10% and 20% for grades down to approximately 0.05 ppm Au. Below 0.05 ppm Au, 
the Stewart coarse reject check assays are higher by more than 20%. Silver also shows a high bias to the 
Stewart coarse reject assays of approximately 10% at the mean. Above approximately 20 ppm Ag, the Stewart 
assays are 5% to 10% higher than the original ALS assays. Below approximately 20 ppm Ag, the Stewart 
assays are 5% to 15% lower than the original ALS assays. Although undesirable, the QP does not consider that 
the differences between the original assays and the reject assays are likely to materially impact grade 
estimation. 
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Comparative statistics for the 2011 to 2012 coarse reject check assays from SGS Mineral Services are 
presented in Table 11.8 and Figure 11.4. 

Table 11.8 2010-2012 Coarse reject check assay statistics – Andrea Vein – ALS-SGS 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Au1_ppm 346 0.982 2.504 2.6 23.7 0.156 0.003 

SGS_Au3_ppm 346 0.981 2.517 2.6 28.0 0.154 0.005 -0.1% 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Ag1_ppm 346 73.90 161.94 2.2 1,160.0 7.80 0.20 

SGS_Ag3_ppm 346 76.25 166.23 2.2 1,192.0 7.75 0.25 3.2% 

Figure 11.4 2010 - 2012 Coarse reject check assay charts – Andrea Vein – ALS-SGS 
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The SGS coarse reject check assays show acceptable agreement with the original ALS assay with little 
difference apparent for most of the grade ranges in the distributions. Below approximately 0.02 ppm gold, the 
SGS coarse reject gold assays are greater than 20% higher than the original gold assays. Below approximately 
2 ppm silver, the original ALS silver assays are 15% to 20% higher than the SGS coarse reject check assays. 
These apparent differences will not materially impact grade estimation at important grade levels. 

Comparative statistics for the reject check assays from 2012 to 2014 from SGS Mineral Services are presented 
in Table 11.9 and Figure 11.5. 

Table 11.9 2012-2014 Coarse reject check assay statistics – Main District – ALS-SGS 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Au1_ppm 788 4.91 17.61 3.6 261.00 0.64 0.01 

SGS_Au3_ppm 788 4.48 14.85 3.3 218.00 0.62 0.01 -8.8% 

N Mean Std.Dev. Coef.Var. Max Median Min Bias at Mean 

ALS_Ag1_ppm 789 662.8 3,141.1 4.7 48,716.0 110.0 0.6 

SGS_Ag3_ppm 789 641.5 2,993.9 4.7 47,368.0 121.0 1.0 -3.2% 
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Figure 11.5 2012-2014 Coarse reject check assay charts – Main District – ALS-SGS 

 
 

The SGS coarse reject assays from 2012 to 2014 show good agreement for gold up to approximately 20 ppm. 
Above 20 ppm Au, the original assays are 5% to 20% higher than the reject assay. It is interpreted that the 
difference at the highest grades is causing the relatively high bias at the means. For silver, the SGS coarse 
reject assays show good agreement above approximately 40 ppm. Below 40 ppm Ag, the SGS coarse reject 
assays are systematically higher grade than original ALS assays by 20% to 35%. This difference in silver 
assays is likely due to slight differences in sample digests, but could also be due to differences in sample 
preparation protocols between ALS and SGS. 
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11.4.4 Opinion on adequacy of sample preparation, security, and analytical procedures 

The Qualified Person for this section, Hecla’s Senior Resource Geologist, Keith R. Blair, has reviewed the 
sampling, sample preparation, analytical and security procedures for the various drilling programs at the 
Property, and considers them to have been conducted using accepted industry standard methods. The 
procedures are considered adequate and the analytical results are considered suitable for use in Mineral 
Resource estimation. 
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12 Data verification 
The Qualified Person for this section, Hecla Senior Resource Geologist Keith R. Blair, verified portions of the 
drillhole database in 2013 and 2014 for the 2013 and 2014 Mineral Resource model updates. Data verification 
consisted of: 

• Checking a portion of the drillhole collar coordinate and down-hole survey data; 

• Checking a portion of the assay database; and  

• Reviewing the analytical QA/QC data (see Section 11).  

Visits to the Property also included reviews of sampling methods, sample handling and geology logging 
procedures.  

12.1 Drillhole database verification 

Drillhole data was verified from original collar and down-hole survey notes and assay reports from the hard-copy 
files in the Hecla office in Durango. The hard-copy files in the Durango office are well organized and all relevant 
back-up information is archived in files folders for each drillhole. The drillhole data is initially compiled into Excel 
spreadsheets and exported as ASCII files for import into a Dassault Systems (Geovia) GEMs exploration data 
management system. The database management staff has implemented data verification steps into the 
compilation tasks and the data is checked throughout the process. In addition, once new data is imported into 
the GEMs system, the internal data validation routines are run to ensure that there are no “logic” errors in the 
database (overlapping sample intervals, data beyond the end of holes, etc.).  

Very few errors were found during the verification work and those that were found were minor and all have been 
corrected in the database. 

12.1.1 Drillhole collar coordinate and down-hole survey verification 

Drillhole collar coordinates in the digital database were checked against the surveyor’s notes and reports in the 
hard-copy files for each hole verified. In addition, total drillhole depths were checked against the geology and 
geotechnical logs. Down-hole surveys in the database were checked against original survey sheets from the EZ-
Shot survey instrument or historical single-shot survey films. Checks on the final azimuth information, included 
checking that the magnetic declination was properly incorporated.  

A summary of the drillhole collar coordinate and down-hole survey verification is presented in Table 12.1. 

Table 12.1 Drillhole collar coordinate and down-hole survey verification summary 

Drillhole Data Type n Total n Checked % Checked n Errors % Error Rate 

Collar Coordinates 683 100 15% 0 0.0% 

Down-Hole Surveys 3,481 533 15% 12 2.3% 

 

Five of the suspect down-holes surveys were instances from the Andrea Vein area where the original survey 
data was listed in ‘Degree-Minute-Second’ format and entered directly into the database as decimal degrees. All 
down-hole survey sheets/films from this series of holes were reviewed and corrections made to the digital 
database. The other suspect instances were from Middle Vein drillholes and were minor errors in location, 
azimuth or missing survey records; these records have also been corrected. 

The error rate seen in the drillhole collar and down-hole survey data is acceptable; no significant impact to 
resource modeling is expected. 

In addition to these database checks, 28 drillhole collars from the Andrea, Middle, North, and East Francine 
Veins were resurveyed using a hand-held GPS unit using UTM coordinates based on NAD-27 (Mexico), UTM 
Zone 13. No significant differences were found between the GPS and database coordinates in UTM; all GPS 
coordinates were within the GPS closure error of the database coordinates.  
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12.1.2 Drillhole assay verification 

Verification of assay data was separated into “historical” and “recent” groups based on the drillhole completion 
date and if original digital assay reports were available. For this exercise, “recent” is defined as assay reports 
beginning in 2010. For the historical assay data, samples were cross-referenced with vein intercepts and vein 
and surrounding wall-rock samples from selected drillholes were verified. For the recent assay data up to year-
end 2013, the available assay reports were compiled into an ACCESS database and merged to the project 
database for verification. In addition to checking the original assays, the pulp and reject check assays from the 
primary and secondary labs were also checked; these assays are important as they are used in the calculation 
of the final assay for the vein intercepts.  

A summary of the drillhole assay verification is presented in Table 12.2. 

Table 12.2 Drillhole assay verification summary (2010 to 2013) 

Assays n Total n Checked % Checked n Errors % Error Rate 

Historical (pre-2010) 25,826 595 2% 9 1.5% 

Recent (post-2010) 17,259 16,658 97% 64 0.4% 

Pulp Checks 730 730 100% 0 0.0% 

Reject Checks 721 592 82% 0 0.0% 

The word “historical” in this Section and table refers to data prior to 2010, not to ownership prior to the Issuer purchasing the Property. 

The small number of historical assay records checked relative to the overall number of historical assays is due 
to the selection of only those holes that intersected the vein structures of interest. The errors found in the 
historical assays were minor and corrected in the database. All but one of the errors found in the recent assays 
are due to inconsistent assignment of below-detection assays in one drillhole; the remaining error was an over-
limit assay that had not been replaced with the secondary assay. These errors have been corrected in the 
database. 

The error rate seen in the drillhole assays is acceptable; no significant impact on Mineral Resource modeling is 
expected. 

In addition to the assay verification, the vein intervals were checked against the geology logs for the drillholes 
reviewed. No errors were found; all vein intervals were supported by information in the geology logs. 

12.1.3 Opinion on adequacy of drillhole database  

The Qualified Person is satisfied that the drillhole and sample assay database has been prepared in accordance 
with accepted industry standards, is of good quality, and is adequate for Mineral Resource estimation. 
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13 Mineral processing and metallurgical testing 
13.1 Introduction 

The San Sebastian oxide project metallurgical test program included oxide material from three separate quartz 
veins: the East Francine Vein, the Middle Vein, and the North Vein. All three veins contain elevated 
concentrations of gold and silver with low concentrations of base metals. This Technical Report section 
describes the samples used and the test work performed to evaluate the metallurgical aspects of the Property. 
Plant metal recovery projections [and recommendations] for additional work are also provided.  

13.2 Current testwork program 

Samples, described below, were collected by Minera Hecla for metallurgical testing. A series of metallurgical 
testing programs were completed at Dawson Metallurgical Laboratories Inc. (DML) in Salt Lake City, Utah, USA, 
an independent commercial metallurgical laboratory, for Minera Hecla.  

13.2.1 Metallurgical composite samples 

During 2014 and 2015, oxide samples from the East Francine, Middle, and North Veins were submitted by 
Minera Hecla to DML for metallurgical testing. Minera Hecla was responsible for the sample selection, collection 
and documentation. Samples submitted are summarized in Table 13.1. Review of Table 13.1 indicates a total of 
163 sample intervals from 55 holes from the three upper oxide veins were submitted to DML for testing. The 
locations of the metallurgical holes on a longitudinal section of each vein system are shown in Figure 13.1 to 
Figure 13.3. Review of Table 13.1 and Figure 13.1 to Figure 13.3 indicates the metallurgical test holes selected 
generally represent the AMC planned oxide pits for the East Francine and Middle Veins. The North Vein 
samples were selected before the AMC information was available and some of the samples selected for testing 
are outside of the AMC planned oxide pit limits. Based on sulfur assays and test results, this is not expected to 
have a significant impact on the metallurgical response. Test results from all three veins are considered suitable 
for use in this preliminary assessment. Additional sampling and testing, described later, is recommended for all 
three vein systems.  

A low grade, average grade and high grade metallurgical composite were prepared for each vein. The samples 
submitted for leach tests were coarse rejects from the core drillhole intercepts. The samples submitted from the 
East Francine Vein for Bond work index determination were split one-half core.  
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Table 13.1 Metallurgical composite sample summary 

DML Project Number / Composite 

Number of 
Holes / 

Trenches in 
Composite 

Number of 
Holes / 

Trenches 

Number of 
Intervals 

Sum of 
Interval 
Length 

(meters) 

Average of Au 
(ppm) 

Average of Ag 
(ppm) 

Sample 
Weight 
GRAMS 

DML Project # P - 15043 - East Francine Zone * 12 84 46.35 9.96 1,560 104,490 

EFV COMP 1 (LOW GRADE) 10 29 15.54 3.98 255 35,290 

EFV COMP 2 (AVERAGE GRADE) 11 26 14.01 7.01 1,643 30,630 

EFV COMP 3 (HIGH GRADE) 10 29 16.80 18.58 2,790 38,570 

1/2 Split Core for Bond Work Index * 1 11 4.7 5.05 1,307 13,680 

DML Project # P - 14097 - Middle Vein 23 41 24.23 2.12 353 56,400 

MV SHALLOW COMP 1 (LOW GRADE) 12 14 7.42 0.81 117 18,730 

MV SHALLOW COMP 2 (AVERAGE GRADE) 14 16 10.88 2.36 330 21,270 

MV SHALLOW COMP 3 (HIGH GRADE) 8 11 5.93 3.45 687 16,400 

DML Project # P - 14173 - North Vein 20 38 18.09 3.82 214 45,970 

NV SHALLOW COMP 1 (LOW GRADE) 9 11 5.28 1.59 100 14,490 

NV SHALLOW COMP 2 (AVERAGE GRADE) 13 14 6.88 3.65 164 16,690 

NV SHALLOW COMP 3 (HIGH GRADE) 8 12 5.93 6.08 379 14,790 

Grand Total / Average 55 163 93.37 6.46 965 220,540 

Bond Work Index Sample Weight not included in East Francine Zone totals or grand total / average since the coarse reject from the same sample was included in the total / 
average 
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Figure 13.1 East Francine Vein metallurgical test sample locations on longitudinal section 

 
Source: Hecla 2015.  
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Figure 13.2 Middle Vein metallurgical test sample locations on longitudinal section 

 Source: Hecla 2015.  
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Figure 13.3 North Vein metallurgical test sample locations on longitudinal section  

 
Source: Hecla 2015.   
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13.2.2 Metallurgical test results 

The test results discussed in this Technical Report are reported in the following documents: 

1. Dawson Metallurgical Laboratories, Inc., 16 October 2014, Results of Cyanidation Testing Five (5) 
Composite Samples from the Middle Vein Project, Project No. P-14097. 

2. Dawson Metallurgical Laboratories, Inc., 19 March 2015, Results of Cyanidation Testing Five (5) 
Composite Samples from the North Vein Project, Project P-14173. 

3. Dawson Metallurgical Laboratories, Inc., 3 August 2015, Results of Cyanidation Testing Five (5) 
Composite Samples from the Francine Deposit in Mexico, Project P15043. 

4. Pocock Industrial, INC., March 2015, Solids-Liquid Separation Testing Report HECLA Mining San 
Sebastian. 

Test programs completed on the East Francine Vein, Middle Vein, and North Vein are summarized in Table 
13.2.  

Table 13.2 Metallurgical test program summary matrix 

Test North Vein Middle Vein East Francine Vein 

Head Analysis 

30 Element ICP X X X 

Fire Assay, Au X X X 

Leco Total / Sulfide Sulfur X / o X / X X / X 

Leach Evaluation 

Grind Size X X X 

Cyanide Concentration X X 

Leach Time X X X 

Pre-Oxidation X 

Gravity X X X 

Solid / Liquid Separation X blend with NV X blend with MV 

Detoxification X blend with NV X blend with MV 

Cursory Mineralogy X 

Bond Work Index X 

 

13.2.2.1 Head analysis 

As noted in Table 13.2, head sample characterization included 30 element ICP analysis, fire assay for gold, and 
sulfur analysis carried out on a LECO instrument.  

The DML ICP analysis on the composite samples show elements typically present in oxide mining projects and 
did not indicate any elements of particular concern for processing.  

The gold, silver and sulfur analysis of the DML composites agreed very well with the Minera Hecla projections; 
with the exception of the Francine High Grade Composite 3 sample. On this one composite, the DML gold and 
silver analyses were 15% to 20% lower than the Minera Hecla projected values. Comparison of the DML test 
calculated head and direct assay head are provided in Table 13.3. Review of Table 13.3 indicates good 
agreement between the DML direct and calculated heads for both the gold and silver, with the exception of the 
gold on East Francine High Grade Composite 3 suggesting that the gold in this composite may be coarse 
resulting in sample preparation difficulty that affected both the Minera Hecla and DML sample preparation.  
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Table 13.3 DML direct and calculated head comparison 

Direct Head Assay Number of Average Back Calculated Head 

Composite Au g/t Ag g/t Tests Au g/t Ag g/t 

East Francine Vein 

1 3.27 250 1 3.38 249 

2 6.53 1,363 5 6.35 1,426 

3 11.5 1,763 1 9.32 1,659 

4 4.90 807 1 4.35 752 

5 9.02 1,563 1 8.01 1,562 

Middle Vein 

1 1.04 106 1 0.96 128 

2 2.56 309 9 2.66 329 

3 3.59 659 1 3.85 700 

4 1.80 208 1 1.83 249 

5 3.08 484 1 3.16 515 

North Vein 

1 1.38 105 2 1.53 98 

2 4.10 173 11 3.87 174 

3 5.89 388 2 6.07 342 

4 2.74 139 1 2.43 136 

5 5.00 280 1 5.06 262 

 

The total sulfur analysis of all composites was low at less than 0.03%, consistent with the oxide samples 
targeted for testing.  

13.2.2.2 Leach test results 

A series of whole ore leach tests were run on 1 kg test charges. The grind time was varied to obtain the target 
grind size. The leach tests were run for 96 hours at 50 weight percent solids. The slurry pH was adjusted to 11 
with hydrated lime and sodium cyanide was added to maintain the target cyanide concentration. During the 96 
hour leach time, small solution samples were taken to monitor the test conditions and metal extraction rates. 
Solid residues were assayed for gold by fire assay and silver was determined by ICP. Leach solutions were 
analyzed by ICP. Leach test work on each composite was focused on the whole ore leach process to investigate 
the effect of grind size, cyanide solution strength, and leach time on gold and silver extraction. This testing was 
conducted on the average grade composite from each vein. Based on results of the tests on the average grade 
composites, conditions were selected for testing the low and high grade composites and various blends of the 
low grade, average grade and high grade composites to determine the effect of head grade on gold and silver 
extraction.  

Leach test results are summarized in Table 13.4. Review of Table 13.4 indicates the tests were run at grind 
sizes of approximately 42 microns for the North Vein, 62 microns for the Middle Vein and 71 microns for the 
East Francine Vein. The sodium cyanide concentration was maintained at 1.5 to 2.0 g/l. The 96 hour gold and 
silver leach extraction ranged from 90.2 to 98.4% for gold and from 77.5 to 96.8% for silver. Sodium cyanide 
addition ranged from 2.0 to 4.3 kg/t and cyanide consumption ranged from 0.5 to 2.4 kg/t. Calcium hydroxide 
consumption ranged from 0.4 to 0.75 kg/t.  

DML summary comments for each composite are summarized in Table 13.5. As noted in Table 13.5, gold 
recovery improved at finer grind sizes for composites from the North Vein and East Francine Vein. Grind did not 
have an important effect on gold or silver recovery on the Middle Vein Composite. The cyanide consumption on 
North Vein tests evaluating fine grind increased as the grind size decreased. The elevated cyanide consumption 
was related to high ferrous iron concentration in the leach solution. Additional testing is required to determine if 
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the cyanide consumption can be reduced and to optimize the grind size and leach conditions for the North Vein 
composite.  

As shown in Figure 13.4, the silver recovery for the North Vein was very dependent on cyanide concentration 
and leach time. The Middle Vein yielded similar results. A cyanide concentration series was not run on the East 
Francine Vein composites.  
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Table 13.4 Whole ore leach test summary 

Row Labels 
Calculated 

Head  
(g Au/t) 

96 Hr 
Gold 

Leach 
Extraction 

(%) 

96 Hr 
Leach 

Residue 
(gAu/t) 

Calculated 
Head  

(g Ag/t) 

96 Hr 
Silver 
Leach 

Extraction 
(%) 

96 Hr 
Leach 

Residue 
(gAg/t) 

NaCN 
Addition 
(kg NaCN 

/ t) 

NaCN 
Consumption 
(kg NaCN / t) 

Calcium 
Hydroxide 

Consumption 
(kg Ca(OH)2 / t) 

Grind 
P80 

(microns) 

Target 
Leach 

Solution 
(g NaCN 

/ L) 

DML P-14097 Middle Vein Test Program  

MV Average 2.61 95.1 0.12 384 83.2 70 2.13 0.70 0.57 61.8 1.5 

MV1 0.96 94.0 0.06 128 87.0 17 2.03 0.52 0.63 57 1.5 

MV2 3.25 96.2 0.12 326 83.0 56 2.21 0.78 0.55 67 1.5 

MV3 3.85 95.1 0.19 700 77.5 158 2.04 0.59 0.55 65 1.5 

MV4 1.83 94.8 0.10 249 83.2 42 2.05 0.70 0.55 65 1.5 

MV5 3.16 95.3 0.15 515 85.2 77 2.3 0.90 0.55 55 1.5 

DML P-14173 North Vein Test Program  

NV Average 3.67 96.1 0.16 199 86.7 26 3.52 1.71 0.55 42 2.0 

NV1 1.18 96.7 0.04 103 85.7 15 2.55 0.85 0.55 46 2.0 

NV2 3.82 94.8 0.20 171 86.1 24 3.81 2.06 0.55 41 2.0 

NV3 5.87 97.0 0.18 321 86.6 43 4.26 2.41 0.55 39 2.0 

NV4 2.43 98.4 0.04 136 87.5 17 2.73 0.92 0.55 42 2.0 

NV5 5.06 93.8 0.32 262 87.8 32 4.27 2.33 0.55 42 2.0 

DML P-15043 East Francine Vein Test Program  

EF Average 6.30 92.1 0.49 1,116 92.0 65 3.41 1.57 0.56 71.2 2.0 

EF-C1 3.38 92.8 0.25 249 83.3 43 2.58 0.70 0.55 72 2.0 

EF-C1&2 4.35 90.2 0.43 752 91.1 67 3.02 1.17 0.50 74 2.0 

EF-C2 6.43 90.4 0.63 1,357 93.5 89 3.76 2.00 0.40 70 2.0 

EF-C2&3 8.01 93.0 0.56 1,562 95.5 70 3.68 1.91 0.60 68 2.0 

EF-C3 9.32 94.0 0.57 1,659 96.8 54 4.03 2.07 0.75 72 2.0 

Mathematical Average 4.19 94.4 0.26 566 87.3 54 3.02 1.33 0.56 58.3 1.8 

  



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029

 

 

amcconsultants.com 94
 

Table 13.5 DML conclusions from whole ore leach test results  

North Vein Middle Vein East Francine Vein 

Gold Extraction 

For Composite 2, gold extraction was 94 to 98% 
Gold extraction complete at 48 hours;  
 
Head grade had an effect on gold extraction 

For Composite 2, gold extraction was 95 to 96% 
Gold extraction complete at 60 hours;  
 
Head grade had minimal effect on gold extraction 

For Composite 2, gold extraction was 89 to 93% 
Gold extraction complete at 8 hours;  
 
Head grade had an effect on gold extraction 

Silver Extraction 

For Composite 2, silver extraction was 86 to 94%; 
not complete at 96 hours:  
 
Silver extraction was not a function of silver head 
grade 

For Composite 2, silver extraction was 88 to 90%; 
not complete at 96 hours:  
 
Silver extraction was a negative function of silver 
head grade 

For Composite 2, silver extraction was 94 to 96%; 
nearly complete at 24 hours:  
 
Silver extraction was a function of silver head grade 

Grind 

Gold extraction improved from 94 to 98% as grind 
decreased from 71 to 33 microns 
 
Silver extraction improved from 89 to 93% as grind 
decreased from 71 to 33 microns 

Gold and silver extraction were relatively constant 
as grind decreased from 67 to 46 microns 

Gold extraction improved from 89 to 93% as grind 
decreased from 105 to 46 microns 
 
Silver extraction improved from 94 to 96% as grind 
decreased from 105 to 46 microns 

Cyanide 

At least 2 gpl required for optimum silver kinetics 
 
Cyanide consumption increased significantly with 
finer grind, due to ferrous iron dissolution 

At least 1.5 gpl required for optimum silver kinetics 
No cyanide series run. All tests at 2 gpl consistent 
with North Vein 

Leach Time Slow; Gold - 48 hours; Silver over 96 hours  Slow; Gold - 60 hours; Silver over 96 hours  Rapid; Gold - 8 hours; Silver over 24 hours  
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Figure 13.4 North Vein silver recovery vs. leach time at various cyanide concentrations  
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13.2.3 Minera Hecla recovery projections 

Minera Hecla developed regressions correlating laboratory leach recovery to head grade for each of the three 
veins. Adjustments for soluble metal recovery and to standardize the grind size at an 80% passing size (P80) of 
74 microns were then made by Minera Hecla. Table 13.6 summarizes Minera Hecla’s overall plant recovery 
projections including soluble losses, grind size adjustment and projections for other plant efficiencies. The final 
overall recovery relationship regressions developed by Minera Hecla were then used in the financial model. 
They are based on Minera Hecla’s interpretation of the test data. Independent review of the data by the 
Qualified Person for this section, indicates the Minera Hecla plant recovery projections are reasonable.  

Table 13.6 Minera Hecla plant recovery projections 

Tonnes (kt) Au Grade g/t Ag Grade g/t Au Recovery Percent Ag Recovery Percent 

Middle Vein 125 3.7 619 90.3% 85.6% 

North Vein 62 5.1 153 90.8% 85.2% 

East Francine Vein 61 7.4 1,917 91.3% 85.6% 

Deposit Total / Average 248 5.0 819 90.8% 85.6% 

 

13.2.4 Miscellaneous test results 

Gravity concentration tests were run on all three North Vein composites. Only minor quantities of gold and silver 
were recovered by gravity from this vein. On the Middle Vein Average Grade composite, the gravity pre-
concentration step recovered 31.7% of the gold and 4.8% of the silver, but comparison to the standard test with 
no gravity step indicated that there was no improvement in precious metal recovery extraction at 96 hours. Test 
results from the East Francine Vein Average Grade composite yielded gravity gold and silver distribution at 23.5 
and 53.7% respectively to a concentrate grading 207 g/t gold and 102,000 g/t silver. The precious metal leach 
recovery at 96 hours was not improved with the gravity step.  

A cursory mineralogical examination of the gravity concentrate from the East Francine Vein Composite 2 test 
indicated that bromargyrite (AgBr) was the major silver mineral present. Free native gold and silver were also 
noted.  

Solid liquid separation tests and cyanide detoxification tests were run at Pocock Industrial Inc. of Salt Lake City, 
UT USA on leach tailing sample prepared at DML. The sample tested was a blend of the North Vein and Middle 
Vein composites. Conventional thickener test results indicate that a thickener underflow density of 61 to 65% 
solids was achieved with a flocculant dosage of 20 to 25 g/t. Thickener sizing of approximately 0.18 (m2/tpd) 
was the minimum recommended.  

Detoxification tests evaluating both the SO2 – air process and the Caro’s acid process were performed. Both 
methods were able to reduce the cyanide to the target level of less than 50 ppm WAD CN at near stoichiometric 
reagent addition. For this study, Caro’s acid was selected since the process can be easily retrofitted to the 
planned operation, however additional evaluation is planned.  

A Bond ball mill work index was determined on material from the East Francine Vein. Results indicate a 
moderately high value of 17.8 kWh/t at a product size of 86.8 microns. 
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14 Mineral Resource estimates 
14.1 Introduction 

The current Mineral Resource models for the Property have been developed since 2012. The Mineral 
Resources for the Middle, North, East Francine, and Andrea Veins have been estimated by Mr. K. Blair, C.P.G. 
of Hecla who takes responsibility for these estimates. The Mineral Resources for the Hugh Zone were estimated 
by John Taylor in 2012. Mr Blair has reviewed the model and updated NSR values in 2014. Mr Blair takes 
responsibility for the current Mineral Resource estimate.  

Hecla is not aware of any known environmental, permitting, legal, title, taxation, socioeconomic, marketing, 
political or other similar factors that could materially affect the stated Mineral Resource estimates. 

These Mineral Resource estimates are dated 31 December, 2014 and supersede the previous estimates 
outlined in the Hecla news release dated 18 February, 2014. All Mineral Resource estimations were carried out 
in Gemcom software. 

A summary of Mineral Resources as of 31 December, 2014 is shown in Table 14.49. It is important to note that 
Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability. 

The distribution of veins in the Main District is shown in Figure 14.1. The main trend of the veins is in a 
northwest – southeast direction with an important related vein component in a northeast direction (East Francine 
Vein). The silver-gold rich Middle, North, and East Francine Veins overlie the base-metal rich Hugh Zone which 
is located below the historical Francine Mine workings. In addition to the Mineral Resource models in this area, 
models have also been developed for the Andrea Vein located 6 km to the southeast of the Main District in the 
area of the historical Hecla mining at the Don Sergio Vein.  

Figure 14.1 San Sebastian Property: Main District - plan map and block model location 

 
      Source: Hecla 2015.  
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For year-end 2014, a percentage block model was built to contain all veins in the main historical mining district. 
The Middle, North and East Francine Veins were coded to separate block model folders; the Hugh Zone model 
has not yet been imported into the common model for the Main District. The common block model origin and 
dimensions are summarized in Table 14.1. 

Table 14.1 San Sebastian Main District: Block model parameters 

Origin Block Size N Blocks 

X 619721.858 10 m 315 

Y 2701387.843 5 m 235 

Z 2140.0 10 m 104 

Rotation 335.0 

 

Mineral Resource modelling methodology and results are presented separately for each vein in the common 
model. The Hugh Zone and Andrea models are in separate block models which are presented last in Sections 
14.5 and 14.6. 

14.2 Middle Vein 

14.2.1 Resource database 

The current Middle Vein Mineral Resource model was completed in July 2014 based on the drillhole and surface 
trenching data available at that time. There were 279 vein pierce points used in the model: 200 drillholes and 79 
channel sample strings from surface trenches. A drill and trench data summary is shown in Table 14.2. Figure 
14.2 shows the vein pierce points in a longitudinal section by year. There are drillholes in the Middle Vein dating 
back to 1999; however, over 80% of the drillholes used in the Mineral Resource model have been drilled since 
2012. 

Table 14.2 Middle Vein – 2014 Mineral Resource drillhole and trench data summary 

Year N Holes Type Company Meters 

1999 5 RC Hecla 364 

2000 24 RC Hecla 2,509 

2005 5 RC/DDH Hecla 2,929 

2006 2 DDH Hecla 1,128 

2012 55 DDH Hecla 16,758 

2013 69 DDH Hecla 18,866 

2014 40 DDH Hecla 2,037 

Total DH 200 44,592 

Trench - 2014 79 Trench-Chip Hecla 1,366 
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Figure 14.2 Middle Vein – longitudinal section - pierce points by year 

 
Source: Hecla 2015.  

  
14.2.2 Geology – mineral control model 

Vein axis interpretations on 25 m-spaced cross sections and vein intercept data were provided by San 
Sebastian project personnel as sectional polylines and spreadsheet files. Since the average true thickness of 
the Middle Vein is 1.5 m, a minimum horizontal width of 1.5 m was imposed on vein intercepts for vein building. 
Vein hangingwall and footwall points were used to build the Middle Vein solid and the vein solid was trimmed by 
topography and by the interpretation of the San Ricardo Fault. A percentage block model was built using this 
solid with the original model code of 102.  

During a recent review process on the Mineral Resource estimates, an error was noted on the Middle Vein solid. 
It was not consistently snapped to drillhole intercepts. A preliminary review shows this error to have produced an 
overstatement of the Mineral Resource for the Middle Vein of approximately 10% and an overstatement of the 
total Mineral Resource of approximately 4%. The latter is not considered material, but the former may be. It 
should be noted that the error does not significantly impact the Mineral Resources subject to the open-pit study 
in this PEA. Mineral Resources will be updated before year-end with all available drillhole information, including 
the infill/definition drillholes completed during 2015. The vein interpretation wireframes will be re-built prior to the 
year-end Mineral Resource. 

14.2.3 Bulk density 

In July 2013, 14 core samples were submitted to ALS in Zacatecas, Mexico for bulk density measurements. The 
measurements were processed at the ALS Vancouver facility using a standard wax-coating method (ALS Code: 
OA-GRA8a). Density was assigned to the model with vein material receiving a density of 2.56 g/cm3 and the 
wall rock receiving a density of 2.54 g/cm3 based on the ALS measurements.  

14.2.4 Core recovery and rock quality statistics 

Core recovery and RQD information is logged or exists for approximately 60% of the core holes used in the 
Mineral Resource model for the Middle Vein. The geotechnical log intervals were cross referenced to the 
geology logs and length-weighted statistics were compiled for the Middle Vein intercepts; core recovery and 
RQD statistics are summarized in Table 14.3.  

Table 14.3 Middle Vein – length-weighted core recovery and RQD statistics 

Vein N Intercepts Total m Vein Mean Recovery (%) Mean RQD (%) 

Middle Vein 107 318.55 99 59 

 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 100
 

These statistics show that the average core recovery in the vein zones is nearly 100% in spite of the low mean 
RQD. Of the 107 vein intercepts analysed, only four had recoveries less than 90%, the lowest was 52%. It is 
interpreted that core recovery did not significantly impact Mineral Resource estimation. 

14.2.5 Sample statistics 

Drill and trench samples were tagged with vein codes from the interpreted vein solid for initial gold and silver 
statistics. Length-weighted sample statistics by sample type are summarized in Figure 14.3.  

Figure 14.3 Middle Vein – raw sample statistics by sample type – length weighted 

 
 

Extreme high-grade samples were cut at levels defined by log-probability plots and decile analysis in 
conjunction with visualization of the sample data. Separate cutting levels were established for drillhole and 
surface trench samples; top-cut levels are summarized in Table 14.4. 
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Table 14.4 Middle Vein – top-cut values by metal and sample type 

Metal Sample Type Trim Level (g/t) N cut / N total 

Au Trench 2 2 / 128 

Au Drillhole 13 10 / 790 

Ag Trench 170 4 / 128 

Ag Drillhole 1985 18 / 790 

 

Cut sample statistics by sample type are summarized in Figure 14.4.  

Figure 14.4 Middle Vein – cut sample statistics by sample type – length weighted 
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14.2.6 Composite sample statistics 

Drillhole samples were composited to ‘nominal’ 1 m length composite intervals after cutting of extreme grades. 
Initially, a constant composite interval length of 1 m was used to composite the samples within the vein solids. 
After the initial compositing, the composite intervals were locally modified to ensure that no composite intervals 
were shorter than 0.5 m. In the cases where the initial composites were shorter than 0.5 m, the extra interval 
was split equally between the other composite intervals in the vein intersection. Some vein intercepts were 
shorter than 0.5 m and the composite interval was left at the original length. Given the original sample lengths 
and vein intercept lengths, the trench samples were composited to 1.5 m lengths. Vein sample composite 
statistics are summarized in Figure 14.5.  

Figure 14.5 Middle Vein – composite statistics by sample type – length weighted 

 
 

Additional mineral controls were added to the model given the relatively high variance of the overall populations 
after cutting and sample compositing. Two additional domains were added to the vein domain to help constrain 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 103
 

the higher grades; both were based on indicator/probability methods at grade levels near the median and upper 
quartiles for each metal. Indicator shells were generated at the 0.5 probability level at 0.2 g/t Au and 0.7 g/t Au 
and 30 g/t Ag and 200 g/t Ag using only the drillhole composites. The 0.2 g/t Au and 30 g/t Ag shells were 
combined into one low-grade shell, and the 0.7 g/t Au and 200 g/t Ag shells were combined into a high-grade 
shell. Metal domains were then coded as additional mineral controls to the vein solid; a longitudinal section of 
the vein with the domain coding is shown in Figure 14.6. Composite statistics for the final mineral domains used 
for estimation are summarized in Figure 14.7. 

Figure 14.6 Middle Vein – longitudinal section - additional vein domains 

 
Source: Hecla 2015.  
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Figure 14.7 Middle Vein – composite statistics by vein domain 

 
 

14.2.7 Spatial correlation - variography 

Spatial correlation studies were oriented in a ‘best-fit’ plane on the vein directly along strike and down dip as 
there was not an obvious rake to the mineralization in the Middle Vein. There appears to be both horizontal, 
(possibly near-surface supergene) and vertical oriented shoots in the vein. Correlograms and indicator 
variograms at various grade levels were calculated and modelled to measure correlation ranges overall and at 
increasing grade ranges. Nugget effect models were interpreted from down-the-hole (DTH) variograms. The 
overall variance contributions and ranges were initially modelled with omni-directional variograms. Directional 
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variograms were then calculated and modelled using single or double structure spherical models; the 
experimental variogram models are summarized in Table 14.5. 

Table 14.5 Middle Vein – experimental variogram models 

 
 

The variogram ranges showed a longer range in the along-strike direction than in the down-dip direction; this 
was reflected in the search dimensions.  

14.2.8 Mineral Resource modeling parameters and model validation 

The various variogram models and vein pierce-point spacing were used to define the composite search 
directions and distances.  

The search distances along the strike and dip of the vein were based mostly on the pierce-point distances in 
these directions and ensured that the estimator could see samples from adjacent drillholes along the edge of the 
vein and in the more sparsely drilled areas. Given the changing attitude of the vein, the minimum search 
distance, orthogonal to the strike and dip of the vein, was kept long to ensure reasonable grade distribution 
along the strike and dip of the vein. The minimum search distances ensured that the grade estimates honoured 
the changes in vein attitudes much like a local or dynamic search strategy would. Search distances are 
summarized in Table 14.6.  

Au DTH ‐ CORR ‐ Spherical Au ‐ Omni Spherical Au ‐ Directional
Co C1/C2 range (m) Co C1/C2 range (m) Co C1/C2 200o, ‐60o 290o,  0o 20o, ‐30o

0.1 0.9 4.5 0.1 0.38 6 0.15 0.58 15 80 1.5

0.52 75 0.27 30 225 3

Au DTH ‐ MedInd 0.2g ‐ Spherical Au DTH ‐ Ind 0.2g  ‐ Omni Spherical Au ‐ Ind 0.2g 
Co C1/C2 range (m) Co C1/C2 range (m) Co C1/C2 200o, ‐60o 290o,  0o 20o, ‐30o

0.2 0.8 4 0.2 0.4 3 0.2 0.25 30 30 1.5

0.4 40 0.55 35 75 6

Au DTH ‐ Ind 0.7g ‐ Spherical Au DTH ‐ Ind 0.7g ‐ Omni Spherical
Co C1/C2 range (m) Co C1/C2 range (m)
0.15 0.85 4 0.14 0.37 2.5

0.49 34.0

Ag DTH ‐ CORR ‐ Spherical Ag ‐ Omni Spherical Ag ‐ Directional
Co C1/C2 range (m) Co C1/C2 range (m) Co C1/C2 200o, ‐60o 290o,  0o 20o, ‐30o

0.05 0.95 3.5 0.05 0.3 3 0.05 0.1 5 50 2

0.65 75 0.85 30 195 4

Ag DTH ‐ Ind 30g ‐ Spherical Ag ‐ Ind 30g ‐ Omni Spherical Ag ‐ Ind 30g
Co C1/C2 range (m) Co C1/C2 range (m) Co C1/C2 200o, ‐60o 290o,  0o 20o, ‐30o

0.1 0.9 4.5 0.1 0.41 2.5 0.1 0.4 3 45 1.5

0.49 65 0.5 45 230 3

Ag DTH ‐ Ind 200g ‐ Spherical Ag ‐ Ind 200g ‐ Omni Spherical
Co C1/C2 range (m) Co C1/C2 range (m)
0.2 0.8 5 0.2 0.1 4

0.7 70

Down‐The‐Hole Omni‐Directional
Spherical ‐ Orientation / Range (m)
Directional

Spherical ‐ Orientation / Range (m)

Spherical ‐ Orientation / Range (m)

Spherical ‐ Orientation / Range (m)
Down‐The‐Hole Omni‐Directional Directional
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Table 14.6 Middle Vein – search orientations and distances 

 
 

Metal grades were interpolated using an inverse-distance-cubed (ID3) composite weighting algorithm. Other 
grade estimation algorithms were tested; however, the ID3 model cross validated better than either inverse-
distance-squared (ID2) or Ordinary Kriging. Model domain boundaries were kept “hard”; only composites within 
the domain were used in the estimation of the domain. Other estimation parameters are as follows: 

 Minimum number of composites used for an estimate:    1 

 Maximum number of composites used for an estimate: 16 

 Maximum number of composites per hole:      3 

 Octant search 

 Maximum composites per octant     4 

 Minimum number of octants      1 

The grade models were checked using visual and statistical methods. Visual comparison of estimated grades 
with the composite data on longitudinal section did not show significant bias to the estimates. Along with the ID3 
models, a nearest-neighbour (NN) model was interpolated to provide a measure of the declustered mean grade 
for comparison with the ID3 model. A table comparing the ID3 estimates with the NN estimates is shown in Table 
14.7.  

Table 14.7 Middle Vein – ID3 – NN model comparisons 

 
 

Ideally, the ID3 and NN model means should be within 5% of each other. The gold models fall within this range; 
the silver model shows an overall underestimation of grade of approximately 6%. The lowest-grade domain 
shows some overestimation of silver. There appears to be some possibility of upgrading the silver model in the 
important domains. The statistics for silver improve for the blocks classified as Indicated Resource compared to 
those classified as Inferred Resources. A table comparing the ID3 estimates with the NN estimates for the blocks 
classified as Indicated Resource is shown in Table 14.8. Resource classification is discussed below.  

Domain  N Blocks AUID3 ‐ Means AUNN ‐ Means % Diff
102 14782 0.06 0.06 0.0%

1021 6622 0.27 0.27 0.0%

1022 3699 2.22 2.33 ‐4.7%

All Grps 25103 0.43 0.45 ‐4.4%

Domain  N Blocks AGID3 ‐ Means AGNN ‐ Means % Diff
102 14782 9.8 9.1 7.7%

1021 6622 66.3 70.9 ‐6.5%

1022 3699 495.5 530.5 ‐6.6%

All Grps 25103 96.3 102.3 ‐5.9%
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Table 14.8 Middle Vein – ID3 – NN model comparisons – Indicated blocks 

 
 

No volume-variance checks or adjustments were made to the Middle Vein grade models. 

14.2.9 Mineral Resource classification 

The Mineral Resource classification method was a combination of both automated and manual processes and 
was based on how well the blocks were informed. During grade estimation, the number of composites, the 
distance to the nearest composite, the number of drillholes, and the number of informed octants were written to 
the block. Block attributes were viewed on screen and polygons were manually drawn around the better 
informed model blocks. The blocks classified as Indicated Resource have the following statistics:  

 Average distance to nearest composite: 25 m overall, 20 m in the near-surface (<100 m) 

 Average number of composites: 8  

 Average number of drillholes: 6 

 Average number of octants: 3 

 Drillhole spacing in deep resource area: 50 m to 75 m 

 Drillhole spacing in near-surface resource area: 25 m to 50 m  

A longitudinal section of the Middle Vein with the resource classification coding is shown in Figure 14.8 

Figure 14.8 Middle Vein – longitudinal section - resource classification 

 
Source: Hecla 2015.  

 

Domain  N Blocks AUID3 ‐ Means AUNN ‐ Means % Diff
102 2131 0.09 0.09 0.0%

1021 2878 0.33 0.32 3.1%

1022 3610 2.23 2.34 ‐4.7%

All Grps 8619 1.07 1.11 ‐3.6%

Domain  N Blocks AGID3 ‐ Means AGNN ‐ Means % Diff
102 2131 13.0 13.3 ‐2.3%

1021 2878 58.8 61.1 ‐3.8%

1022 3610 493.4 527.8 ‐6.5%

All Grps 8619 229.5 244.7 ‐6.2%
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14.2.10 Calculation of net smelter return and silver equivalence models 

The Net Smelter Return (NSR) was calculated for each block based on the 2014 year-end Mineral Resource 
metal prices and the current gold and silver recovery equations. The metal recovery is based on regression 
curves supplied by Dale Dean, the Hecla Corporate Metallurgist, from recent metallurgical testing (Dean, 2014). 
Metallurgical testing and results are discussed in Section 13 of this Technical Report. 

The most current metal recovery regression curves are: 

 Gold recovery = (((0.9413*Au)-0.0741)/Au)*0.98 

 Silver recovery = (((0.9019*Ag)-0.8484)/Ag)*0.95 

The final multipliers in these equations are to account for soluble loss in a Merrill Crowe / CCD circuit (Dean, 
2014).  

The recovered metal models were used with the following parameters for calculating the NSR/t value for each 
model block for Mineral Resources: 

 Gold Price: US$1300/oz ($41.8/g) 

 Silver Price: US$20/oz ($0.64/g) 

 Payable Gold: 99% 

 Payable Silver: 95% 

 Freight and Refining Charges: US$1.30/oz (US$0.042/g) 

A longitudinal section of the Middle Vein with the NSR model based on the Mineral Resource metal prices is 
shown in Figure 14.9. 

Figure 14.9 Middle Vein – longitudinal section - NSR model 

 
Source: Hecla 2015.  

A silver equivalent model was calculated using the same parameters as those for the NSR calculation and the 
following equation: 

AgEq Factor = [(($Price Au) - ($Refining Au)) / (($Price Ag) - ($Refining Ag))] x [(%Recovery Au) / (%Recovery 
Ag)] x [(%Payable Au) / (%Payable Ag)]  

14.2.11 Cost estimates applied to cut-off estimation 

Past mining on the Property has been mostly from underground mines with minor production from small open-
pits. An open-pit operation is currently envisioned for the Property. Cost estimates for an open pit option were 
supplied by AMC (2015) and are summarized in Table 14.9. 
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Table 14.9 Cut-off calculation – operating cost estimates 

Open Pit US$/t Mineralized Material Mined 

OP incremental mining costs 3.50 

Processing Cost 41.2 

Site G&A 10.24 

Mine to Processing Plant 15 

Mill rent, tailings, & usage 32.7 

Insurance 0.83 

Total Costs 103.5 

 

For year-end 2014 Mineral Resource reporting, an NSR cut-off of US$100/t was used for all veins in the Main 
District, a cut-off consistent with reporting from past years. Open pit mining costs have since been updated (see 
Table 16.5), but the Mineral Resource cut-off value of US$100/t is still considered to be reasonable. 

14.2.12 Mineral Resource estimate – Middle Vein 

Table 14.10 shows the Mineral Resource estimates for the Middle Vein. The average vein width is 1.5 m. A cut-
off value of US$100/t was used based on projected operating costs.  

Table 14.10 Middle Vein - Mineral Resource estimate at 31 December, 2014  

Indicated Resources 
Tonnes Au Ag AgEq Au Ag AgEq 

(kt) g/t g/t g/t (koz) (koz) (koz) 

Middle Vein 710.4 2.08 449.4 606.8 47.6 10,264 13,861 

Inferred Resources 
Tonnes Au Ag AgEq Au Ag AgEq 

(kt) g/t g/t g/t (koz) (koz) (koz) 

Middle Vein 72.9 0.28 212.5 228.5 0.7 498 535 

CIM definitions were used for the Mineral Resources 
Refer to Section 14.2.10 for silver equivalency formula and metal prices 
Stated at an NSR cut off of US$100/t   
Drilling results to 29 July 2014.  

14.3 North Vein 

14.3.1 Resource database 

The current North Vein Mineral Resource model was completed in December 2014 based on the drillhole and 
surface trenching data available at that time. There were 183 vein pierce points used in the model update: 164 
drillholes and 19 channel sample strings from surface trenches. A drillhole and trench data summary is shown in 
Table 14.11. Figure 14.10 shows vein pierce-points by year on longitudinal section. Approximately 72% of the 
drillholes used in the Mineral Resource model were drilled in 2014. 

Table 14.11 North Vein – 2014 Mineral Resource drillhole and trench data summary 

Year N Holes Type Company Meters 
1997 7 DDH Monarch 901 
1998 24 DDH Monarch 3,960 
1999 2 RC Hecla 220 
2000 10 RC Hecla 591 
2002 1 RC/DDH Hecla 266 
2013 1 DDH Hecla 320 
2014 119 DDH Hecla 9,380 

Total DH 164 15,637 
Trench - 1997/99 19 Trench-Chip Monarch 1,733 

 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 110
 

Figure 14.10 North Vein – longitudinal section - pierce points by year 

 
Source: Hecla 2015.  

14.3.2 Geology – mineral control model 

Vein axis interpretations on 25 m-spaced cross sections and vein intercept data were provided by San 
Sebastian project personnel as sectional polylines and spreadsheet files. Vein hangingwall and footwall points 
were used to build the North Vein solid; a minimum horizontal width of 1.5 m was imposed on vein intercepts. 
Once built, the vein solid was trimmed by a modified topographic surface; the original topographic surface was 
lowered 5 m to take into account the historical open-pit mining in a portion of the North Vein area. The average 
thickness of the North Vein is 2.2 m. A percentage block model was built using this solid with the original domain 
code of 105.  

14.3.3 Bulk density 

In December 2014, nine core samples were submitted to SGS in Durango, Mexico for bulk density 
measurements. The measurements were processed at the SGS facility using a standard wax-coating method. 
Each sample was measured twice and averaged for the final sample density. Density was assigned to the 
model with vein material receiving a density of 2.49 g/cm3 based on the SGS measurements and summary 
report (SGS Mineral Services, 2014).  

14.3.4 Core recovery and rock quality statistics 

The existing geotechnical log intervals were cross referenced to the geology logs and vein intercept information; 
geotechnical information exists for approximately 80% of the core holes used in the Mineral Resource model for 
the North Vein. Length-weighted statistics for core recovery and RQD are summarized in Table 14.12.  

Table 14.12 North Vein – length-weighted core recovery and RQD statistics 

Vein N Intercepts Total m Vein Mean Recovery (%) Mean RQD (%) 

North Vein 147 438.45 99 63 

 

These statistics show that the average core recovery in the vein zones is nearly 100% in spite of the low mean 
RQD. Of the 147 vein intercepts analyzed, only four had recoveries less than 90%, the lowest was 62%. It is 
interpreted that core recovery did not significantly impact the Mineral Resource estimation. 

14.3.5 Sample statistics 

Drill and trench samples were tagged with vein codes from the interpreted solids for initial gold and silver 
statistics. Length-weighted sample statistics by sample type are summarized in Figure 14.11.  

Extreme high-grade samples were cut at levels defined by log-probability plots and decile analysis in 
conjunction with visualization of the sample data; different cutting levels were established for drillhole and 
surface trench samples. Top-cut levels are summarized in Table 14.13.  
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Figure 14.11 North Vein – sample statistics by sample type – length weighted 

 
 

Table 14.13 North Vein – top-cut values by metal and sample type 

Metal Sample Type Trim Level N cut / N total 

Au Trench 10 g/t 4 / 41 

Au Drillhole 26.5 g/t 10 / 746 

Ag Trench - - 

Ag Drillhole 1,110 g/t 6 / 746 

 

Cut sample statistics by sample type are summarized in Figure 14.12.  
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Figure 14.12 North Vein – cut sample statistics by sample type – length weighted 

 
 

14.3.6 Composite sample statistics 

Drillhole samples were composited to ‘nominal’ 1 m length intervals after cutting of extreme grades. Initially, a 
constant composite length of 1 m was used to composite the samples within the vein solids. After the initial 
compositing, the composite intervals were locally changed to ensure that no composite intervals were shorter 
than 0.5 m. In the cases where the initial composites were shorter than 0.5 m, the extra interval was split equally 
between the other composite intervals in the vein intersection. Some vein intercepts were shorter than 0.5 m 
and the composite interval was left at the original length. Composite statistics are summarized in Figure 14.13. 
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Figure 14.13 North Vein – composite statistics by sample type – length weighted 

 
 

14.3.7 Spatial correlation - variography 

Spatial correlation studies were oriented in a ‘best-fit’ plane on the vein directly along strike and down dip as 
there was not an obvious rake to the mineralization in this plane. There appears to be both horizontal and 
vertical shoots in the vein. Correlograms were calculated and modelled to measure correlation ranges overall. 
Nugget effect models were interpreted from down-the-hole variograms. The overall variance contributions and 
ranges were initially modelled on omni-directional variograms. Directional variograms were then calculated and 
modelled using single or double structure spherical models; the experimental variogram models are summarized 
in Table 14.14.  
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Table 14.14 North Vein – experimental variogram models 

 
 

Variogram ranges showed a longer range in the strike direction than in the down-dip direction.  

14.3.8 Mineral Resource modeling parameters and model validation 

The search distances along the strike and dip of the vein were based mostly on the pierce-point distances in 
these directions and were chosen to ensure that the estimator could see samples from adjacent drillholes along 
the edge of the vein and in the more sparsely drilled areas. Given the changing attitude of the vein, the minimum 
search distance, orthogonal to the strike and dip of the vein, was kept long to ensure reasonable grade 
distribution along the strike and dip of the vein. The minimum search distances ensured that the grade estimates 
honoured the changes in vein attitudes. Search distances are summarized in Table 14.15.  

Table 14.15 North Vein – search orientations and distances 

Search - Orientation / Range (m) 

Domain 210o, -50o 300o, 0o 30o, -40o 

105 45 45 30 

 

Metal grades were interpolated using an ID3 composite weighting algorithm. Other estimation parameters are as 
follows: 

 Minimum number of composites used for an estimate:    1 

 Maximum number of composites used for an estimate: 18 

 Maximum number of composites per hole:      3 

 Octant search 

 Maximum composites per octant     6 

 Minimum number of octants      1 

The grade models were checked using visual and statistical methods. Comparison of estimated grades with the 
composite data on longitudinal-section did not show any significant bias to the estimates. Along with the ID3 

models, a NN model was interpolated to provide a measure of the declustered mean grade for comparison with 
the ID3 model. A table comparing the ID3 estimates with the NN estimates is shown in Table 14.16; the same 
comparisons for the Indicated Resource blocks are shown in Table 14.17. 

Table 14.16 North Vein – ID3 – NN model comparisons 

 

Au DTH ‐ CORR ‐ SPH Au ‐ Omni Spherical Au ‐ Directional
Co C1/C2 range (m) Co C1/C2 range (m) Co C1/C2 210o, ‐50o 300o,  0o 30o, ‐40o

0.1 0.9 2 0.1 0.76 2 0.1 0.7 2.5 8 2

0.14 60 0.2 50 110 8

Ag DTH ‐ CORR ‐ SPH Ag ‐ Omni Spherical Ag ‐ Directional
Co C1/C2 range (m) Co C1/C2 range (m) Co C1/C2 210o, ‐50o 300o,  0o 30o, ‐40o

0.1 0.6 2 0.1 0.7 2 0.1 0.7 2.5 8 2

0.3 4 0.2 90 0.2 70 120 45

Spherical ‐ Orientation / Range (m)

Down‐The‐Hole Omni‐Directional Directional
Spherical ‐ Orientation / Range (m)
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Table 14.17 North Vein – ID3 – NN model comparisons – Indicated blocks 

 
 

Both models and block groups fall within the acceptable 5% range. Swath/trend plots were also produced and 
no significant biases are apparent. 

No volume-variance checks or adjustments were made to the North Vein grade models. 

14.3.9 Mineral Resource classification 

The Mineral Resource classification method was a combination of both automated and manual processes and 
was based on how well the blocks were informed. During grade estimation, the number of composites, the 
distance to the nearest composite, the number of drillholes, and the number of informed octants are written to 
the block. Block attributes were viewed on screen and polygons were manually drawn around the better 
informed model blocks. The blocks classified as Indicated Resource have the following statistics: 

 Average distance to nearest composite: 12 m 

 Average number of composites: 14  

 Average number of drillholes: 7 

 Average number of octants: 5 

 Average drillhole spacing: 25 m to 30 m 

A longitudinal section of the North Vein with the Mineral Resource classification coding is shown on Figure 
14.14. 

Figure 14.14 North Vein – longitudinal section – Mineral Resource classification 

 
Source: Hecla 2015.  

14.3.10 Calculation of net smelter return and silver equivalence models 

The NSR was calculated for each block based on the year-end Mineral Resource metal prices and current gold 
and silver recovery equations. The metal recovery is based on regression curves supplied by Dale Dean, Hecla 
Corporate Metallurgist, from recent metallurgical testing (Dean, 2014).  
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The most current metal recovery regression curves are: 

 Gold recovery = (((0.9413*Au)-0.0741)/Au)*0.98 

 Silver recovery = (((0.9019*Ag)-0.8484)/Ag)*0.95 

The final multipliers in these equations are to account for soluble loss in a Merrill Crowe / CCD circuit (Dean, 
2014).  

The recovered metal models were used with the following parameters for calculating the NSR/t value for each 
model block for Mineral Resources: 

 Gold Price: US$1300/oz ($41.8/g) 

 Silver Price: US$20/oz ($0.64/g) 

 Payable Gold: 99% 

 Payable Silver: 95% 

 Freight and Refining Charges: US$1.30/oz (US$0.042/g) 

A longitudinal section of the North Vein with the NSR model based on the Resource metal prices is shown in 
Figure 14.15. 

Figure 14.15 North Vein – longitudinal section - NSR model 

 
Source: Hecla 2015.  

 A silver equivalent model was calculated using the same parameters as those for the NSR calculation and the 
following equation: 

AgEq Factor = [(($Price Au) - ($Refining Au)) / (($Price Ag) - ($Refining Ag))] x [(%Recovery Au) / (%Recovery 
Ag)] x [(%Payable Au) / (%Payable Ag)]  

14.3.11 Mineral Resource estimate 

Table 14.18 shows the Mineral Resource estimate for the North Vein. The average vein width is 2.2 m. A cut-off 
value of US$100/t was used based on projected operating costs. See Section 14.2.11 for a discussion of the 
cut-off value derivation. 
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Table 14.18 North Vein – Mineral Resource estimate at 31 December 2014  

Indicated 
Resources 

Tonnes Au Ag AgEq Au Ag AgEq 
(kt) g/t g/t g/t (koz) (koz) (koz) 

North Vein 356.5 3.59 153.3 430.2 41.1 1,757 4,931 

Inferred 
Resources 

Tonnes Au Ag AgEq Au Ag AgEq 
(kt) g/t g/t g/t (koz) (koz) (koz) 

North Vein 98.4 3.19 143.5 390.8 10.1 454 1,237 

CIM definitions were used for the Mineral Resources 
Refer to section 14.3.10 for silver equivalency formula and metal prices 
Stated at an NSR cut off of US$100/t   
Drilling results to 19 December 2014.  

14.4 East Francine Vein 

14.4.1 Resource database 

The current East Francine Vein Mineral Resource model was completed in January 2015 based on the drillhole 
data available at that time. There were 75 drillhole vein pierce points used in the Mineral Resource model for the 
main East Francine Vein; 18 of these drillholes also intercepted a small hangingwall vein that was also 
modelled. A drill data summary is shown in Table 14.19. Figure 14.16 shows vein pierce-points by year. 
Approximately 83% of the drillholes used in the Mineral Resource model were drilled in 2014. 

Table 14.19 East Francine Vein – 2014 Mineral Resource drillhole data summary 

Year N Holes Type Company Meters 
1999 1 RC Hecla 75 
2000 5 RC Hecla 190 
2002 2 RC/DDH Hecla 213 
2003 2 DDH Hecla 515 
2005 3 DDH Hecla 1,548 
2013 2 DDH Hecla 662 
2014 60 DDH Hecla 3,453 

Total DH 75 6,656 
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Figure 14.16 East Francine Vein – plan view - vein pierce points by year 

 
Source: Hecla 2015.  

14.4.2 Geology – mineral control model 

Vein axis interpretations on 25 m spaced cross sections and vein intercept data were provided by project 
personnel as sectional polylines and spreadsheet files. Vein hangingwall and footwall points were used to build 
the East Francine Vein solid; a minimum horizontal width was not imposed on vein intercepts. Once completed, 
the vein solid was trimmed by a modified topography surface; the original topographic surface was lowered 2 m 
to take into account the overburden in the area. The average true thickness of the main East Francine Vein is 
2.9 m. A small hangingwall vein was also built and similarly trimmed. A percentage block model was built using 
these solids with the original domain code of 110 for the main East Francine Vein and 115 for the East Francine 
Hangingwall Vein.  

14.4.3 Bulk density 

In December 2014, five core samples were submitted to SGS in Durango, Mexico for bulk density 
measurements. The measurements were processed at the SGS facility in using a standard wax-coating method. 
Each sample was measured twice and averaged for the final sample density. Density was assigned to the 
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model with vein material receiving a density of 2.47 g/cm3 based on the SGS measurements and summary 
report (SGS Mineral Services, 2014).  

14.4.4 Core recovery and rock quality statistics 

Geotechnical logging exists for approximately 95% of the core holes used in the Mineral Resource model for the 
East Francine Vein. Geotechnical data were cross referenced to the geology logs and vein intercept information 
and length-weighted statistics were compiled for the East Francine Vein; core recovery and RQD the statistics 
are summarized in Table 14.20.  

Table 14.20 East Francine Vein – length-weighted core recovery and RQD statistics 

Vein N Intercepts Total m Vein Mean Recovery (%) Mean RQD (%) 

East Francine 146 431.07 99 44 

East Francine HW* 9 27.45 100 34 

Entire database unavailable at time of study 

These statistics show that the core recovery in the vein zones is nearly 100% overall in spite of the low mean 
RQD. Of the 146 vein intercepts analyzed from the main vein, only nine had recoveries less than 90%, the 
lowest was 49%. It is interpreted that core recovery did not significantly impacted the Mineral Resource 
estimation of the East Francine Vein. 

14.4.5 Sample statistics 

Drill and trench samples were tagged with vein codes from the interpreted solids for initial gold and silver 
statistics. Length-weighted sample statistics are summarized in Figure 14.17.  
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Figure 14.17 East Francine Vein – sample statistics – length weighted 

 
 

Extreme high-grade samples were cut at levels defined by log-probability plots and decile analysis in 
conjunction with visualization of the sample data. Top-cut levels are summarized in Table 14.21.  

Table 14.21 East Francine Vein – top-cut values by metal 

Metal Sample Type Trim Level (g/t) N cut / N total 

Au Drillhole 51.3 8 / 392 

Ag Drillhole 23,582 4 / 392 

 

Cut sample statistics are summarized in Figure 14.18.  
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Figure 14.18 East Francine Vein – cut sample statistics – length weighted 

 
 

14.4.6 Sample composite statistics 

Drillhole samples were composited to ‘nominal’ 1 m length composites after cutting of extreme grades. Initially, a 
constant composite length of 1 m was used to composite the samples within the vein solids. After the initial 
compositing, the composite intervals were locally changed to ensure that no composites intervals were shorter 
than 0.5 m. In the cases where the initial composites were shorter than 0.5 m, the extra interval was split equally 
between the other composite intervals in the vein intersection. Some vein intercepts were shorter than 0.5 m 
and the composite was left at the original length.  

Composites statistics are summarized in Figure 14.19.  
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Figure 14.19 East Francine Vein – composite statistics – length weighted 

 
 

Due to the relatively high variance of the overall populations, even after cutting and compositing, additional 
mineral controls needed to be added to the model. One additional domain was added to the model to help 
constrain the higher grades. This new domain was based on indicator/probability methods at obvious 
discontinuities in the probability plots for both metals and visualization of the composite data. Indicator shells 
were generated at the 0.5 probability level at 6 g/t Au and 600 g/t Ag using the drillhole composites. The 6 g/t Au 
and 600 g/t Ag shells were combined into a single high-grade shell. Metal domains were then coded as 
additional mineral controls to the vein solid, a plan view of the vein with the domain coding is shown in Figure 
14.20.  
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Figure 14.20 East Francine Vein – plan view - additional vein domains 

 
Source: Hecla 2015.  

Composite statistics for the final mineral domains used for estimation are summarized in Figure 14.21. 
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Figure 14.21 East Francine Vein – composite statistics by vein domain 

 
 

14.4.7 Spatial correlation 

Spatial correlation studies were based solely on visualization of the composite data and the recognition of 
obvious metal grade trends; variography was not completed. The obvious metal trends and vein pierce-point 
spacing were used to define the composite search directions and distances. The obvious continuity showed an 
elongation axis in a north-south, nearly down-dip, direction. 

14.4.8 Mineral Resource modeling parameters and model validation 

The search distances along the strike and dip of the vein were based mostly on the pierce-point distances and 
were chosen to ensure that the estimator could see samples from adjacent drillholes along the edge of the vein 
and in the more sparsely drilled areas. Given the changing attitude of the vein, the minimum search distance 
orthogonal to the strike and dip of the vein, was kept long to ensure reasonable grade distribution along the 
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strike and dip of the vein. The minimum search distances ensured that the grade estimates honoured the vein 
attitudes. Search distances are summarized in Table 14.22.  

Table 14.22 East Francine Vein – search orientations and distances 

 
 

Metal grades were interpolated using an ID3 composite weighting algorithm. The high-grade metal domain 
boundaries were treated as “soft-in”; the lower grade composites were allowed to be used in the estimation of 
grade in the high-grade domains but the high-grade composites were only used in the high-grade domain. Other 
estimation parameters are as follows: 

 Minimum number of composites used for an estimate:    1 

 Maximum number of composites used for an estimate: 18 

 Maximum number of composites per hole:      3 

 Octant search 

 Maximum composites per octant          6 

 Minimum number of octants      1 

The grade models were checked using visual and statistical methods. Comparison of estimated grades with the 
composite data on long-section did not appear to show any significant bias to the estimates. Along with the ID3 
models, a NN model was interpolated to provide a measure of the declustered mean grade for comparison with 
the ID3 model. A table comparing the ID3 estimates with the NN estimates is shown in Table 14.23.  
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Table 14.23 East Francine Vein – ID3 – NN model comparisons 

 
 

These statistics show that the high-grade domains could be under-estimated by 10% to 15%. This is likely due 
to the boundary conditions selected for the high-grade domains. Changing the boundary to “hard” produced over 
estimation of grade in the high-grade domain, so the more conservative model was selected for this initial 
estimate. More drilling and additional vein domains are required to better characterize the grade distributions in 
the high-grade portion of the East Francine Vein. 

A comparison of the ID3 estimates with the NN estimates for the blocks classified as Indicated Resource is 
shown in Table 14.24.  

Table 14.24 East Francine Vein – ID3 – NN model comparisons – Indicated blocks 

 
 

The statistics for the Indicated Resource blocks show similar levels of under-estimation as the initial model 
comparisons. Additional investigation and modification to the control model and estimation parameters is 
required to improve the cross validation of the models against the drillhole composite information. 

No volume-variance checks or adjustments were made to the East Francine Vein grade models. 
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14.4.9 Mineral Resource classification 

The Mineral Resource classification method was a combination of both automated and manual processes and 
based on how well the blocks were informed. During grade estimation, the number of composites, the distance 
to the nearest composite, the number of drillholes, and the number of informed octants are written to the block. 
Block attributes were viewed on screen and polygons were manually drawn around the better informed model 
blocks. The blocks classified as Indicated have the following statistics: 

 Average distance to nearest composite: 11 m 

 Average number of composites: 17  

 Average number of drillholes: 7 

 Average number of octants: 5 

 Average drillhole spacing: 25 m to 35 m 

All blocks within the East Francine Hangingwall Vein were classified as Inferred. A longitudinal section of the 
main East Francine Vein with the Mineral Resource classification coding is shown on Figure 14.22. 

Figure 14.22 East Francine Vein – Plan View - Resource Classification 

 
Source: Hecla 2015.  
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14.4.10 Calculation of net smelter return and silver equivalence models 

The NSR was calculated for each block based on the year-end Mineral Resource metal prices and current gold 
and silver recovery equations. The metal recovery is based on regression curves supplied by Dale Dean, Hecla 
Corporate Metallurgist, from recent metallurgical testing (Dean, 2014).  

The most current metal recovery regression curves are: 

 Gold recovery = (((0.9413*Au)-0.0741)/Au)*0.98 

 Silver recovery = (((0.9019*Ag)-0.8484)/Ag)*0.95 

The final multipliers in these equations are to account for soluble loss in a Merrill Crowe / CCD circuit (Dean, 
2014).  

The recovered metal models were used with the following parameters for calculating the NSR/t value for each 
model block for Mineral Resources: 

 Gold Price: US$1300/oz ($41.8/g) 

 Silver Price: US$20/oz ($0.64/g) 

 Payable Gold: 99% 

 Payable Silver: 95% 

 Freight and Refining Charges: US$1.30/oz (US$0.042/g) 

A longitudinal section of the East Francine Vein with the NSR model based on the Mineral Resource metal 
prices is shown in Figure 14.23. 

Figure 14.23 East Francine Vein – plan view - NSR model 

 
Source: Hecla 2015.  
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A silver equivalent model was calculated using the same parameters as those for the NSR calculation and the 
following equation: 

AgEq Factor = [(($Price Au) - ($Refining Au)) / (($Price Ag) - ($Refining Ag))] x [(%Recovery Au) / (%Recovery 
Ag)] x [(%Payable Au) / (%Payable Ag)]  

14.4.11 Mineral Resource estimate 

Table 14.25 shows the Mineral Resource estimate for the East Francine Vein. The average vein width of the 
main East Francine Vein is 2.9 m. A cut-off value of US$100/t was used based on projected operating costs. 
See Section 14.2.11 for a discussion of the cut-off value derivation. 

Table 14.25 East Francine Vein - Mineral Resource estimate at 31 December 2014  

Indicated 
Resources 

Tonnes Au Ag AgEq Au Ag AgEq 

(kt) g/t g/t g/t (koz) (koz) (koz) 

E. Francine 50.5 7.54 2,197.0 2,782.3 12.3 3,569 4,520 

Inferred 
Resources 

Tonnes Au Ag AgEq Au Ag AgEq 

(kt) g/t g/t g/t (koz) (koz) (koz) 

E. Francine 68.9 6.79 636.1 1,166.6 15.0 1,409 2,583 

CIM definitions were used for the Mineral Resources 
Refer to Section 14.4.10 for silver equivalency formula and metal prices 
Stated at an NSR cut off of US$100/t   
Drilling results to 5 January 2015  

14.5 Hugh Zone 

The Mineral Resource model for the Hugh Zone was estimated in August 2012 by John Taylor, Senior Resource 
Geologist for Hecla at the time (Taylor, 2012). The sections that follow were taken in their entirety or modified 
from this internal report. The NSR model was updated in the fall of 2014 using the Mineral Resource metal 
prices of US$1,300/oz Au, US$20/oz Ag, US$0.95/lb Pb, US$0.90/lb Zn, and US$3.0/lb Cu for the year-end 
2014 Mineral Resource estimate for the project. 

14.5.1 Resource database 

The database used for this Mineral Resource estimate consists of 107 vein intercepts in 106 drillholes (SS-342 
intersected the vein twice). Eleven of the drillholes were completed by Monarch Resources from 1996-1998 as 
deeper holes while drilling out the upper resource of the Francine Vein. The remaining 95 drillholes were 
completed by Hecla from 2002-2006. All intercepts are from diamond core holes, 94% of which are HQ 
diameter.  A drillhole data summary is presented in Table 14.26. 

Table 14.26 Hugh Zone – 2012 Mineral Resource drillhole data summary 

Year N Holes Type Company Meters 

1996 5 DDH Monarch 1,344 

1998 6 DDH Monarch 1,356 

2002 14 RC/DDH Hecla 3,819 

2003 1 RC/DDH Hecla 213 

2004 40 RC/DDH Hecla 19,506 

2005 21 RC/DDH Hecla 10,793 

2006 19 RC/DDH Hecla 10,504 

Total DH 106 47,535 
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The average vein intercept is 3.2 m long with an average horizontal width of 2.2 m. Figure 14.24 shows the vein 
intercepts in a long-section along with the domains interpreted by Taylor (Taylor, 2012). The channel samples 
from the upper Francine Vein mining are also shown along with drillholes from the upper drilling.  

Figure 14.24 Hugh Zone longitudinal section – vein intercepts (looking northeast) 

 
Source: Hecla 2015.  

14.5.2 Geology – mineral control model 

The geology/mineral control model was based on an interpretation of the vein by Taylor (Taylor, 2012) using 
earlier vein solids interpreted by Allen (Allen and Muerhoff, 2006) as a guide. The vein was first interpreted on 
cross-sections spaced at 10 m. The veins were then smoothed on plan veins spaced at 20 m. A 2 m minimum 
horizontal width was enforced for all vein intercepts. The polylines controlling the vein solid were set at the 
composite width to set the vein width and then the intermediate points were added.  

A percentage block model was built in a Gemcom project with the parameters shown in Figure 14.25. The level 
plan and cross section on Figure 14.25 show the model extents, the vein solid and vein composites. The upper 
drillholes on the Francine Vein are also shown.  
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Figure 14.25 Hugh Zone 1800 m level and section – geology / mineral control model 

 

 
Source: Hecla 2015.  

14.5.3 Bulk density 

Density testing was re-done on nine core holes from the central and western ore shoots in the Hugh Zone 
mineralization in which tests were previously completed by Minera Hecla. The previous testing was completed 
using water displacement methods whereas the current testing was completed using sample weight in water 
methods. Re-analysis was required due to the poor correlation between grade and specific gravity from the 
previous testing. A total of 249 pieces of core comprising 87 assay sample intervals in nine core intercepts were 
tested. Testing of these drillhole intercepts was chosen because the core pieces were already lacquered from 
the previous testing preventing them from being used for metallurgical testing.  

Based on the analysis described in the 2006 report by Muerhoff and Allen, a specific gravity of 2.65 g/m3 was 
selected for non-mineralized blocks of vein and wall rock. For the mineralized zones, a regression formula was 
used based on metal values as follows: 

Specific Gravity = 2.5691 + (Cu% * 0.028) + (Fe% * -0.005) + (Pb% * 0.0246) + (Zn% * 0.03116). 

14.5.4 Core recovery and rock quality statistics 

Geotechnical logging exists for approximately 75% of the core holes used in the Mineral Resource model for the 
Hugh Zone. Geotechnical data were cross referenced to the geology logs and vein intercept information and 
length-weighted statistics were compiled for the Hugh Zone; core recovery and RQD the statistics are 
summarized in Table 14.27.  
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Table 14.27 Hugh Zone – length-weighted core recovery and RQD statistics 

Vein N Intercepts Total m Vein Mean Recovery (%) Mean RQD (%) 

Hugh Zone 114 300.14 99.9 77.5 

 

These statistics show that the core recovery in the vein zones is nearly 100% overall. Of the 114 vein intercepts 
analyzed from the main vein, only four had recoveries less than 100%; the lowest was 92.3%. It is interpreted 
that core recovery did not significantly impact the Mineral Resource estimation of the Hugh Zone. 

14.5.5 Sample statistics 

Using the diluted composite intervals as the boundaries, the original samples were composited into 0.3 m 
lengths for the initial statistical analysis. A software option to adjust the lengths to approximately 0.3 m was used 
to eliminate partial intervals. 

Table 14.28 shows the statistics for the equal length composites along with the top-cut statistics. The top-cut 
used respectively for silver, gold, lead, zinc and copper are 2,100 g/t, 40 g/t, 20%, 16% and 9.5%. The 
percentages cut for the metals (except zinc) are low. The philosophy is to use the top break in the probability 
plot as the top-cut. Since the data has a multi-modal distribution, the cut is really only from the upper population. 
The final composites were again checked and some outliers cut. The cuts were minimal with one silver 
composite cut to 680 g/t from 853, two gold composites cut to 10 g/t from 12.4 and 11.7. One lead composite 
was cut to 10% from 12.17%, one zinc composite was cut to 9% from 11.99% and two copper composites were 
cut to 4 from 4.8% and 4.53%.  

Table 14.28 Hugh Zone - statistics for 0.3 m equal length composites and top-cut statistics 
Variable Ag (g/t) Au (g/t) Cu% Pb% Zn% 

Number samples 1,095 1,095 1,095 1,095 1,095 

Minimum value 0 0 0 0 0 

Maximum value 4,942.6 54.70 16.25 56.54 30.08 

Mean 124 0.41 0.88 1.40 1.97 

Median 20.09 0.021 0.12 0.06 0.12 

Variance 89,371.28 7.89 3.17 18.78 20.46 

Standard Deviation 298.95 2.81 1.78 4.33 4.52 

Coefficient of Variation 2.41 6.91 2.02 3.09 2.29 

Variable Cut_Ag Cut_Au Cut_Cu Cut_Pb Cut_Zn 

Number samples 1,095 1,095 1,095 1,095 1,095 

Minimum value 0 0 0 0 0 

Maximum value 2,100 40 9.5 20 16 

Mean 118.43 0.39 0.86 1.29 1.81 

Median 20.09 0.02 0.12 0.06 0.12 

Variance 56,006.91 6.28 2.69 10.77 14.20 

Standard Deviation 236.66 2.51 1.64 3.28 3.77 

Coefficient of Variation 2.00 6.45 1.91 2.55 2.08 

Top Cut Impact 

No of samples cut 4 1 7 9 31 

Metal value uncut 135,745.77 444.93 965.03 1,536.93 2,159.08 

Metal value cut 129,678.20 425.49 941.33 1,410.10 1,979.79 

Metal value % Diff 4.5% 4.4% 2.5% 8.3% 8.3% 

 

Figures 14.26 through 14.30 show the log probability plots respectively for silver, gold, lead, zinc and copper 
along with the interpreted population breaks and top-cut selection. 
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Figure 14.26 Hugh Zone - log probability plot of Ag for equal length 0.3 m composites  

 
 

Figure 14.27 Hugh Zone - log probability plot of Au for equal length 0.3 m composites 
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Figure 14.28 Hugh Zone - log probability plot of Pb for equal length 0.3 m composites 

 
 

Figure 14.29 Hugh Zone - log probability plot of Zn for equal length 0.3 m composites 
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Figure 14.30 Hugh Zone - log probability plot of Cu for equal length 0.3 m composites  

 
 

14.5.6 Composite statistics 

The undiluted vein composites selected by the San Sebastian Mine staff were included in the database provided 
to Taylor (Taylor, 2012). The database also included vein composites diluted to a 2 m minimum horizontal width 
by Kurt Allen (Allen and Muerhoff, 2006). The vein solid and Mineral Resource models generated by Taylor for 
the current estimate were based on the diluted composites. There were 103 composites in the database and 
Taylor added four additional composites (Table 14.29) to provide bounding composites. Drillhole SS-342 was 
added as a second composite that seemed to be a second intercept. 

Table 14.29 Hugh Zone - composites added for boundary effect 
Hole-ID From To Length Hor Width Ag (g/t) Au (g/t)  Cu (%) Pb (%) Zn (%) 

SS-216 315.50 319.20 3.70 2.00 0.18 0.01 0.01 0.01 0.01 

SS-335 551.00 553.00 2.00 2.00 0.53 0.01 0.01 0.01 0.01 

SS341A 424.00 430.00 6.00 2.00 2.46 0.01 0.01 0.01 0.01 

SS-342 254.97 258.96 3.99 2.00 81.04 0.02 0.66 0.03 0.24 

 

Of the 103 original vein composites, 75 required dilution to the 2 m minimum. Undiluted and diluted composite 
statistics are summarized in Table 14.30. The minimum width adds 36% to the horizontal width and dilutes the 
grades for silver, gold, lead, zinc and copper respectively by -28%, -14%, -31%, -34% and -28%. A total of 60.8 
m of dilution was added to the 103 composites, an average of 0.6 m per composite. Where the holes had been 
sampled beyond the composites the diluted grade was based on the actual drillhole sample assays. Intervals 
not sampled were assigned a 0.0 grade. Diluted grades are about 70% of the undiluted grades except for gold 
where the diluted grade is 76% of undiluted grades. 
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Table 14.30 Hugh Zone - undiluted and diluted composite statistics 
Length Hor Width Ag (g/t) Au (g/t) Pb (%) Zn (%) Cu (%) 

Average 

Undiluted 2.30 1.65 164.21 0.511 1.77 2.63 1.14 

Diluted 3.18 2.24 118.59 0.438 1.22 1.74 0.81 

%Diff 38% 36% -28% -14% -31% -34% -28% 

Standard Deviation 

Undiluted 1.48 0.93 221.98 1.74 3.07 3.69 1.48 

Diluted 1.15 0.53 154.34 1.47 2.00 2.43 1.06 

Coefficient of Variation (CV) 

Undiluted 0.64 0.56 1.35 3.40 1.74 1.40 1.31 

Diluted 0.36 0.24 1.30 3.36 1.64 1.40 1.30 

 

14.5.7 Spatial correlation 

The study of spatial correlation of metal grades began with simple visualization of the composite data and final 
vein solids for the Hugh Zone (Taylor, 2012). The best fit is a strike of 300° northwest and dipping steeply to the 
south. Locally the vein is vertical to north dipping. Contouring of composite values shows a dominant east trend 
to the values with a rake or plunge of zero to 40°. Because of the data spacing, variograms were variable as to 
plunge and nugget effect. Table 14.31 shows the selected variogram parameters; all were modelled using single 
structure spherical models. The variogram models were only used to help select search ranges. 

Table 14.31 Hugh Zone - experimental variogram models 
Ag 300o azm, -40o inclin 210o azm, -90o inclin 30o azm, 0o inclin 

Co C1 Major m Int. m Minor m 

0.25 0.75 80 60 20 

Au 300o azm, -40o inclin 210o azm, -90o inclin 30o azm, 0o inclin 

Co C1 Major m Int. m Minor m 

0.25 0.75 80 60 20 

Cu/Pb/Zn 300o azm, -40o inclin 210o azm, -90o inclin 30o azm, 0o inclin 

Co C1 Major m Int. m Minor m 

0.48 0.52 52 52 20 

 

14.5.8 Mineral Resource modeling parameters and model validation 

Geology and block percentages were coded to the blocks based on the diluted vein model solid. Gold and silver 
were interpolated using an ID3 algorithm in two passes. An “octant” search was employed to help decluster the 
estimates and ensure some smoothing in the plane of the veins. Table 14.32 and Table 14.33 summarize the 
composite search strategy and other modelling parameters.  

The search orientations were based on the original visualization of the data and the best fit plane to the Hugh 
Zone vein. The final search was approximately twice the average variogram range for the combined metals. The 
minor direction search (normal to the plane of the vein) was increased to ensure that the entire vein width 
projection was available to the search. This results in a more realistic grade distribution in the vein where the 
vein attitude changes locally. Similar search distances for all metals ensured that all significant estimated blocks 
contained estimates for all metals. 

Table 14.32 Hugh Zone - grade estimation search parameters 

Method Major Azo Major Dipo 
Major Dist 

m 
Int. Azmo Int. Dipo 

Int. Dist 
m 

Min. Azmo Min. Dipo 
Min Dist 

m 

IDP3-Run1 300 -40 110 210 -90 70 30 0 40 

IDP3-Run2 300 -40 220 210 -90 140 30 0 40 
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Table 14.33 Hugh Zone - grade estimation parameters 
Parameter Run1 Run2 

Estimation Method ID3 ID3 

Search Details Octant Octant 

Min. Octant 1 1 

Max. Comp/Octant 2 2 

Min. Comp 2 1 

Max. Comp 12 12 

Rock Restriction None None 

 

Model validation consisted of visual validation by comparing composite values to block values and some simple 
statistical methods comparing ID3 resource model to a NN model, which is similar to a polygon model and a 
measure of de-clustered composite mean grades. A table comparing the ID3 estimates with the NN estimates for 
all estimated blocks and for the blocks classified as Indicated Resource is shown in Table 14.34 for gold and 
silver and Table 14.35 for lead, copper, and zinc. The Mineral Resource classification is presented below. 

Table 14.34 Hugh Zone – ID3 – NN model comparisons – Au, Ag 
N Au ID3 Au NN % Diff Ag ID3 Ag NN % Diff 

All Blocks 4879 0.208 0.212 -1.9% 83.2 82.1 1.4% 

Indicated Blocks 435 0.838 0.887 -5.5% 222.1 232.7 -4.6% 

 

Table 14.35 Hugh Zone – ID3 – NN model comparisons – Pb, Cu, Zn 
N Cu ID3 Cu NN % Diff Pb ID3 Pb NN % Diff Zn ID3 Zn NN % Diff 

All Blocks 4879 0.66 0.65 1.8% 0.84 0.83 1.5% 1.21 1.18 2.6% 

Indicated Blocks 435 1.61 1.68 -4.4% 2.77 2.98 -7.0% 3.63 3.91 -7.0% 

 

These statistics show that overall the ID3 model agrees well with the NN model with all metals within +/-5%. The 
Indicated blocks show a slight underestimation of ID3 models versus the NN model with the gold, silver and 
copper ID3 models approximately 5% lower than the NN models and the lead and zinc ID3 models approximately 
7% lower than the NN models.  

14.5.9 Calculation of net smelter return and silver equivalency models 

NSR models were calculated based on the Hecla 2014 year-end metal prices shown in Table 14.36. The Hugh 
Zone is considered an underground mining target requiring a flotation mill for metal recovery. The mill recovery 
is based on regression curves supplied by Dale Dean, Hecla Corporate Metallurgist. The smelter recovery is 
based on calculations supplied by Carolyn Turner, Hecla Director of Forecasts and Budgets. The assumptions 
are that the mill recovery is grade dependent, requiring a regression formula to predict recovery. The smelter 
recovery is based on calculations of payable metal using the average grade of the deposit. The combined 
recoveries are used to calculate the NSR value for composites and block models. The silver equivalency (AgEq) 
model was then calculated as the total NSR divided by the pay value for silver. 

Table 14.36 Hugh Zone - 2014 net smelter return and metal equivalence 
Metal Imperial Price US$ Metal Metric Price US$ Mill Recovery Smelter Recovery 

Ag oz $20.00 Ag g $0.64 0.8976*Ag-7.1139 94.5% 

Au oz $1,300 Au g $41.80 0.8717*Au-0.0164 95.7% 

Pb # $0.95 Pb T $20.94 0.8929*Pb-0.3221 79.9% 

Zn # $0.90 Zn T $19.84 0.8343*Zn-0.2892 73.6% 

Cu # $3.00 Cu T $66.14 0.9073*Cu-0.0147 94.9% 
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The NSR and AgEq values for the composites and block models were calculated by scripts in the composite 
database and in the block models. 

14.5.10 Mineral Resource classification 

Mineral Resource classification is based on how well the block was informed. An Indicated class was assigned 
only to the better drilled areas that targeted the high-grade zones. A minimum of two octants in zones 
dominated by three or more octants was required for Indicated classification. The Indicated blocks were then 
smoothed and clipped to within the high-grade population that was based on an NSR value of $100/t. Figure 
14.31 shows the location of the Indicated blocks on the Hugh Zone long section. 

Figure 14.31 Hugh Zone long section showing Mineral Resource classification 

 
Source: Hecla 2015.  

  

14.5.11 Mineral Resource estimate 

Table 14.37 shows the Mineral Resource estimate for the Hugh Zone. A cut-off value of $100/t was used based 
on projected operating costs. See Section 14.2.11 for a discussion of the cut-off value derivation. 

Table 14.37 2014 Hugh Zone - Mineral Resource estimate at 31 December 2014  

Indicated Resources 
Tonnes Au Ag Pb Zn Cu AgEq Au Ag Pb Zn Cu AgEq 

(kt) g/t g/t % % % g/t (koz) (koz) tonnes tonnes tonnes (koz) 

Hugh Zone 447.0 0.87 233.0 2.96 3.85 1.70 628.8 12.5 3,348 13,220 17,220 7,620 9,036 

Inferred Resources 
Tonnes Au Ag Pb Zn Cu AgEq Au Ag Pb Zn Cu AgEq 

(kt) g/t g/t % % % g/t (koz) (koz) tonnes tonnes tonnes (koz) 

Hugh Zone 1,138.6 0.16 175.5 1.80 2.55 1.50 442.0 5.7 6,426 20,460 29,090 17,110 16,181 

CIM definitions were used for the Mineral Resources  
Refer to footnotes in Table 14.51 for silver equivalency formula and metal prices  
Stated at an NSR cut off of US$100/t   
Drilling results to 31 December 2006.  

14.6 Andrea Vein 

The current Mineral Resource model for the Andrea Vein was built in December of 2012 based on the drillhole 
and surface trench data available at that time (Blair, 2012). The NSR model was updated in the fall of 2014 
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using the Mineral Resource metal prices of US$1,300/oz Au, US$20/oz Ag, US$0.95/lb Pb, US$0.90/lb Zn, and 
US$3.0/lb Cu and updated metal recovery curves for the year-end 2014 Mineral Resource estimate for the 
project. 

14.6.1 Mineral Resource database 

The database used for this Mineral Resource estimate consisted of 170 vein pierce points from 156 drillholes 
and 14 surface trenches; 11 drillholes had both main vein and footwall or hangingwall splay vein intercepts. A 
data summary is shown in Table 14.38. A longitudinal section view in Figure 14.32 shows the data distribution 
by year. 

Table 14.38 Andrea Vein – Mineral Resource drillhole and trench data summary 
Year N Holes Type Company Meters 

1996 2 DDH Monarch 213 

2002 21 RC/DDH Hecla 1,975 

2003 21 DDH Hecla 7,553 

2004 25 RC/DDH Hecla 5,706 

2005 1 DDH Hecla 64 

2010 8 DDH Hecla 3,867 

2011 53 RC/DDH Hecla 25,785 

2012 25 DDH Hecla 11,720 

Total DH 156 56,883 

Trench - 1996 14 Trench-Chip Monarch 232 

 

There are holes dating back to 1996 for the Andrea Vein; however, most (98%) have been drilled since 2002 by 
Hecla and 55% of the holes have been drilled since 2010. 

14.6.2 Geology – mineral control model 

The geology/mineral control model was based on a sectional interpretation of the vein and main fault structures 
supplied by Stephen Redak, Manager, Mexico Exploration for Minera Hecla in 2012. Sectional interpretation of 
the veins was done on 132, 25 m-spaced sections oriented orthogonal to the strike of the Andrea Vein structure. 
Sectional polygons were used along with the vein intercept data to build the final vein shape used for the 
Mineral Resource estimate. A 1.5 m minimum horizontal width was enforced for all vein intercepts.  
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Figure 14.32 Andrea Vein longitudinal section – vein intercepts (looking northeast) 

 
Source: Hecla 2015.  

 After the original solids were built, the north section of the Andrea Vein (Andrea Norte, see Figure 14.32) was 
trimmed to 5 m below the current topography to account for historical open-pit (trench) mining in the area. 

A percentage block model was built with the following parameters: 

 Origin: 623242 m E, 2693360 m N, 2250 m Z, rotation 35o (counterclockwise) 

 Block Size: 3 m (390 blocks) E, 10 m (305 blocks) N, 10 m (95 blocks) Z. 

The level plan on Figure 14.33 shows the model extents, the mineral control model, and the model coding with 
vein orientation. 
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Figure 14.33 Andrea Vein 1730 m level – geology / mineral control model 

 
Source: Hecla 2015.  

14.6.3 Bulk density 

In October 2011, 108 core samples of vein and wall rock material were submitted to SGS in Durango, Mexico 
for bulk density measurements. The measurements were processed at the SGS facility in using a standard wax-
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coating method. Each sample was measured twice and averaged for the final sample density. Density was 
assigned to the model with vein material receiving a density of 2.51 g/cm3 and wall rock material receiving a 
density of 2.53 g/cm3 based on the SGS measurements and summary report (SGS Mineral Services, 2011; 
Martinez, C. 2011).  

14.6.4 Core recovery and rock quality statistics 

A simple study was completed to explore the relationship between core recovery, rock quality description 
(RQD), and metal grades during 2011 (Blair, 2012). Precious metal grades were composited over the “drill run” 
intervals and all runs within the vein solids and within 5 m of the vein solids were selected for analysis.  

Core recovery and RQD statistics for the vein sample runs and at increasing grade cut-offs are summarized in 
Table 14.39. 

Table 14.39 Andrea Vein - core recovery and RQD statistics 
N REC % RQD % 

All Vein Runs 217 96 63 

> 0.1 g/t AgEq 193 96 64 

>0.5 g/t AgEq 125 95 61 

> 1 g/t AgEq 92 96 58 

> 1.5 g/t AgEq 69 95 57 

> 2 g/t AgEq 55 96 55 

> 3 g/t AgEq 36 97 59 

AgEq: Gold Equivalent based on an Ag factor of 68.8947 

These statistics show good recovery in the vein material with a mean recovery of 96% and little variance with 
increasing grade. Of the 217 vein runs examined, 13 had core recoveries of less than 75%; these samples are 
mostly located in the northern Andrea Vein area. Rock quality in the vein material is “fair” (50% to 75% RQD). 
There is a slight decrease in RQD with increasing grade, but core recovery is essentially constant.  

Another simple evaluation of the mean grades weighted by length and recovered-length was completed. If there 
is a relationship between grade and core recoveries, the mean grades weighted by length and recovered-length 
will be significantly different. Length- and recovered-length-weighted gold and silver statistics are summarized in 
Table 14.40. 

Table 14.40 Andrea Vein - gold and silver statistics – Vein material drill runs - length and recovered-length 
weighted 

N Mean Std. Dev. C.V. Max Q75 Median Q25 Min 

Au g/t Length-Weighted 217 1.13 2.24 1.99 16.16 1.00 0.37 0.12 0.01 

Au g/t Recov-Length-Weighted 217 1.12 2.26 2.01 16.16 0.94 0.34 0.12 0.01 

Ag g/t Length-Weighted 217 29.72 53.73 1.81 382.41 29.16 8.84 3.21 0.01 

Ag g/t Recov-Length-Weighted 217 30.06 54.38 1.81 382.41 31.25 8.80 3.17 0.01 

 

Statistics in Table 14.37 and Table 14.38 indicate good core recovery in the vein zones and no significant 
relationship between core recovery and metal grades. 

In 2012, the updated core recovery and RQD data was examined and the statistics were calculated for the vein 
intercept runs. These statistics are summarized in Table 14.41. 

Table 14.41 Andrea Vein – length-weighted core recovery and RQD statistics 
Vein N Intercepts Total m Vein Mean Recovery (%) Mean RQD (%) 

Andrea Vein 232 492.2 97 71 
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These statistics confirm the 2011 study results with the vein material showing very good core recovery. It is 
interpreted that core recovery did not significantly impact metal grade estimation. 

14.6.5 Sample statistics 

Drill and trench samples were tagged with vein codes from the interpreted vein solids for initial gold and silver 
statistics. Length-weighted sample statistics by vein are summarized in Figure 14.34.  

Figure 14.34 Andrea Vein – sample statistics – length weighted 
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Extreme high-grade samples were cut at levels defined by log-probability plots and decile analysis in 
conjunction with visualization of the sample data. Once the anomalous samples were defined, the sample 
grades were projected back to the projection of the line of the last ‘linear’ portion of the log-probability plot. Four 
samples were trimmed for gold in the Andrea [North] Vein and four samples were trimmed for silver in the 
Andrea South Vein. Top-cut levels are summarized in Table 14.42.  

Table 14.42 Andrea Vein – top cut samples and cutting levels 
Hole-ID From To Length Sample ID Au_ppm AuCut_ppm VNCODE 

CP148 56.06 56.85 0.79 3442 26.98 24.8 10 

CP093 226.45 226.95 0.5 514 27.44 25.3 10 

CP101 295.75 296.2 0.45 961 42.3 25.8 10 

CP-02 74.37 74.98 0.61 2410 51 26.3 10 

Hole-ID From To Length Sample ID Ag_ppm AgCut_ppm VNCODE 

PED-46 529.07 529.27 0.2 10587 1,150.7 1,111 20 

PED-11 600.92 601.23 0.31 6027 1,234.3 1,171 20 

PED-11 601.65 601.82 0.17 6031 1,300 1,231 20 

PED-11 601.23 601.39 0.16 6028 1,443 1,291 20 

 

Cut sample statistics are summarized in Figure 14.35.  
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Figure 14.35 Andrea Vein – cut sample statistics – length weighted 

 
 

14.6.6 Composite sample statistics 

Drillhole samples were composited over the entire vein intercept for each pierce point. The original undiluted 
vein composites were diluted to a 1.5 m minimum horizontal width based on the vein solids. Of the 167 original 
drillhole vein composites, 39 required dilution to the 1.5 m minimum. Undiluted and diluted composite statistics 
are summarized in Figure 14.36.  
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Figure 14.36 Andrea Vein - undiluted and diluted composite statistics – drillholes only 

 
 

A total of 19 m of dilution was added to the 39 composites, an average of 0.49 m per composite. The diluted 
grade was based on the actual drillhole sample assays where the holes had been sampled; un-sampled 
intervals were assigned a 0.0 grade. Diluted grades are approximately 65% of the undiluted grade for both 
metals. 

Composite length and diluted horizontal width statistics are summarized in Table 14.43.  

Table 14.43 Andrea Vein - composite length and horizontal width statistics – drillholes and surface trenches 
N Mean Std.Dev. C.V. Max Q75 Median Q25 Min 

Comp Length (m) 180 3.09 2.38 0.8 15.26 3.98 2.20 1.45 0.88 

Horiz Width (m) 180 3.94 3.24 0.8 19.07 4.91 2.58 1.65 1.50 
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Composites show mean length and horizontal width of 3.09 m and 3.9 m with upper quartiles (75% of the data) 
of 3.98 m and 4.9 m. Ideally, grade-thickness would be calculated for each composite and a grade-thickness 
block model be constructed for back-calculation of the individual metal grade models. Given that most of the 
data are within 1 m of the mean and median length values, no significant bias by length is expected. 

A simple comparison of the metal grades of surface trench composites and the nearest drillhole composites is 
shown on Figure 14.37. 

Figure 14.37 Andrea Vein - metal grade comparisons – trench and nearest drillhole composites 

 
 

The trench composite grades are notably higher than the nearest drillhole composite grades for gold and less so 
for silver. The trench composites were used for grade estimation but they only influenced the near-surface 
blocks in the northern Andrea Vein area.  

Diluted composite statistics by vein code are summarized in Figure 14.38.  

Note: the difference in the total number of composites in the Figures below and Table 14.43 above is due to 
three isolated vein intercepts in the footwall of the Andrea Vein that were not modelled into the final vein solids 
used in the Mineral Resource estimation. 
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Figure 14.38 Andrea Vein - diluted composite statistics by vein code 

 
 

14.6.7 Spatial correlation - variography 

The study of spatial correlation of metals began with simple visualization of the composite data and final vein 
solids for the north and south Andrea Vein zones. Table 14.44 shows the “best fit” plane assigned to each vein 
zone. 
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Table 14.44 Andrea Vein ‘best-fit” orientations by area 
Area Dip Azm. (Dip Dir.) Int. Azm. 

North Andrea Vein -46 255 165 

South Andrea Vein -46 222 132 

 

All composite data were imported into the SAGE2001 variogram utility for further study of the spatial correlation 
within the plane of the veins. Correlograms were calculated for all composite data within a median plane 
between the two vein zones and a wide tolerance to ensure all vein composites were included in the evaluation. 
Simple, single-structure, spherical models were fit to both gold and silver. The nugget effect for each metal was 
calculated from the duplicate sample assay data with support from down-hole variograms calculated from the 
original samples.  

The experimental models are summarized in Table 14.45.  

Table 14.45 Andrea Vein - experimental correlogram models 
Au CORR 255o azm, -46o inclin 165o azm, 0o inclin 75o azm, -44o inclin 

Co C1 Major m Int. m Minor m 

0.4 0.6 52 21 9 

Ag CORR 222o azm, -46o inclin 132o azm, 0o inclin 42o azm, -44o inclin 

Co C1 Major m Int. m Minor m 

0.35 0.65 82 48 8 

 

Models for both metals show the major direction as the down-dip direction, with the intermediate direction (along 
strike) about one half the down-dip range.  

14.6.8 Mineral Resource modeling parameters 

Geology and block percentages were coded to the blocks based on the diluted vein model solids. Gold and 
silver were interpolated using an ID3 algorithm. An “octant” search was employed to help decluster the estimates 
and ensure some smoothing in the plane of the veins. Table 14.46 and Table 14.47 summarize the composite 
search strategy and other modelling parameters. 

Table 14.46 Andrea Vein - grade estimation search parameters 

Vein Area Major Azmo Major Dipo 
Major Dist 

m 
Int. Azmo Int. Dipo 

Int. Dist 
m 

Min. Azmo Min. Dipo 
Min Dist 

m 

North Vein 255 -46 125 165 0 125 75 -44 60 

South Vein 222 -46 125 132 0 125 42 -44 60 

 

The search orientations were based on the original visualization of the data and the best fit plane to the north 
and south vein areas. The search distances were originally based on the variogram ranges and increased until 
all blocks were estimated internal to the more densely drilled areas. The final search was approximately twice 
the average variogram range for the combined metals. The minor direction search (normal to the plane of the 
vein) was increased to ensure that the entire vein width projection was available to the search; this resulted in a 
more realistic grade distribution in the vein where the vein attitude changes locally. Correct coding of the 
composites and the vein solids limited the extrapolation of grade in this minor direction. Similar search distances 
for both metals also ensured that all estimated blocks had both gold and silver estimates. 
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Table 14.47 Andrea Vein - grade estimation parameters, composite selection and weighting 
Au Ag 

Estimation Method ID3 ID3 

Search Details Octant Octant 

Min. Octant 1 1 

Max. Comp/Octant 3 3 

Min. Comp 1 1 

Max. Comp 18 18 

 

The grade models were checked using visual and statistical validation techniques. Longitudinal sections of the 
gold and silver model are shown in Figure 14.39 and Figure 14.40.  

Figure 14.39 Andrea Vein – longitudinal section – gold model (looking northeast) 

 
Source: Hecla 2015.  
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Figure 14.40 Andrea Vein – long section – silver model (looking northeast) 

 
Source: Hecla 2015.  

The sectional visualization showed that the grade models are conditioned to the composite data.  

Statistical model validations included comparisons of estimated blocks with a NN model (polygon-like) and vein 
composite statistics. Table 14.48 shows a statistical comparison between the ID3 models and the NN model. 

Table 14.48 Andrea Vein - grade model comparative statistics 
Vein N Au ID3 Au NN %Diff Ag ID3 Ag NN %Diff 

ANDNORTE 28,254 0.70 0.64 9.4% 30.3 29.8 1.4% 

ANDSUR 36,990 0.69 0.68 1.5% 46.8 45.6 2.7% 

ANDSURHW 1,392 0.26 0.24 8.3% 99.7 96.6 3.2% 

All 66,636 0.69 0.65 4.8% 40.9 40.0 2.3% 

 

The ID3 and the NN models show satisfactory agreement for silver and gold overall with some possible slight 
overestimation for gold in the Andrea Norte Vein and Andrea Sur Hangingwall Veins. Additional geological 
controls are required in these areas to ensure that gold values are not being over-extrapolated. 

A statistical comparison of the mean composite grade by block and the ID3 model for those blocks containing 
composites is shown in Table 14.49. 
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Table 14.49 Andrea Vein - grade model statistics – blocks containing composites 
Vein N Au ID3 Au XVAL %Diff Ag ID3 Ag XVAL %Diff 

ANDNORTE 99 2.24 2.24 0.0% 39.1 38.9 0.5% 

ANDSUR 66 0.90 0.93 -3.2% 73.4 77.7 -5.5% 

ANDSURHW 10 0.25 0.27 -7.4% 90.3 88.5 2.0% 

All 175 1.62 1.63 -0.8% 55.0 56.4 -2.5% 

 

These statistics show that the models are conditioned to the local data with no significant bias.  

No volume-variance studies were completed; no volume-variance adjustments were made to the block model. 

14.6.9  Calculation of net smelter return and silver equivalence models 

The NSR was calculated for each block based on the year-end Mineral Resource metal prices and current gold 
and silver recovery equations. The metal recovery is based on regression curves supplied by Dale Dean, Hecla 
Corporate Metallurgist, from recent metallurgical testing (Dean, 2014).  

The most current metal recovery regression curves are: 

 Gold recovery = (((0.9413*Au)-0.0741)/Au)*0.98 

 Silver recovery = (((0.9019*Ag)-0.8484)/Ag)*0.95 

The final multipliers in these equations are to account for soluble loss in a Merrill Crowe / CCD circuit (Dean, 
2014).  

The recovered metal models were used with the following parameters for calculating the NSR/t value for each 
model block for Mineral Resources: 

 Gold Price: US$1300/oz (USSS$41.8/g) 

 Silver Price: US$20/oz (US$0.64/g) 

 Payable Gold: 99% 

 Payable Silver: 95% 

 Freight and Refining Charges: US$1.30/oz (US$0.042/g) 

A longitudinal section of the NSR model based on the Mineral Resource metal prices is shown in Figure 14.41. 

Figure 14.41 Andrea Vein – longitudinal section – NSR  

 
Source: Hecla 2015.  
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A silver equivalent model was calculated using the same parameters as those for the NSR calculation and the 
following equation: 

AgEq Factor = [(($Price Au) - ($Refining Au)) / (($Price Ag) - ($Refining Ag))] x [(%Recovery Au) / (%Recovery 
Ag)] x [(%Payable Au) / (%Payable Ag)]  

14.6.10 Mineral Resource classification  

Mineral Resource classification was based on the total number of composites used, the number of octants 
informed, and the distance from composites. An Indicated Resource class was assigned only to the better drilled 
areas of the northern portion of the Andrea Vein based on a minimum of 10 composites, a minimum of four 
informed octants, and an average distance from composites of 22 m (Figure 14.42).  

Figure 14.42 Andrea Vein North – long section – Mineral Resource classification 

 
Source: Hecla 2015.  

All other estimated blocks in the model were assigned an Inferred Resource classification. 

14.6.11 Mineral Resource estimate 

Table 14.50 shows the Mineral Resource estimate for the Andrea Vein. A cut-off value of US$50/t was used. 
This NSR cut-off reflects the cost estimates and mining method envisioned in 2012. An updated vein 
interpretation and Mineral Resource will be available at year end. The NSR cut-off will be reviewed at this time. 
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Table 14.50 Andrea Vein - Mineral Resource estimate at 31 December 2014 

Indicated Resources 
Tonnes Au Ag AgEq Au Ag AgEq 

(kt) g/t g/t g/t (koz) (koz) (koz) 

Andrea Vein 628.4 2.85 44.6 267.1 57.5 901 5,396 

Inferred Resources 
Tonnes Au Ag AgEq Au Ag AgEq 

(kt) g/t g/t g/t (koz) (koz) (koz) 

Andrea Vein 1,997.1 1.52 108.4 223.6 97.7 6,958 14,358 

CIM definitions were used for the Mineral Resources 
Refer to Section 14.6.9 for silver equivalency formula and metal prices  
Stated at an NSR cut off of US$50/t   
Drilling results to 7 November, 2012.  

14.7 San Sebastian Property – 2014 Mineral Resource estimate 

A Mineral Resource estimate for the entire Property, including the Andrea Vein, is presented in Table 14.51. It is 
important to note that Mineral Resources are not Mineral Reserves and do not have demonstrated economic 
viability. 

Table 14.51 2014 San Sebastian Property Mineral Resource estimate as of 31 December 2014 

Indicated 
Resources 

Tonnes Au Ag Pb Zn Cu AgEq Au Ag Pb Zn Cu AgEq 

(kt) g/t g/t % % % g/t (koz) (koz) (t) (t) (t) (koz) 

E. Francine Vein  50.5 7.54 2,197.0 - - - 2,782.3 12.3 3,569 - - - 4,520  

Middle Vein 710.4 2.08 449.4 - - - 606.8 47.6 10,264 - - - 13,861 

North Vein 356.5 3.59 153.3 - - - 430.2 41.1 1,757 - - - 4,931 

Andrea Vein 628.4 2.85 44.6 - - - 267.1 57.5 901 - - - 5,396  

Hugh Zone 447.0 0.87 233.0 2.96 3.85 1.70 628.8 12.5 3,348 13,220 17,220 7,620 9,036  

Total Indicated 2,192.7 2.43 281.4 - - - 535.4 171.0 19,838 - - - 37,744  

              

Inferred 
Resources 

Tonnes Au Ag Pb Zn Cu AgEq Au Ag Pb Zn Cu AgEq 

(kt) g/t g/t % % % g/t (koz) (koz) (t) (t) (t) (koz) 

E. Francine Vein  68.9 6.79 636.1 - - - 1,166.6  15 1,409 - - - 2,583  

Middle Vein 72.9 0.28 212.5 - - - 228.5  0.7 498 - - - 535  

North Vein 98.4 3.19 143.5 - - - 390.8  10.1 454 - - - 1,237 

Andrea Vein 1,997.1 1.52 108.4 - - - 223.6  97.7  6,968 - - - 14,358  

Hugh Zone 1,138.6 0.16 175.5 1.80 2.55 1.50 442.0  5.7 6,426 20,460 29,090 17,110 16,181 

Total Inferred 3,375.9 1.19 145.1 - - - 321.5  129.2 15,744 - - - 34,894  

CIM definitions were used for the Mineral Resources  
Mr. K. Blair, MSc. CPG of Hecla and Qualified Person under NI 43-101, takes responsibility for the Mineral Resource estimates. 
Cut-off values: Hugh Zone: US$100 NSR; Andrea Vein: US$50 NSR; Middle Vein: US$100 NSR; North Vein: US$100 NSR; East 
Francine Vein: US$100 NSR 
Resources reported at a minimum width of 2.0 m for Hugh Zone and 1.5 m for Andrea Vein, Middle Vein, and North Vein. East Francine 
Vein is reported at vein width. 
Tonnages rounded to nearest 1000; contained metal in ounces (Au, Ag) rounded to nearest 1000; contained metal in tonnes (Pb, Zn, 
Cu) rounded to nearest 10. Totals may not agree due to rounding. 
For all Mineral Resources except the Hugh Zone the Ag Equivalent Factor was calculated as follows (example for Au): [(($Price Au) - 
($Refining Au)) / (($Price Ag) - ($Refining Ag))] x [(%Recovery Au) / (%Recovery Ag)] x [(%Payable Au) / (%Payable Ag)] = AgEq Factor  
For the Hugh Zone the Ag equivalent factor was calculated similar to the example for gold above but refining charges were not 
considered. An example for Pb: [($Price Pb / $Price Ag) x (%Recovery Pb / %Recovery Ag) x (%Payable Pb / %Payable Ag)] = AgEq 
Factor  
Metal Prices: US$1,300/oz Au, US$20/oz Ag, US$0.90/lb Pb, US$0.80/lb Zn, US$3.0/lb Cu 

Table 14.52 shows the comparison between this Mineral Resource estimate and the previous Mineral Resource. 
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Table 14.52 Comparison of Mineral Resource Estimates as of 31 December 2013 and 31 December 2014 

 
CIM definitions were used for the Mineral Resources 
Cut-off values: Hugh Zone: US$100 NSR; Andrea Vein: US$50 NSR; Middle Vein: US$100 NSR; North Vein: US$100 NSR; East 
Francine Vein: US$100 NSR, however recovery equations changed slightly between 2013 and 2014 
Resources reported at a minimum width of 2.0 m for Hugh Zone and 1.5 m for Andrea Vein, Middle Vein, and North Vein. East Francine 
Vein is reported at vein width. 
Tonnages rounded to nearest 1000; contained metal in ounces (Au, Ag) rounded to nearest 1000; Totals may not agree due to 
rounding. 
Ag Equivalent Factor calculated as follows (example for Au): [(($Price Au) - ($Refining Au)) / (($Price Ag) - ($Refining Ag))] x 
[(%Recovery Au) / (%Recovery Ag)] x [(%Payable Au) / (%Payable Ag)] = AgEq Factor  
Metal Prices for 31 December 2014: US$1300/oz Au, US$20/oz Ag, US$0.95/lb Pb, US$0.90/lb Zn, US$3.0/lb Cu 
Metal Prices for 31 December 2013: US$1300/oz Au, US$20/oz Ag, US$0.90/lb Pb, US$0.85/lb Zn, US$3.0/lb Cu 

The differences between the two Mineral Resource estimates are mostly due to additional exploration drilling in 
the Middle Vein and North Vein area and discovery of the East Francine Vein during 2014. In addition, metal 
recovery equations were updated for gold and silver in 2014 which changes the NSR calculation slightly from 
2013.  

  

Tonnes Au Ag Au Ag Tonnes Au Ag Au Ag
(kt) (g/t) (g/t) (koz) (koz) (kt) (g/t) (g/t) (koz) (koz)

E. Francine Vein -           -           -           -           -           51             7.54          2,197.0     12             3,569        
Middle Vein 753           2.08          371.37      51             8,995        710           2.08          449.4        48             10,264      
North Vein -           -           -           -           -           357           3.59          153.3        41             1,757        
Andrea Vein 613           2.95          45.05        58             887           628           2.85          44.6          58             901           
Hugh Zone 443           0.88          234.32      13             3,335        447           0.87          233.0        13             3,348        
Total Indicated 1,809        2.08          227.28      121           13,218      2,193        2.43          281.4        171           19,838      

Tonnes Au Ag Au Ag Tonnes Au Ag Au Ag
(kt) (g/t) (g/t) (koz) (koz) (kt) (g/t) (g/t) (koz) (koz)

E. Francine Vein -           -           -           -           -           69             6.79          636.1        15             1,409        
Middle Vein 14             0.56 172.2 0.3            79             73             0.28          212.5        1              498           
North Vein -           -           -           -           -           98             3.19          143.5        10             454           
Andrea Vein 2,076        1.49 106.9 100           7,136        1,997        1.52          108.4        98             6,958        
Hugh Zone 1,129        0.16 176.4 6              6,403        1,139        0.16          175.5        6              6,426        
Total Inferred 3,220        1.02 131.6 106           13,618      3,376        1.19          145.1        129           15,744      

Inferred Resources

Vein

31 December 2013 31 December 2014
Vein

31 December 2013 31 December 2014

Indicated Resources
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15 Mineral Reserve estimates 
Under NI 43-101 guidelines, due to the Preliminary Economic Assessment level of the present study, no Mineral 
Reserves are reported. 

Note that Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability.  
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16 Mining methods 
The PEA considered the Mineral Resources for four deposits – Middle Vein (MV), North Vein (NV), East 
Francine Vein (EF) and Andrea Vein (AV). The four deposits lend themselves to open pit mining as the 
mineralized veins outcrop or are located close to surface. In addition, the surrounding topography is relatively 
flat and suitable to the placement of waste dumps and stockpiles. The climate is also favourable to open pit 
mining, with moderate precipitation throughout the year.  

A high level economic assessment of the Andrea Vein open pit operation was conducted; this assessment 
showed that it was not attractive from a value perspective based on the current study parameters; the Andrea 
Vein open pit operation has not been considered further in this PEA. 

16.1 Hydrological parameters 

Information relating to water table level was limited and based solely on Hecla’s recent mining history in the 
Francine Vein. The water table was assumed to lie 80 m below topographical surface for the Middle, North and 
East Francine Vein deposits. 

16.2 Geotechnical parameters 

The Saladillo Valley, which hosts the Francine, Middle and North Veins, trends west-northwest, and is largely 
covered with relatively thin alluvium and sheet wash deposits. The valley is flanked to the north and south by 
Oligocene to Miocene intermediate to felsic volcanic rocks, overlain to the southwest by Miocene to Pliocene 
basaltic cover. The volcanic rocks generally consist of dacitic to rhyolitic flows, volcanic breccias and tuffaceous 
units, with minor andesitic units locally. 

The mineralization zones are comprised of quartz veins hosted by sandstone and shales. The near-surface rock 
(identified in this Technical Report as ‘Weathered 1’) is highly weathered to a depth of approximately 10 m to 15 
m on average, up to 25 m in some instances. Weathered 1 material typically includes soil, calcium carbonate 
material, and heavily weathered shale/sandstone.  

Moderately weathered material (Weathered 2) extends to some 75 m from surface and represents 
discontinuous rock with altered joints and some sections of highly fractured shale/sandstone and greywacke 
units.  

Fresh rock below 75 m from surface is comprised of unaltered shales, sandstones and greywacke.  

Rock mass characterization was carried out utilizing two main classification systems: RMR76 (Bieniawski, 1976) 
and Q-index (Barton et al., 1974). The domains Weathered 1 and Weathered 2 are classified as “very poor” and 
“poor” respectively; the fault zone running through Middle and North Veins is also “poor”, while fresh rock is in 
the range between “fair” and “good”.  

Based on data from the historical Francine Vein underground mine, the average water level at San Sebastian 
Mine is at about 80 m below surface. Water table information was not available for the deposits considered in 
this Technical Report; as such, the open pit slopes were assumed to be dry for the PEA. 

A number of slope stability analyses were carried out for the proposed open pits, including: 

 Empirical analysis; 

 2D limit equilibrium (LE) analysis using Slide v6 (Rocscience, 2015 software); and 

 Deterministic and probabilistic kinematic assessment. 

For the PEA, the lithology domains were assumed to be comprised of homogeneous continuum materials with 
uniform strength and stiffness parameters.  

The rock mass strength was estimated using the generalized Hoek-Brown failure criterion (Hoek, Carranza-
Torres and Corkum, 2002) and the laboratory rock test results presented in Table 16.1. 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 158
 

Table 16.1 Laboratory rock test results 

Rock Type UCS (MPa) Modulus (GPa) Cohesion (kPa) Friction (°) 

Lutites and Sandstone (LAS) 150 +/- 80 76 +/- 8 29 30 

Greywacke (GW) 200 +/- 80 80 +/- 6 90 31 

Lutite/Shale (LU) 65 +/- 45 28 +/- 7 49 31 

 

The estimated rock mass properties required as input parameters for the LE analysis are summarized in the 
table below. The Geological Strength Index (GSI) values were approximated to the lower bound RMR76 values. 
This approach provides a conservative strength estimate to account for heterogeneity of the rock mass. 

Table 16.2 Assumed rock mass parameters used in the LE analysis 

Domain 
Unit 

Weight 

Elastic 
Modulus 
(Intact) 

Hoek-Brown Failure Criterion 
Parameters 

Rock Mass Strength 
and Stiffness 

Mohr-Coulomb 
Parameters 

 

γ 

(t/m
3

) 

E
i 

(GPa) 

σ
ci 

(MPa) 
m

i
 GSI 

E
rm 

(GPa) 

σ
crm 

(MPa) 
c (kPa) Φ (°) 

Weathered 1 2.65 27.7 15 5 25 1.7 1.0 88 34 

Weathered 2 2.65 27.7 35 5 40 4.4 3.5 310 40 

Fault 2.65 27.7 35 5 40 4.4 3.5 310 40 

Oxidized 2.65 27.7 50 5 45 6.2 5.6 573 40 

Host (LAS, GW, LU) 2.70 75.8 90 7 55 30.9 7.2 1,270 49 

QZ 2.70 75.8 120 7 55 30.9 19.9 1,596 51 

Discontinuity - - - - - - - 33 30 

 

The Middle Vein and North Vein pits were sub-divided into the design sectors based on the relative wall 
orientations, as shown in Figure 16.1. Due to the lack of structural information, the East Francine Vein was not 
subdivided into sectors. 
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Figure 16.1 Design sectors of Middle Vein and North Vein pits 

 
Source: AMC 2015.  

In the absence of major structure, most walls show very low likelihood of instability due to the fair quality rock 
mass and relatively small pit sizes. Recommendations for the pit slope design are presented in the table below. 
These design parameters are based on the LE and kinematic analyses; however there is a good agreement with 
the design parameters indicated by the empirical analyses.  

The batter height was limited to 10 m. The berm widths of 5 m to 6.5 m are considered to be sufficient to ensure 
retention of the bench-scale size failures. 

Identification and characterization of geological structure is one deficiency in the current design which should be 
addressed in future work. 
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Table 16.3 Open pit design parameters of Middle Vein / North Vein, and East Francine Vein 

Middle Vein/North Vein  East Francine Vein 

Sector Bench Design Parameter Value  Sector Bench Design Parameter Value 

K1  

Weathered 

Height (m) 

Berm (m) 

BFA (°) 

IRA (°) 

10 

6.5 

60 

39 

 All walls Height (m) 

Berm (m) 

BFA (°) 

IRA (°) 

10 

5 

62 

45 

K1 

Fresh 

Height (m) 

Berm (m) 

BFA (°) 

IRA (°) 

10 

6.5 

70 

45 

    

K3 

Weathered 

Height (m) 

Berm (m) 

BFA (°) 

IRA (°) 

10 

6.5 

55 

37 

    

K3 

Fresh 

Height (m) 

Berm (m) 

BFA (°) 

IRA (°) 

10 

6.5 

65 

42 

    

K2/K4 

Weathered 

Height (m) 

Berm (m) 

BFA (°) 

IRA (°) 

10 

6.5 

60 

39 

    

K2/K4 

Fresh 

Height (m) 

Berm (m) 

BFA (°) 

IRA (°) 

10 

6.5 

75 

47 

    

 

16.3 Resource model for mining 

Two Mineral Resource models were provided, one for each of the three areas: Middle Vein and North Vein 
combined and East Francine Vein. All models are rotated about the X axis. Mineral Resource models and 
cadastral data were supplied in the mine grid. 

Table 16.4 Model extents 

Description Middle Vein and North Vein East Francine Vein 
Rotation from North 25 25 
Model Origin in X (mE) 619721.858 619721.858 
Model Origin in Y (mN) 2701387.843 2701387.843 
Model Origin in Z (mRL) 1100 1100 
Parent Cell dimension in X (m) 10 10 
Parent Cell dimension in Y (m) 5 5 
Parent Cell dimension in Z (m) 10 10 
Number cells in X 315 315 
Number cells in Y 235 235 
Number cells in Z 104 104 
Model Extent in X (mE) 622871.858 622871.858 
Model Extent in Y (mN) 2702562.843 2702562.843 
Model Extent in Z (mRL) 2140 2140 
Min. Sub-cell size in X (m) 1.25 10 
Min. Sub-cell size in Y (m) 0.625 5 
Min. Sub-cell size in Z (m) 1.25 10 

 

The San Sebastian Mineral Resource models were sub-celled models. The East Francine Vein Mineral 
Resource model was a GEMS proportional model. These models are named: 
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 Middle Vein and North Vein - ss_sblk_combined.mdl dated 07-01-2015 

 East Francine Vein – multiple files by vein and field name in GEMS format 

The Middle Vein and North Veins are two distinct, almost parallel, veins that at their closest are 65 m apart. The 
East Francine Vein model contains two distinct veins, the East Francine Vein and the East Francine 
Hangingwall Vein, which meet at the western extremity of the East Francine Hangingwall Vein, and then diverge 
to the east. 

AMC created wireframes to depict weathered material based on the drillhole data supplied. The drillhole data 
was limited in its extent of coverage in some areas; in such instances, AMC extrapolated the wireframes to 
model the weathering profiles.  

Each of the Mineral Resource models contained blocks representing the mineralized zone and some 
surrounding waste. AMC created a waste model around the mineralization based on: 

 Supplied topography 

 Wireframes depicting weathered material 

 Density of oxide material of 1.9 t/m3 

 Density of transitional material of 2.2 t/m3 

 Density of fresh material of 2.5 t/m3 

 

16.4 Mine design 

16.4.1 Inputs to the pit optimization 

Cut-off value  

AMC estimated mineralized material, waste and backfill mining costs based on high level assumptions and 
Mexican mining rates obtained in Mexico. These costs were benchmarked against AMC’s database as 
presented in Figure 16.2. Mineralized material incremental mining cost was then calculated for input into the cut-
off value calculation.  

Figure 16.2 Open pit mining costs benchmarking 
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As the operations are planned to be contracted out, no sustaining capital costs were included in addition to the 
mining costs in the cut-off calculation. 

Table 16.5 displays the calculation of the open pit cut-off on a Net Smelter Return (NSR) basis. 

Table 16.5 Open pit cut-off calculation 

 Unit 

North Vein/Middle Vein/East 
Francine Vein 

Weathered Fresh / Trans 

Mineralized Material 
Mining Costs 

Contractor Mineralized material Mining Costs 
(DB, Load, Haul, Support) 

US$/t Mineralized 
material mined 

8.1 6.0 

Grade Control 
US$/t Mineralized 

material mined 
3.1 3.1 

Run of mine re-handle 
US$/t Mineralized 

material mined 
0.00 0.00 

Total Mineralized material Mining Costs 
US$/t Mineralized 

material mined 
11.2 9.1 

Waste Mining Costs 

Contractor Waste Mining Costs (Drill , Blast, 
Load, Haul, Support) 

US$/t waste mined 1.7 3.1 

Waste backfill US$/t waste mined 1.5 1.5 

Waste rehabilitation US$/t waste mined 0.3 0.3 

Total Waste Mining Costs US$/t mined 3.5 4.9 

Incremental Mining Costs Open pit incremental mining costs 
US$/t Mineralized 

material mined 
7.7 4.2 

Processing, G&A and 
Transport Costs 

Processing, site G&A, tailings storage and mill 
rental 

US$/t Mineralized 
material mined 

90.4 90.4 

Transport 
US$/t Mineralized 

material mined 
15.0 15.0 

Total Processing and G&A Costs 
US$/t Mineralized 

material mined 
105.4 105.4 

Processing Parameters 

Daily production t 400 400 

Gold Metallurgical Recovery % 
Au Rec = (0.9413*auid-

0.0741)/auid*0.98 

Silver Metallurgical Recovery % 
Ag Rec = (0.9019*agid-

0.8484)/agid*0.95 

Net Revenue Gold 

Gold Price US$/oz 1,222.4 1,222.4 

Treatment costs and penalties US$/g 0.04220 0.04220 

Payable Gold % 99.9% 99.9% 

Net Revenue Gold US$/oz 1,211.45 1,211.45 

US$/g 39.3 39.3 

Net Revenue Silver 

Silver Price US$/oz 17.25 17.25 

Treatment costs and penalties US$/g 0.04422 0.04422 

Payable Silver % 95% 95% 

Net Revenue Silver US$/oz 15.1 15.1 

US$/g 0.48 0.48 

Royalty Total Royalty % of NSR 2.5% 2.5% 

NSR NSR cut-off US$/t 113 110 

 

The formula to determine NSR was provided by Hecla and is as follows: 

NSR = (value of recovered payable Au metal + value of recovered payable Ag metal) * (1-royalty %) 

NSR = (Au grade g/t x Au recovery % x Au payability % x (Au Price US$/g - treatment cost US$/g) + 
(Ag grade g/t x Ag recovery % x Ag payability % x (Ag Price US$/g - treatment cost US$/g)) * (1-royalty %) 
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The NSR was determined on a block by block basis for the diluted Mineral Resource models of each vein. 

Open pit Mineral Resource 

An historical analysis of exploration drilling carried out by Hecla for the Property, shows that exploration drilling 
has achieved a 75% conversion of Inferred Mineral Resources to Indicated Mineral Resources. AMC has 
applied a 75% conversion factor to all Inferred Mineral Resource, over and above any dilution and mining 
recovery that has been applied.  

Dilution and mining recovery estimation methodology 

The mineralization is visually distinguishable from the surrounding waste and varies in thickness between 2 m to 
4 m on average. These characteristics led AMC to evaluate the projected dilution and mining recovery for each 
vein using a dilution skin. 

Two skin thicknesses were selected for analysis: a skin thickness of 0.3 m, representing practical mining using a 
30 t excavator, and a 0.5 m thickness representative of the mining accuracy of a 50 t excavator. The projected 
cash flows associated with the 0.3 m and 0.5 m skin thickness are presented in Table 16.6. The mining dilution 
evaluation was undertaken prior to finalizing the operating costs. The results in Table 16.6 are based on a total 
operating cost of US$74.6/t mill feed. Although the total operating cost used for the dilution comparison is 
outdated compared to the final operating costs of US$110/t and US$113/t for weathered and fresh material 
respectively, AMC believes that the analysis is still valid and representative of the geometry of the deposit and 
proposed mining method. This analysis should be reviewed in future studies. 

Table 16.6 Mining dilution and mineralized material-loss study results 

Site 
Dilution 
Skin (m) 

Mining 
Dilution 

(%) 

Mining 
Recovery 

(%) 

Average 
NSR 

Mineralized 
Material 

Tonnes (t) 

Waste 
Tonnes (t) 

Total 
Tonnes (t) 

Strip 
Ratio  

Undiscounted 
Cash Flow 

(US$M) 

EF 
0.3 17 86 790 93,242 935,090 1,028,332 10.0 62 

0.5 29 80 742 91,828 892,450 984,278 9.7 59 

MV / NV 
0.3 16 90 234 465,268 10,647,484 11,112,752 22.9 41 

0.5 26 88 216 491,202 10,524,475 11,015,677 21.4 38 

 

AMC selected a skin thickness of 0.3 m to simulate the projected dilution, based on the above analysis and the 
following criteria: 

 The low annual plant feed of 400 ktpd. 

 Higher mineralized material tonnages and projected undiscounted cash flow at the smaller skin 
thickness. 

 A clear visual contrast between the mineralization and host rock (quartz vein and shale contact). 

 Only one cut-off is applied for the deposits, simplifying grade control. 

 Expected low utilization of the mineralized material excavator (30 t excavator - approximately 10 
hours/day required in mineralized material). 

The practical requirements to achieve the projected dilution include: 

 Dedicated and experienced grade controllers and samplers. 

 Fast turn-around for grade control assays. 

 Mining of mineralized material only on day shifts. 

16.5 Mining method 

AMC proposes to mine the open pits using different techniques based on the material type. Mining of the 
mineralized material should only take place during dayshifts so that the geology department can guide 
excavations to minimize dilution and mining loss.  
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The fleet has been sized to mine up to 750 tpd of mill feed, in excess of the 400 tpd to be processed by the 
Velardeña plant. The excess mining capacity leads to the build-up of a 90 kt run-of-mine (ROM) stockpile that 
would enable Hecla to supply feed to another mill should the opportunity arise. 

In its final selection of mining equipment, AMC has considered types of equipment that are preferred by local 
Mexican contractors.  

16.5.1 Mining in oxide material 

Hecla successfully mined trenches extending 20 m below surface when the Francine Vein was in operation circa 
2001. The oxide waste material was free-dug with 40 t excavators. The mineralized zone was mined using a 
hydraulic hammer mounted on the excavator. The same technique is proposed for mining the oxide material in 
this study; larger 50 t excavators are proposed to mine the oxide waste, which represents approximately 75% of 
the total material mined. The 50 t excavators load 40 t articulated dump trucks. The average productivity of the 
50 t excavators in oxide waste is expected to be approximately 500 t per operating hour. 

A hydraulic hammer mounted on a 40 t excavator has been assigned to break the mineralized material at the 
mining face. The productivity of the hydraulic hammer has been estimated at 165 t operating hour by Sandvik; 
AMC considers the estimate of productivity to be high and this should be checked in more detail in future 
studies. 

Once a large enough pile has been created, it is proposed to use a front end loader to pick up the mineralized 
material and load one 14 t 6 by 6 wheel drive truck (14 t 6 x 6 truck). The 40 t excavators should be equipped 
with a pin grabber coupler in order to switch to a bucket configuration during nightshift. This will enable them to 
provide support to the larger excavators for waste movement. AMC notes that this will provide additional spare 
loading capacity in case of low availability of the overall fleet. In its estimate of costs, AMC has allowed for two 
hydraulic hammers and an additional 40 t excavator to ensure that enough spare capacity is available for 
production, and to cover reliability issues resulting from using hydraulic hammers at the mining face on a 
continuous basis. AMC recommends using the front end loader to load at the face as well as to load the road 
trucks hauling to the Velardeña plant. 

16.5.2 Mining in transitional and fresh material 

Drill and blast is required in all transitional and fresh material, prior to loading. AMC proposes that drilling is 
conducted using a top hammer drill, suitable for the anticipated rock type, rock strength and the quantity of rock 
to be drilled.  

Different blasting patterns and explosives should be used in waste and in the mineralized zone. To minimize 
blast heave and movement, while ensuring adequate fragmentation, the mineralized material should be blasted 
using emulsion explosives. Detailed blast designs will be required prior to production to ensure that, where the 
mineralization is shallow dipping, the stemming and explosive columns are appropriately located to achieve the 
desired fragmentation. The initiation sequence in mineralized material blasts should be designed along the 
strike of the veins to minimize mixing of the waste and mineralized material.  

Detailed drill and blast designs have not been completed for this study; however, typical drill and blast 
parameters for the rock strength and bench height are provided in Table 16.7. 

AMC conducted a high level fragmentation analysis using the Kuz-Ram model. This is a widely used 
spreadsheet-based approach for estimating fragmentation from blasting. A maximum fragmentation size of 400 
mm for material delivered to the mill was used to determine likely mineralized material fragmentation. AMC has 
made assumptions regarding ground hardness and drill penetration rates to derive a blasting powder factors for 
the different material types. As presented in Table 16.7, the powder factor ranges between 0.15 kg/t and 0.28 
kg/t.  
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Table 16.7 Drill and blast parameters 

Design Parameters Unit Transition Waste Fresh Waste 
Transition and Fresh 
Mineralized Material 

Bench height (m) 5 5 5 

Blast hole diameter (mm) 102 102 76 

Bulk Explosive (type) ANFO ANFO EMULSION 

Blast hole burden (m) 3.2 2.7 2.1 

Blast hole spacing (m) 3.6 3.0 2.4 

Charge length (m) 3.3 3.3 3.5 

Estimated Powder Factor (kg/m3) 0.40 0.57 0.76 

Estimated Powder Factor (kg/t) 0.15 0.21 0.28 

 

Due to the short life of the open pit mines and the shallow mining depth, AMC has assumed that no pre-split 
blasting would be required. 

The 40 t excavators will be used to mine the mineralized material and minimize dilution. The 40 t excavators 
would then load the material directly into the 14 t 6 x 6 trucks. The productivity of the 40 t excavator for loading 
transitional mineralized material and waste has been estimated at 150 t per operating hour. 

The 50 t excavators are assigned to waste mining in the transitional and fresh material. 

16.5.3 Backfilling of the open pits 

Backfilling of the open pits is planned to occur as each of the four pits is mined out. AMC has assumed that the 
50 t excavators and 40 t articulated trucks will be used to backfill the pit. In order to reduce costs, AMC 
recommends that the option of using Hecla’s own equipment for backfilling is reviewed at a later stage. This 
strategy would enable demobilization of the open pit contractor fleet earlier. 

16.5.4 Stockpile rehandling 

The mineralized material will be hauled onto the run-of-mine (ROM) stockpile and then loaded onto road trucks 
for transport to the processing plant.  

16.5.5 Ancillary equipment 

AMC has determined ancillary equipment numbers in relation to the total production fleet numbers and based on 
its experience. Activities considered when estimating the auxiliary equipment fleet include: 

 Clean up of digging and drilling areas; 

 Waste dump maintenance; 

 Dust suppression and maintenance of haul roads; 

 Servicing of the production fleet; and  

 Topsoil clearing. 

The support fleet consists of three D8 dozers which will be used for clearing topsoil, forming waste dumps and 
stockpiles and creating the surface roads to the waste dumps and open pits at the start of the operation. During 
the production phase, the D8 dozers will provide support in the pits and at the waste dumps. In the backfilling 
stage, only two D8 dozers are required to maintain tip-heads and rehabilitate the open pits and disturbed areas. 
One grader and one water truck are planned for road maintenance, re-contouring of the rehabilitated areas and 
dust prevention. 

16.6 Pit design 

The Lerchs-Grossmann pit optimization algorithm was used to define the ultimate pit shell for each deposit. The 
selected pit shells were then used to produce the mining schedule. Conceptual pit designs were also produced, 
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but only to provide an indication of potential site layout; the tonnes and grades contained within the latter pits 
were not used as input to the schedule and to the financial evaluation. 

16.6.1 Middle Vein and North Vein ultimate pit selection 

The Middle Vein and North Veins were analysed together as they had the potential to create combined pits. The 
optimization results are shown in Figure 16.3. The pit shell corresponding to the 100% revenue factor is pit shell 
21. Pit shell 18 was selected for scheduling to reduce strip ratio without compromising the surplus generated. 

Figure 16.3 Optimization results – Middle Vein and North Vein 

 
 

A sensitivity of the selected open pit optimization was conducted at +/-10%, +/-20% for processing costs, mining 
costs and metal price. Overall slope angle sensitivity of - 2° / + 3°, was also evaluated; the results are shown in 
Figure 16.4 . The pit size, tonnes of mineralized material and cash flow are most sensitive to metal price, 
followed pit slope angle and by mining and processing costs. 
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Figure 16.4 Pit optimization sensitivity analysis – Middle Vein and North Vein 

 
 

16.6.2 East Francine Vein ultimate pit selection 

The East Francine Vein optimization results are provided in Figure 16.5. The maximum undiscounted cash flow 
corresponds to pit shell 38. As the pit is depleted within one year, the discounted cash flows are the same as the 
undiscounted cash flows. Pit shell 38 was selected as the basis for the mining schedule. 
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Figure 16.5 Optimization results – East Francine Vein 

 
 

A sensitivity of the selected open pit optimization was conducted at +/-10%, +/-20% for processing costs, mining 
costs, metal price, -2°/+ 3° overall slope angle; the results are shown in Figure 16.6. The pit size, tonnes of 
mineralized material and cash flow are most sensitive to metal price and processing cost. 
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Figure 16.6 Pit optimization sensitivity analysis – East Francine Vein 

 
 

16.6.3 Pit design  

Conceptual pits were designed based on the selected pit optimizations. The conceptual designs for the East 
Francine Vein, Middle Vein and North Vein are presented in Figure 16.7 and Figure 16.9. Sections displaying 
NSR values for the mineralized material and cutting through the pit designs and pit optimizations are presented 
in Figure 16.8 and Figure 16.10. As illustrated in Figure 16.11, the East Francine Vein pit and North Vein pit are 
designed in two single stages referred to as EF and NVB. The Middle Vein has been split between a smaller pit, 
MVS and a larger pit, MVB. 
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Figure 16.7 East Francine Vein pit design 

 
Source: AMC 2015.  

Pit Exit 2103 mRL 

2065 mRL 
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Figure 16.8 East Francine Vein sections 

 
Source: AMC 2015 
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Figure 16.9 Middle Vein and North Vein pit designs 

 
Source: AMC 2015 

MVB  
Pit bottom 2020 mRL 
Ramp exit 2098 mRL 

NVB  
Pit bottom 2070 mRL 
Ramp exit 2105 mRL 

MVS  
Pit bottom 2070 mRL 
Ramp exit 2097 mRL 
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Figure 16.10 Middle Vein and North Vein sections 

 
Source: AMC 2015 

16.7 Layout of other mining-related facilities 

The general site layout for the East Francine Vein, Middle Vein and North Vein is shown in Figure 16.11. Waste 
dumps are labelled with the prefix WD, topsoil stockpiles with TS. The mineralized material run-of-mine stockpile 
is labelled ROM. 

The entirety of the waste mined is to be backfilled into the open pits after the pits are mined out. As such, the 
waste dumps have been designed to minimize mining and rehandling costs; waste dumps have been designed 
to a maximum height of 20 m and wrap around the outline of the pits. 

The ROM stockpile has been designed to accommodate up to 120 kt of mineralized material. 
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Figure 16.11 General site layout 

 
Source: AMC 2015 

16.8 Conceptual mining schedule 

The material tonnage and grades contained within the selected pit shells form the basis for the conceptual 
mining schedule. In order to account for typical quantitative differences between the pit shells and mine designs, 
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the waste tonnes contained within the shells have been increased by 5% for East Francine Vein and 7% for 
Middle Vein and North Vein to derive the mining schedule.  

In summary, the quantities and grades presented in Table 16.8 have been used in the conceptual mining 
schedule. The preliminary economic assessment is preliminary in nature. It includes Inferred Mineral Resources 
that are considered too speculative geologically to have the economic considerations applied to them that would 
enable them to be categorized as Mineral Reserves. There is no certainty that the preliminary economic 
assessment will be realized. 

Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability 

Table 16.8 Conceptual mining schedule tonnage and grades 

Mill Feed Waste Strip Ratio 

kt Au (g/t) Ag (g/t) kt Ratio 

Pit MVS 2 3.6 529 124 56 

MVB 123 3.7 620 4,320 35 

NVB 62 5.1 153 1,082 17 

EF 61 7.4 1917 698 12 

Total 248 5.0 819 6,224 25 

 

Due to the short mine life of the San Sebastian Mine, the mining schedule was produced on a month by month 
basis.  

The schedule of the main mining activities is tabulated in Figure 16.12. Month 1 corresponds to December 2015. 
The mine life is approximately 18 months, including two months of pre-stripping from Month -3 to Month -2. 
Backfilling operations occur on an opportunistic basis as soon as individual pits are mined out from Month 5, 
and proceed at full capacity, utilizing three 50 t excavators and 8 trucks, from Month 16 until Month 24. As pit 
extraction activities are completed in Month 15, mill feed is achieved by drawing from the mineralized material 
stockpile until it is exhausted in Month 23. 

Figure 16.12 Schedule of mining activities 
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Some important milestones of the mining schedule are presented below: 

 Month -3: topsoil beneath proposed waste dumps dozed, roads set up. Construction of mineralized 
material stockpile. East Francine Vein and Middle Vein open pit pre-strip with mineralized material to 
stockpile and waste to dumps. 

 Month 1: plant feed started at 50% of maximum capacity (5.5 ktpm) 

 Month 2: plant feed at 75% of maximum capacity (8.4 ktpm)  
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 Month 3: plant feed at 100% capacity (11ktpm) 

 Month 4: East Francine Vein pit mined out 

 Month 5: start of East Francine Vein pit backfilling 

 Month 9: start backfilling North Vein pit. 

 Month 14: start backfilling Middle Vein small pit. 

 Month 15: all open pits mined out 

 Month 16: start backfilling Middle Vein large pit 

 Month 23: end of mill feed. 

 Month 24: backfilling of all pits completed. 

The extraction and backfilling activities take into account equipment productive capacities are presented broken 
down into pits in Figure 16.13.  

Figure 16.13 Tonnes mined and backfilled by pit 

 
 

Details of the conceptual extraction schedule are presented in Table 16.9 and Table 16.10. 

A conceptual mill feed schedule is presented in Table 16.11. 
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Table 16.9 Conceptual pit extraction schedule by weathering type 

  Total Start-up Year 1 Year 2 

Oxide - Mineralized Material Tonnes kt 82 15 67 - 

  Au g/t 5.6 7.4 5.2 - 

  Ag g/t 501 1,513 280 - 

Trans - Mineralized Material Tonnes kt 69 3 66 - 

  Au g/t 5.1 8.7 5.0 - 

  Ag g/t 1,047 2,434 983 - 

Fresh - Mineralized Material Tonnes kt 97 - 67 30 

  Au g/t 4.3 - 4.6 3.8 

  Ag g/t 925 - 1,033 684 

Total Ex Pit Mineralized Material Tonnes kt 248 18 200 30 

  Au g/t 5.0 7.6 4.9 3.8 

  Ag g/t 819 3,882 31,182 5,342 

Oxide - Waste Tonnes kt 3,815 827 2,989 - 

Trans - Waste Tonnes kt 1,376 31 1,345 - 

Fresh - Waste Tonnes kt 1,033 - 872 160 

Total Waste Tonnes kt 6,224 858 5,206 160 

 

Table 16.10 Conceptual pit extraction schedule  

Total Start-up Year 1 Year 2 

Indicated Tonnes kt 225 6 188 30 

Au g/t 4.8 9.9 4.8 3.8 

Ag g/t 794 2,909 739 684 

Inferred Tonnes kt 23 11 12 

Au g/t 6.7 6.3 7.1 

Ag g/t 1,061 964 1,152 

 

Table 16.11 Conceptual mill feed schedule  

Total Start-up Year 1 Year 2 

Indicated Tonnes kt 225 2 113 110 

Au g/t 4.8 9.9 5.4 4.0 

Ag g/t 794 2,909 937 606 

Inferred Tonnes kt 23 4 18 1 

Au g/t 6.7 6.3 6.8 6.6 

Ag g/t 1,061 964 1,095 830 

 

As illustrated by Figure 16.14, the NSR per tonne of mineralized material mined peaks at US$950/t when the 
East Francine Vein pit is mined at the beginning of operations, before dropping to approximately US$400/t at the 
end of mine life. 
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Figure 16.14 NSR and ex-pit mineralized material tonnes by year 

 
 

As the mineralized material mining rate is superior to the processing rate, the ROM stockpile peaks at 
approximately 90 kt in Year 1; it is then depleted over the rest of the mine life until mill feed stops in Year 2. 

16.9 Equipment and personnel number 

Contractor personnel numbers were estimated for all mining department personnel, including management and 
supervision, technical staff, operators and maintenance. 

No allowance has been made for additional personnel in other departments that may be required to support the 
mining operations. Instead an allowance of 3% has been added to the total contractor costs. 

The open pit operators and maintenance personnel are planned to work a three panel, two shift roster, as 
favoured by Mexican open pit contractors. Features of this roster are: 

 20 hours per day, 365 days per year, two shifts per day; 

 10 hours per shift; 

 5 days on, 2 days off, 5 days on, 2 days off, 5 days on, 3 days off basis; and 

 15 days annual leave. 

The above roster and mining schedules were used to derive peak equipment requirements. Open pit primary 
equipment requirement at peak production is summarized in Table 16.12. 
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Table 16.12 Open pit equipment requirements at peak production 

Equipment type Peak No. required 

40 t Excavator 2 

Hydraulic hammer 2 

50 t Excavator 3 

Front end loader 1 

40 t Articulated dump truck 8 

14 t 6 by 6 Truck 1 

Top-hammer (SANDVIK D600) 3 

Dozer (D8) 3 

Grader (CAT 140M) 1 

Water truck 1 

Total 25 

 

Total operator numbers required were calculated for the number of machines on site at any given time. 
Equipment such as trucks, excavators, drills and dozers were considered to be manned at all times. The 
number of maintenance personnel was derived using a maintenance labour factor of 0.5 to 0.75 for the main 
pieces of equipment. The factor is based on the number of hours of maintenance to the number of hours of 
operation, applied to each piece of equipment. The factor is also based on manufacturer information and a 
maintenance efficiency ratio to reflect the skill level and experience of the workforce.  

The total personnel required was estimated based on the production throughput of the operation and the 
equipment numbers. 

The maintenance and production personnel may start work on a staggered basis to allow for servicing, refuelling 
and minor maintenance to be performed prior to the production personnel operating the equipment. 

Contractor management and senior staff were assumed to work on a Monday to Friday basis, with two days off 
over the weekend. 

Mining production and maintenance positions are expected to be filled by the local workforce. AMC assumed 
that the local workforce will be bused from the town of Cuencamé. 

The peak requirements for the open pit workforce are summarized in Table 16.13. 
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Table 16.13 Contractor open pit workforce requirements at peak production 

Open Pit Workforce Peak No. Required 

Fixed - Production 

Project Manager 1 

Mine Superintendent 1 

Clerk 3 

Safety/Training Coordinator 1 

Storeman 1 

Mine Production Supervisor 3 

Light duties / cleaner 1 

Pit dispatcher 3 

General labourer 3 

Sub Total 17 

Fixed - Maintenance 

Maintenance Supervisor 1 

Maintenance Planner 1 

Leading Hand Mechanic / Fitter 1 

Apprentice 1 

Boilermaker 1 

Light Vehicle Mechanic 1 

Sub Total 6 

Mining Operations - Variable numbers 

National Truck operator 30 

National Excavator operator 12 

National Ancillary equipment operator 18 

National Drill operator 9 

National Fitter 30 

Shot firer 1 

Shot crew 8 

Sub Total 108 

Total Personnel 131 
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17 Recovery methods 
Note that the word “ore” is used in this section as it is part of the standard lexicon when discussing metallurgical 
recovery issues. It does not imply that Mineral Reserves have been estimated. 

17.1 Process plant 

17.1.1 General 

This section presents the process in the existing Velardeña Mill through which the San Sebastian mineralized 
material will be processed under a toll treatment arrangement. The mill equipment consists of primary and 
secondary crushing, grinding, agitated cyanide leach, counter-current decantation (CCD), cyanide destruction, 
Merrill-Crowe, and smelting.  

The design basis for the processing facility (mill) is 400 dry metric tonnes per day (dmtpd) of oxide material 
through the Velardeña Mill. A total of 146,000 dry metric tonnes per year (dmtpy) of oxide material will be 
transported from the San Sebastian Mine and processed at the Velardeña Mill.  

The Property consists of oxide material (Francine Extension, North Vein, and Middle Vein). Metallurgical testing 
indicates that the oxide material is responsive to cyanide leaching for recovery of gold and silver.  

17.1.2 Process overview 

The following items summarize the process operations required to recover gold and silver from the San 
Sebastian oxide material. 

1. Oxide material from the San Sebastian Mine will be transported via highway to the Velardeña Mill.  

2. A front-end loader will reclaim oxide material from a run-of-mine stockpile to feed the crushing circuit.  

3. Oxide material will be processed through a primary and secondary crushing circuit. The primary crusher 
is a jaw type crusher and the secondary crusher is a cone type crusher. Both crushers are equipped 
with screens on the feed end to scalp material and direct it to the grinding circuit. 

4. Grinding will occur in a single stage ball mill to reduce the feed material to an 80% (P80) passing 74 
microns. The ball mill will operate in a closed circuit with a hydro-cyclone.  

5. Hydro-cyclone overflow will be fed to the pre-leach thickener. The thickener underflow is pumped to the 
first agitated leach tank and the thickener overflow is pumped to the Merrill-Crowe circuit.  

6. The cyanide leach circuit consists of eight agitated tanks operated in series. Sodium cyanide and lime 
are added to the leach circuit for recovery of the precious metals.  

7. Leached slurry from the final agitated tank is fed to the CCD circuit. The CCD circuit will consist of four 
conventional type thickeners which recover the soluble silver and gold. Reclaim solution will be added in 
the final CCD thicker as the washing solution. 

8. Clarifying and de-aeration of the pregnant solution followed by adding zinc dust to the clarified solution 
to obtain a precipitate containing the recovered precious metals.  

9. Filtering and batch smelting of the precipitate to produce a silver and gold doré.  

10. The final CCD thickener underflow will be fed to the cyanide destruction tank. Testwork for cyanide 
destruction by either the addition of SO2 - air or Caro's acid have shown to be viable options. For 
purposes of the reagent consumption, cyanide destruction by the addition of Caro's acid is the selected 
process. Cyanide will be destroyed using Caro’s acid and lime prior to disposal in the tailings pond. 

11. Water from the tailings pond will be reclaimed for re-use in the mill. Plant water stream types include 
reclaim solution and fresh water.  

12. Storing, preparing, and distributing reagents to be used in the process.  

The overall process flow sheet deemed suitable for oxide material is shown in Figure 17.1. 
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Figure 17.1 Oxide overall flowsheet 

 
Source: M3 Engineering  2015 

17.1.3 Existing equipment review 

A review of the existing equipment at the Velardeña Mill was performed to support the proposed throughput of 
oxide material from the San Sebastian Mine. Supporting documentation that was used in the review of the 
existing equipment included the flowsheet, equipment list, general arrangement, and previous operating 
information. No site visit to confirm the installed equipment, nameplate information, or hydraulics was performed 
by M3 personnel. The information used for the process equipment review has been deemed sufficient for the 
PEA level of this Technical Report.  

Based on the equipment review performed, the Velardeña Mill appears to be capable of processing the 
proposed 400 tpd of oxide mineralized material from the San Sebastian Mine.  

The major process criteria for the previous Hecla operation at Velardeña Mill and the proposed oxide operation 
are compared in Table 17.1. The previous Hecla operations information is based on the average values for year 
2003. A summary of the installed major equipment, as provided by Minera Hecla, is shown in Table 17.2. 
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Table 17.1 Process design criteria 

Previous Oxide Operation Proposed Oxide Operation 
Crushing 
tpd Processed 374.5 400 
Days per Year 365 365 
tpa Processed 136,693 146,000 
Hrs. per day 8 8 
% availability 76% 75% 
Tph Processed   
Average 63.2 66.7 
Maximum 90.6 - 
P80 --- 12,700 
Grinding 
tpd Processed 374.5 400 
Days per Year 365 365 
tpa Processed 136,693 146,000 
Hrs. per day 24 24 
% availability 88 92% 
tph Processed 17.7 18.1 
Work Index (BWi) 

kwhr/st --- 16.1 
kwhr/mt --- 17.8 

Circulating Load (%) --- 300 
Grind Size % - 74 micron (200 mesh) 76 74 
Grinding Power (hp) 

Required --- 530 
Existing 800 800 

Reagent Addition TBD none 
Agitated Leach 
Tph Processed 17.7 18.1 
% Solids 53 50 
Flow (m3/h) 22 25.4 
pH 10.5 - 11.5 10.5 - 11.5 
Tank Properties 

Quantity 8 8 
Size, D x H, (m) 8 x 8.5 8 x 8.5 

Leach Volume (m3) 2,893.8 2,893.8 
Leach Residence Time (h) 

Required --- 96 
Actual 131 113.9 

Reagent Addition lime, sodium cyanide lime, sodium cyanide 
NaCN Concentration (g/l) 3.5 1.5 
Merrill Crowe 
Flow (m3/h) 64 103 
Reagent Addition zinc, flux zinc, flux 
Clarification Filter Area, m2 106.0 106.0 
Unit Flow Rate (m3/hr) / m2 0.60 0.97 
Precipitation Filter Area, m2 83.7 83.7 
Unit Flow Rate (m3/hr) / m2 0.77 1.23 
CCD 
Wash Ratio 2 4 
Thickener Quantity 4 4 
Thickener Size (m) 18 18 
Settling Rate 

Calculated (m2/mtpd) 0.68 0.64 
Testwork (m2/mtpd) --- 0.175 - 0.189 

Thickener Area (m) 
Required --- 9.5 - 10 

Actual 18 18 
Reagent Addition flocculant flocculant 
Cyanide Destruction – Caro’s Acid 
tph Processed n/a 18.1 
Flow (m3/h) n/a 25.4 
% Solids n/a 50 
pH n/a 9 
CNwad (ppm) 

Feed n/a < 500 
Discharge n/a < 50 

Residence Time, design (h) n/a 0.5 
Reagent Addition n/a hydrogen peroxide, sulfuric acid, lime 
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Table 17.2 Installed equipment list 

Quantity Equipment Name Description Total Hp 

1 Hopper / Feed Bin 45 t --- 

1 Primary Jaw Crusher Allis Chalmers RT Jaw Crusher; 24" X 36" 100 

1 Secondary Cone Crusher Symons (Nordberg) 4' Standard Cone Crusher 150 

1 Sizing Screen Tyler 6' X 10' 20 

1 Conveyor 24" X 3/8"; Dodge Gear Reducer 10 

1 Conveyor 24" X 3/8"; Dodge Gear Reducer 15 

1 Conveyor 24" X 3/8"; Dodge Gear Reducer 15 

1 Fine Ore Bin 1000 tonne --- 

1 Fine Ore Bin Discharge Conveyor 24" X 3/8"; Dodge Gear Reducer 3 

1 Grinding Mill Allis Chalmers; 10.5' X 13' 800 

1 Cyclone Cluster Krebs 10 Cluster --- 

1 Cyclone Feed Pump Denver; 5" x 4" 30 

1 Cyclone Feed Pump (Installed Spare) Denver; 5" x 4" 30 

1 Thickener Emico - 3 m x 16 m 4.5 

8 Leach Tank Agitators Hayward Gordan 200 

8 Leach Tanks 8 m x 8.5 m --- 

1 Thickener #1 Westech; 3 m x 18m 6.5 

1 Thickener #2 Westech; 3 m x 18m 6.5 

1 Thickener #3 Westech; 3 m x 18m 6.5 

1 Thickener #4 Westech; 3 m x 18m 6.5 

1 Unclarified Tank 113.1 m3 --- 

1 Clarifier Feed Pump Worthington; 6" x 4" 10 

1 Clarifier Discharge Pump Worthington; 6" x 4" 7.5 

2 Clarifiers Westfall Clarifier (570 sq ft each) 15 

1 Clarified Tank 191.4 m3 --- 

1 Clarified Pump (Crowe Tower Feed) Worthington; 6" x 4" 15 

1 Crowe Tower 5' x 11' --- 

2 Precipitate Filters Perrin 36" X 36" X 25 Plates 0 

1 Barren Tank 117.8 m3 --- 

1 Furnace Inducto-Therm 205 

1 Furnace Scrubber Ducon-Mikropul - Mikro-Pulsaire Type C 100 

 

The process consumables are summarized in Table 17.3. Consumption rates are based on test results, 
historical data and projections for the planned operation. 
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Table 17.3 Process consumables 

Item 
Oxide 

kg/t Feed 

Reagents  
Antiscalant 0.003 
Caustic 0.00 
Flocculant 0.25 
Flux 0.01 
Hydrogen Peroxide 5.79 
Lime (CaO) 3.38 
Sodium Cyanide 1.50 
Sulfuric Acid 5.79 
Zinc Dust 0.48 
Grinding media  
Grinding balls, ball mill 2.05 
Utilities  
Fresh water, liters per second 1.9 
Power, megawatts 2.3 

 

17.2 Capital cost review 

17.2.1 Process review 

Capital costs for the addition of a cyanide destruction circuit and the replacement of missing process equipment 
have been estimated by M3. Costs were estimated based on the existing facility status provided by Hecla, 
equipment quotations, and historic data. The summary of the process equipment addressed in the capital cost is 
covered in Table 17.4. 

Table 17.4 Process equipment in capital cost 

Qty Equipment Name Description 

1 Cyanide Destruction Circuit SO2-Air Process, utilizing existing process equipment (tanks, agitators, compressor, etc.) 

1 Electromagnet 42" x 42" x 22", suspended with rectifier 

1 Samplers Ball mill feed, primary, secondary grinding 

1 Ball Mill Gear Lubrication System Metso, Gear Spray System 

1 Lime Feeder Screw 

1 Air Compressor 120 gallon, 5 hp 

1 Furnace Cooling System Cooling fan 

2 Barren Solution Pumps Peerless; 6" x 6", CUMA 1.5" x 1.5" 

2 Vacuum Pumps 20 hp 

 

17.2.2 Tailing storage facility 

Capital costs for the addition of a lift to the existing tailing storage facility have been estimated by M3. Costs 
were estimated based off of a preliminary schedule of construction quantities provided by Golder Associates Inc. 
(Golder) and historical data.  

Golder was provided with Minera William S.A de C.V.(Minera Williams) design drawings for the existing Stage 1 
of Tailings Storage Facility No. 3 at Velardeña Mill. Models of the Stage 1 and Stage 2 facilities were evaluated 
with AUTOCAD Civil 3D design software (Autodesk, 2015) by Golder to determine construction area limits, 
estimate earthwork quantities, and areas for placement of geomembrane liner. Golder’s schedule of quantities is 
illustrated below in Table 17.5.  
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Table 17.5 Schedule of quantities for major construction tasks 

Item Unit Quantity 

Clear and Grub m2 16,700 

Local cut to embankment fill m3 41,000 

Borrow to Embankment fill m3 34,000 

Anchor trenching and backfilling m3 297 

Geomembrane liner m2 15,353 
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18 Project infrastructure 
18.1 San Sebastian Mine site infrastructure 

The project infrastructure and services for the San Sebatian Mine have been estimated to support an operation 
of 400 tpd of mill feed. Infrastructure and ancillary facilities are explained in the following section of the 
Technical Report.  

Attention should be given to the placement of the facilities in future studies in order to minimize the overall 
footprint, required excavation, and future reclamation 

The overall mine site layout is presented in Figure 18.1. 

Figure 18.1 Site layout 

 
Source: AMC 2015 
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18.1.1 Waste rock storage 

Conceptually, waste dumps would be located around the pits to minimize haulage during the mining and 
backfilling operations. Waste dumps have been labelled with the prefix WD in Figure 18.1. 

Waste rock is not potentially acid forming and does not require special bunding or water management. 

18.1.2 Stockpiles 

One centralized ROM stockpile is proposed adjacent to the old portal as shown on the site plan, Figure 18.1. 
Three stockpile fingers are necessary to allow for safe dumping and reclaiming of material for transportation to 
the mill.  

Top soil stockpiles, labelled with the prefix TS in Figure 18.1, are proposed within 150 m of the waste dumps 
and pits to allow for efficient clearing with dozers.  

Low grade stockpiles have not been designed but could be considered to store mineralized material for potential 
future milling; adequate room exists adjacent to the ROM stockpile. 

18.1.3 Administration offices training room 

The existing administration building is suitable to provide working space for management, supervision, technical 
services, and other operations support staff. 

18.1.4 Medical / Ambulance / First Aid / Mine rescue facilities 

Due to proximity of the San Sebastian Mine site to several communities, it is envisaged that only basic medical 
and first aid facilities would be required to stabilize any injuries for transport to local hospitals. A vehicle on site 
will be designated for emergency transport purposes. 

18.1.5 Maintenance shop  

Due to the short mine life, the truck shop building shall be a temporary structure. The building shall be designed 
to provide facilities for maintenance and repair, minor office space, clean and dry areas, and general storage. 
The truck shop will house one maintenance bay, a welding and machine shop, and an electrical and instrument 
shop. The truck wash and tire change area is included within the truck shop. Waste oil will be disposed of at an 
approved facility. Sufficient lifting capacity will be provided via mobile equipment. 

18.1.6 Explosives magazine 

The existing explosive magazine is located within the Property. It is of sufficient capacity to store blasting caps 
and primers. Storage tanks for emulsion and Ammonium Nitrate Fuel Oil (ANFO) may be rented from the local 
explosive manufacturers and should be located at safe distance from other buildings. Provision for two tanks 
has been made in this study. 

18.1.7 Fuel storage 

A 20,000 l diesel tank is set up on site. An additional tank could be procured to provide spare capacity and cover 
any breakdown in the supply chain. Historical interruptions would be compared to projected consumption and a 
determination made of the capacity required.   

18.1.8 Equipment lay down area 

No open area storage area has been specifically allocated; however, there is area within the plant site that could 
be fenced off to provide extra storage for equipment and materials. 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 189
 

18.1.9 Communications 

The existing site communications systems are sufficient to run the open pit operation. Communication within the 
pit is expected to be via two-way radio. 

18.1.10 Power 

Electricity is supplied to the mine site from the main grid with a capacity of 500 kW. Portable generators may be 
required to power some of the maintenance equipment. Estimates of the additional requirements such as fuel 
transport and storage for generators should be made in future studies. 

18.1.11 Potable water 

A potable water supply is readily available at the current administration building.  

18.1.12 Fire systems 

Fire extinguishers, sprinklers, and alarm systems are available in existing buildings and will be provided for new 
facilities. 

18.1.13 Security and guardhouse 

The existing guardhouse is appropriate to control personnel and material flow in and out of the mine site. 

18.2 Other surface infrastructure 

18.2.1 Access roads 

The Velardeña Mill is located approximately 150 km to the northeast of the San Sebastian Mine site. Access 
from the mine site to the Velardeña Mill is via a paved road running through the towns of Emiliano Zapata and 
Ignacio Allende and highways 40 and 49D, as illustrated in Figure 18.2. 

Figure 18.2 Road access mine site to Velardeña processing site 

 
Source: Google 2015 
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An allowance has been made for repairs of unpaved access road from the mine site to the highway to ease the 
movement of mineralized material and bypass some of the local communities. 

18.2.1.1 Housing 

The workforce will be living in the many communities located in the vicinity of the mine site or in Durango and 
commute to site as required. An agreement with the local ejido will provide transportation to the site for 
employees. 

18.2.1.2 Laboratories 

Daily analyses of mine and process samples is proposed to be undertaken either using the laboratory owned by 
Minera William or by a laboratory in Durango. 

18.3 Process facility infrastructure 

The Velardeña processing facility includes process equipment for primary and secondary crushing, grinding, 
agitated leach, CCD, filtration, refining, and reagents. A skid mounted cyanide destruct system will be procured 
and installed. Both Caro’s acid and sulphur dioxide systems are under consideration.  

Existing ancillary buildings include the administration office, maintenance shop, and warehouse.  

The existing Velardeña infrastructure is shown in Figure 18.3. 

Figure 18.3 Process facilities plan 

 
Source: M3 Engineering  2015 
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18.4 Tailings facility 

Thickened tailing material will be pumped to an existing lined tailing storage facility. Water will be reclaimed from 
the tailing storage facility and piped back to the plant for reuse. The tailing and reclaim water pumps and 
pipelines are already in place.  

Based on the design and discussions between Golder and Hecla, it has been estimated by Golder that the 
existing tailing storage facility will reach full capacity in the fourth quarter of 2016. An expansion will be required 
to continue operations past 2016. A study is recommended by qualified personnel to validate the current storage 
available and plan the future expansion.  

18.5 Utilities 

The Velardeña facility is connected to the CFE power grid. Based on previous operations information provided 
by Minera Hecla, it is believed that there is enough capacity in the transmission line and substation for operation 
of the Velardeña facility at a daily throughput of 400 tpd.  

Fresh water makeup to the Velardeña facility will be supplied by existing groundwater wells. Based on previous 
operations information provided by Minera Hecla it is believed that there is enough fresh water capacity for 
operation of the Velardeña facility at a daily throughput of 400 tpd.  
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19 Market studies and contracts 
19.1 Market studies 

No formal market studies have been undertaken. Minera Hecla will produce from the Velardeña Mill a high 
silver-content doré product, with significant gold values, and anticipates its sale, after refining, on the spot 
market. 

The PEA envisions that doré produced at the Velardeña Mill will be shipped from site, with appropriate security 
arrangements, to a metals refinery in Mexico or the United States. There are numerous operating precious 
metals properties in the Mexico Silver Belt and the logistics for shipments of doré are well established. Minera 
Hecla will not enter into any contracts or agreements for mining, refining, transportation or sales which are 
outside normal or generally accepted practices in the mining industry. 

There are multiple options available to Minera Hecla in regards to available refineries and, as the project 
matures, negotiations will include US and Mexican refineries. AMC understands that indicative 
treatment/refining terms have been received that are in line with industry benchmarks and which have been 
used in the financial model. 

19.2 Commodity price projection 

The consensus expectation of precious metals analysts, for future gold and silver prices, is that the trend of 
2012 – 2014 has reached a bottom and moderate growth is expected through the next several years. Table 19.1 
shows gold and silver price history 2000 – 2015 with consensus forecasts for the period 2015 – 2017. 

Table 19.1 Commodity price 2000 - 2014 historical with 2015 - 2017 consensus projections 

 
Consensus (nominal) Prices as of 21 August 2015, 
Source: Energy & Metals Consensus Forecasts 

AMC is not qualified to provide metal price forecasts but the Qualified Person for this section believes that the 
consensus forecasts are a reasonable method of deriving metal prices for the San Sebastian project. 

Gold Price (US $/oz) Silver Price (US $/oz)
High Low Average High Low Average

2000 313           264           279           5.45          4.57          4.95         

2001 293           256           271           4.82          4.07          4.37         

2002 349           278           310           5.10          4.24          4.60         

2003 416           320           363           5.97          4.37          4.88         

2004 454           375           409           8.29          5.50          6.66         

2005 537           411           444           9.23          6.39          7.31         

2006 725           525           604           14.94       8.83          11.55      

2007 841           608           695           15.82       11.67       13.38      

2008 1,011       713           872           20.92       8.88          15.02      

2009 1,213       810           972           19.18       10.51       14.67      

2010 1,421       1,058       1,225       30.70       15.14       20.15      

2011 1,895       1,319       1,572       48.70       26.16       35.12      

2012 1,792       1,540       1,669       37.23       26.67       31.15      

2013 1,694       1,192       1,411       32.23       18.61       23.83      

2014 1,385       1,142       1,266       22.05       15.28       19.10      

2015* n/a n/a 1,135       n/a n/a 15.53      

2016* n/a n/a 1,167       n/a n/a 16.57      

2017* n/a n/a 1,228       n/a n/a 18.33      

Year
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19.3 Contracts 

The following contracts are judged to be material to the success of this project: 

19.3.1 Mill Lease Agreement 

This agreement provides for processing of mineralized material from the San Sebastian Mine into a marketable 
doré product. To accomplish this, Minera Hecla has negotiated an agreement with Minera William for the 
exclusive use of its mill, located at Velardeña, DGO. This contract is completed and currently in force. This 
arrangement is unusual and it would be difficult to define an “industry norm” for the practice.  

The lease provides exclusive use of the facility for treatment of Minera Hecla material during 2016. Minera Hecla 
has an option to extend the term of the agreement for six months through June, 2017. An additional six months 
can be secured through December, 2017, provided that Minera William agrees to the extension. The agreement 
provides for a monthly rental payment to cover occupancy of the facility, plus a unit charge based on material 
processed during the month. Minera Hecla will pay all operating costs incurred, including labour. Labour can be 
provided by Minera Hecla or, for an additional fee, can be sourced through Minera William under its current 
labour agreement. Indicative terms are summarized in Table 16.5.  

Contract Mining Agreement 

This agreement will provide for surface mining of the deposits at the San Sebastian Mine. This agreement is in 
progress, but not complete at this time. Final terms for this service will be within industry norms for this activity. 

Doré Refining and Marketing Agreements 

These agreements will provide for refinement and sales of the doré produced by Minera Hecla. These 
agreements are in progress, but not complete at this time. Final terms will be within industry norms for these 
activities, as remarked above.  
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20 Environmental studies, permitting and social or community impact 
20.1 Environmental setting 

Refer to Section 5 for additional descriptions of the Property population, towns, physiography, climate and 
agriculture. 

The Property is located in the municipality of Cuencamé, Durango Mexico, near the border of the state of 
Durango and Zacatecas. It is located 90 km northeast of the capital city of Durango, DGO. Access to the 
Property is by state highway 386. The Property is located in a sparsely populated rural agricultural area 
dominated by dry land farming. 

Minera Hecla commissioned Clifford Associates Ltd. of Guadalajara, to perform an Economic and Technical 
Assessment (Estudio Technico y Economico, or ETE) in 2014 in support of a Manifesto de Impacto Ambiental 
(MIA) for development of construction of a mill and tailings storage facility. This part of the San Sebastian 
project is now on hold pending improved metal market conditions. 

The main soil types in the area are Regosols with lesser occurrences of Leptosols and Calcisols. The soils are 
mostly sandy, with a significant amount of coarse material and caliche present. Soil textures are mostly medium 
and have moderate to high susceptibility to erosion. 

The vegetation in the area is characterized by large expanses of agricultural fields, thorny acacia scrub brush, 
succulent species of cacti, (opuntia) and yucca. Grasses are primarily heartier sedge-types due to the low 
annual rainfall. 

The Property does not fall within any federal, state or municipal Protected Natural Areas (ANP). It is also not 
included in the protected areas for critical terrestrial regions (RTP) the closest of which is near the municipality 
of Canatlan.  

The Property is within the Priority Hydrologic Region RHP No. 36, Aguanaval River Basin of the Nazas River. 
However, it is noteworthy that the MIA for the project concluded the integrity of the RHP is not at risk from the 
development of the San Sebastian project. 

Mining activity has previously been conducted on site. The San Sebastian underground mine development and 
surface trenching occurred between 2000 and 2005. The surface trenches were reclaimed although access to 
the underground San Sebastian Mine workings remains. The underground workings do not currently discharge 
water. However, during mining operations, mine water was pumped to surface and disposed of by infiltration. 
These mined materials do not present any environmental issues that are evident or noted in the area. 

20.2 Permitting requirements in Mexico 

In Mexico, SEMARNAT (Secretaria de Medio Ambiente y Recursos Naturales) is the federal government 
authority that regulates environmental matters. The three principal permits required for mining and exploration 
activity in Mexico are: 

1. Manifesto De Impacto Ambiental (Environmental Impact Assessment or MIA); 

2. Cambio de Uso de Suelo (Change of Land Use Permit or ETJ); and 

3. A Estudio de Riesgo (Risk Assessment or ER). 

Additional key permits that will be required include: 

 Water permits and appropriation of surface or groundwater from the Mexican national water commission 
(CONAGUA), the agency responsible for implementation of the regulations pursuant to the National 
Water Resource Law. 

 Explosive permits that regulate use and storage of blasting agents used in the operation. Such 
authorizations are issued annually by Secretaria de la Defensa Nacional (SEDENA). 

 An archaeological survey and feasibility study using archaeologists from the National Institute of 
Anthropology and History (Instituto Nacional de Antropologia e Historia or INAH), which is the 
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governmental archaeological authority, in order to acquire a permit to disturb or liberate lands for 
permanent disturbance (Permiso de Liberacion de Tierras or PLT). No archaeological survey was 
required for the San Sebastian project as lands were previously converted to agricultural use. 

20.2.1 Applicable laws and regulations 

In addition to the preparation and approvals of the MIA, ETJ and ER, compliance with various federal laws and 
regulations will be required and include: 

 General Law of Ecological Balance and Environmental Protection (Ley General de Equilibria Ecologico 
y Proteccion del Ambiente); 

 Environmental Impact Regulation (Reglamento en Materia de Evaluacion de Impacto Ambiental); 

 Prevention and Control of Atmospheric Contamination Regulation (Reglamento den Materia de 
Prevencion y Control de la Contaminacion de la Atmosfera); 

 General Law for Sustainable Forest Development (Ley General de Desarrollo Forestal Sustentable); 

 General Law of Wildlife (Ley General de Vida Silvestre); 

 National Water Law (Ley de Aguas Nacionales); and 

 General Law for the Prevention and Management of Waste (Ley General para la Prevencion y Gestion 
de los Residuos). 

The Property will also be required to comply with the law of Ecological Balance and Environmental Protection for 
the State of Durango (Ley del Equilibria Ecologico y la Proteccion del Ambiente para el Estado de Durango). 

Several official Mexican standards have been established to protect the environment and will be applicable to 
the development of the San Sebastian project. Specific areas under legislation include: 

 Control of atmospheric contamination through the identification of permissible levels of various 
emissions that may be produced by the project, administered by SEMARNAT and the secretariat of 
Health (Secretaria de Salud or SSA). 

 Control of noise emissions, administered by SEMARNAT. 

 Environmental impacts, administered by SEMARNAT. 

 Protection of flora and fauna, administered by SEMARNAT. 

 Water conservation, use and discharge, administered by SEMARNAT and the Comision Nacional del 
Agua (CONAGUA), the National Water Commission. 

 Design and operation of tailings dam, administered by SEMARNAT. 

 Handling of hazardous waste, administered by SEMARNAT. 

 Soil protection, administered by SEMARNAT. 

20.2.2 Current permit status 

San Sebastian Mine 

All three key permits were originally issued to Minera Hecla by SEMARNAT in 2001 and covered mining at the 
San Sebastian Mine area and all exploration activities on the Minera Hecla´s Saladillo and Saladillo 1 claim 
block.  

In 2011, the EIA and Change of Land Use permits for the Saladillo and Saladillo 1 claim block were extended to 
2014 and amended to reflect the expansion of Minera Hecla’s claim position. While renewal of this Change of 
Land Use permit remains pending, it is not required for development as currently envisioned as all proposed 
mining areas are within previously modified lands that have been in agricultural use. The exploration activities 
covered under this permit have been secured for reclamation, but none of the other activities under this permit 
will be executed under the current project and bonding for these activities will not be required.  

The proposed San Sebastian project is in receipt of the required permits to construct as illustrated in the 
following Table 20.1. A new MIA was submitted to accommodate planned mine expansion but its approval will 
not hold up initial site development. Currently Minera Hecla has the following key permits or approvals:  
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Table 20.1 List of key permits and approvals for San Sebastian Mine Project 

“Saladillo- Saladillo I, San Sebastian 
Mine” Project Comment Status 

Manifest Impacto/ Ambiental (MIA) 

Reopen San Sebastian Mine 
Construct tailings storage facility. 
Construct Mill Plant, 
Construct ramp in the Andrea Vein Mine 
area. 
Exploration. 

Approved 2 August 2013 No. 
S.G.P.A./DGIRA/DG/05429 this permit will be 
in force for 10 years. 
The current project configuration only 
includes the exploration component of this 
permit. Other permitted activities will not be 
executed. 

Risk Study (Estudio de Riesgo Nivel 1) Part of the MIA above Approved 2 August 2013 

Technical Justification Study for the Change 
of Use of Land (ETJ) 
 

 

Approved December 2013, 
No.SG/130.2.2/003013/13, this permit will be 
in force for 18 months. Application to extend 
authorization submitted 12 May 2015, No 
response as of yet but this authorization is for 
the tailings facility and mill which are not 
currently envisioned for the San Sebastian 
project. 

Middle Vein Open Pit Mine Project   

Manifest Impacto/ Ambiental (MIA) Middle Vein open pit mining. 
Approved 23 September 2014, No. 
SG/130.2.1.1/001538/14, 12 September. This 
permit will be in force for 23 months. 

Middle Vein Open Pit Mine - Extension   

Manifest Impacto/ Ambiental (MIA) 

Submitted 24 July 2015. Will authorize 
expansion of Middle Vein open pit, East 
Francine Vein and North Vein Pits, along with 
modification of waste rock stockpiles 

Approval anticipated 3Q 2015. 

CONAQUA Permit to discharge water from the mine. Approved 

SEDENA. PERMIT 3232 DGO - 2015 
Permit for the purchasing storage and use of 
explosives for year 2015. 

Approved 

 

An explosives permit with SEDENA (Secretaria de la Defensa Nacional) has been in place at the San Sebastian 
Mine since 1999. Annual maintenance of this permit requires a bi-annual inspection of the explosive magazines 
and explosive inventory by the Mexican Army and a small annual payment. This permit allows for the storage of 
explosives in Magazines 1 and 2 at the San Sebastian Mine area and use of explosives in the San Sebastian 
Mine. In April of 2013 an amendment was made to the explosives permit to allow for the storage of explosives at 
the new Magazines 3 and 4 at the Andrea Vein area, and for the use of explosives at the proposed Andrea Vein 
mine.  

Velardeña Mill 

The offsite Velardeña Mill that Minera Hecla owned and operated during the past mine production also had an 
EIA and Risk Assessment in place when Minera Hecla purchased this facility in 2001. The EIA and Risk 
Assessment for the Velardeña Mill were transferred to Minera William in 2009, when Minera Hecla sold the mill 
to that company. Minera William was granted Environmental License LAU 10/035-2009 that covers the milling 
operation of Plant 2 located in Ejido Vista Hermosa, Cuencamé Municipality, Durango. 

The granting of such a license, in turn, is supported in compliance with the general and special conditions 
stipulated in the resolution on environmental impact issued letter No. SG / 130.2.1 / 00628 dated 9 April 2008 
and resolution on environmental risk material issued letter No. DGGIMAR.710 / 000 327 dated 30 January 2003 
and the Accident Prevention Program approved by Office No. DGGIMAR.710 / 005201.  

In July 2013, Minera William advised SEMARNAT that it was suspending operations of processing Plant 2. 
Minera Hecla is currently working with Minera William, SEMARNAT and PROFEPA to obtain approvals for the 
restart of milling operations at Plant 2 with the same capacity and operating conditions that led to the granting of 
Environmental License LAU - 10/035 – 2009.  

The Velardeña Mill has currently permitted tailings capacity of approximately 80,000 m3. This capacity is 
sufficient for the first year of milling of mineralized material derived from the San Sebastian Mine operations. 
Expansion of the existing tailings facility had previously been permitted by Minera William but that permit was 
withdrawn by the company. Minera Hecla and Minera William are working on development of a new permit 
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application to expand the tailings facility in a similar configuration to that which was previously reviewed and 
approved by SEMARNAT.  

20.3 Waste rock  

The current SEMARNAT MIA authorizes an area for the storage of mine development rock. In the past mine 
operation, all development rock was taken back into the San Sebastian Mine as back fill for stoping and to 
backfill the open trenches. Previous waste rock generated from the mine operations was non-acid generating. 

The revised San Sebastian Mine operation will similarly store development rock as in the past, until the material 
can be taken back into the open pit mine as back fill. The waste rock will require advanced engineering and 
chemical analysis of material for construction suitability and environmental compatibility. Sampling and testing 
will follow Mexican guidelines (NOM 141 SEMARNAT 2003, and NOM 121 and NOM 052 SEMARNAT 2005). 

20.4 Water resources and site specific water management 

Based on Mexican water law, mine water may be discharged to surface during mine dewatering, provided that 
the water is not contaminated. In the past San Sebastian Mine operation, mine water was pumped to the 
surface and disposed of by infiltration. A similar approach is planned for the resumption of mine operations if 
required. If the water is put to beneficial use, such as farm irrigation or other, then a payment must be made to 
the Comision Nacional de Agua (CONAGUA-National Water Commission). 

Water availability within the Property is limited. The estimated water requirement for ancillary use of dust 
suppression and drilling is 10,000-15,000 gpd and will be derived from the mine pool. Water needs for milling 
use at Velardeña Mill is estimated at 120 gpm (172,800 gpd) net freshwater make up, and will come from 
existing wells permitted by CONAGUA. 

20.5 Project closure 

The main components that will require closure and reclamation evaluations and subsequent closure plans 
include: 

 Backfilling of pits and internal water management. 

 Underground stabilization of historical and new workings if developed. 

 Waste rock dumps, infrastructure support roads and water management. 

 Project roads that will not be integrated into the local road network or used for post-closure maintenance 
and monitoring. 

 Buildings and foundations. 

 Other areas considered for environmental enhancement and ecological integration. 

At the end of mine life the open pits will be backfilled with waste rock, the site re-contoured and re-vegetated 
according to plans accepted by the SERMANAT and Division of Forestry. Given the semiarid nature of this 
ecological area, it is not anticipated that the mine will need to develop a long-term water discharge plan. Open 
pits will not intercept the groundwater and will be backfilled, so no long-term pit lakes will form. Groundwater is 
not currently discharging from the open mine portal and so will not discharge post-resumption of mining under 
the current plan.  

The preliminary cost estimate for reclamation of the San Sebastian Mine is approximately $1.6 M US. 

20.6 Monitoring 

Site monitoring and water management will be performed in accordance with the requirements established by 
SEMARNAT in the authorization document. 

20.7 Social and community requirements 

The closest settlement to the Property, Nazareno, is located 1.5 km from the site, the community of Cinco de 
Mayo is some 5 km southeast, while the largest town in the immediate area, Emiliano Zapata, is 10 km to the 
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west. Other settlements in the area include Heroes de Chapultepec (8 km to the southwest), Cuauhtemos (14 
km to south), and Chapalo and La Virgen (12-15 km away to the north). There are no Ejidos in the immediate 
vicinity of the San Sebastian Mine. 

Minera Hecla has had an ongoing community relations program at the San Sebastian Mine area since 1999 and 
relations with the local community are good. Community relations activities over the years have involved 
donations of building material and human resources and small financial contributions to numerous community 
projects and events. There are no foreseen issues or potential social problems with any community near the 
project. 

Key social concerns surrounding the development of the Property include: 

 Expectations regarding employment, contracting and community benefits; 

 Housing impacts in nearby communities; 

 Dust control; and 

 Road use and impacts. 

Hecla will continue close engagement and participation with the local communities. Key permits and associated 
potentially affected community partners with whom arrangements may need to be made are listed below. 

Table 20.2 Social and community requirements 

Permits or Registrations Pertaining to Social and Community 
Requirements 

 
Agency 

 
Status 

Negotiations for possession/use of the land surface. Ejidos, 
municipalities or communities 

Local groups and federal Ministry of 
Agrarian Reform 

 
Complete 

Municipal Change of Land Use - community through the 
National Agricultural Registry 

Local groups and federal Ministry of 
Agrarian Reform 

Complete 

Change of Land Use - primary land use permit- for project 
Local Groups and 
SEMARNAT/CONAGUA 

Partially Complete 

Mining Concession - royalty and other payments for impacted 
communities, land holders and Ejidos 

Ministry of Economy On going 

Secretary of Labor and Social Welfare/Social Security Institute Local and Durango State Agencies On Going 
Tax Administration - Hecla Mx. Durango State On going 
Water Use or re-appropriation- water use agreements with local 
municipalities and Ejidos 

Local Groups and 
SEMARNAT/CONAGUA 

Complete 

 

The Velardeña Mill is located in Ejido Vista Hermosa. Hecla continues to dialog with the Ejido on current 
operations as well as on the restart of milling operations at Plant 2. The Minera William operations are also 
union operations. Minera William entered into a new union contract in April 2015, which will be applicable to 
milling operations at Plant 2. 
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21 Capital and operating costs 
21.1 Mining capital and operating costs 

21.1.1 Operating costs 

Indicative operating costs were generated from first principles. Repair and maintenance costs were sourced 
from CAT’s distributor in the Durango area, Maqsa, as well as Sandvik for the production drill rig. Explosive 
costs were sourced from Austin Powder Mexico. Supplementary information was estimated by AMC based on 
its internal database for similar types of equipment.  

The cost estimate was based on the final production schedule and associated backfill and topsoil movement 
schedules. Open pit mining costs were estimated assuming a contractor operation; as such, ownership costs 
and a premium of 15% are included in the mining costs.  

The open pit contractor mining operating cost estimate was prepared from first principles covering the following 
activities: 

 Grade control; 

 Drill, blast, load, haul and dump of mineralized material to stockpile and waste to the waste dumps; 

 Backfilling of the open pits; 

 Auxiliary operations such as haul road construction and maintenance of benches and waste dumps; 

 Maintenance of the mine fleet; 

 Open pit contractor mining management and supervision; 

 Operating and maintenance personnel; 

 Consumables including fuel, parts, explosives, etc.; 

 Equipment ownership costs expressed as a lease cost per operating hour; and  

 Contract margin of 15%.  

All costs were derived in Mexican pesos and converted to US$ using the exchange rate of 1US$:12.50MXN. 

No contingency has been allocated to the open pit operating costs. 

Indicative mining costs are provided on a month by month basis in Table 21.1 and by activity in Table 21.2. 

Table 21.1 Mining operating costs by year 

Year Load (kUS$) 
Haul 

(kUS$) 

Drill and 
Blast 

(kUS$) 

Ancillary 
(kUS$) 

Grade 
Control 
(kUS$)

Backfill 
(kUS$) 

Clearing and 
Rehabilitation 

(kUS$)

Mine 
General 
(kUS$) 

Mobilization / 
Demobilization 

(kUS$)

Total 
(kUS$) 

Start-up 142 214 0 245 13 0 96 72 0 782 

Year 1 1,710 3,608 2,384 3,199 597 393 3 870 0 12,765 

Year 2 130 240 475 2,551 158 4,907 0 675 0 9,136 

Year 3 0 0 0 208 0 0 0 0 115 323 

Total 1,981 4,061 2,859 6,203 769 5,300 99 1,618 115 23,005 
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Table 21.2 Mining operating cost by activity 

Material Type Mining Activity Unit Value 

Mineralized Material Oxide Load and Haul US$/t mined 5.3 

Drill & Blast US$/t mined 0.0 

Average mining cost US$/t mined 5.3 

Mineralized Transitional and Fresh Load and Haul US$/t mined 2.5 

Drill & Blast US$/t mined 1.8 

Average mining cost US$/t mined 4.3 

Waste Oxide Load and Haul US$/t mined 0.9 

Drill & Blast US$/t mined 0.0 

Average mining cost US$/t mined 0.9 

Waste Transitional and Fresh Load and Haul US$/t mined 0.7 

Drill & Blast US$/t mined 1.1 

Average mining cost US$/t mined 1.8 

Auxiliary Equipment Average mining cost US$/t moved 0.5 

Grade Control Average mining cost US$/t mineralized material  3.1 

Backfill and rehabilitation Average mining cost US$/t backfilled 0.9 

Management and supervision Average mining cost US$/t mineralized material 6.9 

Grand Total Average mining cost US$/t mined 3.7 

 

21.1.2 Capital expenditure 

The San Sebastian Mine site currently comprises an office suitable for the management and technical services 
team, explosive magazine, guard house, core shed, diesel tank, underground workshop and underground 
change rooms. 

The open pit operations are planned to be contracted out. All mining equipment, workshop and explosive 
storage are assumed to be provided by the open pit contractor and are included in the operating costs as 
presented in Section 21.1.1. Operating costs incurred during pre-stripping until first mineralized material is 
mined and stockpiled have been capitalized. These costs include site establishment, top soil removal, 
mobilization and pre-stripping and are presented in Table 21.3. 

Table 21.3 Mining capital expenditures 

Mining Capex (kUS$) 

Mobilization 115 

Pre-stripping 532 

Total Mining Capex 647 

 

21.2 Processing capital and operating costs 

21.2.1 Operating costs 

Indicative operating costs were generated from first principles, and are based on Minera Hecla’s experience in 
operating the Velardeña Mill from 2001 - 2005. Repair and maintenance costs are based on inspection of the 
Velardeña Mill. Reagent and consumable costs were sourced by M3. Labour rates are based on the current 
Minera William union agreement. 

The cost estimate was based on the final production schedule. Milling costs were estimated assuming Minera 
Hecla operation; a provision exists in the lease for Minera William to provide manpower on a cost plus basis. A 
final evaluation of the preferred arrangement is pending. Mill leasing costs are derived from the lease agreement 
with Minera William, and mineralized material haulage costs (mine to mill) are based on quotes from a local 
hauler. 
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The mill operating cost estimate was prepared from first principles covering the following unit operations: 

 Crushing and conveying 

 Grinding and classifying 

 leaching 

 CCD/ Crowe operations 

 Precipitation 

 Electrical power consumption 

 Process control assays 

 Mill general operations 

 Salaried labour 

 Haulage of mineralized material 

 Leasing cost 

All costs were derived in Mexican pesos and converted to US$ using the exchange rate of 1US$:12.50MXN. 

No contingency has been allocated to the mill operating costs. 

Indicative total milling costs are provided on a yearly basis in Table 21.4 and by activity in Table 21.5. 

Table 21.4 Milling operating costs by year 

 

Crushing 
and 

conveying 

Grinding and 
classifying 

Leaching 
CCD / Merril 

Crowe 
Precip / 
Refinery 

Electric power 
system 

Mill 
general 

Mineralized Material 
Haulage 

Start-up (kUS$) (kUS$) (kUS$) (kUS$) (kUS$) (kUS$) (kUS$) (kUS$) 
Year 1 30 80 52 35 18 401 1,379 84 
Year 2 194 551 776 368 75 2,250 5,951 1,973 
Year 3 162 462 653 309 63 1,887 4,988 1,663 
Total 386 1,093 1,481 712 156 4,538 12,318 3,720 

 

Table 21.5 Mill operating costs by activity 

Mill operating cost by activity Unit Cost (US$/t) 
Crushing and conveying 1.56 
Grinding and classifying 4.41 
Leaching 5.97 
CCD / Merril Crowe 2.87 
Precip / Refinery 0.63 
Electric power system 18.30 
Mill general 49.67 
Mineralized material haulage 15.00 
Total / tonne milled 98.41 

 

21.2.2 Capital expenditure 

The San Sebastian Mine site currently comprises an office suitable for the management and technical services 
team. The Velardeña Mill has not been in operation for two years and will require top to bottom refurbishment of 
mill plant, installation of a cyanide destruct circuit, repair to roads providing access to the mill, and finally an 
expansion to the tailing pond to accommodate the full tailings volume for the project. Additionally, mill 
inventories will require restocking and vehicles will be acquired for the use of Minera Hecla staff. Table 21.6 
details these costs. 
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Table 21.6 Surface infrastructure capital expenditures 

Mill Capex (kUS$) 

Missing Equipment / Refurbishment 1,014 

Cyanide destruction 1,491 

Tails Impoundment lift 1,686 

Mill Roads 60 

Mill Vehicles 150 

Inventory stock 350 

Total Mill Capex 4,751 

 

21.3 General and administration capital and operating costs 

21.3.1 Operating costs 

The general and administration (GA) costs cover the costs incurred by the owner’s management and technical 
services teams and are presented in Table 21.7. 

Management and technical services labour costs are based on the following positions: 

 Operation Manager (x1) 

 Mine supervisor (x1) 

 Mine engineer (x1) 

 Chief geologist (x1) 

 Geologists (x4) 

 Safety and environment supervisor (x1) 

 Surveyors (x2) 

 Accountant (x1) 

 Draftman (x1) 

 Paramedic (x1) 

Table 21.7 General and administration costs by year 

Labour and Benefits (kUS$) Supplies and Other (kUS$) Total (kUS$) 

Start-up 404 192 596 

Year 1 1,366 528 1,894 

Year 2 1,319 384 1,703 

Year 3 110 29 139 

Total 3,199 1,133 4,332 

 

21.3.2 Capital expenditure 

As office buildings and equipment is already available on site, limited capital expenditure relating to GA is 
required for the project. 

A summary of the expected capital expenditures is provided in Table 21.8. 

Table 21.8 General and administration capital expenditures 

GA Capital Expenditures US (k$) 

Road Repairs 72 

Vehicles 180 

Office and technical team equipment 106 

Total 358 
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22 Economic analysis 
The preliminary economic assessment is preliminary in nature. It includes Inferred Mineral Resources that are 
considered too speculative geologically to have the economic considerations applied to them that would enable 
them to be categorized as Mineral Reserves. There is no certainty that the preliminary economic assessment 
will be realized. 

Mineral Resources that are not Mineral Reserves do not have demonstrated economic viability. 

22.1 Initial and sustaining capital cost 

Initial and sustaining capital costs for the San Sebastian Mine site and Velardeña processing facility have been 
estimated at US$5.76 M. Initial capital expenditures include costs accumulated until the first tonne of 
mineralized material is mined and sent to the ROM stockpile. Sustaining capital includes expenditures for road 
maintenance and cyanide destruction, replacement of equipment and tailings embankment construction. 

Capital expenditures broken down by main category are presented in Table 22.1. 

Table 22.1 Initial and sustaining capital expenditure 

  
Initial Capital 
Expenditure 

Sustaining Capital 
Expenditure 

Total Capital 
Expenditure 

M US$ M US$ M US$ 

Mine Site Prestrip / Topsoil Removal 0.65  -    0.65  

Road Repairs 0.07  -    0.07  

Vehicles 0.18  -    0.18  

 
Office and technical team 
equipment 

0.1  -    0.1  

Total Mining Capex 1.0  -  1.0  

Velardeña Mill Site Missing Equipment / Refurbishment 1.01  -    1.01  

Cyanide destruction 0.79  0.70  1.49  

Tails Impoundment lift 0.09  1.59  1.69  

Mill Roads 0.02  0.04  0.06  

Mill Vehicles 0.15  -    0.15  

Inventory stock 0.35  -    0.35  

Total Mill Capex 2.42  2.34  4.75  

Total Capex 3.42  2.34  5.76  

 

22.2 Projected cashflow 

22.2.1 Economic analysis inputs 

The main inputs to the economic analysis, including mining costs, metal prices and treatment costs, are different 
from those used to produce the pit shells, cut-off grades and conceptual schedules presented in section 16. As 
a result, some of the material projected to feed the mill could now fall below cut-off grade and result in sub-
optimal potential project economics. The impact of these changes on the cut-off grades and open pit limits 
should be reviewed in future studies.  

The potential income generated by the San Sebastian Mine comes from the sale of a high silver-content doré 
product, with significant gold values.  

Projected yearly metals production from the Velardeña Mill can be obtained from Table 22.3.  

For the base case, yearly revenue has been calculated applying assumed metal prices, as follows: 

 Gold: US$1,103/troy ounce 

 Silver: US$15.53/troy ounce 
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These prices have been applied evenly throughout the mine life. First revenue is projected to be obtained in 
2015. 

The main inputs to the economic analysis are described in Table 22.2.  

Table 22.2 Main inputs to the economic analysis 

NV/MV/EF 

Input category Item Unit Value 

Mining costs Mining and backfilling costs US$/t  mined 3.7 

Closure costs Closure costs 
US$/t  mineralized material 
mined 

5 

Processing and transport costs 
Processing cost, site GA, tailing 
storage and mill rental 

US$/t mineralized material 
processed 

93 

 
Mine to Processing Plant 
Transport costs 

US$/t mineralized material 
processed 

15 

Processing Parameters Maximum yearly production kt 134 

 
Gold Metallurgical Recovery % 

Au Rec = (0.9413*auid-
0.0741)/auid*0.98 

 
Silver Metallurgical Recovery % 

Ag Rec = (0.9019*agid-
0.8484)/agid*0.95 

Treatment and payable factors Gold Price US$/oz 1,103 

Payable Gold % 99.9% 

Silver Price US$/oz 15.53 

Payable Silver % 95% 

Treatment costs and penalties US$/oz Dore 1.3 

 
Dore transportation charges - 
fixed 

US$ per month 11,200 

 
Dore transportation charges - 
variable 

US$/ 1,000US$ of dore value 0.3 

 

22.2.2 Cash flow and financial indicators 

The projected project pre-tax and after-tax cash flows combine operating and capital costs, as described in 
Section 21 and revenues, provided in Table 22.3.  

The economic analysis assumes that first feed to the mill occurs in December 2015. 

A constant exchange rate of 12.5 MXN:US$1 was used in the financial analysis. 

Taxation is based on an indicative 30% corporate tax rate. Tax has been offset by losses carried forward, 
incurred between 2005 and 2014. These losses consist of interest, cost of goods sold, exploration expenditures, 
reclamation and idle property expenses and amount to approximately US$81 M. These losses offset corporate 
taxes otherwise payable throughout the project life.  

The San Sebastian Mine is subject to the following royalties:  

 Mexican mining royalty: 7.5% 

 Extraordinary royalty: 0.5% 

 Net revenue royalties: 2.5%  

In addition, Hecla is providing an employee profit share scheme based on 10% of the projected profit. 

Depreciation has been computed following the Unit of Production (UOP) method based on the estimated silver 
ounces production.  
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Table 22.3 and Table 22.4 summarize the conceptual mining and milling schedules in metric and imperial units 
respectively and present the potential economics of the San Sebastian Mine. 

Table 22.3 and Table 22.4 include Inferred Mineral Resources that are considered to be too speculative 
geologically to have the economic considerations applied to them that would enable them to be categorized as 
Mineral Reserves. There is no certainty that the preliminary economic assessment will be realized. The results 
displayed in Table 22.3 and Table 22.4 are based on approximately 9% of Inferred Mineral Resources and 91% 
of Indicated Mineral Resources. 
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Table 22.3 Estimated pre- and post- tax cashflows (metric units) 

Start-up Year 1 Year 2 Year 3 LOM 

Mining Statistics 

Mineralized Material Mined tonnes 17,710 200,186 30,084 - 247,981 

Waste  Mined tonnes 857,729 5,205,975 160,497 - 6,224,200 

Grades Mined: 

Gold g/t 7.6 4.9 3.8 - 5.0 

Silver g/t 1,670 764 684 - 819 

Milling Statistics 

Total Material Milled tonnes 5,597 131,522 110,862 - 247,981 

Head Grades Milled 

Gold g/t 7.6 5.6 4.1 - 5.0 

Silver g/t 1,670 959 609 - 819 

Recovery 

Gold % 91.29% 90.96% 90.46% 0.00% 90.79% 

Silver % 85.63% 85.60% 85.55% 0.00% 85.58% 

Recovered Metals 

Gold ounces 1,252 21,643 13,065 - 35,959 

Silver ounces 257,312 3,471,261 1,856,524 - 5,585,098 

Payable Metals 

Gold ounces 1,250 21,621 13,052 - 35,924 

Silver ounces 244,447 3,297,698 1,763,698 - 5,305,843 

Economics 

Gross Revenues 

Gold US$ '000 - 25,215 14,390 - 39,606 

Silver US$ '000 - 54,992 27,381 - 82,373 

Total Gross Revenues US$ '000 - 80,207 41,772 - 121,979 

Treatment and Refining US$ '000 - (4,670) (2,328) - (6,998) 

Freight US$ '000 - (471) (236) - (706) 

Net Revenues US$ '000 - 75,066 39,208 - 114,275 

Less: Total Cash Direct and Indirect Costs 

Mining US$ '000 (2,456) (14,813) (10,068) - (27,337) 

Milling US$ '000 (2,079) (12,137) (10,188) - (24,404) 

Employee Profit Sharing US$ '000 - (3,189) (889) - (4,078) 

Mining and Mexican Royalties US$ '000 - (4,651) (2,448) - (7,099) 

Severance Costs US$ '000 - - (346) - (346) 

Total Direct and Indirect Costs US$ '000 (4,535) (34,789) (23,939) - (63,263) 

Less: Cash Taxes US$ '000 - - - - - 

Less: Capex US$ '000 (3,620) (2,116) (20) - (5,756) 

Less: Reclamation US$ '000 - - (251) (1,255) (1,507) 

Total After-Tax Cash Flow US$ '000 (8,154) 38,161 14,998 (1,255) 43,749 

NPV (5%) US$ '000 43,013 

IRR 404% 

Cash Cost per oz Silver $/oz 1.8 5.3 6.4 5.5 

Mining and Milling Cost per tonne milled $/tonne 735 186 166 0.00 189 
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Table 22.4 Estimated pre- and post- tax cashflows (imperial units) 

 Start-up Year 1 Year 2 Year 3 LOM 

Mining Statistics 

Total  Mineralized Material Mined tons 19,522 220,668 33,162 - 273,352 

Waste  Mined tons 945,484 5,738,603 176,917 - 6,861,005 

Grades Mined: 

Gold oz/t 0.22 0.14 0.11 - 0.14 

Silver oz/t 48.71 22.27 19.94 - 23.87 

Milling Statistics 

Total Mineralized Material Milled tons 6,169 144,978 122,205 - 273,352 

Head Grades Milled 

Gold oz/t 0.22 0.16 0.12 - 0.14 

Silver oz/t 48.71 27.97 17.76 - 23.87 

Recovery 

Gold % 91.29% 90.96% 90.46% 0.00% 90.79% 

Silver % 85.63% 85.60% 85.55% 0.00% 85.58% 

Recovered Metals 

Gold ounces 1,252 21,643 13,065 - 35,959 

Silver ounces 257,312 3,471,261 1,856,524 - 5,585,098 

Silver Equivalent ounces 346,189 5,008,195 2,784,357 - 8,138,740 

Payable Metals 

Gold ounces 1,250 21,621 13,052 - 35,924 

Silver ounces 244,447 3,297,698 1,763,698 - 5,305,843 

Silver Equivalent ounces 333,234 4,833,095 2,690,603 - 7,856,932 

Economics 

Gross Revenues 

Gold USD '000 - 25,215 14,390 - 39,606 

Silver USD '000 - 54,992 27,381 - 82,373 

Total Gross Revenues USD '000 - 80,207 41,772 - 121,979 

Treatment and Refining USD '000 - (4,670) (2,328) - (6,998) 

Freight USD '000 - (471) (236) - (706) 

Net Revenues USD '000 - 75,066 39,208 - 114,275 

Less: Total Cash Direct and Indirect Costs         

Mining USD '000 (2,456) (14,813) (10,068) - (27,337) 

Milling USD '000 (2,079) (12,137) (10,188) - (24,404) 

Employee Profit Sharing USD '000 - (3,189) (889) - (4,078) 

Mining and Mexican Royalties USD '000 - (4,651) (2,448) - (7,099) 

Severance Costs USD '000 - - (346) - (346) 

Total Direct and Indirect Costs USD '000 (4,535) (34,789) (23,939) - (63,263) 

Less: Cash Taxes USD '000 - - - - - 

Less: Capex USD '000 (3,620) (2,116) (20) - (5,756) 

Less: Reclamation USD '000 - - (251) (1,255) (1,507) 

Total After-Tax Cash Flow USD '000 (8,154) 38,161 14,998 (1,255) 43,749 

5% After-Tax Cash Flow USD '000 43,013 

IRR 404% 

Cash Cost per oz Silver $/oz $1.84 $5.28 $6.39 $5.49 

Mining and Milling Cost per Ton Milled  $/ton  $735.06 $185.89 $165.76 $0.00 $189.28 

 



Technical Report for the San Sebastian Ag-Au Property, Durango, Mexico for 
Hecla Mining Company 
Hecla Canada Ltd 715029
 

 

amcconsultants.com 208
 

Financial indicators derived for the base case from the estimated pre-tax and post-tax cash flow are as follows: 

 Internal Rate of Return: 404% pre-tax and 404% post tax; 

 Month for recovery of the initial capital: one month after the mill is started; 

 Net Present Value (NPV) (5%): US$43.0 M; and 

 Total undiscounted net cash flow: US$43.7 M pre-tax, US$43.7 M post-tax. 

22.3 Cash flow sensitivity 

The pre-tax and post-tax cash flows, NPV and Internal Rate of Return (IRR) have been tested for sensitivity to 
relevant input parameters such as gold and silver head grades, gold and silver metallurgical recovery, mining 
costs and initial capital costs. Table 22.5 indicates that the project is not severely impacted by changes in the 
parameters. The project is most sensitive to head grades and metal prices but remains potentially economic 
even when the latter parameters are decreased by 10%. 

Table 22.5 Sensitivity analysis – pre-tax, cash flow, post-tax cash flow, NPV and IRR 

Sensitivity Parameter Parameter Change Pre-Tax Cash Flow Post-Tax Cash Flow 5% NPV IRR 

Metallurgical Recovery -3% 40.9 40.9 40.3 380% 

 
0% 43.7 43.7 43.0 404% 

 
3% 46.6 46.6 45.7 427% 

Mill Feed Grades (Au and Ag) -10% 34.3 34.3 33.8 325% 

 
0% 43.7 43.7 43.0 404% 

 
10% 53.1 53.1 52.1 482% 

Initial Capital -10% 44.1 44.1 43.3 426% 

 
0% 43.7 43.7 43.0 404% 

 
10% 43.4 43.4 42.7 384% 

Mining Costs -10% 46.1 46.1 45.3 435% 

 
0% 43.7 43.7 43.0 404% 

 
10% 41.4 41.4 40.7 374% 

Metal Prices (Au and Ag) -10% 33.7 33.7 33.3 320% 

 
0% 43.7 43.7 43.0 404% 

 
10% 53.7 53.7 52.7 486% 
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23 Adjacent properties 
There are no adjacent properties that are relevant to the Technical Report. 
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24 Other relevant data and information 
24.1 Underground mine potential 

AMC has identified Mineral Resources below the planned open pits in the San Sebastian Middle Vein that may 
be extractable by underground means. Initial studies indicate that approximately 320 kt of Indicated Mineral 
Resource at a grade of 3.35 g/t Au and 639 g/t Ag could be potentially extracted by a combination of 
underground mining methods. Current infill and exploration drilling programs are providing greater confidence in 
the continuity and grade of the East Francine, Middle and North Veins and will likely add additional Mineral 
Resources along strike and at depth. Once Mineral Resource models based on this additional drilling are 
completed a review of the economics of mining additional tonnes at all three veins will be considered.  

Different mining methods would be required to accommodate the variations in vein geometry. Mining methods 
that could be applicable to an underground mine are: backstoping (BS), longitudinal longhole open stoping 
(LLHOS), and drift and fill (DAF). BS is an overhand cut and fill (CAF) mining method with backfill that has 
historically been used to mine the Francine Vein. LLHOS is a bottom up mining method where the mineralized 
material is extracted in increments and the stope left standing empty until the mineralized material is completely 
mined, and then the stope is backfilled. DAF is an overhand CAF mining method with backfill.  

The most likely mining method for the Middle Vein is BS, which would account for approximately 65% of the 
potentially extractable Indicated Mineral Resource. DAF would contribute approximately 20% and LLHOS a 
further 5%. Development within the Mineral Resource would account for approximately 10%. 

24.2 Underground access 

Several options are available to Hecla to access the Indicated Mineral Resource from underground. The 
different options depend on whether the underground mine is developed in conjunction with the open pits or on 
completion of open pit mining.  

If an underground mine was to be developed in conjunction with open pit mining, earliest access would be via 
the existing Francine portal. The portal would ensure the shortest period to commence production and would 
provide early access to the high grade zones within the Mineral Resource. It would also allow open pit and 
underground mining to be undertaken simultaneously. A conceptual layout showing access via the Francine 
portal to the potential mining zones and the open pit outline is provided in Figure 24.1.  

Figure 24.1 Potential underground mining zones and mining methods – isometric long section looking 
northeast 

 
 Source: AMC 2015 
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As shown in Figure 24.1, the five potential mining zones are spread out over a strike length of approximately 
900 m, each likely to require separate access ramps. In order to minimize access development, an alternative 
means of access would be from the pit bottom in the northwest extremity of the Main Vein pit. The alternative 
means of access would reduce the amount of ramp development required as well as the lead time to 
underground production. However, in this case mining from the open pit would have to be completed prior to 
commencing underground development. 

24.3  Potential project economics 

Based on the initial studies for underground mining, AMC recommends further work to explore this potential. It is 
possible that an underground mine could add favorably to the potential project economics.  

24.4 Cautionary statement 

All work done on the underground mine potential is preliminary in nature. No Mineral Reserve has been 
estimated for the underground at the time of this report, and there is no guarantee that a Mineral Reserve will be 
realized in the future. 
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25 Interpretation and conclusions 
The key financial indicators, based on reasonable gold and silver prices, capital and operating cost estimates 
indicate that the Property is an attractive mining opportunity and should be progressed to the next study stage. 

It is, however, Hecla’s intent to fast-track the project to start operations in September 2015. The risks associated 
with such a rapid progression may be mitigated by the high potential economics. Before the San Sebastian Mine 
progresses to operations, key areas of internal risk or uncertainty need to be addressed by: 

 Incorporating the results from the infill drilling program to 

 improve the robustness of the geological model  

 confirm the geotechnical parameters 

 confirm the weathering surfaces as they impact on the amount of material to be blasted 

 confirm the mining strategy including pit designs and costs 

 Securing all relevant commercial, operating, environmental and social licenses 

Most mining projects are exposed to risks that might impact the economics of the Property to varying degrees. 
Most risks are external and largely beyond the control of the Issuer or project parameters. External risks are 
such things as the political situation in the Property region, metal prices, exchange rates and government 
legislation. These external risks are generally applicable to all mining projects.  

The authors of this Technical Report are not aware of any unusual or significant risks or uncertainties that could 
affect the reliability or confidence in the Property based on the data and information made available. 
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26 Recommendations 
Stated costs are estimated for those recommendations not covered by operational activities. 

26.1 Geology 

The Mineral Resource models will be updated by year-end after the completion of infill drilling. The 
recommendations below are not material to the Property in terms of current plans to implement open pit mining, 
but are suggested to improve on existing procedures that support the Mineral Resource estimate and to prepare 
for the possibility of eventual underground mining. All costs are covered by operational activities. 

26.1.1 Quality assurance and quality control  

The following recommendations are made for incorporation into future QA/QC programs for the Property: 

 In future QA/QC programs, assay batches with more than two or more consecutive certified reference 
material results outside 2 standard deviations should be re-assayed. This is in addition to the current 
practice of re-assaying batches were one CRM is outside 3 standard deviations. 

 Blank sample acceptance criteria should be modified to a more industry-standard less than 2 or 3 times 
the detection limit for each metal. Given the possible carry-over contamination from high-grade samples, 
the primary laboratory should be instructed to clean sample preparation equipment with clean crushed 
quartz or quartz sand between possible high-grade samples. 

 Coarse reject splits should be renumbered and sent back to the primary lab to ensure that sample 
preparation and analytical protocols are consistent. 

 Averaging of the duplicate assays should be reviewed, especially for those sample that have different 
analytical protocols for the original and duplicate assays. 

 Migration from Excel-based data compilation to a relational database utility has been recommended. 

26.1.2 Mineral Resource 

The following recommendations are made for incorporation into future Mineral Resource models for the 
Property: 

 Additional density measurements are required for all Mineral Resource areas. Drill core should be 
selected from the recent drillholes for this project. Densities from the historical mine production at the 
Francine Vein can also supplement and confirm current density figures. 

 Vein solids should be sent back to the project geologists once built to confirm that the vein shapes 
honour the drillhole data. Additional checking should also be done at the beginning of the Mineral 
Resource modeling process. 

 High-grade top-cuts should be reviewed or additional grade domains added to the mineral control model 
to ensure that the extreme grades are not over-extrapolated. 

 Mineral Resource classification should be reviewed once new drill information has been incorporated 
into the model and new spatial correlation studies have been completed. 

 Metal recovery curves should be updated with any new metallurgical testing completed since the current 
recovery models were calculated. 

 NSR equations should be reviewed to ensure that appropriate refining costs and payable recoveries are 
used. 

 Cut-off values for all deposits should be reviewed during Mineral Resource model updates 

26.2 Mining 

The additional information gathered during the infill program should be used prior to commencement of 
operations to: 

 Create a 3D major structure model for each pit where adverse structures such as faults and shears 
could be identified and their effect on slope stability assessed. 
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 Determine spatial orientation of dominant joint sets at East Francine pit and run an anisotropic LE model 
with ubiquitous joints to assess their influence of slope stability. 

 Undertake shear strength tests on dominant joint sets in Weathered 1 and Weathered 2 materials to 
determine the true cohesion and friction angle of discontinuities, and re-run the LE models in anisotropic 
mode. 

 Develop a ground control management plan prior to commencement of excavation. 

 Design a slope monitoring programme consisting as a minimum of an array of monitoring prisms, which 
should be evenly spread throughout the pit walls as well as installed in strategic locations. 

 Confirm waste densities.  

 Confirm weathering profiles. Changes to the base of the oxide zone would have impacts on the drill and 
blast requirements and costs.  

 Confirm the thickness of topsoil to be removed from the pits and waste dump areas; commonly topsoil is 
approximately 30 cm thick as opposed to 75 cm. 

 Optimize the pits based on an updated Mineral Resource model and economic input parameters. 

 Re-design the pits and optimize ramp placements based on an updated Mineral Resource model. 

As part of the operational phase, AMC suggests that the following recommendations are incorporated to derive 
operational mine plans: 

 Optimize top soil placement based on the results of the topsoil thickness evaluation. 

 Consider further backfilling options and assess the possibility of backfilling more material directly to the 
pit rather than re-handling from the waste dump. 

 Review the possibility of conducting backfilling operations using an owner fleet. 

 Optimize the design of waste dumps to minimize haulage and backfilling costs.  

 Confirm water table levels within the pits and assess requirements for establishment of sumps and 
pumps. 

 Complete a sub-celled model for East Francine Vein. This will allow: 

 A pit to be designed to the vein rather than proportional blocks. 

 A more accurate assessment of potential dilution and ore-loss.  

Additionally, AMC recommends that:  

 An assessment of the underground potential at Middle Vein, and North Vein is undertaken. The cost of 
this assessment at a PEA level is estimated to amount to US$ 100,000.  

26.3 Processing 

The metallurgical testing completed is considered sufficient to support this preliminary economic evaluation. 
Additional work to evaluate the following is recommended: 

 Review geologic logs to evaluate the wall rock or dilution material that may be fed to the processing 
plant. 

 Based on above review, test dilution material to evaluate effects on the processing plant including 
grinding, leaching and thickening.  

 Assay composites at DML for mercury, with follow up testing if appropriate. 

 Determine optimum cyanide concentration and grind size for each vein considering the planned 
operation and leach time available at Velardeña.  

 Complete additional testing to minimize cyanide consumption at fine grind sizes in an effort to optimize 
the grind recovery relationship for the North Vein and East Francine Vein. 

 Evaluate effects of lead nitrate on each vein.  

 Validate the current tailings storage available and plan the future expansion.  
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Table 26.1 Estimated cost of recommendations 

Activity Cost Estimate (US$M) 

Underground PEA study 0.1 

Processing-related tests 0.2 
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