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Definitions 

Currency used in this report is in United States dollars.  At the time of estimations 
presented within this report, the average United States dollar exchange rate with the 
Argentine peso for the six months preceding September 30 2011 was 4.1254 pesos to 
the dollar. Definitions of terms and acronyms used in this report are listed below: 

 AAS atomic absorption spectroscopy 

 Ag  silver 

 As arsenic 

 Au gold  

 Bi bismuth 

 CIM  Canadian Institute of Mining, Metallurgy and Petroleum 

 CAD  computer assisted design  

 cm centimetres 

 Cu copper 

 dmt  dry metric tonnes 

 EIR environmental impact report 

 g  grams 

 g/t  grams per tonne 

 Fe  iron 

 ha  hectares 

 IMC International Mining Consultants 

 kg kilograms 

 kg/h kilogram/hour 

 km kilometres  

 Km3 cubic kilometer 

 Kg/t kilogram per tonne 

 lb pounds 

 lps litres per second 

 m  metres 

 Ma million years ago  

 masl metres above sea level 

 MDA Mine Development Associates 
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 MPI  Mina Pirquitas, Inc.   

Moz million ounces 

Mlbs million pounds 

Mt million tonnes 

MW megawatts 

oz  troy ounce  

oz/t ounce per tonne 

 NI 43-101  Canadian National Instrument 43-101 

 NSR net smelter return 

 Pb lead 

 Pirquitas deposit The rock hosted mineralized body exploited by MPI 

 pH acidity 

 ppm  parts per million  

 RC  reverse circulation  

 ROM run of mine. 

 RQD rock quality designation 

 Sb  antinomy  

 Sn  tin 

Silver Standard Silver Standard Resources Inc. 

t tonne 

t/m3 tonnes per cubic metre  

The Property All land titles and infrastructure operated by MPI 

The Company  Silver Standard Resources Inc. 

tpd tonnes per day 

UG underground 

 µm  micron 

 W tungsten 

 Zn  zinc 

 $/t dollars per tonne 
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1 Summary 

 Property Description and Location 1.1
 

The Pirquitas Mine or the Property, is located in the Puna de Jujeña region of 
northwestern Argentina,  in the Province of Jujuy and is centered at 22 degrees 42 
minutes south latitude and 66 degrees 30 minutes west longitude. The Property 
consists of 50 semi-contiguous exploitation concessions that cover 3,621 ha and 
surface rights covering 7,502 ha that partially overlie the concession, as further 
described in Section 4.2. 
 

 Ownership 1.2
 
Silver Standard Resources Inc (Silver Standard) holds a 100% interest in the Property 
through its wholly-owned Delaware incorporated subsidiary, Mina Pirquitas, Inc., which 
has registered a branch in Argentina. 

 Geology and Mineralization 1.3
 
The Pirquitas deposit, as described in Section 1.4, occurs in the Puna belt, an elevated 
plateau in the Andean subduction system.  Rocks in this belt consist of uplifted and 
folded Ordovician to Devonian marine meta-sediments overlain by Cretaceous to Middle 
Miocene continental and marine sediments and volcaniclastics, intruded by mafic to 
intermediate igneous bodies.  This sequence is unconformably overlain by sub-
horizontal Late Miocene to Pleistocene andesitic to dacitic lavas and ash-flow deposits.    
 
The Pirquitas deposit is hosted by the Ordovician Acoite Formation, a strongly-folded 
package of low-grade metamorphosed marine sandstone, siltstone and minor shale 
beds. These rocks crop out within fault-bounded, probably uplifted structural blocks that 
occur southwest and east of the mine area.  Late Ordovician to Early Devonian 
compressional tectonism resulted in strong folding of the Paleozoic sedimentary 
formations with the development of well-defined axial planar cleavage.  High-angle 
thrust faults were also generated during this event.  In the area of the mine, the axial 
planes of the folds strike NS to NNE-SSW and are sub-vertical to moderately inclined.    

A major system of sulphide-rich veins cuts the axial surfaces of the folds and the related 
cleavage fabric at high angles.  Two main vein sets are recognized on the Property:   
 

¶ Vein Set 1 
In the dominant Set 1 veins, vein orientations strike close to 105° and dip 
steeply either to the south or north.  Veins in this set include the Potosí, San 
Miguel, Chocaya-Oploca, San Pedro, Llallagua, Chicharron and Colquiri veins.    
The Potosí Vein is the largest known vein on the property, with a strike length of 
about 500 m and maximum thickness of 2.5 to 3 m.  The other veins of this set 
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more typically have strike lengths of between 50 and 150 m, with average 
widths of 30 to 50 cm.  The larger of these veins, such as the Potosí Vein, 
include localised matrix supported breccias with angular clasts of quartz-sericite 
altered wallrock in a matrix of iron and Zn +/- Sn-Ag-Cu sulphides.     

 

¶ Vein Set 2 
 
The secondary vein set is represented by the Veta Blanca and Colquechaca 
veins.  These lie north of the Potosi Vein; and trend NW-SE.   

 
The open pit on the Property exploits previously un-mined portions of the Potosí and 
San Miguel veins in addition to a set of sheeted sulphide veinlets with associated 
disseminated mineralization. 

The Pirquitas deposit is an example of the Ag-Sn sub-group of the epithermal class of 
mineral deposits (Panteleyev, 1996).  Also known as Bolivian-type polymetallic 
deposits, examples of this deposit type are numerous in the Bolivian Tin Belt that 
extends between the San Rafael Sn(-Cu) deposit in southern Peru and the Pirquitas 
deposit in northwestern Argentina. 

Bolivian-type Ag-Sn deposits generally consist of sulphide and quartz-sulphide vein 
systems typically containing cassiterite and a diverse suite of base and trace metals, 
including silver, in a complex assemblage of sulphide and sulfosalt minerals.  The vein 
systems are generally spatially and likely genetically associated with epizonal 
(subvolcanic) quartz-bearing peraluminous intrusions one to two kilometres in diameter 
although the mineralization may be entirely hosted by the country rocks into which the 
intrusive stocks were emplaced. 

At the Pirquitas Mine fracture and breccia-hosted mineralization consists of iron and 
zinc sulphides with accessory cassiterite (tin oxide) and a large variety of Ag-Sn-Zn(-Pb-
Sb-As-Cu-Bi) sulphides and sulfosalts.  Crystalline quartz, along with chalcedony in the 
upper levels of the system, and kaolinite are the main gangue minerals in the veins and 
mineralized breccias.  The main sulphides, specifically pyrite, pyrrhotite, sphalerite and 
wurtzite, form colloform bands parallel to vein margins, which together with crustiform 
and drusy vein textures suggest that the mineralization is epithermal in origin.  However, 
mineralogical evidence indicates that the initial temperature of the mineralizing fluids 
was possibly greater than 400°C, with the deposition of an initial suite of minerals that 
were later overprinted by the bulk of the silver mineralization which was at lower 
temperatures, and is indicative of epithermal mineralization. 
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 Mineral Resource 1.4
 

Silver Standard has prepared an updated Mineral Resource estimate for the Property 
following completion of the recent (2010 to 2011) drilling program, which was conducted 
as part of the Companyôs ongoing deposit delineation, production-reserve reconciliation, 
and mine planning.  The Mineral Resource estimate is as of September 30, 2011 and is 
classified in accordance with CIM (2010) Definition Standards, it forms the basis for the 
updated Mineral Reserve.   
 
Silver Standard considers the Pirquitas deposit as consisting of the Mining Area, which 
includes the San Miguel, Potosi, and Oploca Zones, and the Cortaderas Area. The 
Cortaderas Area consists of the Cortaderas Breccia Zone and the Cortaderas Valley 
Zone.  In order to reflect the geological differences within these areas a total of 5 
domains were defined (one for each zone) and the resource was estimated separately 
within each of these domains using geostatistical estimation techniques applicable to 
the style of mineralization present in each.    
 
The Mineral Resource estimated for the Pirquitas deposit is presented in Table 1-1 and 
Table 1-2. 
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Table 1-1 Mineral Resources Estimate for the Pirquitas Property, as of September 30,  
2011  

Cut-
off 
Ag 
(g/t) 

Resource 
Category 

Tonnes 
(Mt) 

Ag 
(g/t) 

Zn 
(%) 

Sn 
(%) 

Contained 
Ag 

(Moz) 

Contained 
Zn 

(Mlbs) 

Contained 
Sn 

(Mlbs) 

Resource 
40 

Measured 

15.3 143.4 0.50 0.23 70.5 167.2 76.9 

50 13.5 156.2 0.49 0.24 68.0 144.9 72.2 

60 11.9 169.7 0.48 0.25 65.2 126.1 67.0 

         

40 

Indicated 

19.3 127.0 0.89 0.19 79.0 380.7 78.9 

50 16.3 142.3 0.91 0.20 74.6 328.4 70.3 

60 13.9 157.4 0.93 0.21 70.4 283.8 63.1 

         

40 Measured 
+  

Indicated 

34.6 134.2 0.72 0.20 149.5 548.0 155.8 

50 29.8 148.6 0.72 0.22 142.6 473.3 142.4 

60 25.8 163.1 0.72 0.23 135.5 409.9 130.1 

         

 

Stockpiles 
1
See 

note 
Indicated 3.0 78.5 1.50 0.11 7.5 98.1 7.3 

 

Combined Mineral Resource and Stockpiles 

1
See 

note 

Measured 
+ 

Indicated 
32.8 142.2 0.79 0.21 150.1 571.4 149.7 

Notes:  

¶ Reported Mineral Resources are estimated below the as-mined surface as of September 30, 2011, and are 
presented inclusive of Mineral Reserves. 

¶ The above Mineral Resources are reported at a range of potentially economic silver cut-off grades to 
demonstrate sensitivity, whilst retaining reasonable prospects for economic extraction (coherent zones of 
mineralization are retained at each cut-off presented such that pit optimization studies would be able to 
potentially mine all of the reported mineralization under appropriate mining, economic, socio-economic, 
environmental, and political conditions). 

¶ Dr. Warwick S. Board, B.Sc. Ph.D P.Geo. is the qualified person for the reported Mineral Resource 
estimate. 

¶ A cut-off grade of 50 g/t Ag is considered the most appropriate cut-off grade for reporting the Pirquitas 
Mineral Resources, based on Silver Standardôs knowledge of the grade continuity and likely economic 
extractability of the mineralization within the Pirquitas deposit, experience with its other silver deposits, and 
the relative value of silver compared to zinc and tin for the Pirquitas deposit.  This cut-off grade has not 
been demonstrated by detailed mine planning and economic studies, and does not take the economics of 
zinc or tin into account.    

¶ Figures may not total exactly due to rounding. 

¶ 
1
 Stockpile data based on inclusion of mined material reported above an NSR cut-off of $15.00/tonne, the 

majority of which is above 50 g/t Ag. NSR cut-off was based on economic parameters used in 2009, 
including: $11.00/oz Ag, $0.70/lb Zn, $5.00/lb Sn.  Silver Standard added the stockpile data above an NSR 
cut-off of $15.00/tonne to the Measured and Indicated Mineral Resource above a 50 g/t Ag cut-off to 
provide the final September 30, 2011 Mineral Resource estimate. 
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Table 1-2 Inferred Mineral Resources Estimate for the Pirquitas Property, as of 

September 30, 2011  

Area 

Cut-
off 
Ag 

(g/t) 

Resource 
Category 

Tonnes 
(Mt) 

Ag 
(g/t) 

Zn 
(%) 

Sn 
(%) 

Contained 
Ag 

(Moz) 

Contained 
Zn 

(Mlbs) 

Contained 
Sn 

(Mlbs) 

Mining 
Area 

40 

Inferred 

0.05 69.7 0.9 0.2 0.1 1.0 0.3 

50 0.03 82.4 0.6 0.3 0.1 0.5 0.2 

60 0.02 108.5 0.8 0.3 0.1 0.3 0.1 

          

Cortaderas 
Breccia 
Zone 

40 

Inferred 

2.3 139.4 5.1 0.1 10.3 258.6 6.1 

50 2.0 152.0 5.4 0.1 9.9 239.3 5.8 

60 1.9 160.6 5.5 0.1 9.6 227.1 5.5 

          

Cortaderas 
Valley 
Zone 

40 

Inferred 

7.5 67.4 1.1 0.01 16.2 172.2 1.02 

50 5.0 78.6 1.1 0.01 12.6 120.8 0.5 

60 3.6 87.8 1.1 0.00 10.2 89.2 0.4 

          

Total 

40 

Inferred 

9.8 84.2 2.0 0.03 26.6 431.8 7.3 

50 7.0 99.7 2.3 0.04 22.6 360.5 6.5 

60 5.5 112.5 2.6 0.05 19.9 316.5 6.0 

Notes:  

¶ Mining Area includes San Miguel, Potosí, and Oploca Vein zones. 

¶ Reported Inferred Mineral Resource for Mining Area is estimated below the as-mined surface as of 
September 30, 2011. 

¶ Reported Inferred Mineral Resource for Cortaderas Breccia and Valley zones is estimated below 
topography. 

¶ All comments with respect to the selected Ag cut-off grades noted in Table 1-1 apply to Table 1-2. 

¶ Figures may not total exactly due to rounding. 
 

The September 30, 2011 Mineral Resource estimate is based on all data available for 
the Pirquitas deposit as of the end of September 2011.  Silver Standard is unaware of 
any current environmental, permitting, legal, title, taxation, socio-economic, marketing, 
political, or other relevant factors that could materially affect the September 30, 2011 
Mineral Resource estimate.  Dr. Warwick S. Board, P.Geo., Senior Resource Geologist 
at Silver Standard, is the Qualified Person responsible for September 30, 2011 Pirquitas 
Mineral Resource estimate and relevant sections of this NI 43-101 Technical Report.   



Silver Standard Resources Inc. 
NI 43-101 Technical Report on the Pirquitas Mine    Effective Date December 23, 2011 

 

 
Page | 20  

 

 Mineral Reserve 1.5
  
The Mineral Reserve was estimated for the Pirquitas Mine as presented in Table 1-3.  
The estimate was prepared by Andrew Sharp, Vice President, Technical Services for 
Silver Standard, and approved by the Qualified Persons, R. Bruce Kennedy, P.E. and 
Trevor J. Yeomans, P.Eng., ACSM,. Trevor Yeomans is the Qualified Person who 
provided metallurgical parameters incorporated in the Mineral Reserve Estimate.  
 
This is the fifth reported Mineral Reserve prepared for the Pirquitas Mine.  The previous 
reported Mineral Reserve was in 2008 and is summarized in Section 6.  Since the 2008 
Mineral Reserve estimate was reported:  

¶ Mining and processing has occurred resulting in 2.5 Mt at 230 g/t Ag and 0.72% 
Zn for 18.6 Moz contained Ag being processed through the plant.  This material 
is not included in the September 30, 2011 Mineral Reserve estimate.  

¶ Exploration drilling was undertaken and detailed grade control information was 
obtained. 

¶ A new Mineral Resource model was developed. 

¶ A new pit design was completed on the new Mineral Resource model using 
current cost and pricing knowledge. 

 
The Mineral Reserve estimate for the Pirquitas Mine was estimated using the mined 
surface at September 30, 2011 and was made using the following assumptions and 
parameters: 

¶ The Mineral Reserve classification converts Measured Mineral Resource to 
Proven Mineral Reserve and Indicated Mineral Resource to Probable Mineral 
Reserve within the pit design.  There is no Inferred Mineral Resource within the 
design. 

¶ The mining recovery was taken as 100% within the pit design. 

¶ The Mineral Resource was not diluted (reconciliation data is provided in 
Section14.9). 

¶ The Mineral Reserve assumes that mining uses the current Pirquitas Mine 
mining methods (i.e. that current dilution characteristics, bench heights etc. are 
applicable for the mine life). 

¶ The cut-off grade assigned was $35.52/tonne NSR and is detailed in Table 15-2 
of Section 15.1. 

¶ Unlike the previous Mineral Reserve estimates, tin was not considered to be of 
current economic benefit. 

¶ The NSR value uses non-linear grade-recovery relationships outlined in Section 
15.1. 
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Table 1-3 Mineral Reserve Estimate for the Pirquitas Property, September 30, 2011. 

 

Tonnage Silver Tin Zinc Silver Tin Zinc 

  Mt g/t % % Moz Mlb Mlb 

Proven 10.4 181.2 0.26 0.52 60.4 59.7 117.9 

Probable    5.1 168.9 0.19 1.04 27.6 21.4 117.1 

Reserve Stockpiles 1.2 129.2 0.15 1.03 5.0 4.1 27.6 

Total 16.7 173.7 0.23 0.71 93.1 85.1 262.5 

Notes: 

¶ CIM (2010) Definition Standards were used in the generation of Mineral Reserve estimate classification. 

¶ Mineral Reserve is estimated at a cut-off grade of $35.52/tonne NSR. 

¶ Mineral Reserve is estimated using an average silver price of $25.00 per ounce and an average zinc price of 
$1.09 per pound (equivalent to $2,403/tonne). 

¶ Figures may not total due to rounding. 

¶ R. Bruce Kennedy, BS (Mining Engineering), P.E. is the Qualified Person for the reported Mineral Reserve 
estimate. 

¶ Trevor Yeomans, B.Sc. (Mineral Processing), P.Eng. is the Qualified Person who provided metallurgical 
parameters that were incorporated in the Mineral Reserve estimates. 

¶ Mineral Reserve was estimated using the Measured and Indicated Mineral Resources shown in Table 1-1, 
excluding the 1.2 Mt Indicated Mineral Resource estimated for the Oploca Vein to contain approximately 8.2 
million ounces of silver.  The estimated Oploca Vein Mineral Resource lies just beyond the southern limits of 
the current pit design and therefore is not included in the Mineral Reserve estimate, see Section 15.9.1. 

¶ Mining costs are as per 2011 actual costs, with estimated productivity changes incorporated. 

¶ Mill and general administrative costs were estimated on the basis of 2011 actual costs, incorporating 
projections to full and stable production. 

¶ The Mineral Reserve is quoted within a pit design that utilizes geotechnical parameters proven from actual 
performance.  The design was created using a geometry guideline from a Lerchs-Grossman algorithm that 
maximizes the Mineral Reserve cash flow. 

¶ Average open-pit strip ratio of 4.89:1 total:ore was used. 

¶ Metallurgical recovery formulas were applied for silver and zinc concentrates that reflect increasing recovery 
with increasing head grade.  Average metallurgical recovery for silver is 79.8% and for zinc 42.9%. 
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 Mining Operations 1.6
 
The Pirquitas Mine uses a standard open pit mining method, and has a current mining 
rate of near to 50,000 tpd.  The mine undertakes conventional drilling and blasting 
activities with a pre-split to ensure stable wall rock conditions.  RC grade control drilling 
is used in the pit to define the structurally controlled vein and breccia hosted ore zones. 

 Mineral Processing 1.7
 
The Pirquitas Mine processing plant consists of primary, secondary and tertiary 
crushing operations which deliver ore to a stockpile. The maximum crushing circuit 
throughput is currently 6,000 tpd. Ore is transferred from the stockpile to a pre-
concentration system that consists of jigs to upgrade the normal mine grade to a higher 
grade product. 

Wet milling is performed on the feed from the jig plant and can be augmented by a by-
pass feed system in the event of jig downtime or milling capacity in excess of jig 
capacity.  The maximum wet milling throughput is currently 4,000 tpd. Mill discharge is 
pumped through a cyclone system and oversize is fed back into the mill for additional 
grinding.  Fines are fed into a conditioning and reagent addition tank and then flow into 
the silver flotation circuit. 

The tailings from the silver flotation process are routed to a separate conditioning tank 
and from there flows to the zinc flotation circuit.  Tails from the zinc flotation circuit can 
be directed to the tin circuit or to the tailings thickener, as appropriate. 

Tailings are thickened and stored at a permitted facility on-site.  A simplified plant flow 
sheet is presented as Figure 17-1. 

 Environmental Considerations 1.8
 
MPI holds environmental permits for the Project, these permits are updated biannually 
and remain valid and in force.   

 Manpower 1.9
 
At present 504 of the 665 site personnel are sourced from the province of Jujuy.  
Approximately 218, of the personnel from Jujuy, are sourced from the villages 
surrounding the mine.  There are 8 non-Argentine employees in technical roles.  
Employees not living in their respective villages are accommodated in an on-site camp 
and work overlapping rosters. 

  Conclusions and Recommendations  1.10
 
An updated Mineral Resource estimate was prepared for the Pirquitas deposit, following 
the completion of Silver Standardôs recent 2011 drilling program.  The Mineral Resource 
estimate is based on drilling and underground sampling data of acceptable quality from 
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a series of drilling and sampling programs conducted between 1996 and 2011.  A 
combination of non-linear (Single and Multiple Indicator Kriging) and linear (Ordinary 
Kriging) estimation techniques was used to model the complex polymetallic 
mineralization hosted in the deposit.   

This Technical Report includes all new drilling and assay information (available as of 
September 30, 2011). This Technical Report also represents the most recent 
interpretation of the Mineral Reserve available at the effective date of this report.  The 
Mineral Resource and Mineral Reserve estimates generated from this new information 
are presented in Table 1-1, Table 1-2, and Table 1-3.  The conversion of Mineral 
Resource to Mineral Reserve was made using industry recognized methods, actual 
operational costs, capital costs, and plant performance data. Thus, it is considered to be 
representative of actual operational conditions. 

This Technical Report has been prepared with the latest information regarding 
environmental and closure cost requirements and has indicated that future work is in-
progress in this regard. 

In recognition of Silver Standardôs ongoing commitment to Mineral Resource and 
Mineral Reserve development, metal production, and cost control, whilst maintaining a 
high standard of social benefit and environmental compliance, the authors of this 
technical report recommended the following: 

¶ Additional exploration and resource delineation drilling be conducted on the 
Pirquitas Property in 2012.  Silver Standard has proposed a surface drilling 
program of approximately 15,000 m on exploration targets peripheral to the open 
pit, with an additional 3,000 m of diamond drilling from underground workings on 
the Oploca-Chocaya Vein system.  The proposed budget to cover these work 
programs is estimated at $5.6 million. 

¶ Geophysical surveys be undertaken to refine exploration drill targets. Specific 

geophysical programs are planned for 2012. 

¶ A conditional simulation study be undertaken on the Pirquitas deposit to facilitate 
a risk assessment of Mineral Resources.  Post-processing options available 
subsequent to such a study can greatly assist in mine planning and scheduling. 

¶ Investigations into the reduction of mining and processing costs be commenced.  
Silver Standard expects that specific targets for cost control will be identified 
within the first half of 2012. 

¶ Conducting a trade-off study between underground operations and an expanded 
open pit over the next two years. 

¶ In addition to optimizing the existing silver and zinc recovery processes, it has 
been recommended that investigations be made into the recovery of tin from the 
Pirquitas ore. 

¶ Investigations into the application of dry stack tailings and coincident recovery 
and reuse of the extracted water should continue. 
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¶ The results from the ongoing environmental studies, which are anticipated in 
2012, should be incorporated into mine closure plans so as to minimize future 
closure costs. 
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2 Introduction 
 
Silver Standard Resources Inc.  (ñSilver Standardò or ñthe Companyò) has prepared this 
Technical Report on the Pirquitas Mine (the ñPropertyò), their 100% owned property in 
Jujuy Province, Argentina  in order to fulfill their obligation to file a technical report in 
accordance with Section 4.2 (1)(j)(ii) of Canadian National Instrument 43-101 
ñStandards of Disclosure for Mineral Projectsò (ñNI 43-101ò).  The obligation to file the 
current Technical Report was triggered by Silver Standardôs public disclosure of a 
reduction to its Mineral Resource and Reserve at the Pirquitas Mine on November 9 
2011.  This report was prepared by Qualified Persons employed by Silver Standard.  
The Company fulfills the requirements of a producing issuer as defined in NI 43-101 

Silver Standard is a Canadian-based mining, development and exploration company, 
with a pipeline of projects ranging from grassroots exploration to production in 
Argentina, Peru, Mexico, Canada, Chile, and the United States.  Silver Standard's 
shares are listed on the Toronto Stock Exchange under the symbol SSO and on the 
NASDAQ Global Market under the symbol SSRI. 

The principal metals of interest at Pirquitas are silver, zinc and tin.  In September 2011 
Silver Standard prepared a Mineral Resource and Mineral Reserve Estimate for the 
Pirquitas Project, compliant with the guidelines set out by the CIM (2010).  This 
document is written in accordance with the NI 43-101 and is suitable for filing with 
Canadian Securities Commissions. 

This Technical Report  references historical reports and the work of Hazen Research 
Inc. (1996, 1998 a, b, c and 1999), Dawson Metallurgical Laboratories Inc. (Dawson 
1997,1998 and 1999), Colorado Minerals Research Institute (CMRI 1998), Knight 
Piésold LLC (1998),  The Winters Company (TWC 1999), Jacobs Engineering Group, 
Inc, (Jacobs 1999 and 2000), Behre Dolbear, (1999),  H.M. Hamilton Associates Inc, 
(2005), Mine Development Associates  (MDA 1999, 2002, 2003 and 2004) Hatch 
Engineering and MDA  2006 (Hatch and MDA a, b and c),  BGC Engineering (BGC 
2010), EPCM Consultores SRL, (2010 a and b), G&T Metallurgical Services Ltd, (2011) 
and Met-Solve Laboratories Inc., (Metsolve 2011), as well as certain reports, opinions 
and statements of lawyers and other experts as discussed in Section 3. All expert 
reports are clearly referenced in Section 27. 
 
The sample information used to develop the Mineral Resources estimate and for 
metallurgical testwork was collected over a number of years and includes that 
information compiled by the previous owners of Pirquitas; the Sunshine Mining and 
Refining Company (Sunshine), through its wholly-owned Argentine branch Sunshine 
Argentina Inc. with a branch office registered in Argentina (ñSunshine Argentinaò) as 
well as sample information acquired by Silver Standard personnel. 
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Table 2-1 Qualified Person Responsible for Each Section of the Technical Report.   

Author Responsible for Sections 

Dr. Warwick S.  Board 1: Summary; 2: Introduction; 3: Reliance on Other 
Experts; 4: Property Description and Location; 5: 
Physiography, Climate, Access, Local Resources, and 
Infrastructure; 6: History; 7: Geological Setting and 
Mineralization; 8: Deposit Types; 9: Exploration; 10: 
Drilling; 11: Sample Preparation, Analysis and Security; 
12: Data Verification; 14: Mineral Resource Estimates; 
23: Adjacent Properties; 25: Interpretations and 
Conclusions; 26: Recommendations; 27: References 

R. Bruce Kennedy 1: Summary; 2: Introduction; 3: Reliance on Other 
Experts; 4. Property Description and Location;15: 
Mineral Reserve Estimates; 16: Mining Methods; 18: 
Project Infrastructure; 19: Markets and Contracts; 20: 
Environmental Studies, Permitting and Social or 
Community impact; 21: Capital and Operating Costs; 22: 
Economic Analysis; 24: Other Relevant Data and 
Information; 25: Interpretations and Conclusions; 26: 
Recommendations; 27: References 

Trevor J. Yeomans 1: Summary; 2: Introduction; 3: Reliance on Other 
Experts; 13: Metallurgical Processing and  Metallurgical 
Testwork; 17: Recovery Methods: 25: Interpretations and 
Conclusions; 26: Recommendations; 27: References 
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The Mineral Resource estimate was prepared by Dr. Warwick Board P.Geo. and the 
Mineral Reserve estimate was prepared under the supervision of R. Bruce Kennedy,  
P.E.  Dr. Board visited the site on three occasions for a total of eleven days on site, 
most recently in October 2011 for three days and Mr. Bruce Kennedy, P.E. is the 
General Manager for the Pirquitas Mine.  Sections pertaining to metallurgical testwork 
and recovery were prepared by Mr. Trevor Yeomans, P.Eng.  Mr. Yeomans visited the 
Project on four occasions for a total of 29 days on site, most recently in December 2011 
for four days. 
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3 Reliance on Other Experts  
 
In preparing this report, Silver Standard has partly relied upon the opinions and reports 
of consultants as well as certain reports, opinions and statements of lawyers and other 
experts.  These reports, opinions and statements, the makers of each such report, 
opinion or statement and the extent of reliance are described below. Silver Standard 
considers the reliance on other experts, as described in this section as being 
reasonable based on their knowledge, experience and qualifications. 

 Legal 3.1
 
For matters related to title to the property and related property rights, Silver Standard 
has relied on the opinions of Estudio Randlel Abogados and Estudio Gamez each 
Argentine law firms retained by Silver Standard (see Section 4.4.1). 

  Metallurgical Testing 3.2
 
Most of the metallurgical testwork performed on the Project was undertaken from 1996 
to 1999, with samples collected by and for Sunshine Argentina and testwork was 
undertaken by various respected research organizations.  Their work was summarized 
in a Feasibility Report by Jacobs (1999) and by Hatch and MDA (2006a).  The 
metallurgical reports were prepared by Dawson (1997, 1998 a,b,c,d and 1999), CMRI 
(1998), Hazen.  (1999), and Hamilton and Associates Inc., (2005), reference details are 
provided in Section 27.  Silver Standard has relied wholly on the information in these 
reports for Section 13.1.   

Metallurgical testwork and reports were prepared for Silver Standard by EPCM 
Consultores SRL (2010), Silver Standard has relied on the testwork results in these 
reports for information from which the discussion in Section 13.2 was derived.    
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  Environmental and Tailings 3.3
 
An EIR was completed by Knight Piésold in 1998 and environmental permits were 
granted to MPI. Environmental Impact Studies are required biannually and remain valid 
and in force. The last update which was prepared by BGC Engineering (2010) was 
submitted in 2010.  It fulfills requirements for community consultation as brought about 
by a May 6, 2010 decree (N° 5.772) to the Argentine National Law for the Environment 
for Mining Activity N° 24.585.  The site is currently engaged in studies in support of the 
anticipated 2012 update. 

Silver Standard has relied partly on the information in the Knight Piésold and BGC 
Engineering reports for Section 4.6 and Section 20.1.  Tailings are currently stored in a 
permitted and lined surface tailings storage facility that consists of a dam with 
successive lifts.  The tailings dam design is performed by the engineering contractor, 
Ausenco Vector Engineering, they have verified that work done on the Property meets 
or exceed the design requirements of the seismic zone and have had other design 
inputs. 
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4 Property Description and Location 

 Property Location 4.1

The Pirquitas Mine and Property are located in the Puna de Jujeña region of the 
Rinconada Department in the Province of Jujuy, Northwestern Argentina ().  The 
property is centered at 22 degrees 42 minutes south latitude and 66 degrees 30 
minutes west longitude.  The city of San Salvador de Jujuy, (Jujuy) the provincial 
capital, is located approximately 335 km southeast of the property (Figure 4-2). The 
property is characterized by sparsely vegetated, mountainous terrain at elevations of 
between 4,000 and 4,450 masl. 
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Figure 4-1 Map of Argentina Showing the Location of the Pirquitas Property.     

Source Silver Standard (2002) 
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Figure 4-2 Map of the Province of Jujuy, Argentina Showing the Location of the Pirquitas 
Property.  Source Silver Standard, 2011.
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 Land Tenure  4.2
 
The Pirquitas Property is defined as the group of mining concessions and the surface 
rights that partially overlie the mining concessions which are displayed in Figure 4-3 and 
presented in Table 4-1. 

MPI has also applied for a single exploration concession that adjoins the mining 
concessions.  The area covered by the mining concessions totals 3,621 ha.  The total 
area of the surface rights property is 7,502 ha.  The property rights to the Pirquitas Mine 
are described in the following Sections, with detailed information provided in the 
accompanying tables. 

4.2.1 Exploitation Concessions 

The core of the Pirquitas Property comprises 50 semi-contiguous exploitation 
concessions.  Exploitation concessions in Argentina are called minas (or mines), and 
one or more minas can be grouped together to form a grupo minero (or group of mines), 
as described below.  MPI has also applied, but not yet received registration, for one 
additional mina (Enrique Dionisi).   

A mina is comprised of one or more pertenencias, which are the basic units of mining 
properties in Argentina.  Pertenencias must be rectangular in shape and for lode (i.e. 
vein) deposits can have boundaries no greater than 200 m by 300 m for a maximum 
area of 6 ha.  Pertenencias that are claimed over deposits of disseminated 
mineralization in the first category (which includes Ag, Zn and Sn) are allowed to cover 
up to 100 ha.  Under Argentine mining law, such concessions are considered óreal 
propertyô and give the concessionaire the rights to recover pre-determined metals from 
the subsurface vertically underneath the concession for an unlimited period of time 
provided an annual fee or canon is paid in the amount of ARS $80 per 100 ha for 
disseminated mineralization and ARS $500 per lode deposit. The owner or owners of 
adjacent minas may choose to consolidate them into a group of minas.  Each mina 
within a group of minas is still subject to the same obligations as are the individual 
minas within the group, namely the annual payment of canons.  Listed in Table 4-1  and 
shown on Figure 4-3 are the 48 minas and two groups of minas having a combined area 
of 3,621 ha and the one mina that MPI has under application. 

4.2.2 Exploration Concession 

MPI, has applied for a single mineral exploration concession, known in Argentina as a 
cateo, which adjoins the southern boundary of the main group of minas forming the 
Pirquitas mining property.  A cateo is an exploration lease that allows individuals or 
companies to explore for various minerals.  Each cateo comes with the exclusive right 
of being converted into a mina once a mineral discovery has been made.  Cateos are 
subject to a one-time payment or canon of ARS $400 per 500 ha and are generally 
reduced in size over time if a discovery is not made.  The time period for the valid 
existence of a cateo can range from 150 days  to a maximum of 1,100 days depending 
on the size of the cateo. The boundaries of cateos are defined by corner points that are 
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assigned survey coordinates.  To maintain a cateo, the holder must also present to the 
mining authority a minimum exploration work program and schedule.  The cateo subject 
to application has the docket number 701-S-2007 and covers an area of 1,658 ha.  MPI 
has no reason to believe that the cateo will not be registered. The cateo with the docket 
number 701-S-2007 is presented on the property tenure map Figure 4-3. 

 Surface Rights Property 4.3

Silver Standard owns the surface rights to a group of nine contiguous land parcels that 
together partially overlie the block of exploitation concessions and the exploration 
concession that the Company has applied for on the Pirquitas mining property Figure 
4-3.  These land parcels (listed in Table 4-2)  which cover a total area of 7,502 ha, were 
purchased so that the Pirquitas Mine could erect mine buildings, an ore processing 
plant and other infrastructure to support a mining operation as well as for waste rock 
and mine tailings disposal sites. 

 Obligations and Property Expiration Dates  4.4

Under Argentine mining law, such concessions are considered óreal propertyô and give 
the concessionaire the rights to recover pre-determined metals from the subsurface 
vertically underneath the concession for an unlimited period of time provided an annual 
fee or canon is paid in the amount of ARS $80 per 100 ha for disseminated 
mineralization and ARS $500 per lode deposit.  MPI is up to date in the payment of 
these fees.  As such there is no expiration date on the mining claims held by MPI.   

MPI is the freehold title holder of the area covered by surface rights.   

MPI does not currently hold an exploration lease in or adjacent to the Pirquitas Mine 
area shown in Figure 4-3.  An application for an exploration lease (cateo 701-S-207) 
has been submitted and is pending registration. 
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Table 4-1 List of Mining Claims Forming the Pirquitas Property.  Source MPI 2011. 
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Figure 4-3 Locations of the Mining, Exploration and Surface Rights Properties that Constitute the Pirquitas Property 

Note: Grid Co-ordinate System:  Gaus Kuger. Source MPI (2011). Notes The exploration property 701-S-207 and one non-material mining lease Enrique Dionisi  525-S-1977 included on Figure 4.3 are under application.  Silver Standard expects that the 

claims will be granted. 
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Table 4-2 Surface Rights Property, Pirquitas Mine 

Parcel No. Registration No. Area (ha) 
531 L-1111 1,000.1 
532 L-1112 1,000.0 
533 L-1113 750.0 
534 L-1114 749.6 
535 L-1115 1,000.0 
536 L-1116 1,000.0 
537 L-1117 1,005.7 
538 L-1118 496.0 
539 L-1119 500.1 

Total  7,501.5 

 

4.4.1 Legal Title 
    
Silver Standard obtained a legal opinion on the titles of the exploitation concessions, i.e.  
its Pirquitas mining property,  (defined in the opinion as ñPirquitasò), from the Jujuy-
based law firm of Estudio Gamez, with offices at Pje. Charcas number 1041, San 
Salvador de Jujuy, 4600, Jujuy Argentina. The firmôs legal opinion, dated December 6, 
2011, stated the following:  

ñTherefore, in accordance with the above mentioned considerations and qualifications, 
and to the best of my knowledge, MPI has ownership of Pirquitas, which grants MPI the 
legal, right under Argentine law to: 

a) occupy and enter Pirquitas for purposes related to mining, 
b) build new facilities on Pirquitas, 
c) use and exploit Pirquitas, 
d) extract ore from  Pirquitas, 
e) refurbish old and build new ore processing and other facilities on Pirquitas, 
f) process ore into metal, 
g) engage in any process necessary for the concentrate produced at Pirquitas to 

be ready for sale, and 
h) sell the concentrate produced at Pirquitas.ò 

 Operating Permits, Taxes and Royalties  4.5
 
The original Feasibility Study to operate an open-pit mine at Pirquitas was submitted by 
Sunshine Argentina (now MPI) in early 1999 to the Argentine Ministry of Mines and 
Energy.  With approval of the study in July of that year, Sunshine was granted all 
permits necessary for construction, development and operation of the Pirquitas open-pit 
mine.  At the time of writing this report, all permits necessary for the existing defined 
Mineral Reserves of the Pirquitas Mine are in place. 

The Piquitas Mine also holds Permit No.  201/002, giving it the rights to withdraw a total 
of 32 litres of water per second from the Pirquitas, Collahuaima, and Porvenir rivers.  
These water rights were granted by the Dirección Provincial de Recursos Hidricos de 
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Jujuy and were recorded by the Ministerio de Obras y Servicios Publicos on July 23, 
1998. 

On approval of the Feasibility Study by the Ministry of Mines and Energy, Sunshine 
Argentina was issued a Memorandum of Understanding in 1999, effective April 28, 
1998, which states that the company is entitled to the benefits of Fiscal Stability, under 
the Mining Investment Law, whereby the annual income tax rate for the project would be 
set at approximately 33% of net income for the mine.  As a result of MPI being a 
Delaware-incorporated company that operates as a branch in Argentina, the company is 
also subject to US income tax, which is currently at a rate of 35%.  Foreign tax credits in 
the US are available to offset the majority of taxes paid in Argentina.     

In December 2007 the National Customs Authority of Argentina levied an export duty of 
approximately 10% on concentrates for projects with fiscal stability agreements 
predating 2002.  The Company has been advised that Pirquitas is subject to this export 
duty despite contrary rights detailed under the 1998 fiscal stability agreement.  The 
legality of the export duty has been challenged and is currently under review by the 
court in Argentina. In July 2010, the Company filed a claim in the provincial court for 
repayment of export duties paid on silver concentrate sales, and for an order to cease 
payment of the export duties payable on future silver concentrate sales until the legality 
of the export duty is decided by the court.  An order was granted effective September 
29, 2010 to cease payment of the export duties payable on future silver concentrate 
sales pending the decision of the courts on the legality of the export duty; and in April 
2011 a government appeal against this order was denied. The Company continues to 
pay export duties on zinc concentrate sales, as taxes payable on revenue generated 
from zinc production is not subject to the fiscal stability agreement.  Silver and zinc 
concentrates produced at the mine are also subject to a maximum 3% ñmouth of mine 
valueò royalty that is payable to the Province of Jujuy.  This royalty payment is based on 
the net recoverable value of the contained metals less certain operating costs, 
depreciation and depletion. 

As the Pirquitas Mine is in operation and subject to income tax, the value added tax 
(VAT) that was paid on construction expenditures and is payable on operational 
expenditures is now recoverable from the national taxation office.  The process to 
recover the VAT paid from the federal government is underway and MPI anticipates 
recovering the full amount.  

On October 26, 2011, the Argentina government announced a decree that requires all 
funds from export sales to be repatriated to Argentina and converted into Argentine 
pesos within the Sole Foreign Exchange Market in Argentina.  The Argentine pesos can 
then be exchanged back into the original currency, again through the Sole Foreign 
Exchange Market.  Each transfer is subject to a 0.6% transfer tax.  Although the fiscal 
stability agreement includes stability over foreign exchange controls, the government 
has removed such benefits.  

MPI may also be subject to withholding tax in Argentina at a rate of 35% on any 
repayment of interest on loans back to the U.S.A. 
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 Environmental Liabilities 4.6
 
Consulting engineering firm Knight Piésold LLC was commissioned in April 1998 to 
complete an EIR for Sunshine Argentina which it presented to the company in 
December 1998.  In this EIR, potential environmental problems that existed at the time 
as well as foreseeable potential effects that development of the project could have on 
the surrounding environment were described and evaluated.  The scope of the EIR was 
commensurate with the norms for environmental protection associated with Law 24.585 
of the Argentine Mining Code (November, 1995) and with guidelines established by 
international lending institutions such as the World Bank. The following discussion is 
either paraphrased or taken directly from Knight Pi®soldôs (1998) report.  

The Pirquitas Project area is known to be a suitable habitat for 26 animal species and 
one plant species that are considered to be protected species in Argentina.  Of these 26 
species, the plant Yareta, two mammals (Vicuña and Mountain Vizcacha) and seven 
birds (Lesser Rhea, Puna Tinamou, Andean Flamingo, Puna Flamingo, Andean 
Condor, Puna Ground Tyrant, and Chestnut Canastero) are known to inhabit the area of 
the mine.  None of the óprotectedô species observed on the property are listed as 
Threatened or Endangered in Argentina.  

Remnants of historic mining activities at Pirquitas included derelict buildings, mine 
structures as well as tin-silver jig tailings and tin placer tailings along the Río Pircas.   
Flotation tailings had been discharged into the Río Pircas and scattered piles of gold 
placer tailings were left about 150 m above the current level of the Río Pircas on paleo- 
river terraces to the south of the central mine camp.  These areas comprise some 
107 ha of surface disturbance that existed prior to Sunshine Argentinaôs acquisition of 
the property, some of which are now associated with acid rock drainage into the Pircas 
River watershed.   

Surface and ground waters are known to be acidic and metalliferous down gradient from 
the historic mines above the Río Pircas canyon at Tres Placas which is located 
approximately 1.5km downstream from the Pirquitas Mine open pit.  As well, acidic and 
metalliferous ground water is present in the abandoned underground workings and in 
some natural springs in the area, suggesting that natural oxidation of sulphide 
mineralization which is widespread in the rocks found on the property is also 
contributing to background surface water contamination.    

When it acquired the Pirquitas mining property, Sunshine Argentina made note of the 
fact that documents in the bankruptcy auction files did not mention environmental 
liabilities against the property, but did mention that Sunshine was ñgrandfatheredò 
against environmental liabilities related to historic mining activities.  Furthermore, the 
only condition the Ministry of Mines and Energy applied to its approval of Sunshineôs 
EIR, apart from the mandatory two-year update to the report, was the requirement that 
water quality monitoring be carried out. 

In 2008, a second EIR was completed by Knight Piésold (2008) following start-up of 
mining activities and initiation of plant construction.  While there were no observations 
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or restrictions placed on the company at that time, this study began a focus on the water 
management plan and on conceptual plans for mine waste stockpiles.  A conceptual 
water treatment plant, for neutralization of acid waters was anticipated with a treatment 
capacity estimated to be as much as 150 litres per second. 

The most recent Environmental Impact Assessment update for the Pirquitas mining 
operation was undertaken by BGC Engineering and submitted to the appropriate 
government agency in November 2010. This report was compliant with the Argentine 
National Law for the Environment for Mining Activity, N°24.585 (November 1995).    This 
report expanded the water management focus but did not result in a design of the water 
treatment plant. 

MPI has initiated engineering studies for the design of water management structures 
and for mine closure design to be included in the next update.  An environmental update 
report will be issued by the Pirquitas Mine in 2012. 

Argentina currently has no specific mine closure legislation or requirements.  MPI is 
currently anticipating that the eventual requirements will be similar to those used in Peru 
and that closure options will have to be proposed that may include passive or active 
neutralization features to return water to baseline conditions (acidic at the time of 
baseline studies) and have some monitoring requirements.   

 Other Significant Factors and Risks 4.7
 
There are no other known significant risks that may affect access, title or the right or 
ability to perform mining-related work on the property. 
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5 Physiography, Climate, Access, Local Resources and 
Infrastructure  

 

 Physiography, Climate and Vegetation 5.1
 
The terrain of the Pirquitas Property area is rugged and steep, typical of the central 
Andean Altiplano which in Argentina is referred to as the Puna.  Elevations on the 
property range from about 4,000 to 4,450 masl, and some 20 km to the north is the 
extinct volcano of Cerro Granada which peaks at 5,696 masl.  Patchy to sparse shrub 
and grass vegetation cover the slopes surrounding the mine and provide habitat for a 
few mammals, including vicuña, puna fox and the vizcacha, as well as more than 50 
species of birds. 

The processing plant, tailings impoundment and main workers camp are located in the 
eastern third of the property in an area of relatively open ground that lies at an elevation 
of 4,100 masl.  The San Miguel open pit is situated about seven km west of the mill, and 
since mining began in 2009 waste rock is stockpiled in nearby, relatively steep drainage 
valleys to the north and northwest of the pit (Figure 5-1). 

The climate of the area is typical for the Puna region: below-freezing, dry and often 
windy conditions prevail during winter months (June to August), with moderate 
temperatures and occasional rains typifying the rest of the year. Annual precipitation 
averages about 260 mm with most of this falling during the months of December to 
February.  Average humidity levels are typically 40-50%. 
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Figure 5-1 IKONOS Satellite Image (2007) of the Pirquitas Mine Area Showing Areas 
Affected by Mining.   

Note: Grid coordinates in UTM Zone 19S (WGS84 datum) system.  

 Access  5.2
 
There are two main access routes to the Pirquitas Mine from the provincial 
capital of San Salvador de Jujuy. Heavy transport vehicles generally follow 
Highway 9 northwards from Jujuy to Purmamarca, then turn to the northwest on 
paved road No.52 and then turn onto gravel road No.16 heading to the town of 
Susques.  From there gravel roads No. 74 and No. 74b are followed northwards 
to the mine (refer to Figure 4-2).  This trip takes approximately five hours.  Trucks 
hauling silver concentrate from the mine pass through Susques then to the west 
to the Argentina-Chile border at Paso de Jama from where they pass through 
northern Chile to the port city of Antofagasta. The zinc concentrate is shipped to 
Arica which is located approximately 600 km to the north of Antofagasta in Chile 
The second route to Pirquitas from Jujuy follows Highway 9 northwards along the 
Humahuaca Valley to the town of Abra Pampa.  From there, gravel roads Nos.  7 
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and 70 continue westwards to the mine site, passing south of the nature reserve 
at Laguna Pozuelos.  About five hours are required for this trip. 

 Local Resources and Infrastructure 5.3
 
The nearest community to the mine is the village of Nuevo Pirquitas which is 
located approximately 10 km from the mill site. This small community has a 
population of approximately 200 people, with many of the adults employed at the 
mine. Prior to start-up of operations at Pirquitas, the villagers were almost 
entirely dependent on animal husbandry (sheep and llamas).  The small towns of 
Susques and Abra Pampa, both situated approximately 2.5 hours by road from 
Pirquitas, provide some very basic amenities, but almost all supplies for the mine 
come through the city of Jujuy, (population of 280,000), which has an airport with 
daily commercial air service to Buenos Aires. 

For its source of electricity, Pirquitas Mine uses natural gas to power 3 Wärtsila 
generator sets, each with a capacity of 5 MW per hour. In addition, the same 
electrical plant has 3 diesel-powered Cummins generators, each yielding 1.1 MW 
per hour.  To bring the natural gas to the plant it was necessary to construct 
36.7 km of pipeline from the Trans-Andean Natural Gas Pipeline system which 
required easements and right of ways and other agreements with communities 
and land owners.  There is 6.65 km of gas pipeline on the Pirquitas Property. The 
pipeline is 6ò diameter, constructed of API5L Grade B steel with 4.8 mm wall 
thickness in normal applications and 7.1 mm wall thickness at river or drainage 
crossings. 

Water supply for the mine comes from the northwards flowing Collahuaima River 
which lies immediately east of the property.  Water is pumped to the mill from a 
site known as San Marcos which is located within the Property a short distance 
downstream from where the Pirquitas River drains into the Collahuaima River.  
By means of Permit No. 201/002, originally granted to Sunshine Argentina by the 
Dirección Provincial de Recursos Hidricos de Jujuy and recorded by the 
Ministerio de Obras y Servicios Publicos on July 23, 1998, the mine is allowed to 
draw up to 32 lps of water from the river.   

Approximately 76% of employees at the mine come from population centers in 
the Province of Jujuy.  Except for those workers living in Nuevo Pirquitas, the 
majority of employees (~70%) are accommodated at the mine camp typically for 
periods of between 8 to 10 days.  There are 8 non-Argentine employees at the 
mine.  
 
MPI owns sufficient surface rights for purposes of the current mining operation, 
including tailings dam and waste rock disposal areas.  The processing plant and 
tailings dam are permitted and operational. 
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6 History  
 

 General Area History  6.1
 
The Orosmayo River drainage, including the Collahuaima River that passes east 
of the property, was prospected for placer gold in the early 1930ôs when 
economic quantities of cassiterite were discovered in the gravel deposits of the 
Pircas River, east of the old town of Pirquitas.  These tin placers were dredged 
between 1933 and 1949.  A few years after the alluvial tin deposits began to be 
exploited, the bedrock source of the cassiterite was discovered further up the 
valley of the Pircas River and by 1936 a number of silver and tin lode deposits 
were being mined from small underground workings.  Over the next half century, 
as many as twelve mines operated in the camp, making Pirquitas the largest 
historical producer of tin and silver in Argentina.  The main mines were the San 
Miguel, Chocaya, Llallagua and Potosí.  It has been estimated that 777,600 kg of 
silver and 18,200 t of tin were recovered from the vein systems, with another 
9,100 t of tin coming from the placer deposits. 

 Sunshine Argentina 6.2
 
The Argentine branch of Sunshine Mining and Refining Company acquired the 
Pirquitas mining concessions through a bankruptcy auction proceeding in 
November 1995 that was duly carried out under the pertaining rules set forth by 
the Procedure Code of the Auction.  Sunshine paid a total purchase amount of 
$1,720,000, executed the Deed and had it duly registered before the Registro 
Inmobiliaro de Jujuy and the Escribania de Minas de Jujuy as required by 
Argentine law.  Having met all the rules set forth by the Court at the time, 
Sunshine was granted valid ownership of all the mining titles constituting the 
Pirquitas Property. 

In the years following its acquisition of Pirquitas, Sunshine Argentina carried out 
comprehensive mineral exploration on the property, including geological 
mapping, geophysical surveying (44 line-km of ground magnetics and 19.2 line-
km of induced polarization surveying), underground rock sampling and multiple 
programs of RC and diamond drilling. The work programs completed by 
Sunshine Argentina are summarized in Table 6-1. 
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Table 6-1 Summary of Exploration Work Programs completed by Sunshine Argentina   
During the Period 1996-1998. 

Work Program 
Area of 
Work 

No. of 
Samples 
(metres) 

No. of 
Drillholes 

No. of 
Metres 
Drilled 

Geology mapping 
1:1000 scale 

San Miguel 
mine area 

n/a n/a n/a 

Underground 
sampling/mapping 

Upper 5 
levels San 

Miguel mine 

1,604  n/a n/a 

Underground 
sampling/mapping 

Potosí mine 1,085  n/a n/a 

Underground 
sampling/mapping 

Oploca mine 552  n/a n/a 

Underground 
sampling/mapping 

Veta Blanca 
- San Pedro 

55  n/a n/a 

Phase I diamond 
drilling program 

San Miguel 
mine area 

n/a 42 10,196 
(includes 
4,285UG) 

Phase I  RC 
drilling  

San Miguel 
mine 

n/a 90 20,106 

Phase II diamond 
drilling program 

San Miguel 
in-fill 

n/a 23 5,516 

Phase II  RC 
drilling  

San Miguel 
in-fill 

n/a 69 13,821 

Condemnation 
drilling 

Cortaderas 
and Picas 
drainages 

n/a 4  RC                  
5 diamond 

771           
1218. 

Water monitoring 
holes 

 n/a 7 diamond 236 

Sunshine Argentinaôs drilling programs ended in September 1998 after which the 
parent company completed an internal Pre-Feasibility Study of the project.  This 
study was meant to be the basis for a Feasibility Study to be done later by an 
independent engineering firm.  Sunshineôs Pre-Feasibility Study encompassed all 
aspects of the envisioned project, including Mineral Resource and Mineral 
Reserve estimates, pre-production development and construction, mining, ore 
processing, marketing of mineral concentrates, waste rock disposal, employee 
housing, infrastructure, support and taxation.  It did not include trade-off studies 
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for project optimization, but instead was based on a set of assumptions for mill 
through-put, mine operations and process flow-sheet . 

Encouraged by results from its own internal Pre-Feasibility Study, in April 1998, 
Sunshine commissioned Jacobs to complete a Feasibility Study of the Pirquitas 
deposit.  The scope of the Jacobsô Feasibility Study included the preparation of 
preliminary designs, capital cost estimates, operating cost estimates and 
implementation plans for the proposed open-pit mine, processing facilities, 
utilities and ancillary facilities.  At Sunshineôs request, Jacobs subcontracted the 
work relating to geology, resource estimation, mine design and mining cost 
estimation to TWC.  Sunshine also commissioned engineering consultants Knight 
Piésold, (1998b) to develop designs and operating plans for the tailings 
impoundment, haul road, waste rock dumps, water supply and surface water 
management facilities.  In addition, Knight Piésold (1998a) prepared an EIR for 
the proposed mining operation.  Sunshineôs responsibilities for the study included 
all aspects relating to land acquisition, mineral rights, drilling programs, 
metallurgical test work and permitting.  Jacobs (1999) completed the update to 
the Feasibility Study in April, 1999 and presented an addendum to this study in 
February of 2000, Jacobs (2000). 

In order to satisfy conditions for debt financing, Sunshine also requested Mine 
Development Associates (MDA) of Reno, Nevada to complete an independent 
third-party Mineral Resource estimate for the Pirquitas silver-tin-zinc deposit.  
The request originated from Barclays Capital and its independent engineering 
firm Behre-Dolbear (1999).  MDA (1999) generated a geologic model of the 
Pirquitas deposit,  performed a statistical and geo-statistical analysis of silver, tin 
and zinc data, determined capping grades and made estimates of the silver, tin 
and zinc resources but did not classify these resources. 

 Silver Standard  6.3
 
In May 2002, Silver Standard acquired 43.4% of Sunshine Argentina from 
Stonehill Capital Management of New York.  At that time Sunshine Argentina 
was the holder of the mineral rights to the Pirquitas Property.  Silver Standard 
then commissioned MDA to complete an independent Technical Report and 
Mineral Resource estimate for the Pirquitas Property that would comply with NI 
43-101 guidelines and requirements.  MDA (2003) completed the report, in May 
2003.  In this report, MDA (2004) expanded on the work that it did earlier for 
Sunshine Argentina and also classified the estimated Mineral Resource.  This 
report was amended in August of 2004. 
 
In October 2004, Silver Standard acquired the remaining 56.6% of Sunshine 
Argentina from Elliott International L.P., The Liverpool Limited Partnership and 
Highwood Partners, L.P.  (SSR Press Release, October 2004).  Silver Standard 
operated the Pirquitas Property as Sunshine Argentina until it changed the 
company name to Mina Pirquitas, Inc., in May 2008. 
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Silver Standard conducted a diamond drilling program from May to September 
2005.  The campaign consisted of 14 drillholes for a combined length of 
3,299.65 m and was designed to test targets along the Oploca, Llallagua and 
Colquechaca Vein systems, including the No. 3, 4 and 6 veins at Oploca, the No. 
1, 2 and Potosí veins of the Potosí vein system along with the Veta Blanca, 
Colquechaca and Ramales Veins in the Colquechaca area. 

While the 2005 drilling program was underway, the company initiated an 
underground exploration program on the Oploca sulphide vein system, with the 
first blast at the portal taking place in May of that year.  Development on the 
Oploca ramp started in December 2005 and continued intermittently until August 
of 2007.  The underground decline at Oploca was designed to pass below the old 
mine workings so as to provide access for underground exploration drilling that 
would test for the continuity to depth of the high-grade Ag-Sn-Zn veins.  The 
Oploca ramp and new galleries totaled 2,361.7 m of underground development.  
Rock-chip sampling that was done along the ramp and in pre-existing galleries 
yielded 2,108 analyses corresponding to 2,318.68 m of sampled rock face.   

In September 2005, Hatch and MDA were awarded a contract to update the 
Feasibility Study for the Pirquitas Property. The scope of the study included an 
update of the capital and operating costs and a new mine plan.  Hatch and MDA 
(2006a) completed and presented the Feasibility Study update to Silver Standard 
in March 2006, soon after which they were requested to prepare an independent 
Technical Report for the project.  The Hatch-MDA Technical Report (2006b) was 
completed in April of 2006, and was then amended a month later (Hatch and 
MDA, 2006c); the original Technical Report incorporated the Mineral Resource 
and Mineral Reserve estimates and mining scenarios that were presented in the 
March 2006 Feasibility Study Update. 

From the  time the  Hatch and MDA (2006b) Technical Report was publically 
available until December of 2008, Silver Standard, through its subsidiary 
Sunshine Argentina (now Mina Pirquitas, Inc.), completed a number of drilling 
campaigns on the Pirquitas Property, with both reverse circulation and diamond 
drilling methods being used.  Some drillholes were located for mine-related 
condemnation purposes; others were drilled to test exploration targets identified 
in areas beyond the limits of the San Miguel open-pit, while the majority of the 
holes were designed to provide assay data that were deemed necessary to 
enhance the definition of the Mineral Resource models of the Ag-Zn-Sn deposit. 
Additional details of Silver Standardôs 2005 through 2008 drilling programs are 
presented in Section 10.2. 

 Historical Mineral Resource and Mineral Reserve 6.4
Estimates 

All historical Mineral Resource estimates summarized in this section are 
classified using CIM definition standards applicable at the time that the Mineral 
Resources were estimated.  Historic Mineral Resources estimates presented in 
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this section are not treated as current, and they were not relied upon during the 
generation of the September 30, 2011 Mineral Resource estimate described in 
this report.  They are presented here to illustrate the progression of the 
understanding of the deposit. 
 

6.4.1 The Winters Company (TWC) and Jacobs Engineering Group 
(Jacobs), April 1999 

 
TWC was commissioned by Sunshine Argentina to complete a Mineral 
Resource estimate for the Pirquitas silver-tin deposit (then largely focused on 
the San Miguel sheeted vein system) in 1999 (TWC, 1999).  The Mineral 
Resource estimate generated by TWC is presented in Table 6-2, and formed 
the basis for the Pirquitas Mineral Reserve presented in the Jacobs (1999) 
Feasibility Study update.  Jacobs (1999) and TWC (1999) estimated a Mineral 
Reserve of 21.6 Mt grading an average of 167 g/t Ag, 0.33% Sn and 0.57% Zn 
for the Pirquitas deposit, with a total of 117.1 Mt of waste for a waste:ore ratio 
of 5.4:1.  See The Winters Company (1999) and Jacobs (1999) reports for 
further details. 

Table 6-2 Pirquitas Mineral Resources  The Winters Company, (1999)   

Cut-off 
Grade 

Resource 
classification 

Tonnes Silver Tin Zinc 

Ag g/t 
 

(Mt) (g/t) (%) (%) 

60 Measured  7.1 242 0.32 0.62 

 Indicated 15.7 165 0.29 0.6 

 
Total (M + I) 22.8 189 0.30 0.61 

      

 Inferred 11.5 128 0.09 0.58 

80 Measured  5.7 283 0.35 0.6 

Indicated 12.0 195 0.32 0.59 

 
Total (M + I) 17.7 223 0.33 0.59 

      

 Inferred 8.1 154 0.11 0.50 

100 Measured 4.9 316 0.37 0.59 

Indicated 9.4 224 0.35 0.58 

 
Total (M + I) 

 
14.3 256 0.35 0.58 

      

 Inferred 5.6 183 0.12 0.48 
Notes: Reported in accordance with CIM definition standards current at the time. 
 

6.4.2  Mineral Development Associates, May 2003 
 

Mineral Development Associates (MDA) completed an NI 43-101 compliant 

Technical Report on the Property for Silver Standard subsequent to its 

transaction with Sunshine Argentina (MDA, 2003; see Section 6.3).  The Mineral 

Resources prepared by MDA (2003) is presented in Table 6-5. 
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Table 6-3 Pirquitas Mineral Resources above a cut-off of 30 g/t Ag - Mineral 
Development Associates. 

Category Tonnes Silver Ag Tin  Sn Zinc  Zn 

  (Mt) (g/t Ag)  (Moz) (% Sn)  (Mlbs)  (% Zn)  (Mlbs)  

Measured 5.35 158 27.25 0.21 24.26 0.75 77.14 

Indicated 28.42 136 123.97 0.14 86.83 0.55 341.52 

Measured + 
Indicated 33.77 139 151.22 0.15 111.09 0.56 418.66 

Inferred 17 80 44 0.05 19 0.3 112 
Notes:  

¶ Reported at a 30 g/t Ag cut-off grade, which was deemed economic by MDA (2003). 

¶ Reported in accordance with CIM definition standards current at the time. 

¶ Inferred Mineral Resources from TWC (1999). 

 
6.4.3 Mineral Development Associates and Hatch Engineering, May 2006 

 
Hatch and MDA (2006b) presented updated Mineral Resources and Mineral 
estimates for the Pirquitas Property in a NI 43-101 Technical Report dated April 
28, 2006 (Table 6-4 and Table 6-5, respectively).  Although not specifically stated 
in the original report, Silver Standard considers the Mineral Resources presented 
in Table 6-4 as being inclusive of the Mineral Reserve presented in Table 6-5.  
Additional details relating to the Mineral Resources and Mineral Reserve 
presented in Table 6-4 and Table 6-5 can be found in Hatch Engineering and 
MDA (2006b and c).  The Mineral Resources and Mineral Reserve were reported 
above a 30 g/t silver cut-off. 

Table 6-4 Pirquitas Mineral Resources above a cut-off of 30 g/t Ag - Mineral 
Development Associates. 

Category 
Tonnes 
 (Mt) 

Silver 
(g/t Ag) 

Ag 
(Moz) 

Tin 
(% Sn) Sn (Mlbs) 

Zinc 
(% Zn) Zn (Mlbs) 

Measured  5.28 149 25.30 0.19 21.86 0.66 76.17 

Indicated  28.04 128 115.54 0.13 79.73 0.54 336.23 

Measured + 
Indicated 33.32 131 140.84 0.14 105.59 0.56 412.40 

Inferred 17 80 44 0.05 19 0.3 112 

Notes:  

¶ Reported at a 30 g/t Ag cut-off grade, which was deemed economic by Hatch Engineering and 
MDA (2006b). 

¶ Reported in accordance with CIM definition standards current at the time. 

¶ Inferred Mineral Resources from TWC (1999). 
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Table 6-5 Pirquitas Property Mineral Reserve above a cut-off of 30 g/t Ag - Mineral 
Development Associates. 

Category Tonnes Silver Tin Zinc 

 

(Mt) g/t Ag % Sn % Zn 

Proven 3.34 191 0.25 0.67 

Probable 15.12 172 0.19 0.62 

Proven + 
Probable (in pit) 

18.46 175 0.21 0.62 

Tailings
*
 

(Probable) 

0.40 234 0.37 0.13 

Total Proven + 
Probable + 

Tailings 

18.86 177 0.21 0.61 

Note: 400 000 tonne high grade (234 g/t Ag, 0.37% Sn and 0.13% Zn). Jig tailings, stockpiles from 
previous operations. 

 

6.4.4 Silver Standard Resources, May 2008 
 

Silver Standard (2008) prepared an internal update to the Mineral Resources and 
Mineral Reserve estimate in May 2008.  Mineral Resources and Mineral Reserve 
estimates presented in the Silver Standard NI 43-101 Technical Report are shown in 
Table 6-6 and Table 6-7.  Readers interested in additional details pertaining to these 
updates are referred to the Silver Standard (2008) Technical Report, which is filed with 
SEDAR and available on the SEDAR website. 
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Table 6-6 Pirquitas Property Mineral Resources - Silver Standard 

Category Tonnes Silver Tin Zinc Ag 

 

(Mt) g/t Ag % Sn % Zn (Moz) 

Measured 15.1 152.8 0.20 0.69 74.2 

Indicated 30.1 152.1 0.16 0.82 147.0 

Measured + 
Indicated 

45.2 152.3 0.17 0.78 221.2 

Inferred 2.4 247.8 0.07 0.78 18.8 

Notes:  

¶ Mineral Resources estimate reported at a 50 g/t AgEQ cut-off grade, which was deemed 
economic by Silver Standard at the time of the Silver Standard (2008) report. 

¶ Silver equivalent cut-off grade based on metal prices of $11/oz Ag, $5.00/lb Sn, and $1.05/lb 
Zn. 

¶ Reported in accordance with CIM definition standards current at the time. 

¶ Inferred Mineral Resources from TWC (1999). 

 

Table 6-7 Pirquitas Mineral Reserve - Silver Standard 

Category Tonnes Silver Tin Zinc Ag 

 

(Mt) g/t Ag % Sn % Zn (Moz) 

Proven 10.7 194.5 0.28 0.70 67.1 

Probable 19.3 201.7 0.23 0.90 125.0 

Probable jigs* 0.4 234.0 0.37 0.13 3.0 

Total Reserve 30.4 199.6 0.25 0.82 195.1 

*
Note: Includes 400 000 t high grade jig tailings in stockpiles from previous operations 

 

 Prior Mineral Production 6.5
 
Historical records for metal production from the Pirquitas Property between 1933 
and 1989 indicate that approximately 777,600 kg of silver, or about 25 Moz, 
along with 18,200 t of tin were recovered.  An additional 9,100 t of tin were 
reportedly recovered from the placer deposits found downstream from the lode 
deposits. 

In December 2009, Silver Standard began commercial production of silver and 
zinc concentrates from its Pirquitas Mine.  From start-up until September 30, 
2011, the Pirquitas Mine has processed a total of 2.5 Mt of ore at 230 g/t Ag and 
0.72% Zn for 18.6 Moz of contained silver and 40 Mlbs of contained zinc. 
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7 Geological Setting and Mineralization 
 

 Regional Geology 7.1
 
Northwestern Argentina consists of three main geological belts or terranes that 
together trend NNE-SSW.  These are, from east to west, the Sub-Andean Range 
(Sierras Subandinas), the Eastern Cordillera (Cordillera Oriental), and the 
Argentine Altiplano or Puna belt (Figure 7-1).   

The Pirquitas Ag-Sn-Zn deposit is located in the Puna belt.  These belts are 
distinguished by their basement lithology complexes, tectonic histories, 
magmatism, metallogeny and geomorphological features. 

 

Figure 7-1 Landsat Satellite Image of Jujuy Province Showing Major 
Geomorphological Belts.   

Source MPI 2011.  Grid Co-ordinate System: Longitude and Latitude. 

  

50 km 
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7.1.1 The Sub-Andean Belt  
 
The Sub-Andean belt comprises a number of north to northwest trending, low 
mountain ranges separated by broad flatlands. Elevations range from about 300 
masl to a maximum of 2,500 masl.  An Early Cambrian to Middle Ordovician 
carbonate platform, which defines a passive continental margin, dominates this 
belt.  Middle to Upper Ordovician clastic marine rocks cover the carbonate 
platform in the eastern and central sectors.  Large intrusions and volcanic 
complexes related to Andean tectonism are not present in this belt.  Paleozoic 
sedimentary successions display regional-scale open folds.  Mineral deposits of 
economic significance are rare, although natural gas fields are exploited in the 
eastern lowlands.   

7.1.2 The Eastern Cordillera 
 
The Eastern Cordillera is a 70 to 130 km wide ñfold and thrust beltò where 
elevations range from 1,300 to 6,200 masl. In this belt Proterozoic basement 
rocks of medium-grade metamorphosed sediments are unconformably overlain 
by Paleozoic sediments deposited in a back arc basin.  This back arc sequence 
is composed of Early Cambrian to Middle Ordovician clastic marine sedimentary 
rocks, which in turn are unconformably overlain by Silurian to Devonian 
sediments (Ramos, 2000). The Paleozoic successions are locally covered by 
predominantly Cretaceous rift fill continental sediments belonging to the Salta 
Group.   

Late Ordovician to Devonian collision of the composite Arequipa-Antofalla 
metamorphic basement terrane with the Pampian terrane, that forms the crustal 
basement to most of northwestern Argentina, resulted in strong folding and 
faulting of the Paleozoic rocks at Pirquitas (Ramos, 2000).  The faults and axial 
planes of the larger scale folds formed during this event trend north to northeast.  
Pronounced uplift of some structural blocks has exposed elongate, Ordovician 
batholithic granitoid intusions.    

The metallogeny of the Eastern Cordillera is relatively a simple one; by far the 
most important mineral deposit in the belt is the Aguilar Sedex-type deposit of 
Ordovician Pb-Zn(-Ag) mineralization which is located about 50 km south of 
Abra Pampa.  The location of Abra Pampa is shown on Figure 4-2.   

7.1.3 Puna Belt  
 
To the west of the Eastern Cordillera, at elevations of 3,900 to 6,700 masl, is the 
Puna belt.  In the Puna, rocks are represented by essentially the same 
sedimentary sequences that occur in the Eastern Cordillera.  Late Ordovician to 
Early Devonian compressive tectonism also affected the Paleozoic formations in 
the Puna, but to a lesser degree than in the Eastern Cordillera.  A Paleogene 
compressive event, caused by Andean-style tectonics, resulted in some minor 
folding and thrust-faulting, but by the late Miocene the tectonic regime in the 
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region had changed to one of extension and a basin and range geomorphology 
developed.  The extensional tectonic event resulted in the upwelling of magma 
and the development of andesitic to dacitic stratovolcanoes as well as a number 
of very large caldera structures.  Regionally extensive ignimbrite sheets were 
erupted from the calderas with an enormous volume of material ejected.  It is 
estimated that 1,800 to 1,200 km3 of material was ejected, from the Valdema 
caldera alone (Soler et al., 2007).  The subaerial volcanism continued into the 
Pleistocene.   

In recent time, the Puna belt has seen the eruption of basaltic lavas, continental 
sedimentation and the formation of high-altitude salt flats.  In terms of mineral 
deposit endowment, the Puna is by far the most important of the three terranes 
in Jujuy Province.  Highlighted below are the main types of deposits known to 
exist in the Puna: 

¶ Devonian mesothermal quartz veins and saddle reefs containing native 
gold, minor base metals and accessory gangue minerals of ankerite and 
chlorite, with the Rinconada district being the most important for this type 
of mineralization. 

¶ Polymetallic quartz-sulphide veins related to eroded Neogene volcanic 
centers, with the veins containing variable amounts of Pb, Zn, Sb, As, Ag, 
and Au. 

¶ Bolivian-type Sn-Ag sulphide-rich veins related to Middle to Late Miocene 
subvolcanic intrusive stocks. 

¶ Pleistocene to recent placer deposits of Au (Rinconada), Sn (Pirquitas) 
and in the case of the Eureka deposit close to the Argentina-Bolivia 
border, Au-Cu. 
 

 District Geology 7.2
 
The Pirquitas deposit is hosted by the Ordovician Acoite Formation, a strongly 
folded package of low-grade metamorphosed marine sandstone, siltstone and 
minor shale beds.  These rocks are exposed within fault-bounded, probably 
uplifted structural blocks that occur southwest and east of the mine area (Figure 
7-2).  Late Ordovician to the Early Devonian compressional tectonism resulted in 
strong folding of the Paleozoic sedimentary formations.  High-angle thrust faults 
were also generated during this event.  In the area of the mine, the axial planes 
of the folds strike NS to NNE-SSW and are sub-vertical to moderately inclined.   

A major unconformity separates the folded sedimentary rocks of the Acoite 
Formation from Oligocene to Middle Miocene continental sedimentary and 
volcaniclastic lithologies.  The Oligocene to Middle Miocene sedimentary rocks 
crop out to the east and north of the Pirquitas Mine and include polymictic 
conglomerate, arkosic sandstone and reworked tuffs.  These beds were likely 
deposited while the region was covered by a regressing shallow inland sea that 
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was eventually replaced by continental highlands where colluvial and alluvial 
sedimentation prevailed. 

Between Upper Miocene time, around 11 Ma, and the Pleistocene, the geologic 
history around Pirquitas was dominated by subaerial volcanism; four major 
volcanic centers are recognized in the region (Figure 7-2).  About 40 km 
southwest of the Pirquitas Mine is the Pairique Volcanic Complex which 
comprises the remnants of a stratovolcano composed of dacitic lavas and 
pyroclastics.  Approximately 15 km north of Pirquitas is the Abra Granada 
Volcanic Complex which is centered on the 5,700 m high Cerro Granada.  This 
volcanic center is formed by extensive dacite ignimbrites, lavas and a central 
dome which are dated at 9.8 to 7.8 Ma (Caffe et al., 2008).  The very large 
Vilama Caldera is located about 50 km northwest of Pirquitas.  A huge volume of 
dacitic crystal-rich and pumice-poor ignimbrites were extruded from this caldera 
structure around 8.5 Ma, with extra-caldera pyroclastic deposits extending to 
within 12 km of the Pirquitas mine area.  The fourth volcanic center that affected 
the region is the Coranzuli Caldera which is located 50 km southeast of the 
Pirquitas Mine.  Pyroclastic deposits flowed northwestwards from this caldera to 
within 10 km of the current mine location. 

Undoubtedly, substantial deposits of volcanic rock, the bulk of which most likely 
came from the Abra Granada Volcanic Complex, once covered the area of the 
Pirquitas Mine.  Differential tectonic uplift and associated erosion removed the 
volcanics and somewhat older volcaniclastic formations in certain areas, 
including the area surrounding the mine complex, to expose the Paleozoic 
sedimentary rocks.  Quaternary alluvial fan and braided river sediments are 
found in valleys and restricted basins of the present landscape, most notably in 
the valley of the Collahuaima River.  Fine clastic sediments and minor evaporite 
deposits have accumulated in the salt flat of Laguna Catal located a few 
kilometres west of the Pirquitas Mine Figure 7-2. 
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Figure 7-2 Geology Map of the Region Surrounding the Pirquitas Property.   

From Caffe et al. (2007).Grid Co-ordinate System: Longitude and Latitude. 
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 Property Geology  7.3

 
The geology of the host rocks on Pirquitas Property is considered to be relatively  
simple.  Discounting areas with recent alluvial and colluvial sediments, the bulk of 
the property covers intensely folded Ordovician Acoite Formation marine 
sedimentary rocks (Figure 7-3).  Well exposed along the length of the Pirquas 
River valley, this formation is composed of beds of fine to medium grained lithic 
wacke, tens of centimetres to a few metres thick, interbedded with greywacke 
siltstone and less abundant black shale layers that range in thickness from a few 
centimetres up to several metres.  Underlying the northeastern sector of the 
property is a sequence of continental sedimentary rocks, mainly hematite-stained 
arkosic sandstone intercalated with thin polymictic conglomerate beds and 
cream-coloured reworked dacitic tuff units.  This sequence is inferred to belong 
to the shallow east-northeast dipping, Tiomayo Formation of Early to Middle 
Miocene age.  A few kilometres east of the property a medium-grained 
granodiorite intrusion forms the small mountain of Cerro Galan, which represents 
the only substantial intrusive rock body in the area of the mine.   

Impressive structural geology is visible in outcrops along the Pirquas Valley, 
where the Pirquitas deposit is situated.  Folds with shallow-plunging axes and 
amplitudes ranging from tens of metres up to a maximum of a few hundred 
metres crop out in this area, (Figure 7-4).  Mining on the north face of the San 
Miguel open pit has exposed a ótextbookô example of chevron-shaped anticline 
(Figure 7-5).  In Figure 7-5 high-angle, mostly reverse faults can be observed 
cutting the folds, displacing fold limbs by metres to tens of metres. 

Axial planar cleavage is well developed in the Paleozoic rocks, especially in the 
siltstone and shale beds.  Surprisingly, the well-formed cleavage does not appear 
to have acted as a receptive structural fabric for quartz hosted Ag-bearing Fe-Zn-
Sn-Pb sulphide veins, although a minor amount of weakly-auriferous quartz 
veining does appear to be deposited along cleavage planes. 
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Figure 7-3 Property Geology Map, Pirquitas Mine.   
Grid coordinates in UTM Zone 19S (WGS84 datum) system. 

 

Source Silver Standard (2011) 
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Figure 7-4 Anticline Developed in Interbedded Sandstone, Siltstone and 
Shale of the Ordovician Acoite Formation, Pircas River valley, Pirquitas 
Mine area.   

Note well-developed Axial Planar Cleavage Cutting Bedding Planes at a High Angle.  Source Silver 
Standard (2011). 
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Figure 7-5 Chevron Fold and High Angle Thrust Fault in the Acoite Formation 
Host Rocks.  North Wall San Miguel Open Pit.   

Source MPI February (2010). 

A major system of sulphide-rich veins cut the axial surfaces of the folds and the 
related cleavage fabric at high angles.  Two main vein sets are recognized at the 
Pirquitas Mine:   
 

¶ Vein Set 1 
In the dominant Set 1 veins, vein orientations strike close to 105° and dip 
steeply either to the north (e.g. Potosí) or to the south (San Miguel). 
Veins in this set include the Potosí, San Miguel, Chocaya-Oploca, San 
Pedro, Llallagua, Chicharron and Colquiri veins (Figure 7-5).  The Potosí 
Vein is the largest known vein on the property, with a strike length of 
about 500 m and maximum thickness of 2.5 to 3 m.  The other veins of 
this set more typically have strike lengths of between 50 and 150 m, with 
average widths of 30 to 50 cm.  The larger of these veins, such as the 
Potosí Vein, include localised matrix supported breccias with angular 
clasts of quartz-sericite altered wallrock in a matrix of Fe and Zn +/- Sn-
Ag-Cu sulphides. 

  






















































































































































































































































































































