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Porco stock (4,886 masl) occurs on the southern margin of the caldera. Mineralization is 
associated with the younger 8.6 ± 0.3 Ma Huayna Porco stock (4,528 masl) in the center of the 
caldera. Radial dykes, alteration and metals are zoned around the stock. To the north, the Porco 
Tuff is overlain by the ignimbrites of the Los Frailes Formation dated at 6 to 9 Ma. 

Mineralization occurs in NNE to NE-trending veins that cut the Porco Tuff about 1 km east of the 
Huayna Porco stock. The deposit is zoned around the stock with cassiterite proximal to the stock 
and base metals, mainly sphalerite and galena, further away. The upper parts of the veins are 
silver-rich with pyrargyrite, acanthite and stephanite. The main structure is the San Antonio vein 
which strikes N10º - 30ºE and dips between 70º and 85º to the east. It is 300 m in vertical extent 
and 1.2 m to 2.0 m in width. To the south, the vein branches into the Oriente, Misericordia, and 
Santos veins, whose lengths vary between 500 m to 1,500 m. The main ore minerals are pyrite, 
sphalerite, galena, argentiferous galena, native silver, chalcopyrite, and arsenopyrite in a gangue 
of quartz. Other important structures are the Muestra Grande vein on Huayna Porco Hill, where 
the grade reached 2,300 g/t Ag (Sugaki et al., 1983), and the Rajo Zúñiga vein, which strikes 
N30ºE and dips 75º-80ºE. The latter vein, with widths between 1.0 m and 1.5 m, was exploited 
in a 100 m x 20 m open pit. This altered dacite-hosted vein is accompanied by associated veinlets 
and disseminations in the wall rock and consists of cassiterite, wolframite, galena, silver 
sulphosalts, and pyrite. 

1.6 Metallurgical Testing and Mineral Processing 

The processing plant at the Porco Mine has been operating since 1992. The recoveries used in 
this report are derived from the results of the plant operation over the period of August 2020 to 
July 2021. Porco mill: a lead concentrate and a zinc concentrate. While both concentrates pay 
for the metal they are named for and for silver, a lead concentrate does not pay for zinc contained 
and the zinc concentrate does not pay for lead contained, so these recoveries are not included 
when summarizing the total recoveries.  

The results from this analysis can be found in Table 1-1. 

 

Table 1-1:  Recovery and Concentrate Grade Estimates 

Parameter Unit 

Concentrates 

Lead Concentrate Zinc Concentrate 

Company Feed Toll Feed Company Feed Toll Feed 

Zn Recovery % N/A N/A 93 86 

Pb Recovery % 12.46*(Lead feed 
grade %) + 68.98 

8.28*(Lead feed 
grade %) + 63.58 N/A N/A 

Ag Recovery % 
0.919 x (Silver 
Feed Grade) + 

37.743 
32 

-0.0957 x (Silver 
Feed Grade) + 

47.874 
50 
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Figure 1-4:  Porco Mill Flowsheet 

 
Source:  Glencore (2021) 
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Figure 1-5:  Industrial Complex of the Porco Mining Operation 

 
Source: Santacruz (2023) 

 

The Yancaviri camp area is located approximately 5 km from the industrial area of the Porco 
Mine operation and approximately 2 km from the town of Agua de Castilla (Figure 1-6).  

The camp provides housing for technical staff of the operation and visitors. It is equipped with a 
cookhouse and dining hall, gymnasium and basketball court (Figure 1-7). 
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The camp site also houses the concentrate storage facility and the railway loadout for 
concentrate shipment.  

The Yancaviri is also gated with a security force. 

 

Figure 1-6:  Yancaviri Camp Site, Porco, and Agua de Castilla Townsites. 

 
Source: Santacruz (2023) 
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Figure 1-8:  Porco Mine Water Balance 

 
Source: Sustainability Report, Sinchi Wayra (2022)  

 

1.12.3 Permitting 

Santacruz Silver operates the Porco mine as a joint venture with the Bolivian Government 
(COMIBOL) The structure of the contract with COMIBOL is a "Partnership Contract governing 
Bolivar and Porco Mines (CA-MBP), and its purpose is to develop and implement a mining 
operation for the treatment of the existing mineralogical reserves and resources in the Bolívar 
and Porco Mines, by the exploitation, preparation, beneficiation and sale of mineral concentrates. 
Contrato de Asociación Sociedad Minera Illapa S.A. is authorized as operator and responsible 
of executing on behalf of COMIBOL, all the operations and activities of the association contract. 
The shares of CA-MBP are 55% for COMIBOL and 45% for Contrato de Asociación Sociedad 
Minera Illapa S.A." This renewable agreement expires in 2028. 

Mining Contracts that grant the right to the subsoil mining resource are granted by the Mining 
Administrative Jurisdictional Authority (AJAM) over the ATE mining areas, and a contract is 
granted for each area or contiguous group of areas. Recent changes to the laws and government 
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A key player connected with all Bolivian Mines and surrounding areas are the mining 
cooperatives which are organized independent mining entities, some quite capable and 
organized with their own equipment. Recognized by the government as a valid economic activity 
for local development, they conduct their activities in abandoned mines or expropriating active 
mines, which can pose risks to business. The relationship is not completely one-sided as the 
Cooperatives sell mineralized material to process their product, thus mechanisms are in place to 
face possible subjugations, protect mine employees and the communities. 

The Porco operation has dealt and continues to deal with both mining cooperatives and illegal 
miners, particularly those working in and around the Santacruz operation. Some of these 
cooperatives are legitimate entities under agreement with Santacruz to exploit the near surface 
areas of the Porco deposit. Therefor cooperatives share mine access with Santacruz workers. 
From 2013, it was agreed that Contrato de Asociación Sociedad Minera Illapa S.A. would exploit 
the levels lower than levels 4,213 and 4,225, in the central area and Hundimiento zone, 
respectively. However, members of the cooperatives regularly violate the agreement and access 
active Santacruz areas, which at times can endanger the safety of Santacruz personnel and 
infrastructure. 

Much effort has been spent to successfully control this risk, with agreements put in place with 
large cooperatives to purchase their mineral. However, the influx of illegal miners who are less 
likely to negotiate is a constant risk to safe and productive operations. 

1.12.4.1 Porco 

Porco is a completely self-contained industrial center which supports the two main processes of 
mineral exploitation and concentration. There also exist on site, management, maintenance, 
transportation and sales support. Porco has been a mining area since colonial times, and mining 
is its main source of income. It is inhabited by civilians with outside sources of income, 
cooperative miners, and Santacruz workers with their families. The company works closely with 
the local populations, the most important being Porco and Agua de Castilla, as well as other 
smaller, satellite communities. Two cooperatives also work at, and adjacent to, Santacruz 
operations.  
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Figure 1-9:  Porco Surrounding Communities 

 
Source: Sustainability Report, Sinchi Wayra (2022)  

 

Figure 1-10:  Porco Community Investment 

 
Source: Sustainability Report, Sinchi Wayra (2022)  
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 2017 2018 2019 2020 2021 2022 

Tres Amigos 2.1 2.6 1.5 1.8 2.2 3.0 

Don Diego 0.9 6.9 1.4 0.9 1.1 1.2 

Colquechaquita 1.2 2.0 1.4 1.0 3.0 2.5 

La Paz 3.3 0.6 0.3 0.4 0.2 0.7 

Soracaya 0.5 2.1 0.2 0.1   

San Lucas 0.8 0.0 0.0 0.1 0.4  

Total 21.8 39.0 28.5 16.3 27.8 24.3 

 

Table 1-8:  Projected Capital Requirement for Porco Operations, 2023 to 2027 ($M) 

 2023 2024 2025 2026 2027 

Engineering/Admin   0.1 0.0  

Safety/Environmental   0.2 2.0  

Mobile Equipment/Maintenance   0.9 1.8 1.2 

Plant 0.3 0.5 0.3 0.3 0.2 

Exploration  0.0 0.4 0.2 0.2 

Primary Development   1.4 1.7 2.4 

Total  2.9 6.4 4.1 2.5 

 

Recurring exploration and primary development costs have been included in the COG 
calculations to better anticipate and account for total costs and make the COG more meaningful 
for reserve estimation and mine planning.  

1.13.2 Operating Costs 

Costs used for Cut-off grade analysis were taken from actual costs for 2022. The actual cost of 
corporate G&A was allocated to each of the businesses. 
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Table 1-9:  Unit Operating Costs ($/t) 

Mine 94.68 

Mine Operations 16.06 

Mine Maintenance 58.85 

Indirect 19.78 

Plant 15.04 

Warehouse 1.94 

G&A 13.36 

Total 125.02 

Source: Santacruz (2023) 

 

Mine operations include direct costs of mining, including labor, energy, materials, and services. 

Mine Equipment Maintenance Costs includes maintenance to all equipment related to direct 
development, exploitation and haulage, as well as service equipment such as pumping, 
ventilation, winches, etc. 

Indirect costs would include Site Management, Technical services, Site Administration, 
Environmental and Social, Safety and Security.  

Plant costs include direct Beneficiation costs as well as plant maintenance, and indirect costs. 

Warehouse costs refer to Concentrate handling and storage. 

General and Administration includes allocated Bolivian corporate costs. 

1.14 Economic Analysis 

1.14.1 Result 

The Reserve Estimate was generated using actual costs experienced during a stable production 
period following the change in management after the purchase of the mine by Santacruz Silver 
(2022 and beginning of 2023). Actual costs were used for mine operating, concentrate overland 
transport, port costs, and shipping as well as smelting fees, payment terms, and penalty charges. 
A simplified Cash flow model was built to model the costs and conditions used to generate the 
Reserve estimates stated in this report. 

The Porco Mine is part of a multi-operation business. However, the Economic model treats it as 
a separate financial entity with Bolivian corporate costs allocated for the analysis. As well, the 
operation is subject to a partnership with the Bolivian Government (COMIBOL), but the financial 
modelling examines the value of the operation on a 100% basis to support the Reserve 
statement. 
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 Unit 2023 2024 

Pb Recovery (%) 76 76 

Ag (in Lead) (%) 50 50 

Metal Recovery    

Zinc (FMT) 24,000 15,000 

Silver (in Zinc) (FOT) 395,000 244,000 

Lead (FMT) 1,000 1,000 

Silver (in Lead) (FOT) 515,000 318,000 

Silver (Total) (FOT) 910,000 562,000 

Notes: 
FMT = Fine Metric Tonnes; DMT = Dry Metric Tonnes; FOT = Fine Ounces Troy 

 

That same logic follows to the net revenue generation (Table 1-12) which includes smelter 
charges and penalty fees.  

 

Table 1-12:  Revenue and Cost Projection ($M) 

 Unit 2023 2024 

Payable Metal Revenue    

Zinc  60 37 

Metallurgical Deduction  9 6 

Gross Payable Zinc  50 31 

Lead  2 1 

Metallurgical Deduction  0 0 

Gross Payable Lead  2 1 

Silver  19 12 

Metallurgical Deduction in Zinc  5 4 

Metallurgical Deduction in Lead  1 0 

Gross Payable Silver  14 8 

Gross Revenue (Total)  67 40 

Smelter Charges and Penalties    

Treatment charges Zn (USD/t) 230 277 

Treatment charges Zn  11 8 

Treatment charges Pb (USD/t) 130 133 

Treatment charges Pb  0 0 

Penalties in Zn (USD/t) 3 7 

Penalties in Zn  0 0 
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 Unit 2023 2024 

Penalties in Lead (USD/t) 0 13 

Penalties in Lead  0 0 

Refining Charges in Pb (USD/FOZ) 1 1 

Refining Charges in Pb  1 0 

Smelter Fees and Penalties  12 9 

Net Revenue  55 31 

Operating Costs    

Production Costs  22 14 

Cost of Sales    

Rail Freight Zn   3 

Rail Freight Pb   0 

Port Expenses Zn  2 1 

Port Expenses Pb   0 

Rollback Fee Zn  4 2 

Rollback Fee Pb  0 0 

Concentrate Freight and Port Costs 7 7 

Mine Royalty  4 3 

Communities and Unions  1 2 

Total Cost of Sales  34 25 

 

Depreciation is a product of previous operation and annual capital expenditure incurred for the 
exploitation of the reserve tonnage. Capital is limited to that required to support mining, 
processing, and tailing storage for the reserve. Corporate G&A is that part of the in-country costs 
allocated to the Porco mine.  

 

Table 1-13:  Cashflow Projection ($M) 

 2023 2024 

Income Statement   

Net Revenue 55 31 

Production Costs (22) (14) 

Selling Costs (12) (12) 

Depreciation (2) (3) 

Gross Profit 20 3 

Corporate G&A (2) (1) 

Corporate Administrative Expenses  (2) (1) 

file:///C:/Users/jasminf/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/54259AC7.xlsm%23RANGE!B151
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Figure 1-11:  Univariate Sensitivities 

 

 

1.15 Observations, Risks, Opportunities and Recommendations 

1.15.1 Observations 

The Porco Mine Project consists of two separate mining zones that essentially function as 
separate mines, the Hundimiento and Central, that feed ore to a single processing plant on site 
to produce zinc and lead concentrates. Sinchi Wayra S.A. owns and operates all facets of the 
Porco business, which is in turn owned by Santacruz. 

The QPs found that Porco is a well-managed operation that should be capable of sustaining 
profitable operations for many years to come in the same fashion as it has operated for the past 
several years. 

The reserves were found to be estimated correctly using industry-standard techniques and 
procedures and industry-standard software by diligent and competent professionals.  

The mine has an ample provision of skilled workers. Typical and reasonable ore control systems 
were in place, but it is possible that the results could be improved with a closer attention to 
appropriate mining widths, minimizing them wherever possible to minimize dilution. 

The single greatest challenge to the operation is the incessant trespassing of illegal miners into 
the active mining operations. This results in damage of mine equipment (often disrupting the 
ventilation system), disruption to scheduling, loss of revenue, and poses a real threat to the safety 
of the workers. How this situation can be ameliorated or prevented is beyond the scope of this 

(5.0)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

75% 80% 85% 90% 95% 100% 105% 110% 115% 120% 125%

Metal Prices OPEX SUSEX











 

 

 
 

PORCO MINING OPERATIONS   |  NI 43-101 TECHNICAL REPORT PAGE 2-2 

 

None of the QPs or any associates employed in the preparation of this report has any beneficial 
interest in Santacruz and neither are any insiders, associates, or affiliates. The results of this 
report are not dependent upon any prior agreements concerning the conclusions to be reached, 
nor are there any undisclosed understandings concerning any future business dealings between 
Santacruz and the QPs. The QPs are being paid a fee for their work in accordance with normal 
professional consulting practice. 

The following individuals, by virtue of their education, experience and professional association, 
are considered QPs as defined in the NI 43-101, and are members in good standing of 
appropriate professional institutions / associations. The QPs are responsible for the specific 
report sections as listed in Table 2-1. 

 

Table 2-1:  QP Responsibilities 

Qualified Person Company QP Responsibility / Role Report Section(s) 

Richard Goodwin, P.Eng. JDS Author, Mining, Project 
Manager 

1.1 to 1.2, 1.8 to 1.9, 1.11 to 
1.15, 2 to 6.1, 12.1, 12.3, 
12.5, 15, 16, 18 to 26, 28 

Garth Kirkham, P.Geo.  
Kirkham 

Geosystems Inc. 

Geology, QA/QC, Data 
Verification, Drilling, Resource 

Estimate 

1.3 to 1.5, 1.7, 6.2, 7 to 11, 
12.2, 9, 10, 11, 12.1, 12.2, 

14, 27 

Tad Crowie, P.Eng. JDS Metallurgy 1.6, 1.10, 12.4, 13, 17 

 

2.3 Site Visit 

In accordance with National Instrument 43-101 guidelines, site visits are summarized in Table 
2-2. Sinchi Wayra staff and management were cooperative and helpful during the course of each 
visit. Access to all requested information and physical sites was provided voluntarily. 

 

Table 2-2:  QP Site Visits 

Qualified Person Company Date Description of Inspection 

Richard Goodwin, P.Eng. JDS January 28 to 30, 
2023 

Mr. Goodwin met with technical and operating 
staff and toured the Central Zone and 
processing plant. 

Garth Kirkham, P.Geo.  
Kirkham 

Geosystems 
Inc. 

 August 10-13, 
2021 

March 15-30, 
2023 

Porco Mine and Project site; including select 
working areas and faces underground, Potosi 
professional offices, Don Diego Mill Complex, 
sample storage facilities, La Paz company 
offices, discussions with site and company 
personnel. 







 

 

 
 

PORCO MINING OPERATIONS   |  NI 43-101 TECHNICAL REPORT PAGE 4-1 

 

4 PROPERTY DESCRIPTION AND LOCATION 

4.1 Location 

The Porco Mine and Plant is located in the Porco Municipality of the Antonio Quijarro Province, 
in the Potosí Department, Bolivia. UTM W-84 Coordinates: 7806780E; 188096N at an elevation 
of 4,174 masl. Figure 4-1). 

 

Figure 4-1:  Project Location Map  
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Figure 4-2:  Mineral Tenement Locations 
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5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, 
INFRASTRUCTURE AND PHYSIOGRAPHY 

5.1 Accessibility 

Porco Mine is located in Bolivia, Potosi Department, Antonio Quijarro province, 50 km southwest 
of Potosí City. The mine is 150 km via paved National Highway 5 from a commercial airport at 
Uyuni and 581 km to the capital, La Paz. A 5 km gravel access road to the mine site goes through 
the communities of Agua de Castilla and Porco (Figure 5-1). 

 

Figure 5-1:  Project Location Map (showing region)  
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Figure 5-3:  TSF Audit Summary 

 
Source: Glencore (2021)   
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7 GEOLOGICAL SETTING AND MINERALIZATION 

7.1 Introduction 

The geological setting and framework detailed herein, is primarily referenced from the definitive 
publications for Bolivian geology such as Redwood (2021) and Arce-Burgoa (2009). 

7.2 Geological Tectonic Framework and Regional Geology 

The geologic-tectonic framework of Bolivia can be divided into six physiographic provinces. From 
east to west (Figure 7-1), these are the Precambrian Shield, the Chaco-Beni Plains, the Sub 
Andean zone, the Eastern Cordillera (or Cordillera Oriental), the Altiplano, and the Western 
Cordillera (or Cordillera Occidental). The latter four provinces are elements of the Mesozoic-
Cenozoic Andean orogen in Bolivia (Arce-Burgoa, 2002, 2007), which hosts an abundance of 
mineral deposits (Figure 7-2). The landward Precambrian Shield, exposed far to the east of the 
Andes, represents an area of great mineral potential, but has had limited exploration. 

 

Figure 7-1:  Regional Geology Setting 

 
Source: Arce-Burgoa (2009) 
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Figure 7-2:  Regional Geology Setting with Deposit Types 

 
Source: Arce-Burgoa (2009) 
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Western Cordillera during Late Eocene-Oligocene, but Neogene shortening in the Eastern 
Cordillera and Subandean zone led to a subsequent dominance of younger sediments derived 
from the east (Horton et al., 2002). 

The Western Cordillera consists of a volcanic mountain chain that is 750 km in length and 40 km 
in average width, with an area of about 30,000 km2. Late Jurassic and Early Cretaceous flows 
and pyroclastic rocks and marine sandstone and siltstone sequences dominate the Cordillera in 
Peru and Chile. Lesser Late Cretaceous continental sediment was deposited above the marine 
rocks and, simultaneously, large granitoid plutons, many of which are associated with large 
porphyry orebodies, were emplaced along the coasts of adjacent Peru and Chile. In Bolivia, the 
province is dominated by high andesitic to dacitic strata volcanoes, erupted since ca. 28 Ma, 
which define the narrow, main Central Andes magmatic arc. 

7.2.1 Eastern Cordillera  

The Bolivar, Porco and Caballo Blanco deposits are located in the central part of the Eastern 
Cordillera, a thick sequence of Paleozoic marine siliciclastic and argillaceous sedimentary rocks 
deposited on the western margin of Gondwana and deformed in a fold-thrust belt. There were 
two major tectonic cycles in the Paleozoic: The Lower Paleozoic Famatinian cycle (the Tacsarian 
and Cordilleran cycles of Bolivia), and the Upper Paleozoic Gondwana cycle (Subandean cycle 
of Bolivia).  

The late Precambrian supercontinent broke up with the opening of the southern Iapetus Ocean 
and the spreading of Laurentia away from Gondwana in the latest Precambrian or early Cambrian 
(Figure 7-3 through Figure 7-5). Ocean closure and collision of Laurentia and the South American 
segment of Gondwana during the Ordovician formed the Famatinian orogenic belt of NW 
Argentina (Dalla Salda et al., 1992a) which has been correlated with its probable Laurentian 
equivalent, the Taconic event of the Appalachian orogen (Dalla Salda et al., 1992b). The 
Famatinian belt records extension in the latest Precambrian with establishment of subduction 
during the Cambrian and closure of the ocean basin and continent-continent collision in the 
Ordovician (480-460 Ma) (Figure 7-6). The Pre-Cordillera Terrane carbonate platform of western 
Argentina, which has faunal similarities with eastern North America, may be a sliver of eastern 
Laurentia detached in the late Ordovician when Laurentia separated from Gondwana again (Dalla 
Salda et al., 1992a; b) (Figure 7-7 and Figure 7-8). 
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Figure 7-3:  Plate Tectonic Reconstructions of the Neoproterozoic Subcontinent and the Late Precambrian 
Supercontinent after the Opening of the Southern Iapetus Ocean  

 
Source: Hoffman (1991) 
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Figure 7-4:  Plate Tectonic Reconstructions of the Neoproterozoic and Late Precambrian Subcontinents  

 
Source: Story (1993) 
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Figure 7-5:  Paleogeography of SW Gondwana Margin in the Early Ordovician 

 
Source: Forsythe et al, (1993) 
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Figure 7-7:  The Ordovician of the Central Andes (Cunningham et al., 1994b) 

 
Source: Forsythe et al, (1993) 





 

 

 
 

PORCO MINING OPERATIONS   |  NI 43-101 TECHNICAL REPORT PAGE 7-11 

 

deformation in the western Precordillera. (Mpodozis & Ramos, 1989; Ramos et al., 1986; Ramos, 
1988; Sempere, 1993). 

The Cordilleran cycle began in Bolivia with rapid deepening of the basin as a back-arc with black 
pyritic-shale deposition (Tokochi Formation) followed by resedimented glacial-marine diamictites 
sediments in the Ashgill (Cancañiri Formation) with rare thin fossiliferous limestones. These are 
overlain by thickly bedded, thinning-upward turbidites (Llallagua Formation) and/or dark shales 
with minor turbidites (Uncía/Kirusillas Formation) from late Llandovery to Ludlow. Deposition in 
the basin was controlled by active normal faulting. Facies succession was induced by a major 
glacio-eustatic sea level low (the Ashgillian ice age) which developed between two maximum 
flooding episodes. The Uncía/Kirusillas Formation was the first of three main shallowing-up 
megasequences, which began with thick dark shales and ended with sandstone dominated units, 
of late Llandovery - Lochkovian, Pragian - early Giventian and late Giventian - middle Famennian 
ages. These were deposited in a large subsiding marine foreland basin covering the Bolivian 
Andes, Subandean zone and Chaco-Beni plains, reaching as far as the SW edge of the craton 
where they onlap the Chiquitos Supergroup (Litherland et al., 1986). This interval was a time of 
onlap towards the northeast and of deposition of major hydrocarbon source rocks in Bolivia. 
(Sempere, 1990a; b;1991; 1993). 

The Cordilleran Cycle is generally considered to have been terminated by the Late Devonian to 
Early Carboniferous Hercynian Orogeny, which has been defined in Perú where the effects are 
much more evident. The presence of Hercynian orogenesis in Bolivia has been questioned 
however, due to Late Triassic U-Pb zircon age dates of 225 Ma (Farrar et al., 1990) for both 
foliated and weakly foliated facies of the Zongo-Yani granite, and by implication its wide 
metamorphic aureole, which was assigned an "Eohercynian" age by Bard et al. (1974).  

7.2.4 Subandean (Gondwana) Cycle (Upper Paleozoic) 

The Upper Paleozoic Gondwana Cycle was characterized by establishment of eastward 
subduction along the new Pacific margin west of Chilenia (Cordillera Frontal) and development 
of a broad forearc accretionary prism, which contains blue schists and ocean floor fragments. A 
magmatic arc lay to the east of the subduction zone. This cycle was terminated by deformation 
during the lower Triassic Gondwanide orogeny, the effects of which southward. (Mpodozis & 
Ramos, 1989; Ramos et al., 1986; Ramos, 1988). 

In Bolivia, the Upper Paleozoic Subandean Cycle is characterized by the Late Devonian (Late 
Famennian) - Early Carboniferous (Mississippian) Villamontes Supersequence, deposited in the 
Subandean zone, Chaco and Titicaca basin, is mainly marine and comprises mudstone, black 
shale, sandstone, coal, glacial-marine sediments, diamictites and slumps, the stratigraphy of 
which is conflictive due to rapid facies variations (Sempere, 1993). The Eastern Cordillera was 
emergent. This was a period of high epeirogenic activity and synsedimentary tectonic instability 
coeval with the Hercynian deformation in Peru. Sempere (1993) considers the Mississippian 
sedimentation to have been the culmination of the Silurian - Devonian evolution. 

Subsequently the Late Carboniferous (Pennsylvanian) - Early Triassic Cueva Supersequence 
was developed during a period of low subsidence and subtropical climate. In western Bolivia 
there was a shallow carbonate platform in the Titicaca Basin (Copacabana Formation) with 
deposition of white littoral-fluvial-eolian sands and evaporites on the eastern platform in the 
Subandean zone. The compressional Gondwana (Late Hercynian) deformation in the middle 
Permian of the Eastern Cordillera of Peru had weak effects in the Eastern Cordillera of Bolivia. 
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McBride et al., 1983; Redwood, 1987; Redwood & Macintyre, 1989; Soler & Jimenez, 1993; 
Thorpe et al., 1982.) 

7.3 Local Geology 

The Porco silver-zinc-tin deposit is located 35 km southwest of the Cerro Rico de Potosí deposit 
on the southeastern edge of the Los Frailes volcanic field. It was the first silver deposit discovered 
in Bolivia, with exploitation dating to pre-colonial times. The geology has been described by 
Sugaki et al. (1983), Cunningham et al. (1993, 1994a, b) and Jiménez et al. (1998).  

The deposit is hosted by a north-south-elongated caldera that is 5.0 km x 3.0 km and formed at 
12.0 ± 0.4 Ma with the eruption of the crystal-rich dacitic Porco Tuff. Well-defined topographic 
walls of the caldera cut Ordovician phyllites and Cretaceous sandstones. The 12.1 ± 0.4 Ma Apo 
Porco stock (4,886 masl) occurs on the southern margin of the caldera. Mineralization is 
associated with the younger 8.6 ± 0.3 Ma Huayna Porco stock (4,528 masl) in the center of the 
caldera. Radial dykes, alteration and metals are zoned around the stock. To the north, the Porco 
Tuff is overlain by the ignimbrites of the Los Frailes Formation dated at 6 to 9 Ma. 

Mineralization occurs in NNE to NE-trending veins that cut the Porco Tuff about 1 km east of the 
Huayna Porco stock. The deposit is zoned around the stock with cassiterite proximal to the stock 
and base metals, mainly sphalerite and galena, further away. The upper parts of the veins are 
silver-rich with pyrargyrite, acanthite and stephanite. The main structure is the San Antonio vein 
which strikes N10º - 30ºE and dips between 70º and 85º to the east. It is 300 m in vertical extent 
and 1.2 m to 2.0 m in width. To the south, the vein branches into the Oriente, Misericordia, and 
Santos veins, whose lengths vary between 500 m to 1,500 m. The main ore minerals are pyrite, 
sphalerite, galena, argentiferous galena, native silver, chalcopyrite, and arsenopyrite in a gangue 
of quartz. Other important structures are the Muestra Grande vein on Huayna Porco Hill, where 
the grade reached 2,300 g/t Ag (Sugaki et al., 1983), and the Rajo Zúñiga vein, which strikes 
N30ºE and dips 75º-80ºE. The latter vein, with widths between 1.0 m and 1.5 m, was exploited 
in a 100 m x 20 m open pit. This altered dacite-hosted vein is accompanied by associated veinlets 
and disseminations in the wall rock and consists of cassiterite, wolframite, galena, silver 
sulphosalts, and pyrite. 
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Figure 7-8:  Geological Map of the Porco Caldera (Cunningham et al., 1994b) 

 
Source: Cunningham et al, (1994) 
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