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UNITS 

The Metric System has been used throughout this report, unless otherwise stated. Tonnes are 
reported in metric tonnes of 1,000 kilograms. Copper, zinc, and lead grades are in weight 
percent. The primary monetary units in this PEA are the U.S. Dollar. Silver grades are in grams 
per metric tonne (g/t) with prices in U.S. dollars per troy ounce. Indium values are in parts per 
million (ppm) and prices in U.S. dollars per kilogram.  
 

ABBREVIATIONS 

The following abbreviations are used in this report. 
 

Abbreviation Unit or Term 

AA Atomic absorption 
Ag Silver 
Ag_Eq Silver Equivalent 
Au Gold 
Bi Bismuth 
BLS Barren Liquor Solution 
o
C Degrees Celsius 

CMMK Compañia Minera Malku Khota 
Cu Copper 
cu cubic 
DFCs Direct Field Costs 
DFS Detailed Feasibility Study 
dia Diameter 
EMP Environmental Management Plan 
EPCM Engineering Procurement and Construction Management 
ESIA Environmental and Social Impact Assessment 
o
F Degrees Fahrenheit 

ft Foot 
g Gram 
Ga Gallium 
gal U.S. gallon 
G&A General and Administration 
gpm Gallons per minute 
GPS Global positioning system 
gpt or g/t Grams per tonne 
h Hour 
ha Hectare 
hr Hour 
hp Horsepower 
ILS Intermediate Liquor Solution 
In Indium 
in Inch 
kg Kilogram 
km Kilometer 
kWh Kilowatt hour 
l Liter 
l/s Liters per second 
lb Pound (weight) 
LDL Lower detection limit 
LG Lerchs-Grossman 
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Abbreviation Unit or Term 

LOI Letter of intent 
LS Lump sum 
M Million 
m Meter 
mamsl Meters above mean sea level 
m2 Square meter 
m3 Cubic meter 
masl Meters above sea level 
m3/h Cubic meters per hour 
mm Millimeter 
m/s Meters per second 
MW Megawatt 
NGO Non-Government Organization 
NI 43-101 Canadian National Instrument NI 43-101 
No. Number 
oz Ounce(s) 
Pb Lead 
PCMS Process Component Monitoring System 
PEA Preliminary Economic Assessment 
PFS Pre-feasibility Study 
PLS Pregnant Liquor Solution 
pH Acidity 
ppm Parts per million 
psi Pounds per square inch 
PVC Polyvinyl chloride 
QA Quality assurance 
QC Quality control 
QP Qualified Person as defined by NI 43-101 
SASC South American Silver Corp. 
Sb Antimony 
SG Specific gravity 
TC/RCs Treatment and Refining Charges 
t Metric tonne (1,000 kg) 
t/m3 Tonnes per cubic meter 
tpd Tonnes per day 
tph Tonnes per hour 
Tonne Metric tonne (1,000 kg) 
Ton Long ton (2,240 lb) 
w/o Waste-to-ore ratio 
yr Year 
Zn Zinc 
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1 SUMMARY 
South American Silver Corp., (SASC) controls extensive exploration mining concessions at Malku 
Khota in the Department of Potosi, Bolivia through its wholly owned Bolivian subsidiary Compañia 
Minera Malku Khota S.A. (CMMK).  CMMK holds mineral rights to 5,475 hectares at Malku Khota, 
covering 15 km of projected strike length along prospective silver mineralized sandstone units.  
Exploration of the concessions is at an advanced stage and, subject to satisfactory feasibility 
studies and environmental and social impact assessments; SASC intends to develop the Malku 
Khota property into a producing mine. 
 
A Preliminary Economic Assessment (PEA) for Malku Khota was completed in March 2009 by 
Pincock Allen & Holt (PAH) based on resource estimates of November 2008 (also by PAH). The 
2008 resource estimates and the 2009 PEA are superseded by this technical report. 
 
This PEA update contemplates the construction and operation of a 40,000 tpd open pit acid-
chloride heap leach operation. The PEA estimates that approximately 200 million tonnes of leach 
material would be mined over a 15 year mine life with production of 13.2 million ounces of silver 
per year for the first 5 years and over 10.5 million ounces per year for the life of the mine. 
Additionally, the mine is anticipated to produce approximately 80 tonnes of indium and 15 tonnes 
of gallium per annum. The mine would also annually produce several million pounds of by-
product lead, copper and zinc contributing to the projectôs low operating costs which are projected 
to be in the lower quartile of primary silver producers. 
 
Table 1-1 Operational and Production Summary 

Plant Throughput 40,000 tonnes/ day         

LOM Plant Feed 200 M tonnes         

Strip ratio  2.23           

Mine life 15 Years         

Initial Capital Cost  $411 million         

Sustaining Capital $209 million   
  

   
  

    Silver Indium Gallium Copper Lead Zinc 

Recoveries 73.6% 81.0% 26.9% 84.8% 51.1% 62.0% 

              

1
st

 5 years (averages) 

Grades 42.42 g/t 7.55 g/t 4.28 g/t 0.023% 0.084% 0,023% 
Annual production 
(recovered metal) 13.2 M ozs 81 tonnes 15,184 kgs 5.64 M lbs 12.48 M lbs 4.42 M lbs 

              

Life of Mine (averages) 

Grades 33.60 g/t 7.35 g/t 3.98 g/t 0.024% 0.085% 0.050% 
Annual production 
(recovered metal) 10.5 M ozs 78.9 tonnes 14,198 kgs 5.87 M lbs 12.76 M lbs 9.04 M lbs 

              
Life-of-Mine 
Recovered Metal 

158 M ozs 1,184 tonnes 212,962 kgs 88 M lbs 191 M lbs 135 M lbs 

 
Economic modeling for the updated PEA demonstrates a robust project with strong operating 
cash flow, high rates of returns, and low capital and operating costs, particularly on a cost per 
ounce basis. Three metal price scenarios were selected to show the projectôs sensitivity to 
varying metal prices using the same pit model, a Base Case scenario using the approximate 3 
year trailing average price for metals, a Middle-Case with approximate 1 year trailing average 



  

Malku Khota Project 
PEA Update  

May 10, 2011 

 

 

110511 MK PEA Update SEDAR.doc  Page 11 of 181  

 

metal prices and a Recent Case which reflects recent monthly average metals prices. At higher 
metal prices, updated mine models would likely increase total metal production.  
 
Table 1-2  Financial Summary 

Measure Base Case Mid-Case Recent 

Metal Prices       

Silver (US$/ounce) $18.00 $25.00 $35.00 

Indium (US$/kg) $500.00 $570.00 $650.00 

Lead (US$/lb) $0.90 $1.00 $1.20 

Zinc (US$/lb) $0.90 $1.00 $1.10 

Copper (US$/lb) $3.00 $3.70 $4.30 

Gallium (US$/kg) $500.00 $570.00 $730.00 

        

Average Operating Cash Flow       

1st 5 years (per year) $185 M $287 M $430 M 

Life-of-Mine (per year) $124 M $208 M $325 M 

      
 Net Cash Flow (undiscounted) $1,261 M $2,528 M $4,298 M 

NPV at 5% discount rate $704 M $1,482 M $2,571 M 

NPV at 8% discount rate $505 M $1,104 M $1,942 M 

Internal rate of Return (IRR %) 37.7% 63.0% 92.9% 

Payback period 27 months 19 months 15 months 

        

1st 5 years       

Silver cash costs before credits (US$/ounce) $9.70 $9.70 $9.70 

Silver cash costs after credits (US$/ounce) $2.94 $2.01 $0.86 

Life of Mine       

Silver cash costs before credits (US$/ounce) $13.87 $13.87 $13.87 

Silver cash costs after credits (US$/ounce) $5.06 $3.85 $2.39 

 
On the basis of the technical and economic evaluations in this PEA, it is concluded that the 
project demonstrates sufficient potential to advance to feasibility study. 
 
This PEA includes inferred resources that are considered too speculative geologically to be 
categorized as Mineral Reserves but give an indication of the potential size of operations that 
may be possible on the deposit. However, there is no certainty that the results projected in the 
PEA will be realized and actual results may vary substantially. 

1.1 Location 
Malku Khota is situated in the eastern part of the Bolivian Altiplano at elevations between 
approximately 3,800 to 4,580 meters above sea level.  The project is located 98 km east-
southeast of Oruro, and 85 km south of Cochabamba in a relatively remote area, accessible by 
an improved dirt road linking the cities of Oruro and Cochabamba. Primary access is from Oruro 
via Bolivar, Sacaca, and Chiro Khasa. 
 
The climate is typical for the Bolivian Cordillera Oriental and Altiplano with cool to moderate rainy 
summers and cool, dry winters.  Scattered subsistence farm plots and seasonal pastures are 
found scattered throughout the Malku Khota project area and are utilized by local inhabitants on a 
seasonal basis.  
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Figure 1-1 Project Location Maps 

  
 
Oruro has a capable supply of labor, equipment and service requirements for exploration and 
mining related activities.  The majority of the day labor for road building, sampling technicians, 
core cutting and support work has been found among the 5 communal districts (Ayllus) in the 
project area.  The project provides some of the only employment opportunities in the area.  

1.2 Work since the 2009 PEA 
Since the 2008 resource estimate and the 2009 PEA, work has advanced in a number of areas: 

¶ Drilling has progressed to bring the total drilled at Malku Khota to over 40,000m.  
Resource estimates have been updated based on the additional drilling and are included 
in this PEA Update Technical Report. 

¶ Considerable progress has been made with metallurgical testing including an extensive 
acid-chloride and cyanide leach testing program undertaken at SGS Lakefield through 
2010.  Preliminary geotechnical and hydrodynamic testing demonstrated satisfactory 
stacking characteristics and structural integrity of heap leach ores.  Kinetic tests & acid 
optimization testing was started in 2010 and is ongoing.  Additional cyanidation tests of 
selected samples were also completed in January 2011.  Bench scale acid recovery 
amenability tests have also been successfully completed.  Comminution tests to confirm 
crushing and grinding indices are in progress as is an engineering cost study into an 
Indium refinery.  

¶ A number of mining and treatment options have been evaluated at scoping study level 
with the aim of narrowing the range of alternatives to be studied in the PFS.  This work 
has considered alternatives to heap leaching including vat and agitated leaching, both of 
which have potential to achieve higher recoveries than can be achieved with heap 
leaching.  The alternatives add milling and additional processing facilities and the studies 
are too preliminary to report at this time.  They are however considered to be potentially 
attractive and will be progressed in the pre-feasibility phase. 

¶ A preliminary hydrology and hydrogeology study of the property has been completed by 
Chilean water consultants and a power supply study has been undertaken by Bolivian 
power consultants.  As well, SASC project personnel have visited Bolivia, Chile and Peru 
gathering information on local engineering and construction capability, and local cost 
factors for the capital and operating cost estimates. Groundwork has also been laid for 
environmental and social baseline studies to get underway in the pre-feasibility phase. 
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¶ As part of the Companyôs community relations strategy, community meetings are ongoing 
to help facilitate participation by the local indigenous communities that surround the 
Malku Khota project.  The Company continues to look for ways to facilitate economic 
development in the area by employing local workers, utilizing local services and building 
and improving infrastructure. 

1.3 Mineral Resources and Reserves 
Drilling in 2010 was primarily focused on confirmation and in-fill drilling, with a focus on increasing 
the density of drilling in the areas that fall within the pit model. The updated resource estimate 
expands the Measured and Indicated resources by 60% from the 2009 estimate to 230 million 
ounces of silver with an additional Inferred resource of 140 million ounces of silver. The 2010 drill 
program successfully confirmed the geologic model with over 80% of the life-of-mine in-pit silver 
resources classified in the Measured and Indicated category.  

Mineral Resources 

Mineral resources have been estimated as of March 30, 2011 for this PEA update by Allan 
Armitage, Ph.D., P.Geo, of GeoVector Management Inc.  The new resource estimate for Malku 
Khota, which takes account of additional drilling since the 2009 PAH resource estimate, is 
summarized in Table 1-3.at a 10 g/t silver equivalent cut-off grade. 
 
Table 1-3 Malku Khota Estimated Resources 

Resource Ag (g/t) In (g/t) Ga (g/t) Cu (%) Pb (%) Zn (%) Ag_Eq (g/t)

Tonnes Grade Ozs Grade Tonnes Grade Tonnes Grade Lbs Grade Lbs Grade Lbs Grade Ozs

Limosna Zone
Measured 10,781,799 40.0 13,853,996 6.3 68 2.8 30 0.01 1,836,252 0.13 30,150,033 0.04 9,405,115 54.4 18,854,749

Indicated 110,769,594 29.3 104,320,806 6.9 763 3.1 338 0.01 13,416,240 0.13 314,792,778 0.08 190,322,407 45.6 162,285,412

Measured + Indicated121,551,393 30.2 118,174,802 6.8 831 3.0 368 0.01 15,252,493 0.13 344,942,811 0.07 199,727,522 46.4 181,140,161

Inferred 75,728,745 23.0 55,977,228 6.6 501 3.1 238 0.01 8,709,675 0.13 212,159,178 0.10 168,331,885 39.9 96,940,651

Wara Wara Zone
Measured 10,551,499 26.1 8,845,445 2.7 29 5.7 60 0.02 4,037,605 0.03 7,928,699 0.004 899,715 36.6 12,411,255

Indicated 46,177,497 21.7 32,251,803 2.8 131 5.5 256 0.02 20,564,373 0.03 27,652,170 0.005 5,515,373 32.4 48,068,548

Measured + Indicated 56,728,996 22.5 41,097,247 2.8 160 5.6 316 0.02 24,601,978 0.03 35,580,870 0.005 6,415,088 33.2 60,479,803

Inferred 69,705,696 17.6 39,367,381 2.6 179 4.8 333 0.02 26,733,840 0.02 29,855,831 0.00 7,154,863 26.7 59,849,942

Sucre Zone
Measured 9,656,149 34.2 10,620,046 9.5 92 5.0 48.3 0.04 8,073,966 0.05 10,586,634 0.03 5,934,260 53.7 16,668,881

Indicated 67,054,896 28.0 60,387,989 6.0 399 5.2 349.2 0.05 72,386,267 0.04 62,204,138 0.02 34,735,943 45.5 98,023,697

Measured + Indicated 76,711,045 28.8 71,008,035 6.4 491 5.2 397.6 0.05 80,460,233 0.04 72,790,772 0.02 40,670,202 46.5 114,692,579

Inferred 34,429,848 22.9 25,370,596 3.2 110 5.2 180.3 0.05 41,117,709 0.03 25,140,170 0.01 10,933,524 38.0 42,052,428

Low Grade Mineralized Halo
Inferred 50,149,506 12.0 19,312,012 2.9 146 5.0 249.6 0.02 25,520,105 0.09 95,002,428 0.05 59,730,067 26.2 42,265,446

Total Malku Khota Project

Measured 30,989,448 33.4 33,319,487 6.1 188 4.5 139 0.02 13,947,823 0.07 48,665,367 0.02 16,239,090 48.2 47,943,510

Indicated 224,001,987 27.3 196,960,598 5.8 1,293 4.3 943 0.02 106,366,881 0.07 404,649,086 0.05 230,573,723 42.5 306,119,818

Measured + Indicated254,991,434 28.1 230,280,085 5.8 1,481 4.3 1,082 0.02 120,314,704 0.07 453,314,453 0.04 246,812,812 43.2 354,109,119

Inferred 230,013,794 18.9 140,027,216 4.1 935 4.3 1,001 0.02 102,081,329 0.07 362,157,607 0.05 246,150,339 32.5 240,292,377 

Notes 

1. The resource cut-off grade of 10 g/t silver equivalent is based only on the values of silver 
at $16/oz and indium at $550/kg. 

2. The silver equivalent calculation in the above table includes value for Ag, In, Ga, Cu, Pb, 
and Zn using Base Case metal pricing above. 

3. Estimated metal content does not include any consideration of mining, mineral 
processing, or metallurgical recoveries. 
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Mineral Reserves 

No reserve estimate has been carried out for the PEA because the extent of mineralization is not 
considered sufficiently defined at this stage to create a reserve.  This PEA is preliminary in nature 
and includes inferred mineral resources that are considered too speculative geologically to have 
the economic considerations applied to them that would enable them to be categorized as 
mineral reserves and there is no certainty that the preliminary assessment will be realized.  
Mineral resources that are not mineral reserves do not have economic viability.  

1.4 Base Case ï Acid-Chloride Heap Leach 
The Base Case project is a 40,000tpd acid-chloride heap leach project.   

¶ The acid-chloride leach process recovers silver along with indium, lead, zinc, copper, 
gallium and gold.  

¶ The PEA is based on a conventional shovel and truck open cut mining operation with 
material hauled initially in 91 tonne trucks, phasing to 136 tonne trucks as the pit 
deepens.  Material will be hauled to a heap leach pad that is located within 2km of the 
open cut.  Waste will be hauled to dumps within 2km of the pit. In this study, mining 
operations assumed an owner-operated mining fleet.  

¶ Over the 15 year life of mine, approximately 200 million tonnes of leach material will be 
mined at an average strip ratio of 2.23 to 1. Silver equivalent grades for the first 5 years 
of production average 58 g/t, with silver and indium grades of 42.42g/t and 7.55g/t 
respectively with the remaining value from copper, lead and zinc credits. Over the life of 
mine the silver equivalent grade is approximately 50 g/t, with silver and indium grades 
that average 33.6g/t and 7.35g/t.  

¶ Run-of-Mine material will be crushed to 1/4ò in a three stage crushing circuit and stacked 
in a heap leach pad where a leaching agent made up of hydrochloric acid mixed with salt 
and sodium hypochlorite will be applied.  The heap leach will be designed as an On/Off 
pad to receive 40,000 tpd in a single 8 meter lift sized for a 120 day leach cycle. The 
leach pad design contemplates 6 terraced cells with a total footprint of 540,000 square 
meters.  Pregnant solution will be collected in ponds located downslope of the leach pad 
before advancing to the metals recovery plant.   

¶ Average leaching recoveries used in the design are 73.6% for silver, 81.0% for indium, 
51.1% for lead, 62.0% for zinc, 84.8% for copper and 26.9% for gallium, based on the 
testing program undertaken at SGS Lakefield Laboratories. 

¶ The metal recovery processes start with acid recovery and proceed through several steps 
of metals extraction and recovery in three main streams:  

o A cemented product containing silver, gold and copper will be further processed 
into a silver-gold-copper dore.  

o Indium-gallium hydroxide precipitate will be refined into pure indium and gallium 
ingots.  

o Separately precipitated lead and zinc sulfides will be refined off site as 
concentrates.   

¶ Over 15 years of operations, Malku Khota is projected to produce 158 million ounces of 
silver, 1,184 tonnes of Indium, 191 million lbs of lead, 135 million lbs of zinc, 88 million 
lbs of copper and 212 tonnes of gallium. 

¶ Using the natural terrain to advantage, residues will be disposed into lined facilities 
located downstream of the heap leach pads.  Maximum use will be made of water 
recovered from the residue facility, which will be returned for re-use in the process plant.   
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¶ Water supply for the project will come from pit dewatering, regional flows and 
groundwater sources, which have been confirmed in preliminary investigations as 
sufficient to meet project needs.   

¶ The project has an estimated maximum power requirement of 40MW, which will come 
from the Bolivian national grid approximately 20km from the site.  

 

A number of mining and treatment options have been evaluated with the aim of narrowing the 
range of alternatives to be studied in the PFS.  This work has considered alternatives to heap 
leaching including vat and agitated leaching, both of which have potential to achieve higher 
recoveries than can be achieved with heap leaching. This optimization work is considered to be 
potentially attractive and will be progressed along with further testwork to confirm crushing and 
grinding characteristics as part of the PFS level work on the project. 

1.5 Facilities and Construction 
South American Silver project personnel have met with engineering and construction contractors 
in Bolivia, Chile and Peru to assess local capability and cost factors for the capital and operating 
cost estimates. Site construction is expected to take around 18 months during which the 
construction workforce is expected to peak at over 1,000 people. Once in commercial production, 
Malku Khota will provide direct employment to over 400 employees and contractors, most of 
whom will be sourced from surrounding communities. Oruro has a capable supply of labor, 
equipment and service requirements for exploration and mining related activities.  
 

Preliminary hydrology, hydrogeology and power studies of the property have been completed by 
experienced contractors in the region. Maximum use will be made of water recovered from the 
residue facility, which will be returned for re-use in the process plant. Using the natural terrain to 
advantage, residues will be disposed into lined facilities located downstream of the heap leach 
pads. Water supply for the project will come from pit dewatering, regional flows and groundwater 
sources, which have been confirmed in preliminary investigations as sufficient to meet project 
needs. Groundwork has also been laid for environmental and social baseline studies to get 
underway in the pre-feasibility phase. 

1.6 Capital and Operating Costs 

Initial Capital 

Mining capital including pre-production capital and initial mining fleet are based on a project-
specific pit design and production schedule with equipment selection and quantities based on 
equipment vendorôs recommendations and engineerôs experience of similar operations.  Costs 
are based on budget pricing and engineerôs cost database where appropriate.  Pre-stripping of 
around 1.75 million tonnes is required.  The initial mining fleet includes equipment that will be 
used to construct the heap leach pad base and for ongoing On/off heap leach materials handling 
during the production phase. 
 
Process plant capital costs for crushing, leaching and metal recovery facilities are factored 
estimates based on process flowsheets, mass balances and equipment lists developed 
specifically for the project based on the metallurgical testwork. Project infrastructure costs for 
power supply, water supply and roads are budget estimates from consultantôs reports and 
allowances based on recent costs for similar projects constructed in Bolivia.   
 
Leach pads, ponds and residue facilities were estimated based on quantities derived from 
conceptual layouts overlain on the topographical plans of the site.  Unit cost rates were applied 
using estimatorôs database.  Around 3.5 million cubic meters of cut-to-fill is required during 
construction to achieve a terraced-level site for the heap leach pad.  Costs for this portion are 
based on the work being undertaken by the mining fleet. 
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Indirect construction costs for freight, taxes and duties, construction camp and catering, EPCM, 
commissioning, spares and first fills, and Ownerôs Costs are included.  These are typically 
factored on Direct Field Costs.  
 
Capital Cost Summary 

Mine pre-production $3.8 M 

Mining Fleet $83.1 M 

Process Plant & Infrastructure $149,9 M 

Leach Pads and Residues Facilities $81.3 M 

Indirect Costs $93.3 M 

Total Initial Capital $411.4 M 

Sustaining, Working Capital and Closure Provisions 

Sustaining capital is estimated at $169 million in the mine, mainly for mining fleet additions and 
replacement, and $40 million in the processing facilities, mainly for On/Off heap leach materials 
handling and progressive residue facility construction, for a life of mine total of $209 million.  
 
Working Capital requirements for the financial model are based on 90 days between production 
and receipt of payment.  Allowances of $10 million for reclamation costs and $2 million salvage 
value at the end of mine life are included in the financial model. 

Operating Costs 

Operating Costs have been developed for each major area based on project-specific 
requirements.  Mining and processing costs are based on year-round 24 hour/day operations.  
Power is estimated at $0.042 per kWh and diesel fuel at $0.51 per liter reflecting Bolivian costs. 
The project has an estimated maximum power requirement of 40MW, which will come from the 
Bolivian national grid approximately 20 km from the site. Operational manning is based on 
approximately 90% of labor being locally-sourced supported by a small expatriate contingent 
involved in management and training.  
 

Mining costs are based on pit designs, mine production and waste dump schedules developed 
specifically for the project.  Processing costs were developed for reagents on a cost per tonne (of 
production) basis using consumption rates arising from the metallurgical testwork and unit costs 
derived from engineerôs database and Bolivian sources where possible. Estimated average life-
of-mine costs are as follows.  
 
 
Operating Cost Summary 

Mining $1.08 per tonne mined 
Processing $6.41 per tonne of leach material 
G&A $0.80 per tonne of leach material 
 

Capital and operating cost estimates for this PEA Update are expressed in US dollars, based on 
Q1 2011 costs.  Estimates have a scoping study accuracy range of ±35-50% and do not include 
provisions for inflation risks or future price escalation factors. 

1.7 Project Economics 
A discounted cash flow model has been developed for the project.  In addition to those outlined 
above, the main parameters used in the model are summarized below. 
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Mine Production Rates and Grades 

The table below is a summarized extract from the year-by-year mine production plan for the 
40,000tpd acid-chloride heap leach Base Case. 
 
Table 1-4 Base Case Mining Schedule by Year 

Year 
Ore 

Tonnes 
Waste 

Tonnes 
Strip 
Ratio 

Ag 
(g/t) In (g/t) Pb% Zn% Cu% 

Ga 
(g/t) 

1 10,000,000 4,982,700 0.56 50.46 5.92 0.109 0.027 0.023 3.74 

2 14,000,000 13,977,100 1.00 47.27 7.51 0.094 0.027 0.020 3.89 

3 14,000,000 14,167,200 1.02 42.65 10.42 0.098 0.029 0.021 4.08 

4 14,000,000 15,318,700 1.09 38.10 8.10 0.083 0.031 0.020 4.09 

5 14,000,000 22,619,600 1.64 35.94 5.33 0.043 0.010 0.030 5.43 

6 14,000,000 39,795,600 2.84 25.97 5.04 0.047 0.016 0.037 5.24 

7 14,000,000 55,808,300 3.99 28.86 5.15 0.051 0.017 0.036 4.53 

8 14,000,000 55,046,400 3.93 27.81 5.66 0.068 0.022 0.034 4.33 

9 14,000,000 56,725,300 4.05 30.49 6.13 0.069 0.027 0.034 3.46 

10 14,000,000 55,876,900 3.99 33.16 6.87 0.085 0.039 0.023 3.58 

11 14,000,000 55,803,400 3.99 35.82 8.45 0.105 0.074 0.035 3.53 

12 14,000,000 26,159,100 1.87 21.94 9.00 0.091 0.088 0.013 3.54 

13 14,000,000 16,477,000 1.18 23.73 8.82 0.100 0.103 0.009 3.75 

14 14,000,000 9,262,400 0.66 30.16 9.57 0.145 0.143 0.006 3.06 

15 6,831,800 1,490,100 0.22 39.45 8.42 0.116 0.124 0.004 2.81 

Metal Prices 

Three metal price scenarios were used to show the projectôs sensitivity to varying metal prices 
using the same pit model.  (At higher metal prices, updated mine models would likely increase 
total metal production.) 

¶ a Base Case scenario using the approximate 3 year trailing average price for metals;  

¶ a Middle-Case with approximate 1 year trailing average metal prices; and 

¶ a Recent Case which reflects recent monthly average metals prices.  
 
 
Table 1-5 Financial Model Metal Price Scenarios 

Metal Base Case Middle Case Recent Case 

Silver (US$/ ounce) $18.00 $25.00 $35.00 
Indium (US$/ kg) $500.00 $570.00 $650.00 
Lead (US$/ lb) $0.90 $1.00 $1.20 
Zinc (US$/ lb) $0.90 $1.00 $1.10 
Copper (US$/ lb) $3.00 $3.70 $4.30 
Gallium (US$/ kg) $500.00 $570.00 $730.00 

Recoveries 

Recoveries for pay metals reflect weighted average recoveries that take account of the different 
ore zones in the deposit based on mineral resource estimates described in Section 17 and 
metallurgical testwork results described in Section 16 of this report. 
 

Metal 

Acid-chloride 
Heap Leach 
Recovery 

Silver 73.6% 
Indium 81.0% 
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Metal 

Acid-chloride 
Heap Leach 
Recovery 

Lead 51.1% 
Zinc 62.0% 
Copper 84.8% 
Gallium 26.9% 

Metal Pay Factors, Treatment Charges, Refining Charges (TC/RCs) and Transport 

The following pay factors and allowances for TC/RCs and transport have been used in the Base 
Case financial model 
 

Metal Pay Factor 
TC/RCs and 
Transport 

Silver 97% $0.36/ oz 
Indium 100% $0.00/ kg 
Lead 90% $0.14/ lb 
Zinc 85% $0.14/ lb 
Copper 95% $0.24/ lb 
Gallium 100% $0.00/ kg 

Gold Credits 

Gold credits of $0.72/tonne are included in the financial model as described in Section 18. 

Capital and Operating Costs 

Capital and operating costs including sustaining and deferred capital, working capital and 
reclamation and closure provisions are included as summarized above and described in more 
detail in Section 18. 

Key Financial Indicators 

The following are outputs of the financial model for the acid-chloride Base Case. 
 
Table 1-6 40,000tpd Acid-chloride Heap Leach - Key Financial Indicators 

Measure Base Case Mid-Case Recent 

Metal Prices       

Silver (US$/ounce) $18.00 $25.00 $35.00 

Indium (US$/kg) $500.00 $570.00 $650.00 

Lead (US$/lb) $0.90 $1.00 $1.20 

Zinc (US$/lb) $0.90 $1.00 $1.10 

Copper (US$/lb) $3.00 $3.70 $4.30 

Gallium (US$/kg) $500.00 $570.00 $730.00 

        

Average Operating Cash Flow       

1st 5 years (per year) $185 M $287 M $430 M 

Life-of-Mine (per year) $124 M $208 M $325 M 

      
 Net Cash Flow (undiscounted) $1,261 M $2,528 M $4,298 M 

NPV at 5% discount rate $704 M $1,482 M $2,571 M 

NPV at 8% discount rate $505 M $1,104 M $1,942 M 

Internal rate of Return (IRR %) 37.7% 63.0% 92.9% 

Payback period 27 months 19 months 15 months 
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Measure Base Case Mid-Case Recent 

        

1st 5 years       

Silver cash costs before credits (US$/ounce) $9.70 $9.70 $9.70 

Silver cash costs after credits (US$/ounce) $2.94 $2.01 $0.86 

Life of Mine       

Silver cash costs before credits (US$/ounce) $13.87 $13.87 $13.87 

Silver cash costs after credits (US$/ounce) $5.06 $3.85 $2.39 

Sensitivities 

The financial model has been used to test the sensitivity of the project to a range of variables.  
The chart below represents the sensitivity of the 40,000tpd acid-chloride heap leach Base Case 
to changes in key variables by charting the impact of ±20% deviations from the Base Case set 
point on NPV (at 5% discount rate).  

¶ The Base Case project is most sensitive to silver price and recovery, with each 1% 
change in either silver price or recovery impacting NPV by around $17M. 

¶ The project is also sensitive to operating cost changes (mining, processing and G&A), 
with each 1% change impacting NPV by around $12.7M. 

¶ Changes in processing costs (~$7.6M NPV change for each 1% change) have a greater 
impact than changes in mining costs (~$4.1M NPV change for each 1% change). 

¶ NPV changes by ~$3.5M for each 1% change in capital costs. 
 
The economic analysis in this study is appropriate for a Preliminary Economic Assessment but 
further studies will be required to demonstrate a higher degree of economic certainty. 

1.8 Alternative Case ï Cyanide Heap Leach 
The project is also amenable to a cyanide leach process which would focus only on recovery of 
silver with gold and copper credits. An Alternative Case, treating 20,000tpd through a cyanide 
heap leach operation has been considered.  Mining for the cyanide option would be similar to the 
Base Case except at 20,000tpd not 40,000tpd.  Heap leaching would also be similar to the Base 
Case except at the lower treatment rate and using cyanide as the leaching agent not acid.  
Recovery of gold and silver would be achieved using the well-known Merrill-Crowe process.  
Tailings and other infrastructure would be similar to the Base Case but smaller due to the lower 
treatment rate and shorter mine life. 
 
Table 1-7 summarizes key outputs of the financial model for the cyanide heap leach alternative.   
 
Table 1-7 Cyanide Heap Leach Case ï Key Financial Indicators 

Measure Base Case Mid-Case Recent 

Silver Price (per ounce) $18.00 $25.00 $35.00 

Recovered silver (ounces) 108,818,628 108,818,628 108,818,628 

 
   

Project cash flow ($US million) $712 $1,454 $2,514 

NPV at 5% discount rate ($US million) $366 $796 $1,410 

Internal Rate of Return 27.0% 44.4% 64.8% 

Payback period 36 months 26 months 21 months 

Life on Mine 19 years 19 years 19 years 
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Measure Base Case Mid-Case Recent 

Averages 1st 5 years    

Ag production (ounce/ years) 7,524,099 7,524,099 7,524,099 

Ag grade (g/t) 50.65 50.65 50.65 

Silver cash costs (per ounce) $5.10 $5.10 $5.10 

Cash flow pa (US$ million/ year) $80.6 $132.1 $205.7 

 
The value added by the indium, lead, zinc and gallium from the acid leach process is significant 
and allows for greater exploitation of the deposits; longer mine life, higher metal production and 
higher NPV. As well, the indium and gallium are regarded as strategic metals that give the project 
future upside potential. For these reasons the acid leach option is the preferred option and the 
cyanide heap leach option is considered a fallback option in the event that the acid-chloride heap 
leach option proves not to be viable.  The cyanide case will remain open for further study in 
subsequent phases. 

1.9 Project Development Plan 
Subject to satisfactory outcomes through the process, SASC proposes to progress towards 
development of Malku Khota in a number of study phases that involve increasing levels of detail. 

¶ On completion of the PEA, SASC proposes to undertake a pre-feasibility study (PFS) and 
to follow up with a detailed feasibility study (DFS) before advancing to construction. 

¶ The main aim of the PFS will be to demonstrate technical and financial potential and to 
define the project that will be studied in a subsequent DFS.  The DFS would describe the 
project in detail and ultimately provide the basis for the investment decision.  

¶ Both the PFS and the DFS will include additional definition drilling to progressively 
promote Inferred Resources to the Measured and Indicated categories and ultimately to 
demonstrate sufficient Mineral Reserves in the DFS to support an investment decision. 

¶ Further metallurgical testwork will also be required for both the PFS and DFS phases.   
SASC is currently considering a pilot plant to be constructed on site.  The idea is that a 
pilot plant will be designed and partly procured in the latter part of the PFS in order to be 
constructed and operated during the DFS. 

¶ Environmental and social baselining (data collection) will be carried out in parallel with 
the PFS with the aim of collecting at least 12 months of data to feed into the 
environmental and social impact assessment (ESIA) process.   

¶ The ESIA process starts towards the end of the PFS and would ultimately be based on 
the project defined by the DFS.  The ESIA ultimately leads to the development of the 
environmental management plans (EMPs) that are designed to mitigate the impacts.  
These processes eventually lead into the project permitting process. 

¶ Rather than starting out at full capacity, it is possible that a starter ñmoduleò of 5,000-
10,000tpd capacity would be built initially, stepping up to full capacity progressively over 
a number of phases.  This concept will be examined in subsequent study phases. 

 
Feasibility studies and the parallel environmental, social and permitting processes are inherently 
uncertain and it is not possible to express a forward-looking timetable with a high degree of 
accuracy.  At this stage the Company proposes to start a pre-feasibility study (PFS) commencing 
in Q2-2011 and to follow up with a detailed feasibility study (DFS) in 2012 before advancing to 
construction.  



  

Malku Khota Project 
PEA Update  

May 10, 2011 

 

 

110511 MK PEA Update SEDAR.doc  Page 21 of 181  

 

1.10 Conclusions and Recommendations 
The technical and economic evaluations in this PEA demonstrate that the silver-indium deposits 
at Malku Khota have sufficient value to support a decision to advance to PFS and, assuming 
satisfactory findings, then to advance to DFS.  The decision to proceed to construction will, 
amongst other things, be contingent on the results of the DFS.   
 
The essential objective of the PFS will be to confirm that a potentially viable project worthy of 
further examination in a DFS exists.  This will involve identifying and evaluating obstacles to the 
project, collecting additional information and examining and selecting between development 
alternatives.  The DFS will ultimately put the economic case for the project and be the basis for 
the environmental and social review process, the separate but related project permitting process, 
and financial commitment to its ultimate development. 
 
It is recommended that the following areas are addressed in the PFS as they have the greatest 
potential to impact project outcomes. 

¶ Carry out infill drilling of the deposits in the early stage of the PFS to ensure that sufficient 
Inferred Resources are promoted to Measured and Indicated categories to support the 
decision to proceed to DFS. 

¶ Maintain a focus on metallurgical and materials testwork, particularly: 

o leaching testwork to improve the understanding of the relationship between 
recoveries and the different ore types in the orebody;  

o hydrodynamic and geotechnical testing of heap leach ores to verify the design 
assumptions based on preliminary tests carried out during the PEA; 

o metals recovery testwork to allow detailed design criteria to be developed for the 
design phase. 

¶ Carry out the following work related to open pit mining: 

o Bring all leach pad material within the pit boundaries to Indicated or Measured 
resource categories in order to allow the tonnages to be used in the Pre-
Feasibility study. 

o Undertake ARD testwork on all expected waste materials to ensure that no long-
term waste storage issues exist. 

o Carry out geotechnical test work on all the pit areas as well as foundations of the 
proposed waste dump locations, considering different rock types, wall slope 
orientations, and potential faulting. 

o Develop rock strength parameters suitable for accurate blasting estimation and 
crusher design. 

o Assemble a comprehensive cost database for labor, explosives and equipment.   

o Carry out trade-off studies pertaining to the electrification of the pit for the 
shovels and drills for operating cost optimizations. 

o Carry out condemnation drilling beneath all waste dump locations to ensure 
mineralized material is not trapped beneath these areas. 

¶ Investigate the following process enhancement opportunities: 

o Preliminary testwork indicates that leaching recoveries improve at finer material 
sizes suggesting that vat leaching or possibly agitated leaching might produce 
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higher economic returns than heap leaching.  These options should be 
investigated as part of the PFS. 

o Early-stage testwork suggests that significant recovery gains could be achieved 
at higher leach reaction temperatures.  Higher solution temperatures are also a 
benefit in metals recovery circuits.  This would allow more value to be extracted 
from the orebody and warrants further investigation. 

o There is evidence that power can be generated economically by using Boliviaôs 
cheap natural gas at a significant saving on power from Boliviaôs electrical grid. 
This should be investigated further for its potential benefit to the project 

o Acid consumption is a significant cost of operation and the potential to reduce 
costs and simplify logistics by making acid on site should be studied in the next 
stage. 

¶ Continue to develop the cyanide case while it remains a viable alternative to the acid-
chloride leach case noting that the competitiveness of the cyanide case or a blended 
cyanide/acid leach case increases as the silver price increases relative to other metals. 

¶ Develop a detailed plan for a pilot plant to be built on site and operated during the DFS. 

¶ Carry out PFS-level investigations and engineering studies into: 

o Important infrastructure aspects, specifically power supply, water supply, 
transport and logistics. 

o hydrological, hydrogeological and geotechnical aspects of the site to facilitate 
detailed design and cost estimating. 

¶ Carry out a study to develop a better understanding of the market for the products that 
will arise from the project.  The study will need to provide sufficient detail regarding the 
payment terms including ñpayabilityò, TC/RCs, penalties and transport costs for trade-off 
studies to be undertaken. 

¶ Advance environmental and social baselining to ensure that sufficient data is gathered) in 
advance of the ESIA process starting in earnest (minimum 12 months required). 
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2 INTRODUCTION 
This report is classified as a Preliminary Economic Assessment (PEA) and is formatted and 
prepared in accordance with the Canadian National Instrument 43-101 (NI 43-101) ñStandards of 
Disclosure for Mineral Projectsò.  The report was prepared with contributions from nominated 
Qualified Persons (QPs) and input from South American Silver Corp. (SASC) personnel, 
contractors and consultants.  

2.1 Background and Purpose 
South American Silver Corp., (SASC), controls extensive exploration mining concessions at 
Malku Khota in the Department of Potosi, Bolivia through its wholly owned Bolivian subsidiary 
Compañia Minera Malku Khota S.A. (CMMK).  CMMK holds mineral rights to 5,475 hectares at 
Malku Khota, covering 15 km of projected strike length along prospective silver mineralized 
sandstone units.  Exploration of the concessions is at an advanced stage and, subject to 
satisfactory feasibility studies and environmental and social impact assessments; SASC intends 
to develop the Malku Khota property into a producing mine. 
 
A Preliminary Economic Assessment (PEA) for Malku Khota was completed in March 2009 by 
Pincock Allen & Holt (PAH) based on resource estimates of November 2008 (also by PAH). The 
2008 resource estimates and the 2009 PEA are superseded by this technical report, which takes 
account of work carried out since that time, including the following. 

¶ Drilling has progressed to take the total meters drilled on site from 25,000m previously to 
over 40,000m for the current resource estimate. 

¶ Resource estimates have been updated based on the additional drilling.  The updated 
resources are included in this PEA. 

¶ A significant metallurgical testwork program has been advanced to determine leaching 
characteristics of the ore and to test downstream metal recovery processes. 

o An extensive test program at SGS Lakefield through 2010 that included agitated 
acid leaching, bottle roll acid leaching, cyanide leaching, column leaching and 
diagnostic leach testing has been completed. 

o Preliminary geotechnical and hydrodynamic testing demonstrated satisfactory 
stacking characteristics and structural integrity of heap leach ores. 

o Kinetic soak tests & acid optimization testing of hanging wall samples was started in 
2010 and will be ongoing through Q2 2011. 

o Flotation & QEMSCAN tests on hanging wall samples were started in late 2010 and 
will extend into early 2011. 

o Cyanidation tests of selected samples started at SGS in December 2010 were 
completed in January 2011. 

o ECO-TEC bench scale acid recovery amenability tests have been completed. 

o Comminution tests to derive crushing and grinding indexes will be undertaken at 
Hazen in Denver starting in early February 2011. 

o A scoping study into an Indium refinery is being undertaken by a consultant that has 
recently designed and constructed a similar plant in Peru. 

¶ A number of mining and treatment options have been evaluated at scoping-level with the 
aim of narrowing the alternatives to be studied in the PFS.  
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o The size of the deposit at Malku Khota suggests that it will support a mining and 
treatment rate of 40,000tpd or more rather than the 20,000tpd used in the 2009 
PEA. 

o Acid-chloride leaching remains the preferred option (to cyanide leaching) because of 
its ability to recover not only silver but also indium, base metals (lead and zinc), gold 
and gallium. 

o Vat leaching and agitated leaching have been considered as alternatives or add-ons 
to heap leaching.  This work is at an early stage and further work is required before 
definite conclusions can be drawn. 

¶ SASC project personnel have visited Bolivia, Chile and Peru gathering information on 
local engineering and construction capability, and local cost factors for the capital and 
operating cost estimates. 

¶ A preliminary hydrology and hydrogeology study has been completed. 

¶ A preliminary power supply study by a Bolivian power specialist has been completed.  

¶ Work has been awarded to a La Paz-based consultant, to undertake environmental and 
social baselining in 2011. 

 
The purpose of this technical report is to provide updated information on the Malku Khota project 
at a scoping level of detail taking account of the work undertaken since the 2009 PEA. 

2.2 Qualified Persons 
The Qualified Persons involved in the preparation of this report and the sections for which they 
are responsible are listed in the table below. 
 
Table 2-1 List of Qualified Persons 

Author Company Section Responsibility 

Allan Armitage, Ph.D., P.Geo GeoVector Management Inc. 17 

Pierre Desautels, P.Geo AGP Mining Consultants Inc. 12,13,14 

Gordon Zurowski, P.Eng AGP Mining Consultants Inc. 18 

William Pennstrom Pennstrom Consulting Inc. 16,18 

Ralph Fitch South American Silver Corp. 1,2,3,18,19,20,21,22,23 

Felipe Malbran South American Silver Corp. 4,5,6,7,8,9,10,11,15 
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3 RELIANCE ON OTHER EXPERTS  
The authors of this report have relied primarily on information provided by SASC including: 

¶ documents referred to in this report or listed in the Reference Section of this report, 

¶ other data supplied by SASC or generated by its consultants and contractors; 

¶ data, reports and opinions from prior owners and third-party entities (consultants);  

¶ site visits to the Malku Khota project, personal inspection and review; 

¶ assumptions, conditions and qualifications as set forth in the report; 

¶ discussions with SASC personnel; and 

¶ information found in the public domain.   
 
Where possible, the information provided has been verified by comparison with other data 
sources or by field verification.  Where checks and confirmations were not possible, all 
information provided is assumed to be complete and reliable within normally accepted limits of 
error.  In the course of the review, the authors have not discovered any reason to doubt that 
assumption.   
 
Independent title searches have not been conducted and the authors have relied upon SASC for 
information on the status of the claims, property title, agreements, permit status and other 
pertinent conditions.   
   
Financial analysis and PEA coordination have been the responsibility of SASC. 
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4 PROPERTY DESCRIPTION AND LOCATION 
The Malku Khota Project (Latitude 18.15º South, Longitude 66.21º West) is located in the 
Department of Potosi, Bolivia within the canton of Sacaca in the Province of Alonso de Ibanez, 
and in the cantons of Toracari and San Pedro de Buena Vista in the Province of Charcas. The 
project area is located approximately 98 km east-southeast of Oruro, and 85 km south of 
Cochabamba in a relatively remote area accessible by an improved dirt road that links Oruro and 
Cochabamba. The primary access is from the supply center of Oruro via Bolivar, Sacaca, and 
Chiro Khasa. The total property position controlled by SASC through its wholly owned subsidiary 
Compañia Minera Malku Khota (CMMK) consists of 5,475 hectares that extends 21 km in a 
northwest to southeast direction. Figure 4-1 shows the general location of the Malku Khota 
Project. The land is currently held by CMMK as Concessions (Cuadriculas). Relatively minor 
amounts of precious metal mining occurred in Spanish Colonial times (pre-1800) and small 
amounts after 1800. 

4.1 Location 
The Malku Khota silver property is accessed by a 162 km road from Oruro, or by a 138 km road 
from Cochabamba. CMMK currently holds mineral rights to an aggregate of 5,475 hectares that 
includes 15 km of projected strike length along favorable silver mineralized sandstone units. The 
cuadriculas can be maintained indefinitely by paying annual dues in January of each year. The 
fee is US$1.60 per hectare per year for the first five years, and rises to US$3.20 per hectare per 
year in the sixth year. The New Constitution requires that the concessions are exchanged for 
contracts with the government. The regulations defining this process are expected to be in place 
by the end of 2011. 

4.2 Tenure 
In July 2003, General Minerals Corporation acquired the original concessions and the properties 
comprising the Kempff Option (Cobra and Daniel), through its indirect, wholly owned Bolivian 
subsidiary, Compañia Minera General Minerals (Bolivia) S.A., and in December 2003 transferred 
the property to CMMK. On March 27, 2007, CMMK made its final payment to purchase the 
concessions comprising the Kempff option with a retained 1% NSR). A list of claims is shown in 
Table 4-1. 
 
Table 4-1 Cuadriculas Controlled by CMMK 

Claim Name Owner ha 

Norma  Compañia  Minera Malku Khota S.A. 250 

Cobra  Compañia  Minera Malku Khota S.A. 125 

Daniel  Compañia  Minera Malku Khota S.A. 1,050 

Takhaua  Compañia  Minera Malku Khota S.A. 725 

Alkasi  Compañia  Minera Malku Khota S.A. 950 

Jalsuri  Compañia  Minera Malku Khota S.A. 125 

Takhuani  Compañia  Minera Malku Khota S.A. 1,150 

Silluta  Compañia  Minera Malku Khota S.A. 775 

Antacuna  Compañia  Minera Malku Khota S.A. 150 

Viento  Compañia  Minera Malku Khota S.A. 175 

Total Area of Cuadriculas 5,475 

 



  

Malku Khota Project 
PEA Update  

May 10, 2011 

 

 

110511 MK PEA Update SEDAR.doc  Page 27 of 181  

 

 
Figure 4-1 Project Location Map 

 
The royalty on the Cobra concession (125 hectares) and the Daniel concession (1050 hectares) 
is a 1 percent Net Smelter Return (NSR) payable to the former owners on all production. This 
NSR can be purchased at any time for US$500,000. Five of the 47 Cuadriculas comprising the 
Cobra and Daniel concessions have a prior water right issued under the old mining code which 
gave the holder a first right on the ñwater rightsò such that CMMK would be required to have a 
further agreement with the holder of the water rights to use the water on these five cuadriculas. 
The Bolivian mining code of 1997, however, does not recognize these water rights.   
 
In September 2006, CMMK acquired 925 hectares from SILEX Bolivia, S.A., and in April 2008, 
they acquired the 250 hectare Norma claim, resulting in a total of 5,475 hectares of mineral 
concessions.  Property boundaries in Bolivia are located by UTM Coordinates. The property 
boundaries have not been surveyed; however, the known mineral deposits are located well inside 
the property boundaries. 
 
A ñLicencia Ambientalò permit from the Prefectura of Potosi, has been approved and is applicable 
for the exploration stage. A Base Line Environmental and Social Study is in preparation.   

4.3 Environmental Liability and Permitting 
SASC reports that there are no environmental liabilities associated with the project. Some alpine 
natural lakes near the site which contain fish may need additional monitoring to ensure that 
exploration activities do not jeopardize the water quality in these lakes. CMMK monitors the 
environment each six months to ensure that there is no environmental degradation. Surface rights 
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are owned by local indigenous communities. CMMK makes agreements with the local 
communities prior to accessing and working on their land. 

4.4 Property Status and Ownership 
A new Constitution was enacted in February, 2009 which requires the creation of a new mining 
code. This code is presently being written.  In the meantime the earlier mining code is being 
followed with some modifications. Thus mining activities continue to be regulated by Law 1777 as 
amended and the Mining Code, as amended, dated March 17, 1997. Mining is considered an 
activity of public importance in Bolivia, and it has preference over other industries in regard to the 
application of certain specific regulations. 
 
In 1992, the Bolivian government approved an environmental law establishing a national 
environmental policy to protect the environment and to promote sustainable development, the 
preservation of biological diversity, and environmental education. 
 
The primary permit required for mining operations is the environmental permit. Table 4-2 shows a 
summary of the permits and procedures discussed above. 
 
Table 4-2 Summary of Permits and Procedures  
These permits and procedures may change within the new mining code that is presently being 
written. 

Subject  Permits, Licenses or Other Required Procedures  

Mineral Rights  Application to the Mining and Metallurgy Ministry to get title  

Land Use  Leasing from indigenous groups or buying or expropriation from other 
landowners 

Water Use  Mining title gives right to use water within the perimeter of the mining 
property  

Environmental  DIA (Environmental License) integrates all the environmental 
authorizations, permits, and protection requirements for mining 
activities  

Hazardous 
Substances  

The operator should include hazardous substances in the EIA and 
comply with norms given by environmental legislation and by the 
manufacturer  

Controlled Substances  Handling, use, and disposal of controlled substances should be 
included in the EIA and requires permitting.  

Explosives  Handling, use and disposal of explosives should be included in the 
environmental license, and a special permit should be applied for from 
the National Ministry  

Construction Permits  Construction should be included in the ESIA, otherwise an 
environmental license is required.  Within areas of Territorial 
Management, the respective authorization is required.   

Roads  Road construction requires an Environmental License if the road was 
not included within the mining project.  To improve roads of the 
National Net, an authorization is required from the respective Road 
Service.  

Freight Transportation  Freight Law limits dimensions and load limits to freight transported by 
land.  Special cargo exceeding those limits requires a Special Permit to 
be applied for before the National Department of Transport.  
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Subject  Permits, Licenses or Other Required Procedures  

Imports and Exports  Imports and exports of all types of merchandise are free of permits 
except for goods that affect public health or national security.  The 
importer or exporter must be registered at the Unique Register of 
Exporters, RUE.  

Safety  All companies should enact Internal Work Regulations, where the 
safety rules should be established.  

Social Security  Mining companies should cover short-term risks.  The Retirement Law 
rules long-term risks.  

Expatriate Labor  No restrictions for foreigners to work in Bolivia exist, but a working visa 
is required.  The percent of foreigners working within a single company 
cannot exceed 15% of the total employees.  

 
CMMK controls a significant block of land in the area around the Malku Khota Project.  Figure 4-2 
shows the perimeter of the property.  The total surface covered by the Malku Khota group of 
properties is 5,475 hectares. 
  
There are basically two alternatives for a mining concessionaire to obtain land surface rights for 
mining uses: acquisition through a purchase or lease agreement with the owner, or the 
expropriation from the owner.  If neither of these two procedures can be applied, then servitude 
can be established.  
  
The land surface rights that need to be acquired for the use of the project, will include the areas 
for the mine, plant, water wells, ñheap leachò areas, camp, tailings pond, and runway. There are 
no dwellings or agricultural buildings within the presently known footprint of the mineralized silver-
indium resource areas, and no one lives within these boundaries. The small community of Malku 
Khota (approximately 20 dwellings) is located within 1 kilometers of the mineralized footprint.  The 
SASC project is currently in the exploration phase and the requirements for surface rights for 
mining operations have not yet been determined. 
 
Bolivian legislation facilitates the granting of rights-of-way and easements for any infrastructure 
work that is considered of public need.  If the works to be constructed are part of a mining project, 
then the pertinent parts of the Mining Code can be applied.  If the construction work implies that a 
third party will provide a service, then the specific legislation will have to be applied.  Bolivian 
legislation in general facilitates the acquisition of rights-of-way for infrastructure works that are of 
public need. These legislative requirements may change under the new mining code. 
 
In the case of road construction under the concession system, the institution granting the 
concession becomes responsible for developing the required expropriations, which should be 
transacted according to the laws in force.  The real estate incorporated in the concession will 
become public domain, and they cannot be alienated, mortgaged, or subject to liens of any kind 
separately from the construction.  Expropriations that affect original community lands will be 
obtained by the granting entity from the National Institute of Agrarian Reform.  

4.5 Agreements 
The Bolivian Mining Law bans any mining activity within the limits of towns, cemeteries, public 
roads, etc.  Therefore, the status of the land where the small community of Malku Khota is 
located will be defined. If the land is declared to be in the public domain and belonging to the 
municipality, then a Municipal Resolution from the Municipal Agent will be required.  As stated by 
Articles 34 and 35 of the Mining Code, SASC could start using the land for mining activities as 
soon as this land is declared to be public domain. 
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In reference to the competence of community authorities to force individual owners of houses or 
land to be moved within the limits of their jurisdiction, the Municipality has the right to expropriate 
houses or buildings based on the public need (Organic Municipal Law, Chapter 21, Article 9).   
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Figure 4-2 Malku Khota Land and Drill Hole Areas 
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5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, 
INFRASTRUCTURE AND PHYSIOGRAPHY 

This section is a verbatim extract of the 2009 PEA prepared by Pincock Allen & Holt. 

5.1 Access  
Access to the Malku Khota property is gained overland via improved roads from Oruro, via 
Bolivar, Sacaca, and Chiro Khasa.  There is also access via improved dirt roads from 
Cochabamba, via Sakani. This main road links Oruro with Cochabamba and provides reliable 
access for regular truck service for people and supplies along this route.  The main road 
traverses the property to the west of the exposed mineralized zone.  The town of Sakani, which 
has electric power and phone service, is situated approximately 12 kilometers to the northeast of 
the project area and is the location of the CMMK field office and the core storage and cutting 
facilities.  In recent years electric power has been brought into the village of Malku Khota and the 
town of Chiro Khasa.  Travel time from Oruro to the Malku Khota project is approximately four 
hours during the dry season and 5 hours during the rainy season (December to March). Travel 
time for the 138 kilometers between the property and Cochabamba is approximately 4 hours 
during the dry season.  

5.2 Climate  
The climate is typical for the Bolivian Cordillera Oriental and Altiplano, with cool to moderate rainy 
summers and cool, dry winters.  Winters (May ï August) are cool with temperatures that range 
from -2ęC at night to 10 to 12ęC during the daytime, and are generally dry, with snowfall common 
at the higher elevations.  Summers (November ï March) have moderate temperatures that range 
from 5ęC at night to 12 to 25ęC during the daytime. Rainfall is heaviest during late December 
through March, averaging approximately 125 millimeters (mm) in December, 170 mm in January, 
and lightest in June and July where rainfall averages approximately 20 mm per month.  Scattered 
subsistence farm plots and seasonal pastures are found scattered throughout the Malku Khota 
project area and are utilized by local inhabitants on a seasonal basis.  

5.3 Local Resources and Infrastructure  
The Malku Khota property is relatively remote with dependable access primarily from Oruro, 
which has a capable supply of labor, equipment, or service requirements for conducting 
exploration and mining related activities.  The town of Sacaca lies approximately 75 kilometers to 
the northwest along the main road and may be able to provide a source for local temporary labor, 
supplies, and accommodations to support an exploration program.  The town of Sakani is located 
12 kilometers to the north east of the property and is the closest town with electricity and phone 
service.  Chiro Khasa is a local village approximately 25 kilometers south of the project area on 
the road to Sacaca and is a mid-way point between Oruro and Cochabamba, which trucks 
carrying supplies and people often use as a lay-over en route. The majority of the day labor for 
road building, sampling technicians, core cutting and support work has been found among the 12 
local communities in the project area.  The project provides some of the only employment source 
of income in the area and appears to have been successful in building relationships between 
CMMK (SASC) and the local communities.  
 
The company (SASC) has a large land position of 5,475 hectares, which include mining rights. 
Under the 1997 Bolivian mining laws, these cuadriculas also give surface rights for mining 
activity, but under the new constitution arrangements also need to be made with the local 
communities and individuals claiming surface ownership rights. Optimization of significant mining 
operations may require additional land agreements going forward with the project to allow 
efficient waste disposal, low grade stockpiles and tailings impoundments.  
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5.4 Physiography  
The Malku Khota property is located in the eastern part of the Altiplano, a portion of the Cordillera 
Oriental of Bolivia, and encompasses a north ï south trending mountain range that lies between a 
broad structural valley to the west and a deep river valley to the east.  The mountain range 
consists of barren rock and talus that rises to elevations ranging from 3,800 to 4,580 meters asl 
and with relief of up to 400 meters above the surrounding valleys.  The majority of the ranges and 
valleys in the Cordillera Oriental reflect the north - south trending fold and thrust belt which have 
been subject to glaciation and dissection by erosion.  The hill slopes in the project area are 
covered by grasses and sparse low brush, which are currently utilized for grazing and scattered 
farm plots by the local inhabitants living in several small villages within the property boundaries.   
 
The known mineralization areas lie along the western edge of the range, which coupled with their 
near surface and surface exposure, would require very low stripping ratios from a mining 
perspective.  Near the small village of Malku Khota, the rolling hills west of the project area 
consist of glacial moraine deposits, with two small alpine lakes, Laguna Malku Khota and Laguna 
Wara Wara located in glacial depressions.  This area of low rolling hills has the potential for siting 
the future mine processing facilities.  
 
The Malku Khota property area is dominated by high-altitude bunchgrass and scattered shrub 
vegetation interspersed with barren rock ridges.  The average population density is between 2 
and 12 people per square kilometer, giving it a designation of ñmoderately populatedò.  Many of 
the local inhabitants maintain houses in the villages as well as dwellings scattered near the fields 
and pastures.  The villages of Malku Khota and Kalachaka lie within or immediately adjacent to 
the project site boundaries, but outside the zones of mineralization.  

5.5 Sufficiency of Surface Rights for Mining Operations  
The Malku Khota project is currently in the exploration phase.  This PEA has determined that the 
conceptual open-pit mining, processing and waste disposal could be conducted within the 
existing boundaries of the property. 
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6 HISTORY 
This section is a verbatim extract of the 2009 PEA prepared by Pincock Allen & Holt. 
 
Mining in the Malku Khota area dates from Spanish Colonial times, pre-1800, so silver and gold 
mining has a several hundred year history in the region.  Prior to the involvement of CMMK, 
mining occurred on at least 11 separate high-angle structures scattered along the western face of 
the main ridge.  These structures were explored on at least seven different levels and on the 
eastern side at the old Sucre workings since the early 1800s.  Historical reports indicate that 
surface gold-silver veins included assays of between 2.0 and 47 gpt gold and 27 - 1,500 gpt silver 
from these narrow veins and structures that are generally less than 1.5 meters wide.  Recent 
sampling form the disseminated silver mineralization included an assay of 0.9 gpt gold and 537 
gpt silver over a width of 0.45 meters.  This surface exploration was carried out by Geoexplorers 
Bolivia and Compañia Minera La Rosa between 1994 and 1995. Reports in the possession of 
CMMK from this period include results from approximately 100 vein and wall rock samples 
primarily from these historic workings.    
 
Silver mineralization was discovered and mined during the early Spanish Colonial times and 
these workings are exposed in the Kallampa, Frio, and Pique Pobre areas; however, very little is 
known about this period of mining activity and no written records have been found.  Recent 
exploration of the underground workings at Pique Pobre was documented in the technical reports 
by Kurt Katsura (2004, 2006 and 2008). Underground mapping and sampling conducted in 2005 
suggests that the old workings followed high-grade stratabound ore zones that lie just below the 
surface and appear to reflect a horizon of supergene silver enrichment that follows the current 
surface profile.  This mining was conducted with very little waste rock removed from the workings 
and virtually all of the mined ore was taken away for processing, possibly at an old milling facility 
that has been identified near the Malku Khota village adjacent to the lake shoreline.   
 
Very little is known about the historical ownership of the property.  The very early mining was in 
the seventeenth century and it is not known if Geoexplorers of Bolivia (previously mentioned) had 
rights to the area when they did their reported work. 
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7 GEOLOGIC SETTING 

7.1 Geology  
The Malku Khota property area is located in the Andean Cordillera of Bolivia, which has been 
characterized as a classic example of a convergent continental plate margin (Dewey and Bird, 
1970; and Mitchell and Reading, 1969).  The Andean Cordillera consists of three segments, 
northern, central, and southern Andes; each of these segments has some similarities but also 
have distinctly different Mesozoic and Cenozoic geologic histories.  The Malku Khota Project is 
located in southwestern Bolivia, within the central portion of the Andes and near a major 
westward oroclinal bend in the cordillera.  The central Andes in Bolivia consist of three distinct 
and contiguous provinces:  the Cordillera Occidental, Altiplano, and the Cordillera Oriental, listed 
in order from west to east.  These three provinces are crosscut by the Central Volcanic Zone 
(Thorpe, and others, 1982) which is the largest of the three active volcanic chains that comprise 
the Andean Cordillera.  The Malku Khota Project lies within the Cordillera Oriental.  Two previous 
43-101 Technical Reports by Kurt Katsura (available at www.SEDAR.com) have detailed maps, 
sections and geologic descriptions, some of which have been incorporated into this document.  
 
The Cordillera Oriental is a polygenetic Phanerozoic fold and thrust belt that consists of Paleozoic 
deep marine and platform facies sediments that are overlain by Mesozoic marine, carbonaceous 
platform and delta facies rocks.  These sediments were deposited primarily on Precambrian 
basement rocks in a broad miogeosynclinal basin and were subsequently deformed during at 
least three tectonic and orogenic events: Caledonian (Ordovician); Hercynian (Devonian-
Triassic); and Andean (Cretaceous-Cenozoic) (Sempere and others, 1990).  The geologic source 
regions for the Paleozoic and Mesozoic sediments were the Precambrian Brazilian shield areas 
to the northeast and from the Proterozoic Arequipa massif of Peru-Chile to the west and 
southwest (Litherland, and others, 1989; Cobbing, 1985).  There are no Paleozoic volcanic arcs 
or major suture zones in the central Andes, suggesting that the fold and thrust belt are an integral 
part of a passive margin of the Pangean continental margin (Cobbing, 1985).  Following the 
Hercynian deformation period, peralkaline volcanism and the emplacement of granitoid plutons in 
the central Andes appears to be associated with extensional tectonics, local basin rifting, and the 
beginning of an active subduction regime along the western edge of the South American 
continent (Pitcher and Cobbing, 1985).  Subduction and the generation of calc-alkaline volcanism 
commenced during the Jurassic and have continued uninterrupted until the present.  During the 
Tertiary period, primarily during the Oligocene to early Miocene Incaic phase of the Andean 
orogeny, the Cordillera Oriental fold and thrust belt formed and rocks were thrust westward over 
the foreland basins of the Altiplano. This period of deformation is also temporally associated with 
increased volcanism and the development of the central volcanic zone.  
 
In Bolivia, the central volcanic zone consists of two calc-alkaline volcanic arcs that converge near 
the southern end of the Altiplano.  The western branch is the best developed arc and forms the 
high crest of the Cordillera Occidental, along the ChileanïBolivian border.  The eastern branch of 
the central volcanic zone occurs along the western margin of the Cordillera Oriental fold and 
thrust belt and contains a few, and locally large, Miocene to Pliocene dacitic to rhyolitic ignimbrite 
fields, scattered Miocene domes, remnant stratovolcanoes, and shallow intrusions.  The dacite 
intrusion located at the southern portion of the Malku Khota property is correlated with this age 
and style of volcanic activity.  
 
The rocks exposed in the Malku Khota Project area consist of Paleozoic sediments that are 
unconformably overlain by Jurassic to Cretaceous sediments and are locally in thrust fault contact 
with Jurassic  to Paleocene terrestrial and lacustrine sandstones and red bed sediments.  A 
series of North-South trending normal and thrust faults and broad synclinal and anticlinal folds 
define the ranges and valleys of the Cordillera Oriental, which is characterized by undulating 
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ridges that alternate with broad synclinal valleys and are punctuated by steep dip-slopes and 
escarpments.  

7.2 Regional Geology  
The geology of the Malku Khota project area is shown in Figures 7-1 to 7-4 at the end of this 
section.  The oldest rock units exposed in the greater Malku Khota area consist of sandstones, 
siltstones, and shales of the Silurian-age Uncia and Catavi Formations.  The Paleozoic rocks crop 
out beyond the main area of mineralization and form the valleys and ridges to the east and west 
of the main project area.  These units are not observed to be mineralized in the project area.  
 
In nearby areas, Paleozoic and Jurassic rocks are unconformably overlain by the Cretaceous 
Tarapaya and Miraflores formations, which consist of sandstones, siltstones and tuffaceous units; 
and limestones, calcareous sandstones, mudstones, and marls, respectively (Troeng and Riera 
Kilibarda, 1996).  These rocks have not been identified in the immediate project area, but are 
present to the north and south where they are locally associated with intra-basin basalt flows. The 
basalt flows are interpreted as evidence of local rifting. 
 
In the Malku Khota Project area, the Paleozoic rocks are unconformably overlain by the Jurassic 
Ravelo Formation, which consist of white, yellow and red, fine to coarse-grained sandstones of 
both marine and Aeolian origin. The Aeolian sands exhibit distinct crossbedding structures and 
are locally intercalated with siltstones and conglomerate lenses (Troeng and Riera Kilibarda, 
1996).  CMMK geologists have identified three sandstone units within the Ravelo Formation, the 
lower one is the Chiru Khasa sandstone, the middle one is the Wara Wara sandstone and the 
upper one is the Malku Khota sandstone. The upper two sandstones are the primary hosts for the 
silver-indium mineralization at the Malku Khota project (Mateo and Caceres 2011).  
 
In the Malku Khota Project area the Ravelo Formation is unconformably overlain by the middle 
Cretaceous Kosmina, Aroifilla and Chaunaca Formations which consist of sandstones, siltstones, 
mudstones and marls with a distinctly reddish color due to abundant iron oxides (Troeng and 
Riera Kilibarda, 1996 and Mateo and Caceres 2011).  Studies carried out in the Potosi basin 
shows that the Aroifilla and Chaunaca Formations were deposited in an almost continuous 
enclosed lacustrine system that was subject to large variations in hydrology independent from 
any significant marine contribution.  The hydrology of the basin and sedimentation were 
dominated by changes in the evaporation/precipitation ratio.  Major evaporitic phases occurred 
during periods of lake contraction which resulted in the development of brine ponds trapped at 
depth in the lacustrine system (upper Aroifilla and middle Chaunaca Formations).  The 
crystallization and precipitation of evaporate minerals occurred in a subaqueous environment and 
as interstitital growth both in dry peripheral mud flats and below the sediment surface during 
periods of collapsing water tables. Wide ranges of water chemistry redox conditions are reflected 
in the isotopic composition of the sulfates deposited in these rock units, and the source ions in the 
precipitates were within the basin with some possible contributions of reduced sulfur from 
volcanic sources.  
 
With widespread occurrence throughout the Cordillera Oriental, the Aroifilla and Chaunaca 
Formations may in part be laterally time-correlative and represent the evolving facies of the 
lacustrine and basin depositional system.  In the Malku Khota project area, the ñred bedò 
sediments of the Aroifilla Formation unconformably overlie the sandstone units that host the main 
zone of disseminated silver mineralization. In other parts of the region the Ravelo Formation is 
overlain by the Tarapaya and Miraflores formations which are in turn overlain by the Aroifilla 
Formation. Geologists mapping in other areas have noted a major unconformity between the 
Aroifilla Formation and the underlying Tarapaya and Miraflores formations where they are in 
contact, and some have suggested that this indicates a tectonic shift and a major 
paleogeographic change in the Central Andes from a regime dominated by compression to an 
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extensional regime (Jaillard and Sempere, 1991; Martinez and Vargas, 1990).  The Miraflores 
Formation is not present in the immediate Malku Khota project area.  
 
In other areas the Aroifilla and Chaunaca Formations are unconformably overlain by the El Molino 
Formation, which consists of limestones, calcareous sandstones, and marls (Troeng and Riera 
Kilibarda, 1996).  These sediments were deposited during wetter periods (Chaunaca and El 
Molino Formations), and reflect the expansion of the lacustrine system which resulted in 
decreased salinity and less evaporitic influences, carbonate sedimentation (shell coquinas, 
oolite/oncolite deposits, stromatolitic and thrombolitic accumulations, organic-rich laminated 
carbonates, etc.) and a diversification of flora and fauna.  Towards the end of the depositional 
period of the El Molino Formation, episodic prevalence of sodic alkaline waters resulted in the 
formation of analcime-rich laminates, and a possible influence from marine incursions into the 
lacustrine basin (Sempere, and others, 1997).   
 
A dacite intrusion of probable Miocene to Pliocene age crops out to the south of the main project 
area and is tentatively correlated with the eastern branch of the central volcanic zone in Bolivia.  
The dacite intrudes and deforms both Paleozoic and Mesozoic sediments.  No apparent 
mineralization has been observed to be directly associated with this particular intrusive body or in 
the adjacent sediments.  Another intrusive body has been hypothesized to underlie the Malku 
Khota area of the project and is characterized by the prevalence of steeply dipping East-West 
veins which have been historically mined for gold, bismuth and silver.  
 
The regional structural analysis of fold and thrust structures in the Cordillera Oriental indicate that 
they are bivergent to the west and to the east and likely merge into a detachment fault system at 
a maximum depth of 10 to 15 kilometers. Pre-Cretaceous folds and faults with N/NW to NW 
oriented axes were either superimposed by N/S-oriented faults or reactivated with a left-lateral 
strike-slip movement (Mueller and others, 1998).  Restoration of erosional rates coupled with 
tectonic displacements and balanced on cross-sections suggest that in southern Bolivia the basal 
detachment of this tightly folded kink zone links up with a blind thrust fault or detachment that dips 
westward and may bear some geometric relationship to the original configuration of the early 
Paleozoic basins and their margins (Kley, 1996).  
 
A major fault zone in the project area places Paleozoic rocks in thrust contact with the Jurassic 
and Cretaceous formations lies just west of the property.  Pliocene to Pleistocene uplift occurred 
throughout the Cordillera Oriental, and this resulted in the present erosional pattern following the 
North-South trend of fold and thrust structures (Walker, 1949).  Quaternary and Pleistocene 
glaciation are responsible for stripping and exposing the resistant sandstone outcrops and 
creating the depressions that are currently occupied by the Laguna Malku Khota and Laguna 
Wara Wara and the adjacent glacial moraine capping the nearby hills.  

7.3  Project Geology  
The geology at Malku Khota consists of exposures of the Ravelo, Kosmina, Aroifilla, Chaunaca 
and El Molino Formations as previously described. These Units were deposited within a NW 
striking rift zone developed in the late Jurassic related to the major period of Continental Drift. 
Geologic mapping in the project area has focused primarily on the rocks that are related to the 
silver-indium mineralization which include the Ravelo, Kosmina, Aroifilla and Chaunaca 
Formations. These Formations have been subdivided as shown below.  
 
The Ravelo Formation rocks of Jurassic age are the primary units hosting mineralization at Malku 
Khota.  CMMK geologists have identified three local sandstone units in the Ravelo Formation that 
host disseminated silver-indium mineralization; these are defined as the Chiru Khasa, Wara Wara 
and Malku Khota sandstone units. These sandstones all strike approximately NNW and dip to the 
West at 60 to 80 degrees. 
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Ravelo Formation 

At Malku Khota  this Formation has been subdivided into 4 Units, described below: 

Chiru Khasa Unit - Lower Jurassic 

This unit represents the basal sediments within the Jurassic sedimentary basin. These rocks, in 
the project area, are in fault contact with the Palaeozoic on the eastern side of the property. The 
sediments are composed of a series of fine to medium grained rhythmically banded sandstones 
with intercalations of clay containing occasional quartz grains. The rock is typically pink in color 
due to varying concentrations of hematite and other iron oxides. This unit is approximately 650 
meters thick.  

Wara Wara Unit ï Upper Jurassic 

This unit conformably overlies the Chiru Khasa sandstone and often forms the crests of the ridges 
in the area. This unit includes a series of rhythmically banded fine and course quartz sandstones 
within which are very fine intercalations of white clay that are typically less than 2 cm thick. This 
clay gives a white appearance to the rock. The proportion of clay bands increases from the base 
to the top of the Unit. The sandstone also exhibits strong cross-bedding on a large scale, with 
individual sets measuring up to several meters thick. The bedding is cut-off on the upper surface 
of the cross-bedding sets indicating that the beds are ñright-way-upò. The Wara Wara Unit is 
subdivided into Upper and Lower units. 

Lower Wara Wara Unit ï Upper Jurassic 

The rhythmic sandstones with intercalated white clay layers within the Lower unit can be 
distinguished by their compact nature and their pinkish color due to the quartz grains being 
cemented with hematite and jarosite. Also, pronounced convoluted bedding over thicknesses of 
several meters, believed to have been formed by early stage compaction and dewatering is 
present. This Lower unit is approximately 850 meters thick. 

Upper Wara Wara Unit ï Upper Jurassic 

This continuation of the rhythmic sandstones with intercalated clay layers starts with a marker 
horizon consisting of a 6 metre thick coarse brown sandstone. This unit continues to exhibit 
cross-bedding but the convoluted bedding is absent.  This sandstone is typically cleaner than the 
one in the Lower unit and includes white quartz grains.  Ridge tops are often composed of this 
sandstone unit in the Project area. The unit is approximately 40 meters thick. 

Malku Khota Unit - Upper Jurassic 

This sandstone sequence is more massive with a higher degree of silicification and forms the 
prominent scarp which extends the full length of the drilled area in a north-south direction. The 
base of the sandstone unit includes a very coarse quartz sandstone with grains up to 2 mm with 
some lithic fragments up to 5 mm. This unit which is approximately 100 meters thick changes 
from coarse at the base to fine at the top. The quartz grains are typically well rounded and 
ñsacaroidalò in nature. The finer grained portion of the unit is typically a hard, compact brownish 
quartzite. 

Kosmina Formation 

At Malku Khota this Formation is divided into two Units, described below: 

Lutita Edwin (Basal Intermedia Unit) ï Lower Cretaceous 

This blue green possibly tuffaceous shale which is approximately 4 to 6 meters thick, 
unconformably overlies the Malku Khota Unit. The shale probably represents a tuffaceous shale 
representing a volcanic event within the larger rift zone. This shale exhibits a weak foliation which 
may have been caused by fault slippage. 
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Intermedia Unit - Lower Cretaceous 

This Unit which includes the Lutita Edwin is part of the Kosmina Formation. At Malku Khota the 
lower part of the Kosmina Formation is missing. The Unit is characterized by a basal sequence of 
brown and white fine grained sandstones which include 4 to 6 bands of intercalated green and 
brown shales. These shaley partings are typically 10 to 20 cm thick. The remainder of the unit 
continues with similar sandstones with the addition of 20 to 30 cm thick bands of red sandstones 
cemented with iron and manganese oxides. The upper part of the Unit includes a higher 
percentage of the red sandstones which are less consolidated. The Unit is 90-150 meters thick 
with the thickest part occurring at Limosna. 

Aroifilla Formation - Red Sandstone Unit ï Upper Cretaceous 

This sequence of strikingly red sandstones are 150 to 300 meters thick and unconformably 
overlie the Intermedia Unit. The Unit is divided into three parts. The lower part is characterized by 
the presence of a fine silty red sandstone, the middle by the presence of a fine grained brown 
sandstone and the top by the presence of green shales 10-15 cm thick including intercalations of 
gypsum.  

Chaunaca Formation ï Upper Cretaceous 

At Malku Khota only the Upper portion of this formation is present and it lies unconformably over 
the Red Sandstone Unit. The Unit which includes a sequence of multicolored siltstones and 
shales with evaporitic intercalations of gypsum is 40-50 meters thick. These siltstones can be red, 
brown, green or purple. 

El Molino Formation ï Upper Cretaceous 

This Formation is comprised of Oolitic limestone with layers of calcareous sandstone and 
intercalated gypsum.  The rocks are typically multicolored including browns, greens and yellows. 
The Formation is conformable with the Chaunaca Formation and is typically 200 meters thick. 

Quaternary to Recent Sediments 

Portions of the area are covered by Pleistocene to Holocene glacial moraine which includes fine 
to very coarse material up to boulder size.  The most recent deposits include fine grained material 
deposited in the glacial lakes and thin soil cover. 

Volcanics 

The most prominent volcanic activity is located 8 km south of the resource area (Limosna) and 
consists of a sequence of pyroclastics and dacitic columnar jointed lavas associated with a 
volcanic dome. It is thought that these volcanics are 20 to 24 million years old (Troeng & Riera, 
1996). The dacite is leucocratic with crystals of potassic feldspar, biotite and quartz eyes. No 
relationship between this volcanic activity and mineralization has been observed. 

7.4 Geologic Structure  
The rocks exposed in the Malku Khota project area consist of Jurassic to Cretaceous sediments 
that are unconformably overlain by Cretaceous terrestrial and lacustrine red-bed sediments, 
evaporates and limestones. All rock units strike approximately N30W and dip to the West at 60-
80 degrees except in the area to the West of the resource area where some rocks dip to the East 
due to folding. The Jurassic and Cretaceous Units within the resource area are bounded in the 
East and West by N-S trending thrust faults. To the East, the Palaeozoic rocks are in thrust 
contact with the Jurassic Chiru Khasa Formation and to the West the limestones of the El Molino 
Formation are in thrust contact with the Palaeozoic.  On the western side of the project area the 
El Molino limestones are folded into N-S trending synclines and anticlines. These folds are not 
apparent in the more brittle Malku Khota and Wara Wara Formations.  
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The resource area rocks are cut by a consistent set of NW-SE trending left lateral faults that 
occur one to three kilometers apart. Offset can be tens of meters to several hundred meters. 
These fault zones can be wide and include breccias, silicification and veinlets of barite. Nearby 
rocks are sometimes bleached possibly due to fluid flow along these structures. A second set of 
fractures and faults occur throughout the area and strike between 50 and 110 degrees and dip 
towards the North at 50-90 degrees. These structures and fractures are associated with 
mineralization believed to be related to the later hydrothermal event which is best developed in 
the Wara Wara and Sucre zones. This series of faults and fractures are the most visually 
prominent when looking at the ridge that forms the resource area. .   
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Figure 7-1 Drill Hole Locations 
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Figure 7-2 Geology Wara Wara-Sucre Area 
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Figure 7-3 Geology Limosna Area 
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Figure 7-4 Geology Map Legend 

 
 




















































































































































































































































































