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Summary  
 
The 4756 ha Cangrejos property of Odin Mining in south-western Ecuador is 
considered to be highly prospective for porphyry-type Au-Cu mineralization related to 
Miocene age intrusives. 
 
From 1994 to 2001 the property was part of a larger exploration project, the El Joven 
Joint Venture, formed between Odin (40%) and Newmont Overseas Exploration 
Limited (60%). The objective of the joint venture was to locate the hard-rock source 
of the alluvial gold produced by Odin from the Biron mine (69 000 oz Au recovered).  
Newmont, who had acted as operator, withdrew from the joint venture in 2001 and 
transferred the concessions described here to Odin. 
 
The Cangrejos prospect covers parts of a large Au-Cu porphyry system located by the 
El Joven Joint Venture.  Newmont tested the mineralization on Odin’s ground with 
thirteen diamond drill holes. Seven of these holes returned intersections greater than 
70 m at a 0.5 g/t Au cut-off. The best hole gave 192 m at 1.6 g/t Au (plus 0.2% Cu). 
  
The gold and copper mineralization is associated with 1-2 % sulphides (usually 
chalcopyrite), pervasive hydrothermal alteration (most notably silica flooding), 
brecciation and minor multi-directional quartz veinlets in an area of structural 
intersections and intrusive andesites within a Miocene quartz-diorite. 
 
The mineralization within the drilled area when combined with what may be found 
under other anomalies on the property, especially that at Dos Bocas, may be sufficient 
to support a large-scale (5-15Mt/y), multi-pit, open-cut mining and milling operation.  
 
A programme of check soil sampling and geological mapping followed by 20 scout 
diamond drill holes totalling 5000 metres is proposed to test the potential of the 
geochemical anomalies away from the area already drilled. One rig would be expected 
to complete the drilling in about 5 months. However, the total work programme could 
take 10 months and cost about CND$ 2.0 million (US$ 1.6 million). 
 
  
1.  INTRODUCTION AND TERMS OF REFERENCE 
 
The property consists of seven concessions forming one irregularly shaped block 
covering 4756 ha.  Newmont Overseas Exploration Limited explored the property as 
operator of the El Joven Joint Venture (Newmont-60% / Odin-40%) between 27 May 
1994 and 01 August 2001.  On withdrawing from the joint venture, Newmont 
transferred the concessions to Odin in accordance with the conditions of the joint 
venture agreement along with the relevant cores and an information package.  
 
Odin commissioned this report to review the current state of exploration knowledge 
on the property and to recommend a work programme to take the project forward. 
 
Odin considered that I was particularly suited to this task as I had been Chief 
Geologist in Ecuador for Odin and its predecessors from 1989 to 1998 and had been 
involved in the initial (pre-drilling) stage of the project.  
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2.  DISCLAIMER 
 
This report relies heavily on the contents of the information package that Newmont 
supplied to Odin on withdrawing from the joint venture in 2001. This information 
package (Newmont, 2001a) consists of a series of working plans, summary borehole 
logs and draft geological sections with supporting information on three compact discs. 
The information package does not contain a formal closure report, and written 
documentation is confined to a file of brief monthly reports and a short project 
summary prepared a year before Newmont’s withdrawal (Mayor and Soria, 2000).  
 
The closure of the Newmont office in Ecuador in late 2001 and the retrenchment or 
reassignment to other countries of the technical staff involved in the project resulted 
in a significant knowledge loss. Ing Francisco Soria, Newmont’s former project 
geologist at Cangrejos, has been very helpful in filling in some of the gaps. However, 
shortcomings still remain - especially with respect to information about parts of the 
pits-to-bedrock program, the various geophysical surveys and the surveying methods.  
 
The recovery of joint venture information additional to that available at the time of 
writing of this report will undoubtedly lead to revision of local detail. However, I 
would not expect it to produce any major change in the overall assessment of the 
Cangrejos property presented here.  
 
Dr Juan Xavier Trejo Portilla, legal adviser to Odin and president of its 100% owned 
subsidiaries Odin Mining del Ecuador SA and Prominas SA, provided the legal 
information. However, it was possible to check much of this against copies of the 
original documents. 
 
 
3.  PROPERTY DESCRIPTION AND LOCATION 
 
The Cangrejos property is located at the western foot of the Andes in the canton of 
Santa Rosa in El Oro province in south-west Ecuador, South America (Fig.1).  It lies 
200 km south of Guayaquil (pop 2,000,000), Ecuador’s principal economic centre, 
and 30 km to the southeast of Machala (pop 250,000), the capital of El Oro province. 
 
The property consists of seven concessions forming one irregular block covering a 
total area of 4756 ha (Fig 2). The general details of each concession are given in  
Table 1 and the coordinates of the corner points are listed in Appendix 1. 
 
The Los Cangrejos, Estero Zapato and Tadao exploration concessions were originally 
awarded to Prominas SA, a 100% owned, Ecuadorian subsidiary of Odin in the early 
1990s. The concessions were then transferred to the El Joven Joint Venture and were 
later reconfigured and reduced in size. The exploration concessions were substituted 
by new, unified concessions under the reformed mining law of 18 August 2000 and 
the associated regulations of 18 May 2001 (MEM/PRODEMINCA, 2001). These 
unified concessions were registered in the property register of the canton of Santa 
Rosa on 21 August 2001. 
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 Fig 1  Location of the Cangrejos property 
 
 

 
 

Fig 2  Concession map  
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Newmont applied directly for the Cangrejos Uno, Cangrejos Dos, Cangrejos Cuatro 
and Cangrejos Cinco concessions under the reformed law and regulations. The unified 
concessions were awarded on 18 September 2001 and registered in the property 
register of the canton of Santa Rosa on 20 September 2001. 
 
On withdrawing from the joint venture, Newmont transferred the seven concessions to 
Odin Mining International Limited, a Panamanian registered, 100% owned subsidiary 
of Odin Mining and Exploration Limited with a branch office in Ecuador (Newmont/ 
Odin, 2001a,b). Odin Mining International Limited transferred all seven concessions 
to Odin Mining del Ecuador SA, an Ecuadorian registered, 100% owned subsidiary of 
Odin Mining and Exploration Limited, on 20 February 2004 (Odin/Odin, 2004). 
 
The current system of unified concessions provides continuity of tenure from 
exploration through to exploitation. Each concession is valid for 30 years from the 
date of registration in the property register of the canton where the concession is sited. 
At the end of the first 30-year period, each concession can be renewed for two further 
periods each of 30 years (MEM/PRODEMINCA, 2001). 
 
The only condition to maintain a concession in force is the payment in March each 
year of an annual, area-based, fee determined in accordance with the schedule given 
in Table 2. The current year, 2004, corresponds to year four of the life of each of the 
concessions and the applicable fees due at the end of March 2004 are listed in Table 3. 
Ing M Ledesma, the general manager of Odin Mining del Ecuador SA has confirmed 
that these fees were paid on time (Ledesma, 2004). Similar sums will be due in March 
2005 and March 2006. In March 2007 the fee will double. 
 
There is a requirement to provide progress reports at six-monthly intervals. However, 
as no work is currently in progress on the Cangrejos property this requirement is in 
abeyance.  Furthermore, there is an obligation for all mining concession holders to 
undertake environmental impact studies and produce environmental management 
plans “to prevent, mitigate, control, rehabilitate and compensate environmental and 
social impacts derived from their activities” (MEM/PRODEMINCA, 2001). Such 
studies and plans have to be approved by the Subsecretariat of the Ministry of Energy 
and Mines. Newmont produced such a study and plan with respect to the Cangrejos 
property and lodged it with the relevant authorities in Machala, the capital of El Oro 
province.  However, it is understood that a new Environmental Impact Statement and 
a new Environmental Management Plan will have to be lodged specific to any new 
work programme being undertaken. 
 
Odin does not own any land within the concessions, and the surface property rights 
are distributed between a number of small landowners. Permission for entry onto the 
land has to be obtained from each of these. 
 
Odin took over the maintenance of the Newmont camp and core-yard. This facility is 
located just outside the southern limit of the property, and the land on which this 
camp stands is rented from a local landowner. 
 
 
 
 



Cangrejos NI43-101 / 27 May 2004     

 9

Name Los Cangrejos Tadao Estero Zapato 

        

Initial award date 22-Nov-94 13-Jan-95 28-Jun-95 

Initial company Prominas SA Prominas SA Prominas SA 

Initial area 4475 1077 1077 

      

Present holder Odin Min d E SA  Odin Min d E SA  Odin Min d E SA  

Code No 2847 3350 4112 

Present area 3300 355 600 

Expiry date 20-Aug-31 20-Aug-31 20-Aug-31 

   
 

 
Table 1  Details of the concessions forming the Cangrejos property  

 
 

Duration of Concession Annual amount 
From To per mining hectare 

(yr) (yr) (US$) 
0 3 1.00 
4 6 2.00 
7 9 4.00 
10 12 8.00 
13 Onwards 16.00 

 
Table 2  Schedule of annual concession payments 

  
 

concession  code no. Area  Start of US$ / ha US$ paid 
 (ha) year no.   

Los Cangrejos 2847 3300 4 2 6600 
Estero Zapato 4112 600 4 2 1200 
Tadao 300183 355 4 2 710 
Cangrejos Uno 300071 10 4 2 20 
Cangrejos Dos 300067 10 4 2 20 
Cangrejos Cuatro 300183 286 4 2 572 
Cangrejos Cinco 300185 195 4 2 390 

 TOTAL = 9512 
 

Table 3  Schedule of concession payments made by Odin in March 2004 
 

Name Cangrejos Uno Cangrejos Dos Cangrejos Cuatro Cangrejos Cinco 

          

Initial award date 06-Aug-01 06-Aug-01 18-Sep-01 18-Sep-01 

Initial company Newmont  Newmont  Newmont  Newmont  

Initial area 10 10 286 195 

       

Present holder Odin Min d E SA Odin Min d E SA Odin Min d E SA Odin Min d E SA  

Code No 300071 300067 300183 300185 

Present area 10 10 286 195 

Expiry date 20-Aug-31 20-Aug-31 19-Sep-31 19-Sep-31 

          
 Odin Min d E SA  = Odin Mining del Ecuador SA  
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4.  ACCESSIBILITY, CLIMATE, LOCAL RESOURCES,     
                                                         INFRASTRUCTURE AND PHYSIOGRAPHY 
 
 
Accessibility 
From Guayaquil the Pan-American Highway runs to the outskirts of Machala before 
turning south to the Peruvian border through the small country town of Santa Rosa 
(Fig 3). From Santa Rosa a tarred secondary road leads to the village of Bella Maria 
and a gravel road continues to the hamlet of Valle Hermoso. A dirt track leads from 
Valle Hermoso to the site of the main camp. From the campsite the south side of the 
concession must then be accessed either on foot or by mule.  
 
The north side of the property is reached by tarred road from Machala to the town of 
Pasaje and then by gravel road to the hamlet of Vega Rivera (Fig 3). From Vega 
Rivera the north side of the property must be accessed either on foot or by mule. 
Alternatively, a tarred road can be taken towards Pasaje from the Pan-American 
Highway just north of Santa Rosa and this leads to the turnoff to Vega Rivera just 
before entering Pasaje. 
 
 
Climate  
Because the Cangrejos property is located only 360 km south of the equator on the 
western slopes of the Cordillera de Chilla at elevations of 400-1300 m above sea level 
facing the Gulf of Guayaquil some 30 km away, the climate varies from humid 
tropical at near sea-level elevations to more temperate at higher elevations (Auditoria 
Ambiental Lmtda, 1998). 
 
The average annual temperature varies from 21-24 ºC and the average annual rainfall 
ranges from 700 mm to 1400 mm with a marked concentration in the first 6 months of 
the year. The high level of precipitation, constant humidity and frequent mists result 
from convective effects as damp winds from the sea are driven along the river valleys 
until forced to rise on meeting higher ground.  
 
Climatic data from relevant neighbouring measuring stations within El Oro province 
are given in Table 4. The location of these stations is shown in Figure 3.  
 

 
 
 

Station Parish Canton Altitude Temp. Precipitation. Years Dry Mnths 
   (m.amsl) (deg. C) (mm)   

Pasaje Pasaje Pasaje 15 24 770 9 6 
Zaruma Zaruma Zaruma 1150 22 1340 8 6 

 
 
 

Table 4  Climatic data from locations near the Cangrejos property 
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Fig 3  Towns, roads and rivers around the Cangrejos property 
 
 
Local resources and infrastructure 
Guayaquil has all the facilities to be expected from Ecuador’s largest city (pop. 
2,000,000), leading economic centre and principal port; including an international 
airport with direct links to Central and South America, the USA and Europe. 
 
Machala (pop. 250,000) located approximately 30 km to the northwest of the 
Cangrejos property is Ecuador’s fourth largest city and the capital of El Oro province. 
It lies on the Pan-American Highway linking Guayaquil to Lima in Peru and there is a 
small airport with an air taxi service to Guayaquil. 
 
The port of Puerto Bolivar located 9 km to the west of Machala is the world’s largest 
banana exporting port and ships about 1.25 million tonnes/year from the extensive 
banana plantations that cover the coastal plain inland from the coastal belt of shrimp 
farms up to the base of the Andean foothills, where the higher country is given over to 
rough pastureland and (secondary) forest cover. 
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Physiography 
The Cangrejos property straddles the Cerro Azul ridge (Fig. 4). This forms the water 
shed between the north-westerly flowing Rio Caluguro (also known towards its head 
waters as the Rio Byron and the Rio Piloto) to the south-west and the Rio San Agustin 
to the north-east. About 60% of the property lies on the south-western, Rio Caluguro, 
side of the ridge and the remainder on the northern, Rio San Agustin, side.  
 

 
 

Fig 4  Topography of the Cangrejos property 
(after Newmont, 2001a, Autocad file) 

 
The peak of Cerro Azul reaches an elevation of 1005 m above mean sea level. 
However, the highest point on the ridge occurs at 1385 m at an unnamed point 2 km 
to the southeast of Cerro Azul itself.  The lowest points within the property on both 
sides of the ridge, on the southern limit of the Tadao concession and on the northern 
limit of the Estero Zapato concession, are at about 200 m.  
 
The angle of the southern slope averages 20 degrees and that of the northern slope 
averages 15 degrees. However, locally, and especially at higher elevations, slopes 
may reach 40 degrees. 
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5.  HISTORY 
 
From 1988 to 1995, a precursor to the current Odin mined the Biron alluvial gold 
deposit on the Rio Caluguro immediately north of Bellamaria (Fig 5). The mine 
produced a total of 69 000 oz of gold, with the bulk of production occurring in 1993 
and 1994 when two floating wash plants were operating.  
   
In mid-1992 the company initiated an exploration programme, called the Source of 
Biron project, to locate the hard-rock source of the alluvial gold in the Biron deposit. 
A blanket application was made for exploration concessions covering the entire Rio 
Caluguro catchment area upstream from the mine. Immediately thereafter a two-
month programme of regional stream sediment sampling and geological mapping was 
carried out (Carvajal, 1993). This work led to the definition of a number of gold 
anomalies related to the gold occurrences shown in Figure 5. 
 

 
Fig 5  Gold workings in the Rio Caluguro catchment basin  

(after Carvajal, 1993) 
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Some of the anomalies, particularly those arising from the Los Ingleses area in the 
south, were clearly due in part to contamination from the activities of small-scale, 
local miners. Nevertheless, the overall extent of the anomalies was sufficiently 
encouraging for Newmont Overseas Exploration Limited to enter into a joint venture 
agreement over an area of interest of 22 500 hectares encompassing the whole of the 
Source of Biron Project area (Fig 6A). 
 
 

 
Fig 6  Evolution of the Cangrejos project   

 
The venture was officially called the “El Joven Joint Venture”. Odin held a 40% 
interest in the joint venture and Newmont held 60% and took operational control. 
Odin contributed the El Guayabo concession and the Cangrejos and Tadao 
applications, which at that time were in the final stages of approval, to the project and 
Newmont agreed to spend a minimum of US$ 1.36 million during the first four years 
and to provide Odin with a free carry through to feasibility (Newmont/Odin, 1994). 
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Newmont initially concentrated its work in the south of the area on the El Guayabo 
concession.  In 1995 it drilled 14 holes in this area without great success.  It then 
shifted the focus of its work to the northern part of the area of interest.  
 
On 20 August 1996 the joint venture agreement was modified and expanded 
(Newmont/Odin 1996). The area of interest was increased by about 25% and the El 
Guayabo concession was removed from the project in exchange for the inclusion of 
the Estero Zapato, Alto Biron and Irina concessions (Fig 6B). 
 
The sequence of exploration undertaken by Newmont on behalf of the joint venture is 
summarized in Figure 7.  In 1999 and 2000 the work on the northern sector 
culminated in the drilling of 29 holes including 13 holes drilled either in part or totally 
on the Cangrejos property. The results from these holes indicated good potential for 
widespread disseminated sulphide mineralization with grades of the order of 1 g/t Au 
and 0.1% Cu associated with widespread hydrothermal alteration and brecciation 
within a dioritic body cut by intrusive andesites.  
 

 
Fig 7  Chronogram of exploration work on the El Joven joint venture 

 
While this work was proceeding Newmont acquired options over concessions in the 
east of the area of interest (Fig 6C) and extending outside of the area of interest. 
However, the work here does not appear to have produced very encouraging results. 
 
Towards the end of 2000, Newmont carried out a risk and evaluation review of the 
project.  At that time the gold price was around $270/oz (London Bullion Market 
Association, 2000) and for the project to proceed Newmont required strong evidence 
for the presence of several hundred million tonnes of mineralization at a grade 
significantly higher than the 1 g/t indicated at that time (Newmont, 2001b). Following 
this review Newmont cutback the work on the project and formally withdrew from the 
joint venture on 01 August 2001. 
 
On termination of the joint venture, Odin declined Newmont’s offer to take over the 
joint venture’s commitments and Newmont then terminated the option agreements 
still in force and sold off the land it had acquired during the life of the joint venture.   
 
In accordance with the terms of the joint venture agreement Newmont transferred to 
Odin the seven concessions - Los Cangrejos, Tadao, Estero Zapato, Cangrejos Uno, 
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Cangrejos Dos, Cangrejos Cuatro and Cangrejos Cinco - along with the cores drilled 
on those concessions and an information package.  
 
Odin did decide to take over the rent of Newmont’s main camp, and logging and core 
storage facilities.  
 
 
6.  GEOLOGICAL SETTING 
 
Regional Geology 
The general geology of mainland Ecuador is summarized in Figure 8. To the east, in 
the lowlands of the Amazon jungle, Tertiary and Recent continental sediments 
overlay the Brazilian craton. In the centre, the Andean Cordillera is only about 150 
km wide. Nevertheless, it still records a complex history of terrane accretion onto the 
western margin of South America (Aspden and Litherland, 1992; Kerr et al, 2002).   
The northern and central part of the Cordillera hosts several chains of strato-volcanoes 
of basaltic andesite composition (Windley, 1984), including the active Cotopaxi, 
Guagua Pichincha, Sangay and Tungurahua (Rosi et al, 2003) and the dormant 
Chimborazo (at 6310 metres the highest peak in Ecuador). In the west, the flat coastal 
area is underlain by Tertiary sediments infilling the fore-arc trough in front of the 
Andean magmatic arc. However, a series of coastal hills to the northwest of 
Guayaquil again expose the Mesozoic-early Tertiary basaltic basement.   
 

 
 

Fig 8  Generalized geological map of Ecuador  
(after CODIGEM/BGS, 1993) 
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The Cangrejos property lies within the zone of influence of the Huancabamba 
deflection where the Andean Cordillera makes a distinct change in direction from a 
north-westerly trend in Peru to a north-easterly trend in Ecuador and Colombia.  
 
The northern limit of the area of influence of the Huancabamba deflection is often 
taken at the Jubones fault  (Fig 9).   Rocks of the El Oro Metamorphic Complex are 
exposed south of the Jubones fault (CODIGEM/BGS, 1997). Between the Jubones 
and Portovelo faults, in the area of particular interest here, these rocks mostly consist 
of weakly metamorphosed, fine grained, clastic sediments of the Palenque unit of 
Jurassic age. To the north-east of the Cangrejos property this unit contains several 
tectonically emplaced slices of serpentinite known as the Pasaje Ophiolite. South of 
the Portovelo fault the El Oro Metamorphic Complex comprises a mixture of pelitic 
schists, greenschists, glaucophane schists, basic amphibolites and gneissic to 
migmatitic granites and eclogites of the Raspas Formation of Cretaceous age. 
 
 

 
Fig 9  Geology of the area surrounding the Cangrejos property 

(after CODIGEM/BGS, 1997; Newmont, 2001a) 
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To the north of the Portovelo fault the metamorphics are overlain by Oligocene 
continental volcanics of the Saraguro group consisting of andesitic to rhyolitic lavas 
and pyroclastics. The volcanic units are intruded by a series of granitoid plutons of 
Miocene age with K/Ar dates of 16.89 Ma and 19.92 Ma having been obtained at 
Paccha and near the eastern end of the Jubones fault respectively (Fig 9).  According 
to the legend on the 1: 200 000 scale geological map (CODIGEM/BGS, 1997) the 
granitoids are generally of medium to coarse grain but often show evidence of rapid 
chilling such as chloritized interstitial glass and granophyric and holocrystalline 
growth indicative of a sub-volcanic emplacement. 
 
By using topographic imagery and helicopter magnetometry, Newmont identified two 
ring structures centred on the Cangrejos property. The inner ring structure has a 
diameter of approximately 8 km and the outer a diameter of approximately 16 km. 
These structures may be related to the caldera collapse of a major, middle Miocene 
strato-volcano centred over the Cangrejos property. A similar caldera collapse 
structure, the Caldera of Jubones, with a diameter of about 17 km, is shown on the  
1: 200 000 scale geological map to the north of the northeast corner of Figure 9.  In 
addition, van Thournout et al (1996) have interpreted the emplacement of the major 
gold-quartz vein system at Zaruma - Portovelo as being related to the formation of 
another major Miocene age caldera.  
 
Property Geology 
The local geology of the Cangrejos property is shown in Fig 10 below.   
 
 

 
  

Fig 10 Geology of the Cangrejos property 
(after Carvajal, 1993; Newmont, 2001a; Sinclair 2004) 
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The bulk of the prospect is underlain by a quartz-dioritic to granodioritic intrusive 
probably of early to middle Miocene age. The intrusive is hosted by fine-grained 
metasediments of the Palenque unit of the El Oro Metamorphic complex in the lower 
ground to the north, west and south and by the Saraguro Group volcanics of 
Oligocene age in the higher ground just off the south-east corner of Figure 10. 
Newmont recognized various phases within this intrusive with the oldest, named the 
“Early Igneous Complex”, being characterized by a weak foliation.   
 
The initial geological mapping on the property defined various areas of silicification 
and argillitization covering areas up to 1.0 km x 1.5 km, with locally prominent quartz 
tourmaline altered breccias (1: 25,000 scale geological map in Potter, 1998), often 
associated with topographic and magnetic lineaments. 
 
Drilling has shown that small bodies of micro-porphyritic andesite puncture the main 
intrusive in the Trinchera-Paloma area (Fig 10) and that these bodies are associated 
with various types of breccias, pervasive hydrothermal alteration (especially silica 
flooding) and weak sulphide mineralization (mainly chalcopyrite). These areas are 
thought to have formed part of the feeder zone for the major, middle Miocene strato-
volcano referred to in the previous section.  
 
A number of other areas, especially Dos Bocas and Valarezo with somewhat similar 
characteristics have been identified away from the drilled area. These often lie in the 
vicinity of the ring structures and/or along other lineaments where structural 
movement may have produced zones of weakness conducive to the passage of 
hydrothermal and mineralizing fluids.  
 
 
7.  DEPOSIT TYPES 
 
The mineralization at Cangrejos is classified as belonging to a PORPHYRY GOLD-
COPPER deposit of hypabyssal, breccia sub-type. 
 
This deposit type is approximately equivalent to the USGS porphyry copper-gold 
model number 20c (Cox et al, 1987) but with gold considered to be of greater 
economic importance than copper.  
 
When compared to standard porphyry copper models the deposit type at Cangrejos is 
probably best described in geological terms by the hypabyssal sub-type of Sutherland  
Brown (1976) and the breccia sub-type rather than the stockwork sub-type (Lowell 
and Guilbert, 1970). However, at Cangrejos gold rather than copper is the metal of 
primary economic interest.  
 
Because of the extensive brecciation and the rather basic nature of the host compared 
to the standard models referred to above, the Cangrejos deposit may not show the 
systematic, large scale zonal alteration pattern typical of a classic porphyry deposit 
(Guilbert and Lowell, 1974; Lowell and Guilbert, 1970). In particular, the 
characteristic quartz-sericite-pyrite zone appears to be absent.  It is suspected that 
future petrographic work may show the Cangrejos mineralization to be of alkalic 
porphyry gold-copper type similar to Cadia Hill in New South Wales, Australia 
(Wilson et al, 2002; Ireland, 2004).  
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Porphyry gold-copper deposits are interpreted as forming within very large-scale 
systems hydrothermal alteration and mineralization developed at depths of several 
kilometres around the feeder zones of major strato-volcanoes (Sillitoe, 1973). This 
type of deposit is usually characterized by its large size and low grade (Porter, 1998).  
 
Such deposits may, also, be associated with various other deposit types (Sillitoe, 
1991). They may be overlain by epithermal deposits of high sulphidation type and 
fringed laterally by epithermal deposits of adularia-sericite-type or by mesothermal 
gold-quartz and base-metal veins. Where appropriate host lithologies are present, 
porphyry gold-copper deposits may also be associated with gold-copper and/or lead-
zinc skarn deposits and disseminated, (meta-) sediment hosted, gold deposits.  
 
By analogy with the K/Ar date on similar rocks at Paccha (Fig 9), the host intrusive to 
the Cangrejos mineralization is thought to be about 17 million years old, ie near the 
top of the middle Miocene (Berkman, 2001).  Figure 11 shows the relationship of the 
Cangrejos property to other early to middle Miocene porphyry-type deposits in 
southern Ecuador and Northern Peru (PRODEMINCA/BGS, 2000a,b; Sillitoe, 1998), 
and other major, hydrothermal, gold deposits of similar age at Zaruma (gold vein 
system) in Ecuador (van Thournout, 1996) and Yanacocha (gold acid-sulphate, high 
sulphidation system) in Peru (Harvey et al, 1999).  Table 5 gives an indication of the 
size and grade of some of these deposits.  
 
 

 
 
Fig 11 Early to middle Miocene gold deposits in southern Ecuador and northern Peru   

(after PRODEMINCA/BGS, 2000a,b; Sillitoe, 1998) 
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DEPOSIT NAME Country Deposit type Mt g/t Au % Cu t Au kt Cu Source 
        

GABY Ecuador Au-Cu porphyry 160 0.7 0.1 120 200 EMC, 1997 

-PAPA GRANDE        
        

ZARUMA Ecuador Au-Ag veins  6 25  160  PRODEMINCA

-PORTOVELO        / BGS, 2000b 

        
MINAS CONGA Peru Cu-Au porphyry 250 0.9 0.3 230 800 Sillitoe, 1998 

        
        

YANACOCHA Peru Au acid sulphate 700 1  700  Turner, 1999 

 
Table 5  Indicative size and grade of selected early to middle Miocene hydrothermal 

gold deposits in southern Ecuador and northern Peru 
 
 
8.  MINERALIZATION 
   
In the area of the property drilled, Newmont’s work identified two main mineralized 
zones, named the Trinchera and Paloma zones, with approximately northeast-
southwest trends (Fig 12). 
 
Taking a 0.5 g/t Au cut off in core samples the Trinchera zone is about 350 m long 
between holes C99-24 and C99-17. Geologically the zone is open along strike in both 
directions. To the northeast it could continue for nearly another 250 m to where the 
low-grade hole C00-28 straddling the property boundary seems to provide a north-
eastern limit. To the south-west the zone leaves the Cangrejos concession at C00-24.   
 
Until additional drilling is available to better define the 3-dimensional form of the 
mineralization, it is assumed that all the mineralized zones are vertical In that case, 
the average true width of the Trinchera mineralized zone is probably about 100 m 
with a variation from 40 m in C00-24 to 130 m in C99-17. Current drilling is 
interpreted as indicating that the mineralized zone extends to at least 150 m vertically 
below surface (Fig 13). However, it could extend considerably deeper.  
 
The Paloma mineralized zone lies about 200 m to the northeast of the Trinchera zone 
(Fig 12). Its defined length on the Cangrejos property is about 250 m between holes 
C99-20 and C00-27. To the northeast the zone could continue for another 120 m 
beyond hole C00-27 before passing over the eastern boundary of the Cangrejos 
property. However, to the southwest, beyond hole C99-20, the zone may be cut off at 
hole C99-21. Assuming the mineralized zone to be vertical the average true width of 
the Paloma zone may be about 80 m with a variation from 70 m in C99-20 to 85 m in 
C00-27. The current drilling is interpreted to indicate that the mineralized zone 
continues to at least 150 m below the surface (Fig 14). However, it may extend 
considerably deeper. 
 
Decreasing the grade used to define the mineralized zones to 0.25 g/t Au increases the 
width of the zones, but the two zones do not coalesce and still remain separated by a 
significant area with only sporadic values greater than 0.25 g/t Au. 
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Fig 12  Location of the Paloma and Trinchera zones of mineralization 
(after Newmont, 2001a) 

 
 

Within the mineralized zones the gold appears to be intimately associated with fine-
grained (often less than 100 micron) sulphide mineralization disseminated at the level 
of 1-2 volume percent in the hydrothermally altered host rock and to a lesser extent as 
somewhat coarser grains in sporadically developed multi-directional quartz veinlets. 
There is some suggestion that higher grades, as in hole C99-14, might be associated 
with the presence of bornite in addition to the chalcopyrite. Pyrite does not seem to be 
well represented in the cores obtained so far. However, molybdenite is present locally 
in both quartz and silicate veinlets. 
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Fig 13  Section along hole C99-14 on the Trinchera zone of mineralization 

(after Newmont, 2001a) 
 

In the Paloma and Trinchera zones the mineralization is present in all rock types 
whether diorite, intrusive andesite, or the various types of breccias recognized by 
Newmont (Figs 13 and 14).  The mineralization appears to be related the presence of 
silica flooding (perhaps accompanied by albitization) and possible faults.  However, 
no petrographic work is currently available to support this observation.  
 
The only petrographic work (thin section, polished section, XRD-XRF) found so far 
relevant to this area was undertaken by Newmont Metallurgical Services on behalf of 
the El Joven joint venture on seven samples from a hole drilled on an adjacent 
property. This hole tested a different mineralized zone to either the Paloma or 
Trinchera zone, but the mineralization is of a generally similar aspect. The summary 
states: 
 
 “Microscopic examination determined that all seven samples contained chalcopyrite 
mineralization. The sample from the 170-meter interval exhibited supergene 
enrichment consisting of covellite replacement of chalcopyrite. The sample from the 
123.3-meter interval contained native gold in association with chalcopyrite in a quartz 
vein. The sample from the 147-meter interval contained molybdenite and chalcopyrite 
mineralization in quartz veins.” 
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“Propylitic alteration is the most common form of alteration.  However, in several 
cases siliceous, sericitic, and/or potassic alteration overprint the propylitic alteration.” 
(Odekirk, 1999) 
  

 
Fig 14.  Section along hole C99-18 on the Paloma zone of mineralization 

(after Newmont, 2001) 
 
The latter comment on the hydrothermal alteration is compatible with my own 
observations in hole C99-18. Here, there appears to be a sequence from an early fine 
grained grey-green alteration to a brown alteration, then locally back to a grey-green 
alteration, and then a late hard, white alteration cutting across everything. This 
empirical sequence of colour changes may be indicative of the following alteration 
assemblages propylitic -> potassic (biotite) -> (propylitic) -> siliceous (possibly with 
albitization). It was also noted that, in general, the various breccias logged by 
Newmont in this hole seemed more likely to result from the action of successive 
pulses of alteration within an in-situ, crackle brecciated host (both diorite and 
andesite) rather than from the physical transport of clasts (by whatever means). 
Nevertheless, there are undeniably transported breccias and pebble dykes, but these 
seldom seem to be more than 1 m across in the core.   
 
Notwithstanding the comment noted above by Odekirk (1998) about supergene 
enrichment at a depth of 170 m, in general, weathering does not seem to extend to any 
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great depth. In hole CC99-18, most indications of weathering have disappeared by a 
borehole depth of 23m, equivalent to a vertical depth below surface of about 16m. 
 
In addition to the wide zones of low-grade gold mineralization referred to above, 
high-grade mineralization with 10 –30 g/t in quartz- tourmaline altered rocks (Potter, 
1998) is being mined on a very small scale by informal miners near the collar position 
of C99-21 (Fig 12).  However, the occurrences of such high-grade material are 
expected to be very limited and are considered unlikely to be a significant factor in the 
overall assessment of the potential of the property.  
 
 
9.  EXPLORATION  
 
Introduction 
At the start of Newmont’s exploration of the joint venture area little was known 
beyond the information provided by the official 1:100,000 scale geological map 
(DNGM, 1986) and the regional stream sediment sampling and geological mapping 
programme carried out by Odin (Carvajal, 1993).  Initially Newmont focussed their 
work on the southern part of the joint venture area but in February 1996 (Mayor and 
Soria, 2000) they began to shift the emphasis to the northern, Cangrejos, area (Fig 7).  
 
By mid-1997 Newmont’s reconnaissance programme of rock sampling and geological 
mapping had provided sufficient encouragement for them to embark on more 
systematic work. Consequently, they began to survey and cut 100 m x 100 m and  
200 m x 100 m grids over areas of particular interest. Eventually they covered most of 
the property with a grid of 400 m x 100 m (Figs 15-19). 
 
Following an orientation survey in late 1997, Newmont began systematic soil 
sampling at a depth of 40 cm (Mayor and Soria, 2000) on the grids in early 1998.  
Shortly thereafter they started an exhaustive, pits-to-bedrock programme on the same 
grids to check the soil sampling results.  Newmont supplemented these geochemical 
programmes with geological mapping and airborne and ground geophysics (Fig 7).  
 
The joint venture exploration programme in the Cangrejos area culminated in 1999 
and 2000 with the drilling of 29 holes for a total of 7 508 metres. Nine holes were 
drilled totally and another four holes partially on the Cangrejos property for a total of 
2803 metres (Appendix 2). 
 
Newmont staff carried out all the technical exploration work. Connors Perforaciones 
SA carried out the drilling, Bondar Clegg (now absorbed by ALS-Chemex) undertook 
all the analytical work and Aeromasters provided the helicopter for the airborne work. 
  
Soil sampling 
Figures 15 to 20 show the results of the systematic soil sampling by the conclusion of 
the project. These results have been plotted from the data file on one of the CDs in the 
information package. The data package itself only has a 1: 2 000 scale contour plan 
for gold. However, that plan was validated against a 1:2 000 scale plot of the same 
information as presented here both as to the location and level of the values. To the 
south of the Mina Bravo block data points appear to be missing from the CD as the 
hand plotted contour map in the information package shows more lines. 



Cangrejos NI43-101 / 27 May 2004     

 26

 
 

Fig 15  Soil sampling results – GOLD (ppb) 
(after Newmont, 2001a, data files) 

 

 
Fig 16  Soil sampling results – COPPER (ppm) 

(after Newmont, 2001a, data files) 
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Fig 17   Soil sampling results – MOLYBDENUM (ppm) 
(after Newmont, 2001a, data files) 

 
 

 
 

Fig 18  Soil sampling results – ARSENIC (ppm) 
(after Newmont, 2001, data files) 
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Fig 19  Soil sampling results – LEAD (ppm) 
(after Newmont, 2001a, data files) 

 

 
 

Fig 20  Soil sampling results – ZINC (ppm) 
(after Newmont, 2001a, data files) 
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The contour intervals have been defined empirically and chosen to agree with those 
used by Newmont in the case of gold and copper. Statistical analysis of the element 
distributions (Lepeltier, 1969) may result in better-defined intervals, but would 
probably not change the overall distribution patterns significantly. 
 
The gold anomalies appear to be more extensive that those for other elements giving 
different geochemical signatures in different areas. Most notably gold is strongly 
supported by copper at Trinchera – Paloma and by arsenic at Valarezo. There seems 
to be little correlation between gold and lead and zinc. The possible significance of 
these observations is discussed further under the heading  “Target Definition” in 
Section 17. 
 
Rock and Pit sampling 
The initial reconnaissance rock sampling was carried out on an opportunistic basis: 
mainly on outcrops along creeks as can be seen from the non-systematic, sinuous 
distribution of many of the points in Figures 21 and 22.  
 
Subsequently, systematic pitting to bedrock was carried out on 100 m x 100 m centres 
over the Cangrejos East and Cangrejos South grids and on 200 m x 100 m centres on 
the Dos Bocas and Valarezo grids. Locally the spacing of the pitting on each grid was 
closed up to 25 m x 25 m over areas of particular interest (Mayor and Soria, 2000).  
 
 

 
 

Fig 21  Rock and pit sampling results – GOLD (ppb) 
(after Newmont, 2001a, data files) 
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Fig 22  Rock and pit sampling results – COPPER (ppm) 
(after Newmont, 2001a, data files) 

 
 
The information package only contains verifiable detailed information for the 
systematic pitting for Trinchera-Paloma area, as indicated by the regularly spaced 
sample points Figures 21 and 22. Elsewhere, the information consists only of gold 
values hand-plotted onto a 1: 10 000 scale plan without any supporting data.  
 
Within the areas of the Cangrejos East and Cangrejos South grids the gold results 
from the pits-to- bedrock programme closely mirror the results from the soil sampling 
both with respect to the patterns defined and the actual values obtained. However, 
within the areas of the Valarezo and Dos Bocas grids, the pitting to bedrock defines 
anomalies in similar areas to the soil sampling results, but with lower values.  
 
Geological mapping and drill hole logging 
Newmont reportedly mapped all outcrops and pits in the areas of systematic pitting to 
bedrock. However, on the hand-plotted, preliminary borehole sections supplied in the 
information package, there appears to be a rather poor correlation between the surface 
geology and that logged in the boreholes. This lack of correlation is probably due, at 
least in part, to the problems of recognizing the original lithology in the case of 
weathered, hydrothermally altered rocks. However, the limited information on the 
summary logs in the information package suggests that these are only preliminary 
logs. More detailed logging, with petrographic support in the light of the analytical 
results now available, may be useful in providing new insights into the relationships 
between lithology, structure, hydrothermal alteration and mineralization.  
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Geophysics 
Two thousand seven hundred line kilometres of airborne magnetometry and 
radiometrics were flown by helicopter on north-south lines over the area of interest of 
the joint venture (Mayor and Soria, 2000). One of the CDs in the information package 
contains an image of magnetic results (Fig 23 A - assumed to be total field reduced to 
pole) and a topographic image (Fig 23B – assumed to have been produced from radar 
altimeter records). These images help define the structural setting of the property, 
especially with respect to the ring structures.  No map of the results for the 
radiometrics has so far been found. 
 
 

    
 
Fig 23  A (on left) Magnetics image (reduced to pole?) 
 B  (on right) Topographic image (with magnetic anomalies superimposed) 

(after Newmont, 2001a, data files) 
 
One of the CDs in the information package appears to contain raw data from the 
airborne geophysics programme. It is expected that reprocessing of this data may 
yield additional information useful in the interpretation of the detailed geology of the 
Cangrejos property. 
 
Ground geophysics, including IP, resistivity and magnetic surveys, are referred to in 
the joint venture monthly reports (Fig 7). No reports on this work have been found so 
far in the information package. However, during my site visit July 1998 I saw a field 
map showing geophysical anomalies in the area of the Cangrejos property (Potter, 
1998). The effort to recover this information should be continued.  
 
Survey  
The information package does not give any information on the survey methods used 
to control the east-west orientated grid lines. Coordinates are given on one of the CDs 
for most of the soil sample points (Figs 15 to 20), but only for a relatively small 
number of the systematic pitting samples (Figs 21 and 22). The package contains the 
collar coordinates for all boreholes. However, it seems to contain the results of down-
the-hole Tropari surveys only for those holes drilled in 1999.  
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10.  DRILLING 
 
During 1999 and 2000 Newmont contracted Connors Perforaciones SA to drill 29 
holes totalling 7508 m within the northern part of the El Joven joint venture area. 
Because of the difficult terrain the drill was lifted into each area by helicopter and 
then large crews of local workers carried the drill between the individual sites. 
 
Newmont drilled thirteen holes into the Trinchera and Paloma mineralized zones on 
the Cangrejos property. Nine holes are totally and four holes partially on the 
Cangrejos property for a total of 2803 metres. Figure 12 shows the location of the 
holes and Appendix 2 lists their collar coordinates, azimuths, angles and final depths.  
  
The holes were diamond drilled starting at HQ size and reducing to NQ size as 
necessary. These sizes give nominal core diameters of 63.5 mm and 47.6 mm 
respectively (Berkman, 2001).  Hole deviation data (by Tropari) is available in the 
data package for the holes drilled in 1999 but apparently not for those drilled in 2000. 
 
From personal observation of holes C99-14 and C99-18, the rock, even where 
extensively hydrothermally altered, appears to be generally solid and core recoveries 
good. No core was recovered at the top of the holes, and the amount of core missing 
varies from about 1 metre (C99-01 and 03) to about 18 metres (C99-13). 
 
Table 6 gives a summary of the intersections made on the Cangrejos property. This 
should be read in conjunction with the borehole location plan (Fig 12) and the 
sections of hole CC99-14 on the Trinchera mineralized zone (Fig 13) and of hole 
C99-18 on the Paloma mineralized zone (Fig 14). 
  
Although the analytical procedures are described in section 11, it should be noted here 
that gold was analysed using two techniques. Initially all core samples were analysed 
using a standard fire assay with atomic absorption finish on a 30 g charge (30 g FAA).  
Then, for holes up to C00-24, all intersections averaging greater than 0.5 g/t gold were 
reanalysed using the “blaster” technique - a screen type fire analysis based on a 
pulverized sample with a mass of about 5 kg. Samples from most of these 
intersections were also analysed for Cu, Mo, Pb, Zn and Ag. 
 
The drilling to date has established the general strike direction of the Trinchera and 
Paloma mineralized zones. However, additional holes are needed to define the vertical 
extent and true dip of these zones. Until such data become available, it is assumed that 
the mineralized zones are vertical. Therefore, the (assumed) true width of the 
intersections is given by the following formula: - 
 
True width = borehole intersection width x cos(inclination of hole from horizontal) 

x  cos(angle between borehole direction and the normal to the  
strike of the mineralized zoned) 

 
Holes C99-03 and C00-27 were drilled in markedly oblique directions to the average 
strike of the mineralization and holes C99-02 and C99-03 were drilled at steeper 
angles (about –60º) to the average of –45º to –50º.  For the other holes the assumed 
true width of the intersections listed in Table 6 can be approximated by multiplying 
the lengths of the borehole intersections given by a factor of 0.7 (about cos 46º). 
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  Table 6  BOREHOLE INTERSECTIONS 
              (after Newmont,2001, data files)  

HOLE INTERSECTION (metres) ppb  Au ppm Au ppm  Cu ppm  Mo ppm  Ag
Mineralized From To Length 30 g FAA Blaster  

Zone   
C99-01 0.00 1.10 1.10 no core recovered 

 1.10 42.00 40.90 60   

 42.00 50.00 8.00 418   

no name 50.00 98.00 48.00 1163 1.16 1668 9 2.3
 98.00 108.00 10.00 447   

 108.00 122.00 14.00 117   

 122.00 138.00 16.00 329   

 138.00 150.00 12.00 73   

 150.00 156.00 6.00 298   

no name 156.00 168.00 12.00 1392  1816 28 0.6
 168.00 170.00 2.00 482   

 170.00 200.00 30.00 105   

 200.00 221.59 21.59 286   

   
   

C99-02 0.00 6.71 6.71 no core recovered 

 6.71 114.00 107.29 200   

no name 114.00 122.00 8.00 1182  843 45 0.1
 122.00 221.59 99.59 150   

   
   

C99-03 0.00 0.9 0.90 no core recovered 

 0.90 18.00 17.10 281   

Trinchera 18.00 80.00 62.00 634  1331 28 0.3
Trinchera 80.00 174.00 94.00 425  844 68 0.2

Trinchera 174.00 248.00 74.00 1030 0.92 1237 30 0.3
 248.00 249.02 1.02 437 0.51 403 29 <.1

    

   
C99-13 0.00 18.29 18.29 no core recovered 

Paloma 18.29 44.00 25.71 860 0.94 755 7 0.4
Paloma 44.0 60.00 16.00 345 0.43 430 26 0.2

Paloma 60.0 68.00 8.00 1760 1.93 2123 32 0.4
 68.0 70.00 2.00 201 0.21 370 48 <0.1

 70.0 171.60 101.60             hole outside Odin's concession 

   
   

C99-14 0.00 2.13 2.13 no core recovered 

 2.13 14.00 11.87 436   
Trinchera 14.00 22.00 8.00 827 0.82 1318 128 0.3
Trinchera 22.00 40.00 18.00 2139 1.86 1597 354 0.6
Trinchera 40.00 62.00 22.00 553 0.59 1128 30 0.2
Trinchera 62.00 92.00 30.00 1492 1.58 3353 38 0.4
Trinchera 92.00 120.00 28.00 561 0.60 1028 44 0.2
Trinchera 120.00 166.00 46.00 3055 2.82 3148 127 1.0
Trinchera 166.00 206.00 40.00 1084 1.00 1052 44 0.5

 206.00 221.59 15.59 107   
   
                                   continued on next page 
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  Table 6  BOREHOLE INTERSECTIONS continued 
           (after Newmont,2001, data files)  

HOLE INTERSECTION (metres) ppb  Au ppm  Au ppm  Cu ppm  Mo ppm  Ag
Mineralized From To length 30 g FAA Blaster  

Zone   
C99-15 0.00 8.23 8.23  

 8.23 14.00 5.77 76  311 3 0.2

 14.00 28.00 14.00 498  774 3 0.2

 28.00 62.00 34.00 165  335 9 0.1

 62.00 98.00 36.00 369  1341 12 0.3

Trinchera 98.00 118.00 20.00 677 0.69 1421 24 0.3
Trinchera 118.00 196.00 78.00 710 0.82 3227 24 0.8
Trinchera 196.00 214.00 18.00 1418 1.49 4144 26 1.4
Trinchera 214.00 218.00 4.00 835 0.81 2066 10 0.7

 218.00 322.17 104.17 272  999 23 0.5

    

   
C99-17 0.00 6.10 6.10 no core recovered 

 6.10 30.00 23.90 76     
Trinchera 30.00 66.00 36.00 810 0.73 797 7 0.6
Trinchera 66.00 70.00 4.00 2442 1.59 597 20 0.6
Trinchera 70.00 178.00 108.00 701 0.66 1097 63 0.4

 178.00 218.00 40.00 486 0.44 901 72 0.3

 218.00 234.00 16.00 347  978 12 0.4

 234.00 280.00 46.00 154  636 8 0.2

no name 280.00 290.00 10.00 1437  3386 11 1.0
 290.00 300.84 10.84 205  1109 6 0.5

   
   

C99-18 0.00 4.57 4.57 no core recovered 

 4.57 8.00 3.43 35   

 8.00 12.00 4.00 320   

 12.00 80.00 68.00 427  725 49 0.1

 80.00 130.00 50.00 178   

Paloma 130.00 249.02 119.02 1183 1.00 1051 88 0.2
   
   

C99-20 0.00 7.12 7.12 no core recovered 

 7.12 22.00 14.88 88   

 22.00 34.00 12.00 358   

Paloma 34.00 48.00 14.00 787 0.69 370 14 0.6
Paloma 48.00 100.00 52.00 511 0.53 625 23 0.5
Paloma 100.00 108.00 8.00 539 0.50 306 42 0.2

 108.00 331.32 223.32             hole outside Odin's concession 

   
   

C99-21 0.00 12.03 12.03 no core recovered 

Trinchera 12.03 24.00 11.97 469 0.43 1027 7 0.4

Trinchera 24.00 38.00 14.00 134 0.18 216 4 0.1

Trinchera 38.00 62.00 24.00 914 0.82 994 22 0.4
Trinchera 62.00 70.00 8.00 145 0.20 216 14 <0.1

Trinchera 70.00 84.00 14.00 1563 1.45 1352 36 0.4
 84.00 130.00 46.00 436 0.43 530 29 0.1

 130.00 232.00 102.00 145   

 232.00 346.00 114.00 45   

 346.00 431.90 85.90             hole outside Odin's concession 
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  Table 6  BOREHOLE INTERSECTIONS continued 
            (after Newmont,2001, data files)  

HOLE INTERSECTION (metres) ppb  Au ppm  Au ppm  Cu ppm  Mo ppm  Ag
Mineralized From To Length 30 g FAA Blaster  

Zone   
C00-24 0.00 132.00 132.00             hole outside Odin's concession 

Trinchera 132.00 138.00 6.00 1201 0.93 3442 27 1.3
Trinchera 138.00 150.00 12.00 597 0.63 3209 27 1.9

 150.00 198.00 48.00 361   

no name 198.00 206.00 8.00 1111 1.15  

 206.00 258.00 52.00 313   

no name 258.00 260.00 2.00 3182   

 260.00 270.76 10.76 108   

    

   
C00-27 0.00 12.19 12.19 no core recovered 

no name 12.19 30.00 17.81 662   

 30.00 46.00 16.00 140   

 46.00 66.00 20.00 416   

 66.00 106.00 40.00 170   

 106.00 136.00 30.00 312   

Paloma 136.00 210.00 74.00 531   

Paloma 210.00 224.00 14.00 299   

Paloma 224.00 260.00 36.00 563   

 260.00 278.00 18.00 403   

 278.00 284.38 6.38 149   

    

   
C00-28 0.00 1.81 1.81 no core recovered 

Trinchera 1.81 70.00 68.19 123   

 70.00 285.90 215.90             hole outside Odin's concession 

   
 Colour coding for 30 g FAA Au >1000ppb  
  values 500-999 ppb  
  250-499 ppb  
  0-149 ppb 

 
 
The generalized, intersection-length weighted average grades for the Trinchera and 
Paloma mineralized zones are given in Table 7.  They indicate distinct differences in 
both gold and copper grades between the two zones. Molybdenum may be of some 
economic interest locally, but the silver values are very low and generally less than 
the corresponding gold values. 
 

 
 Au Cu Mo Ag 
 g/t % Ppm g/t 
  

Trinchera 1.1 0.18 50 0.6 
     

Paloma 0.8 0.09 40 0.3 
     

 
Table 7  Indicative grades for the Trinchera and Paloma zones of mineralization 
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Figure 24 shows the close correlation between the gold values obtained by the 
“blaster” and standard techniques for the intersections listed in Table 6. This result 
suggests that, although the spread about the regression line is much higher when 
individual sample values area concerned (Fig 25), the expensive “blaster” analysis 
might not be warranted except where the results from individual samples are critical, 
especially if a 50 g charge is used instead of a 30 g charge for the standard analysis 
and all samples returning results over 1000 ppb  (1 g/t) are re-analysed on a routine 
basis.  
 
 
 

 
Fig 24  Plot of  “blaster” gold (g/t) versus standard gold (ppb) results  

for the intersections of Table 6 
 
 

 
 

Fig 25  Plot of  “blaster” gold (g/t) versus standard gold (ppb) results 
 for individual 2 m core samples 
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Figure 26 indicates that the gold in the coarse (+150 mesh or + 105 micron) fraction is 
less than 4 % of the total gold present in about half the samples and less than 12 % in 
most of the others. This is considered to provide further evidence in favour of the 
routine use of the standard gold analysis in place of the “blaster” analysis.  

 
 

 
 

Fig 26   Gold in the coarse (+150 mesh) fraction as a percentage of total gold for core 
samples analysed by the “blaster” technique 

 
 

The positive correlation expected in the intersections between gold and copper is 
emphasized in Figure 27. This figure also indicates the possible presence of a high 
copper population where gold may not correlate with copper. 
 
 
 

 
 

Fig 27  Plot of copper (ppm) versus standard gold (ppb)   
for the intersections of Table 6 
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11.  SAMPLING METHOD AND APPROACH 
 
Stream sediment sampling (Odin) 
The stream sediment sampling procedures, analytical techniques and method of 
anomaly definition used during Odin’s regional reconnaissance programme in 1992 
are described in detail in the final report on the programme prepared by Ing A 
Carvajal in 1993. Details are not given here. They are now of historical interest only 
as the objective of defining areas of potential mineralization was obviously 
successfully achieved. 
 
Rock sampling (Odin and Newmont/El Joven joint venture) 
Odin carried out a minor amount of rock sampling in the area during the regional 
reconnaissance program of 1992 (Carvajal, 1993). However, it was not until February 
1996 that Newmont started rock chip sampling in the Cangrejos area (Mayor and 
Soria, 2000). This sampling was conducted on an opportunistic basis where outcrop 
was naturally available. This was generally along stream courses as reflected by the 
distribution along sinuous lines of many of the sampling points in Figures 21 and 22.  
 
Soil sampling (Newmont/El Joven joint venture) 
Following an orientation survey in late 1997, soil samples were systematically taken 
at a nominal depth of 40 cm (Mayor and Soria, 2000) on a 100 m x 100 m square grid 
in the Trinchera – Paloma and adjacent areas and, later, on a 200 m x 100 m, north-
south elongated, rectangular grid in the Dos Bocas and Valarezo areas (Figs 15-20). 
Eventually, most of the Cangrejos property was covered by a 400 m x 100 m, north-
south elongated grid. These are relatively coarse grids, but they are appropriate for the 
exploration of large scale, porphyry-type systems. 
 
The possibility of transported soils was recognized, but the problem was considered to 
be of only local importance. In general, the patterns in the results produced were 
considered to reflect the known bedrock geology and mineralization (Mayor and 
Soria, 2000) 
 
Pit sampling (Newmont/El Joven joint venture) 
Newmont carried out a pits-to-bedrock program on the soil sampling same grids (Figs 
21 and 22) to confirm the results of the soil sampling program.  
 
The program consisted of hand-dug pits, 1m in size, extended to the saprolite/bedrock 
contact. A sample was cut from channels dug in the floor of each pit. Some pits are 
reported to have clearly not reached the saprolite/bedrock contact due to abnormally 
deep saprolite and this fact was noted on the sample description (not available in the 
information package) (Mayor and Soria, 2000). 
 
Mayor and Soria (2000) concluded that: “In general, the assay results from the pits-to-
bedrock program confirm the validity of the soil samples as representative of the 
underlying bedrock.” 
 
Core Sampling (Newmont/El Joven joint venture) 
As a matter of course all core was cut in half by diamond saw and sampled in standard 
2 m lengths (Mayor and Soria, 2000) irrespective of variation in rock type, structure, 
hydrothermal alteration or mineralization.  One half of the core was sent for sample 
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preparation and analysis and the other half was retained at the base camp near Valle 
Hermosa for reference purposes.  
 
The use of a 2 m standard sample length is appropriate for deposits of finely 
disseminated mineralization where long mineralized intersections are to be expected.  
The long lengths of the intersections listed in Table 6 confirm the suitability of the use 
of such a sample interval for the cores from the Cangrejos property.  
 
Personal observation of the core from holes C99-14 and C00-18 indicate that the rock 
is generally fairly solid even where it has been subjected to intense, pervasive 
hydrothermal alteration. Consequently, it is expected that the samples obtained were 
not unduly biased by significant core losses either during the drilling or cutting 
processes. 
 
In their project summary Mayor and Soria (2000) specifically state that cores were 
logged for rock quality and that specific gravity measurements were made. This 
information has not yet been found. 
 
From my site visit it is clear that some half cores have been re-cut, presumably to 
provide material for check analyses, leaving only quarter core.   
 
 
 
12.  SAMPLE PREPARATION, ANALYSES AND SECURITY 
 
This section describes the procedures followed by Newmont as operator of the El 
Joven joint venture. These procedures are appropriate to the type of samples involved. 
 
The results of Odin’s regional reconnaissance programme (Carvajal, 1993) have little 
impact on the contents of this report. Consequently, the procedures are not described.   
 
Newmont sent all their field samples to the Bondar Clegg sample preparation facility 
in Quito for preparation. From there approximately 100 grams of pulp for each sample 
were air freighted to the Bondar Clegg laboratory (now absorbed by ALS-Chemex) in 
Vancouver, for analysis.  
 
There is no record of any special steps to monitor the security of the samples during 
transport either between the field and Quito, or between Quito and Vancouver. 
However, Newmont did insert their own standards at 25 sample intervals as a control 
on analytical quality (Mayor and Soria, 2000) 
 
Norcross (2004) states that, according to ALS-Chemex records, Bondar Clegg was 
issued with ISO 9002:1994 certification on 1 May 1998 and that this was renewed on 
4 May 2001. 
 
Rock and pit samples  
In their project summary Mayor and Soria (2000) do not describe the preparation of 
rock and pit samples taken during the joint venture. However, it is expected that the 
sample preparation procedure was much the same as the standard procedure for core 
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samples described below: namely dry, crush to about 2mm, split out 250 grams, 
pulverize and dispatch about 100 grams of pulp for analysis.   
 
According to the analytical sheets, gold was analysed by standard fire assay on a 30 
gram charge with an atomic absorption finish giving a nominal 5 ppb Au detection 
limit. The pulps were also routinely analysed for 34 other elements (including Ag, Cu, 
Mo, Pb, Zn, and As) using an aqua regia extraction and a standard multi-element ICP 
package.  
 
Soil samples  
Mayor and Soria (2000) do not describe the preparation of the soil samples. They 
could either have been sieved at  –80 mesh (-180 microns) or pulverized in the same 
way as rocks or core. My experience in this type of tropically weathered, mountainous 
terrain in Ecuador indicates that either technique will give usable results, although 
occasional isolated high values may be expected when larger gold grains are 
encountered.   
 
According to the analytical sheets, the pulps from the soils were analysed for gold by 
standard fire assay on a 30 g charge with an atomic absorption finish with a nominal 5 
ppb Au detection limit. The pulps were also routinely analysed for 34 other elements 
(including Ag, Cu, Mo, Pb, Zn, and As) using an aqua regia extraction and a standard 
multi-element ICP package. 
 
Core Samples 
a)  Standard sample preparation and analysis for gold 
Mayor and Soria (2000) state that each 2 m sample of half core was dried, crushed to 
a nominal – 10 mesh (ca 2mm), then 250 g of chips were split out and pulverized. A 
sub-sample of the pulp was then sent for analysis for gold by standard fire assay on a 
30 g charge with an atomic absorption finish with a nominal 5 ppb Au detection limit. 
Because of concerns about possible reproducibility problems in the gold values 
resulting from the presence of coarse gold, the coarse crusher rejects for all samples 
with results greater than 0.5 g/t were reassayed using the “blaster” total sample 
preparation technique described below. 
 
b)  “Blaster” sample preparation and analysis for gold 
Mayor and Soria (2000) state that this method was developed for samples containing 
coarse gold. The crusher rejects from the standard sample preparation of each 2 m 
sample found to contain more than 0.5 g/t were pulverized to a nominal – 150 mesh. 
(-105 microns). The pulp was sieved into a + 150 mesh fraction (usually about 25 g) 
and a –150 mesh fraction (usually about 5 kg). The coarse fraction was weighed and 
analysed in its entirety for gold by fire assay with a 0.2 ppm detection limit. The fine 
fraction was also weighed and two or three 30 gm splits analysed by fire assay with an 
atomic absorption finish (0.03 ppm detection limit). The average of the results was 
accepted as the value for the fine fraction. However, the assay sheets only show one 
value for the gold for the fine fraction. This presumably represents the average of the 
two or three individual values actually measured. The sheets do not show the 
individual values themselves.  The final assay result was determined by taking the 
mass weighted average of the results from the coarse and fine fractions.  
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c)  Analysis for Cu, Pb, Zn, Mo, Ag 
Pulps of all samples with gold values greater than 0.5 g/t Au were analysed for Cu, 
Pb, Zn, Mo and Ag by Atomic Absorption following a multi-acid digestion (HF-
HNO3-HClO4-HCl) (Mayor and Soria, 2000). According to Bondar Clegg’s analytical 
sheets, this method gives the following nominal detection limits: - Cu 1 ppm, Pb 2 
ppm, Zn 1 ppm, Mo 1 ppm and Ag 0.1 ppm. This analysis is carried out on about  
0.5 grams of pulp. 
 
 
 
13.  DATA VERIFICATION 
 
Odin arranged two reviews, with field visits, of progress at Cangrejos while the El 
Joven joint venture was in progress. These are described briefly below before a more 
detailed description is given on the checks carried out during the preparation of this 
report including a special sub-section on the quality of the analytical work.  
 
July 1998  
At the end of my period as Chief Geologist of Odin in Ecuador, and eight months 
before the start of the drilling programme, I made a 2-day visit to the property to 
review progress. I took seven check samples and prepared a written report (Potter, 
1998). The results of the check sampling are given in Appendix 3.  These results are 
considered to be compatible with the results obtained by Newmont up to that time. 
 
Early 2000 
After the completion of the 1999 drilling campaign, Odin engaged Mr Henry Awmack 
of Equity Engineering, Vancouver, Canada, to review the Cangrejos project and to 
provide advise on possible outcomes of the work then in progress. This review 
covered both the area of the Cangrejos property and the adjacent properties that were 
under option to the El Joven joint venture at the time. As part of this review Mr 
Awmack spent four days on site (14-17 February) in the company of Mr J N Mayor, 
Newmont’s manager in Ecuador, the project’s geologists and technical staff.  His 
observations and conclusions are summarized in a series of memos dated between 
February and May 2004 (Awmack, 2000). 
 
The first version of the project review by Mayor and Soria (2000) referred to 
extensively in previous sections was written ahead of this visit. 
 
As part of the review process at this time, Odin also commissioned a scoping study of 
conceptual open-pit mining scenarios from AGRA Simmons, Vancouver, Canada 
(AGRA Simmons, 2000). 
 
Early 2004 
During the preparation of this report I spent almost two months in Ecuador reviewing 
the material on the Cangrejos property contained in Newmont’s information package. 
I visited the Cangrejos property between 25 and 31 January 2004 in the company of 
Mr Colin Sinclair, a senior geological consultant based in Australia and retained by 
Odin to advise on broader aspects of regional exploration (Sinclair, 2004) than 
covered by this report.  
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Newmont’s information package was found to consist of an un-indexed series of 
working plans, summary borehole logs and draft geological sections with supporting 
information on three compact discs. There was no formal exit report and the written 
documentation was confined to a file of monthly reports, each of one or two pages, 
and a short project summary prepared in 2000 (Mayor and Soria, 2000). However, 
two meetings with Ing Francisco Soria, ex-project geologist for Newmont on the El 
Joven joint venture were very helpful in filling in some of the gaps in the information 
package. Unfortunately, because of fieldwork commitments, he was available only for 
a limited time. However, he did arrange for a knowledgeable, but non-technical, guide 
to accompany my field visit. 
 
The exploration history and results reconstructed from the information package were 
found to be internally consistent and credible. The following specific checks were 
made to test the overall accuracy of the information. 
 

• With Newmont’s authorization, ALS-Chemex (the successor of Bondar Clegg) 
in Vancouver, Canada, re-issued to Odin paper and electronic copies of all the 
analytical reports covering the work on the core samples from the holes drilled 
on Odin’s Cangrejos property and selected reports for soil and rock samples 
from each of the main geochemical anomalies. All the results for holes C99-
03, 14, 18 and C00-27 were checked in detail against the spreadsheets in 
Newmont’s data package and found to agree.  The quality control information 
contained in the reports is discussed under the next sub-heading, “Analytical 
quality”.  
 

• The soil sample, rock and pit sample results, where available, were re-plotted 
from the data files on the CDs and checked against the corresponding draft 
plans in the information package. The soil sample information was found to be 
almost complete, except for a relatively small area to the south of Mina Bravo 
(Figs 15-20). However, much of the pit data for the Cangrejos East grid, and 
all the pit data for the Cangrejos South, Dos Bocas, Valarezo, Cangrejos West 
and Bravo grids could not be found on the CDs. (It is noted that the CDs 
contain many sample values without coordinates and that the draft pit plans 
contain no sample numbers. Consequently, the missing data may be present, 
but not cross-referenced in its present form.)  

 
• The physical presence of the cores listed in Table 6 in the core-yard at Valle 

Hermosa was confirmed. 
 

• Hole C99-18 was examined in detail to confirm the types of lithology, 
hydrothermal alteration and mineralization present. Hole C99-14 was 
examined very briefly.  

 
• As a check on the analytical results, five 2m core samples were taken from 

hole C99-18 and sent for sample preparation at the ALS-Chemex facility in 
Quito followed by check analysis (using a 50 gm charge for gold) at the ALS-
Chemex laboratory in Vancouver. The results are in close agreement with 
those reported by Newmont (Appendix 3B). This outcome is reassuring, but it 
obviously does not provide a comprehensive check on Newmont’s results. 
That would require a major resampling programme.  
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• The Trinchera-Paloma area (Figs 10 and 12) was visited and several borehole 
collars located and the coordinates checked by GPS. The results are given in 
Appendix 4.  Within the limits of accuracy of the GPS, the results are in 
agreement with those reported by Newmont. 

 
• The northern limit of the Dos Bocas area (Figs 10 and 15) was visited and 

three samples (MP/E 1702-1704) were taken from outcrops along the ridge 
crest.  The value of 1.34 g/t gold obtained from sample MP/E 1703 (Appendix 
3B) is considered particularly encouraging as to the potential of this area.  

 
 
Analytical quality 
The reference numbers for the re-issued reports are listed in Appendix 5. These 
reports cover the results from all the core samples taken from the Cangrejos property 
and representative batches of rock and soil samples selected to cover each of the main 
anomaly areas. These re-issued reports provide details on the results of the analyses of 
Bondar Clegg’s internal control standards and on the analyses of duplicates, both 
those undertaken routinely by Bondar Clegg and those submitted by Newmont. 
 
a)  Results from Bondar Clegg standards 
Table 8 presents the result of an analysis of all Bondar Clegg’s internal standards 
included in the reports listed in Appendix 5. The number of results outside a 5% 
channel around the accepted value is rather high. However, hardly any results are 
more than 10% away from the accepted values. Depending on the nature of the 
internal checks this might be expected for gold where the particulate nature of the 
gold might give rise to “noisy” results. However, it is rather surprising in the results 
for copper where more homogeneity would be expected. Nevertheless, the copper 
standards used only go up to 300 ppm and hardly enter the range of values of interest 
(250 ppm – 5000 ppm) at Cangrejos.  
 
b)  Results from Newmont standards 
Figure 28 gives standard gold results for selected examples of Newmont’s own 
standards inserted into batches of core samples. Details of the nature of the standards 
and the accepted values are not known.  However, the plot suggests that the value of 
all of them was about 1200 ppb. Some results vary by more than 200 ppb from the 
1200 ppb value. However, without knowing the composition of the samples, this 
fluctuation might be due to the presence of particulate gold.  Some of these standards 
were also analysed for Cu, Mo, Pb, Zn, Ag; but too few results have been found so far 
to provide any effective routine quality control.  No information is available on 
standards that Newmont may have included with the rock or soil sample batches. 
 
c)  Precision:  gold and copper results from core samples 
As there are more than 50 duplicates from the standard and “blaster” analysis for gold 
and for the atomic absorption analysis for copper the analytical precision and effective 
detection limit can be estimated using method 1 of Thompson and Howarth (1978). 
The results are summarized in Table 9 and the plots used to produce the estimates are 
given in Appendix 6. 
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sample batches samples Blank ca 200 ppb ca 400 ppb Ca 1000 ppb ca 1500 ppb ca 2800 ppb ca 6500ppb
Type   no. +/- 5% No. +/- 5% no. +/- 5% No. +/- 5% no. +/- 5% no. +/- 5% no. +/- 5% 
A.  STANDARD (30 FAA) GOLD              
Rock 4 297 10 90% 4 50% 2 50% 2 100% 2 100% 2 100%    
        (Nb. 1  rock batch has no record of gold standards being used) 
Soil 5 663 35 97% 7 43% 4 75% 7 71% 7 100%      
                   
Core 16 1973 97 98% 19 79% 22 100% 18 83% 2 100% 20 95% 12 83%
                   
Sample batches samples Blank Ca 0.2 g/t Ca 0.5 g/t ca 1.0 g/t Ca 1.5 g/t Ca 2.8 g/t ca 6.5 g/t 
Type   no. +/- 5% No. +/- 5% no. +/- 5% no. +/- 5% no. +/- 5% no. +/- 5% no. +/- 5% 
B.  BLASTER GOLD                
Core 11 859 45 100% 11 100% 9 100% 8 100% 1 100% 25 80% 27 85%
                                  
Sample batches samples Blank Ca 35 ppm ca 65 ppm Ca 100 ppm ca 150 ppm ca 300 ppm   
Type   no. +/- 5% No. +/- 5% No. +/- 5% no. +/- 5% no. +/- 5% no. +/- 5%     
C.  ICP (inductively coupled plasma) COPPER           
Rock 4 297 10 100% 1 0% 1 100% 2 50% 4 50% 3 67%    
                   
Soil 5 663 21 100% 6 83% 3 67% 5 0% 5 20%      
                   
D. AA (atomic absorption) COPPER             
Core 17 1042 36 86% 8 50% 8 62% 10 50% 10 100%      
                                  

 
 

Table 8  Analysis of gold and copper results for Bondar Clegg  standards 
 
 
 
 

 
 

Fig 28  Plot of standard gold (ppb) results for selected Newmont standards 
included with core samples 
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 Number   empirical empirical
ELEMENT Analysis type Units Duplicate So k precision detection

   Pairs    limit 
      

GOLD standard ppb 195 14 0.088 18% 34 
 (30 g fire assay) (= 0.001 g/t)      
        

GOLD "blaster" g/t 85 -0.01 0.094 19% -0.02 
 (5 kg screen fire assay) (= ppm = 1000 ppb)      
        

COPPER atomic absorption ppm 63 2.3 0.009 2% 10 
 (after 4 acid digestion) (= x 0.0001%)      
   

So and k are factors determined from the plots in Appendix 6-A,B,C   
The empirical precision is that applicable away from the detection limit and is approximately equal to 2So as a percentage 
The empirical detection limit is equal to 2So/(1-2k) (Thompson and Howarth, 1978)   

 
Table 9   Precision and detection limits for gold and copper analysis of cores             

       as determined from Thompson and Howarth (1978) method 1 plots (Appendix 6) 
 
These results are much as to be expected and are appropriate for use on the Cangrejos 
property. Analysis for gold often gives poorer precision (higher percentage figure) 
than analysis for base metals, in this case copper, because of its particulate nature.  
 
The precision obtained for gold from both the standard and “blaster” techniques are 
very similar, though the spread of points about the corresponding regression lines 
(Appendix 6-A, B) is much greater for standard gold values than for “blaster” gold 
values. This supports the suggestion made at the end of section 10 that the standard 
method of gold analysis may be adequate at Cangrejos.  
 
The negative detection limit of –0.02 g/t gold obtained from the Thompson and 
Howarth (1978) plot for the “blaster” duplicates is unusual. Normally the detection 
limit obtained empirically from such a plot is greater than the nominal detection limit 
(in this case 0.03 g/t). This observation may be indicative of a systematic 
underestimation of gold values determined by the “blaster” technique of 0.05 g/t. This 
would be equivalent to 5% of the targeted grade of 1 g/t of the mineralization being 
sought at Cangrejos.  
 
c)  Precision:  gold and copper results from rock and soil samples 
There are insufficient duplicate pairs (<50) for the rock and soil samples to use  
Thompson and Howarth’s (1978) method 1. Consequently, method 2 has to be used.  
This requires assumptions to be made as to the detection limits and precision levels to 
be used in constructing the appropriate control lines. Detection limits of 34 ppb for 
(standard) gold and 10 ppm for copper and a precision of 2% for copper as determined 
above for the core samples have been used. A precision level of 10% has been used 
for gold as the duplicate results for the soils and rocks obtained seem to be much 
better than the near 20% obtained for the cores. The control plots are given in 
Appendix 6-D,E,F,G.  The plots suggest that in some cases the precision and detection 
limits may be better than those assumed in constructing the control lines. 
 
These levels of precision and detection limits are appropriate for use on the Cangrejos 
property. 
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14.  ADJACENT PROPERTIES 
 
In 1999 Newmont drilled a total of 22 holes on behalf of the El Joven joint venture. 
All the holes not drilled into the Trinchera and Paloma mineralized zones on the 
Cangrejos property (Fig 12) were drilled on the property almost surrounded by the 
Cangrejos property. Odin does not now control this property, but at the time of 
drilling Newmont, as operator of the El Joven joint venture, held an option over this 
property (Fig 6C). Odin announced summarized results of all 22 holes in three press 
releases in 1999 and 2000 (Odin, 1999a, 1999b, 2000).  
 
In 2000 Newmont drilled another seven holes. Of those holes not drilled into the 
Trinchera and Paloma mineralized zones on the Cangrejos property (Fig 12), one was 
drilled on the property to the east of the Cangrejos property and the others were 
drilled on the property almost surrounded by the Cangrejos property. Odin does not 
now control either of the properties, but at the time of drilling Newmont, as operator 
of the El Joven joint venture, held options over both properties (Fig 6C). The results 
of this drilling were never released.  
 
 
 
15.  MINERAL PROCESSING AND METALLURGICAL TESTING 
  
Newmont apparently did not carry out metallurgical tests on any material from the 
Cangrejos property. However, they did carry out exploratory metallurgical studies on 
cores from the adjacent property. These are not from extensions of either the 
Trinchera or Paloma mineralized zones but they do have broadly similar 
characteristics to the mineralization in these zones. The most significant conclusions 
from this preliminary work as presented in the summary project summary of Mayor 
and Soria (2000) are considered to be the following: -  

 
• kinetic data for Au and Cu show very good flotation characteristics 
• this is not a typical heap leach project 
• bio-oxidation pre-treatment is not applicable  

 
 
 

16.  MINERAL RESOURCE AND MINERAL RESERVE ESTIMATES 
  

Significant mineralized intersections have been made on the Trinchera and Paloma 
mineralized zones and the generally north-easterly strike of the two zones defined. 
However, additional drilling is needed to define the vertical profile of the 
mineralization before a formal mineral resource estimate can be made.  
 
Once a formal mineral resource has been estimated and classified as belonging to the 
indicated category as a minimum, then a technical, legal, environmental and economic 
analysis will be required to demonstrate financial viability before a mineral reserve 
can be estimated.  
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17.  OTHER RELEVANT DATA AND INFORMATION 
 
 
Scoping Studies 
Scoping studies by Newmont (2001a) and AGRA Simmons (2000) agree that with 
average grades probably around 1 g/t Au and 0.1% Cu, any economically viable, 
mining project will need to involve a large scale (5-15 Mt/yr) open-pit based on a 
reserve of several hundred million tonnes. The scoping studies agree that the 
mineralization at Cangrejos is unsuitable for heap leaching and will require crushing 
and milling before metal recovery. AGRA Simmons (2000) consider that the flotation 
of a gold-rich copper sulphide concentrate for export to a foreign smelter may be 
particularly attractive in environmental terms in view of the presence of extensive 
banana plantations and shrimp farms downstream from the property.  
 
Such large-scale, low-grade mines are now in operation or planned at various sites 
throughout the world including Cadia Hill, Australia (Porter, 1998), Cerro Casale, 
Chile (Wong, 2000), Fort Knox, Alaska (Bakke et al, 1998) and Troilus, Canada 
(AGRA Simmons, 2000).  The Gaby –Papa Grande prospect, 50 km to the north of 
Cangrejos, is a local example of a similar property that reached the prefeasibility stage 
(EMC, 1997).  
 
 
Target definition 
Table 10 lists the approximate areas of the principal soil anomalies as defined by the 
100 ppb gold contour. It is clear that the anomalies have different geochemical 
signatures with respect to the other elements associated with the gold. These 
differences in geochemical associations in the soils probably reflect differences in the 
underlying mineralization, and these differences may relate to different metallurgical 
characteristics. 
 
Table 11 lists the conceptual size of specific targets currently identified with the 
principal soil anomalies given in Table 10.  The specific targets are generally based on 
areas of +250 ppb Au in soils within the larger +100 ppb Au anomalies. The lengths 
of the targeted zones are taken as equal to the length of the soil anomaly, or, in the 
case of a discontinuous anomaly, the target zone are assigned some length less than 
the total length of the anomaly. Where the widths of the targeted anomalies are 
comparable to those over the Trinchera –Paloma mineralized zones it is assumed that 
any underlying mineralization will have a width of 100 m. Where the widths of the 
targeted anomalies is less than those over the Trinchera-Paloma mineralized zones it 
is assumed that any underlying mineralization will have a width of 50 m. The location 
of the proposed targets and the planned boreholes are given in Figure 29. 
 
The alignment of the principal anomalies suggests a strong structural control to the 
inferred mineralization by linear faults or fractures. However at Dos Bocas, although 
the main gold anomaly forms a strong linear (Figs 15, 29), the distribution of the 
minor anomalies may be indicative of the presence of an annular, porphyry-style, ore-
shell (Lowell and Guilbert 1970) 
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ANOMALY Area  Element Association Notes 
 (ha) Main minor   

SOUTHERN SLOPE OF CERRO AZUL RIDGE   
Cangrejos  East 50 Au + Cu Mo 
Cangrejos South 35 Au  As 
Cangrejos West 15 Au + Cu Mo 
Cangrejos Chico 30 Au As 
Cangrejos Segundo 5 Au  

             drilled in part 
 
 
             poorly defined
             poorly defined

NORTHERN SLOPE OF CERRO AZUL RIDGE     
Valarezo 25 Au +As     
Dos Bocas 100 Au  Cu   

Total  Area = 260 hectares  
 
 

Table 10  Approximate size and associated elements for the main gold anomalies 
(>100 ppb Au) in soils 

 
 
 
ANOMALY                           PROPOSED 
Named targets  length breadth area depth density mass Au Cu SCOUT DRILLING
   (m) (m) (ha) (m) (t/m3) (Mt) g/t % number (m) 
              
SOUTH SLOPE OF CERRO AZUL RIDGE      
         
CANGREJOS EAST          
Trinchera  600 100 6 200 2.6 30 1.1 0.18 none none
Paloma  400 80 3 200 2.6 15 0.8 0.09 none none
Gran Bestia Este  200 100 2 200 2.6 10 ? ? 1 250 
Cangrejos Este (part)  600 50 3 200 2.6 15 ? ? 2 500 
              
CANGREJOS SOUTH           
Cangrejos Sur A (part)  500 50 3 200 2.6 15 ? ? 1 500 
Cangrejos Sur B (part)  600 50 3 200 2.6 15 ? ? 2 250 
              
OTHER            
Cangrejos Oeste  200 50 1  200 2.6 5 ? ? none none
Cangrejos Alcivar  200 50 1 200 2.6 5 ? ? 1 250 
Cangrejos Chico(part)  500 50 3 200 2.6 15 ? ? 1 250 
Cangrejos Segundo  400 50 2 200 2.6 10 ? ? 2 500 
            
NORTH SLOPE OF CERRO AZUL RIDGE      
              
VALAREZO  400 50 2 200 2.6 10 ? ? 2 500 
              
DOS BOCAS  1800 100 18 200 2.6 95 ? ? 8 2000

            
TOTALS      47     240 ? ? 20 5000
      Conceptual grade range for individual targets = 0.5-1.5 g/t Au + 0.0-0.2%Cu                               
 

Table 11  Conceptual potential of targets within the main anomalies 
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Fig 29  Location of proposed drill holes 
 
It is not intended that the values presented in Table 11 be taken as indicative of the 
outcome of any future of resource or reserve estimate. These figures are conceptual 
and are presented in combination with Table 10 to illustrate the following points:- 
 

• There is a reasonable expectation of eventually locating the several hundred 
millions of tonnes of mineralized ground indicated by the scoping studies as 
being necessary to support a viable, large-scale, low-grade, open-pit mining 
and milling operation.   However, within the limits of the Cangrejos property 
this result is probably only achievable by combining the potential of a number 
of areas scattered across the property. The Cangrejos East anomaly containing 
the partly drilled Trinchera and Paloma mineralized zones and the un-drilled 
Dos Bocas anomaly are expected to be the areas for locating the greatest 
tonnages. 

 
• The style of mineralization, and consequently, the applicable metallurgy 

extraction technique may differ from area to area. Where copper is present the 
flotation route favoured by the AGRA Simmons (2000) is probably applicable. 
Where copper is absent other recovery methods may have to be considered. 
The presence of arsenic, as at Valarezo, may indicate a local requirement to 
cope with metallurgically difficult mineralization. 
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• The footprint of the hypothesized mineralized zones within the anomalies 
amounts to 18% of the combined area of the anomalies. Although this may 
represent the most prospective 18% of the total anomalous area, considerable 
room is still available for future exploration success to compensate for the 
inevitable disappointment to be expected when the results of drilling on some 
of the specified targets fail to meet expectations.  

 
It is currently assumed that all the gold mineralization being targeted has a grade 
about 1 g/t.   The intersection of 3 g/t over a borehole width of 46 m (perhaps about 
30 m true width) in hole C99-14 indicates that there is potential for higher grade 
material.  The discovery of several pods of a few million tonnes each at this higher 
grade would have a favourable impact on the perception of project by providing 
material for a higher grade starter pit. 
 
 
Logistics and future exploration 
The lack of roads within the area and the presence of the Cerro Azul ridge demand 
that from the logistical viewpoint exploration in the near term be carried out as two 
discrete sub-projects. 
 
The Southern Slope sub-project would deal with the anomalies on the south side of 
the Cerro Azul ridge. This sub-project would be accessed from Machala via Santa 
Rosa and the paved road along the Rio Caluguro through Bella Maria (Fig 3) and 
would make use of the accommodation, logging shed and storage facilities still 
available at Newmont’s old camp to the east of Valle Hermoso. 
 
The Northern Slope sub-project would deal with the Dos Bocas and Valarezo 
anomalies on the northern side of the Cerro Azul ridge. This sub-project would be 
accessed from Machala via Pasaje and the gravel road along the Rio San Agustin to 
Vega Rivera (Fig 3). This sub-project would require the establishment of a completely 
new camp in the vicinity of Vega Rivera. 
 
For the initial scout hole programme the location of the drill rig from the road head 
into each target area would probably have to be done by helicopter (probably brought 
from Guayaquil) with local moves between each site in a given target area done 
manually using large teams of local workmen (the same method used by Newmont). 
Mule trains would be used to transport supplies to the drilling sites and to transport 
core out. Only at Cangrejos Segundo (Fig 29) is there a reasonable expectation of 
reaching the target by vehicle (although the situation at Cangrejos Chico and Valarezo 
needs to be investigated). Certainly Dos Bocas and the anomalies Cangrejos East, 
South and West area will not have vehicular access in the near term.  
 
It is advisable that any drilling be done in the dry season between July and December, 
as the constant mist, drizzle and mud of the wet season will slow down progress and 
lead to a marked increase in costs.  
 
Figure 30 presents a preliminary chronogram and budget for the drilling of the 20 
scout diamond drilling holes (5000 m) indicated in Table 11 and Figure 29. The plan 
assumes that only one diamond drill will be available, and the project cost includes 
the re-establishment of Odin’s organizational infrastructure in Ecuador.  The budget is 
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costed in US$ as this is the legal currency of Ecuador. Currently (March 2004), for 
budgeting purposes, an exchange rate of US$ 1 = CN$ 1.25 can be used for 
converting the budgeted costs from US dollars into Canadian dollars.  
 
 
CHRONOGRAM (months) 1 2 3 4 5 6 7 8 9 10 

     
administration, direction+control     
office set up    
camp set up     
gridding + topography     
check geochem:  fieldwork      

               analysis     
helicopter lifts       
diamond drilling     
core cutting + analysis     
interp. + reporting     

    
CUMULATIVE BUDGET (US$) 214 264 347 604 895 964 1214 1496 1553 1594
administration, direction+control 25 25 25 25 25 25 25 25 25 25
field staff + support 16 16 16 16 16 16 16 16 16 16
office set up 10    
computers + software 26    
4 x vehicles 120    
camp set up 10 30    
gridding + topography 7 7 7 7    
check geochem:  fieldwork  2 2    
                            Analysis 12 12   
helicopter lifts 32 48  32 48 
diamond drilling 162 162  162 162 
core cutting + analysis 15 31 16 15 31 16
scoping study update 5    
EIS + environmental plan 5 5    
MONTHLY BUDGET (US$) 214 50 83 257 291 69 250 282 57 41
 
 

Fig 30  Proposed exploration chronogram and preliminary budget (US$) 
 
 
18.  INTERPRETATION AND CONCLUSIONS 
 
1. Nearly all the data available on the Cangrejos property comes from the information 
package provided by Newmont on withdrawal from the El Joven joint venture (Odin 
40% / Newmont 60%), for which it was the operator from 1994 to 2001. Sufficient 
information is available to permit an adequate representation of the bulk of the work, 
though specific shortcomings still remain with respect to the results of the pitting-to-
bedrock program, the geophysics and the survey control. 
 
 2. Odin’s Cangrejos property is highly prospective for porphyry gold-copper style 
mineralization with the potential for the discovery of several hundred million tonnes 
of mineralized ground with gold grades in the range 0.5-1.5 g/t and copper grades in 
the range 0.0-0.2%.  
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3. Diamond drilling by Newmont as operator of the joint venture has defined two 
substantial, north-easterly striking zones (Trinchera and Paloma) of copper-gold, 
sulphide bearing mineralization. Each zone is about 100 m wide and at least several 
hundred metres long. The mineralization is expected to continue to a vertical depth of 
at least 150 m below the surface. Using a 0.5 g/t cut-off, the grade of the Trinchera 
zone may average about 1.1 g/t gold with 0.18 % Cu, and the Paloma zone may 
average about 0.8 g/t Au with 0.09% Cu. 
  
4. The mineralization in these two zones consists of gold associated with low levels 
(1-2 volume percent) of fine-grained sulphides (mainly chalcopyrite) occurring as fine 
disseminations in the host rock and as somewhat coarser grains in sporadically 
developed multidirectional quartz veinlets. The host rock consists of highly brecciated 
and hydrothermally altered (propylitization, secondary biotite and silica flooding) 
quartz diorite and microporphyritic andesite intrusive into the quartz diorite. 
.  
5. The project area is favourably located at the foot of the Andes approximately 30 km 
south of the Machala (pop. 250 000), the capital of El Oro province and 40 km from 
the world’s largest banana exporting port at Puerto Bolivar. 
 
6. Scoping studies indicate that at grades of about 1 g/t gold and 0.1% copper, several 
hundred million tonnes of potential ore would have to be defined in order to support a 
large-scale (5-15 million tonnes per year) open-pit and mill with the production of a 
gold-copper-sulphide concentrate for export to a foreign smelter. However, these 
studies where undertaken when the gold price was under US$ 300/oz. With the gold 
price now standing at about US$ 400/oz these studies require revision.  

 
7. Potential exists on the Cangrejos property for locating the level of tonnage 
indicated by the scoping studies. However, achieving this tonnage will require the 
combination of material from several potential deposits scattered across the property.  
It is expected that the bulk of this potential would come from the partially drilled 
Paloma and Trinchera area on the southern slope of the Cerro Azul ridge and from the 
undrilled Dos Bocas anomaly on the northern slope of the ridge. 
 
 
19.  RECOMMENDATIONS 
 
The primary recommendation of this report is as follows:- 
 

To carry out a scout diamond-drilling programme comprising 20 holes each of 
250 m depth  (5000 m in total) to test the potential of various identified 
geochemical anomalies away from the partly tested Trinchera – Paloma area.  

 
Ten holes are planned for the northern slope of the Cerro Azul ridge. Eight 
holes are targeted on the major Dos Bocas anomaly and two holes on the 
Valarezo anomaly. 

 
Ten holes are planned for the southern slope of the Cerro Azul ridge. One or 
two holes are targeted on each of the Gran Bestia Este, Cangrejos Este, 
Cangrejos Sur A and B, Cangrejos Alcivar, Cangrejos Chico and Cangrejos 
Segundo anomalies.   
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Prior to the start of drilling, a programme of check soil sampling should be 
undertaken to confirm the location of the anomalies. 

 
The cost of the programme is estimated at approximately US$ 1.6 million 
(CN$ 2.0 million). With one machine it is anticipated that the drilling can be 
completed in about five months. However, the whole project may take ten 
months. 

 
The secondary recommendations are listed below: - 
 

1. The effort to recover more of the information that was available at the time of 
Newmont’s withdrawal from the El Joven joint venture should continue. 

 
2.  The AGRA Simmons scoping study should be updated 

 
3. The core should be re-logged and detailed petrographic studies undertaken in 

order to better characterize the style of mineralization and its relationship to 
the hydrothermal alteration, structure and original rock types 

 
4. In future base metal analysis should be carried out as a matter of routine at the 

same time as the gold analysis. 
 

5. Test work should be carried out to check if a satisfactory result is obtained by  
analysing the core for gold by the standard procedure but with a 50 g charge 
instead of a 30 gm charge and with duplicate analysis on all samples returning 
values greater than 1 g/t. If the test work is successful, the substitution of this 
analytical protocol for the “blaster” technique has the potential to deliver 
significant cost savings.  

 
 
Michael POTTER 
BA, MSc, DIC, MBA 
FGS, MAusIMM, MIMMM, CEng 
 
Encamp, Principat de Andorra 
27 May 2004 
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APPENDIX 1  
 
 

CANGREJOS PROPERTY CONCESSIONS 
COORDINATES OF CORNER POINTS 

 
 

LOS CANGREJOS (CODIGO No. 2847) 
(area = 3300 ha) 

VERTEX X Y SIDE METRES 
P.P 629,000 9,612,000 P.P - 1 2,500 
1 629,000 9,614,500 1  -  2 1,500 
2 627,500 9,614,500 2  - 3 3,500 
3 627,500 9,618,000 3  -  4 4,500 
4 632,000 9,618,000 4  -  5 2,000 
5 632,000 9,616,000 5  -  6 1,000 
6 631,000 9,616,000 6  -  7 3,000 
7 631,000 9,613,000 7  -  8 2,000 
8 633,000 9,613,000 8  -  9 5,000 
9 633,000 9,618,000 9  -  10 300 
10 633,300 9,618,000 10  -  11 900 
11 633,300 9,617,100 11  -  12 4,700 
12 638,000 9,617,100 12  -  13 900 
13 638,000 9,616,200 13  -  14 4,800 
14 633,200 9,616,200 14  -  15 1,900 
15 633,200 9,614,300 15  -  16 1,800 
16 635,000 9,614,300 16  -  17 2,800 
17 635,000 9,611,500 17  -  18 4,000 
18 631,000 9,611,500 18  -  19 500 
19 631,000 9,612,000 19  -  P.P. 2,000 

     
     

CANGREJOS UNO    (CODIGO No. 300071) 
(area = 10 ha) 

VERTEX X Y SIDE METRES 
P.P. 631,000 9,613,000 P.P. -1 100 

1 631,000 9,613,100 1 - 2 1000 
2 632,000 9,613,100 2 - 3 100 
3 632,000 9,613,000 3 - PP 1000 
     
     

CANGREJOS DOS    (CODIGO No. 300067) 
(area = 10 ha) 

VERTEX X Y SIDE METRES 
P.P. 632,000 9,613,000 P.P -1 100 

1 632,000 9,613,100 1 - 2 1000 
2 633,000 9,613,100 2 - 3 100 
3 633,000 9,613,000 3 - P.P. 1000 
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APPENDIX 1 continued 
 
 

CANGREJOS PROPERTY CONCESSIONS 
COORDINATES OF CORNER POINTS 

 
 

CANGREJOS CUATRO    (CODIGO No. 300183) 
(area = 286 ha) 

VERTEX X Y SIDE METRES 
P.P. 629,000 9,612,000 P.P –1 1,900 

1 627,100 9,612,000  1  -  2 1,400 
2 627,100 9,613,400  2  - 3 100 
3 627,000 9,613,400  3  -  4 100 
4 627,000 9,613,500  4  -  5 2,000 
5 629,000 9,613,500  5  -  P.P. 1,500 

     
     

CANGREJOS CINCO    (CODIGO No. 300185) 
(area = 195 ha) 

VERTEX X Y SIDE METRES 
P.P. 631,000 9,612,000 PP –1 500 

1 631,000 9,611,500 1 – 2 3900 
2 627,100 9,611,500 2 – 3 500 
3 627,100 9,612,000  3 - PP 3900 

     
     

ESTERO ZAPATO   (CODIGO No. 4112) 
(area = 600 ha) 

VERTEX X Y SIDE METRES 
P.P. 628,000 9,620,000 PP – 1 3,000 

1 631,000 9,620,000  1  - 2 2,000 
2 631,000 9,618,000  2  - 3 3,000 
3 628,000 9,618,000   3  - PP 2,000 

     
     

TADAO   (CODIGO No. 3350) 
(area = 355 ha) 

VERTEX X Y SIDE METRES 
P.P. 625,000 9,612,000 PP – 1 2,100 

1 627,100 9,612,000  1  -  2 500 
2 627,100 9,611,500  2  - 3 900 
3 628,000 9,611,500  3  -  4 500 
4 628,000 9,611,000  4  -  5 1,000 
5 627,000 9,611,000  5  -  6 1,000 
6 627,000 9,610,000  6  -  7 1,000 
7 626,000 9,610,000  7  -  8 1,000 
8 626,000 9,611,000  8  -  9 1,000 
9 625,000 9,611,000   9  -  PP 1,000 
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APPENDIX 2 
 
 

DIAMOND DRILL HOLE DATA 
 
 

A.  HOLES DRILLED WHOLLY OR IN PART ON CANGREJOS PROPERTY  
         
Target Hole ID Easting Northing Elevation Azimuth Inclination Depth Timing 
        (m)   (degrees) (m)   
Paloma C99-01 633230 9614360 873 270 -50 222 Phase 1
Trinchera C99-02 633200 9614200 838 270 -65 222 Phase 1
Trinchera C99-03 633220 9614000 815 270 -60 249 Phase 1
Paloma C99-13 633050 9614358 824 270 -50 172 Phase 2
Trinchera C99-14 633220 9614000 815 330 -50 222 Phase 2
Trinchera C99-15 633020 9614050 775 153 -50 322 Phase 3
Trinchera C99-17 633200 9614200 838 150 -45 301 Phase 3
Paloma C99-18 633200 9614450 852 270 -45 249 Phase 3
Paloma C99-20 633070 9614275 810 270 -50 331 Phase 3
Trinch. -Pal. C99-21 633110 9614000 788 330 -45 432 Phase 3
Trinchera C00-24 632958 9613940 758 150 -51 271 Phase  4
Paloma C00-27 633175 9614400 840 330 -45 284 Phase  4
Paloma C00-28 633425 9614260 930 330 -45 286 Phase  4
  Phase 1 16 Apr 99 - 16 May 99   Phase 3 04 Nov 99 - 13 Dec 99 
  Phase 2 21 Sep 99 - 25 Oct 99   Phase 4 11 Jun 00 - 14 Jul 00 
         
         
         
B.  LENGTH OF HOLES  WITHIN  CANGREJOS PROPERTY   
         
 Hole ID Start End Length   Observations   
   (m) (m) (m)         
 C99-01 0 222 222      
 C99-02 0 222 222      
 C99-03 0 249 249      
 C99-13 0 70 70 hole ends outside Cangrejos property 
 C99-14 0 222 222      
 C99-15 0 322 322      
 C99-17 0 301 301      
 C99-18 0 249 249      
 C99-20 0 108 108 hole ends outside Cangrejos property 
 C99-21 0 346 346 hole ends outside Cangrejos property 
 C00-24 132 271 139 hole starts outside Cangrejos property 
 C00-27 0 284 284      
 C00-28 0 70 70 hole ends outside Cangrejos property 
           Total length = 2803 metres    
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APPENDIX 3 
 

CHECK  SAMPLING RESULTS 
 
 

A.  FIELD VISIT OF 17-20 JULY 1998 
(after Potter, 1998) 

 
 
sample no original Au dup Au description  

         (g/t) (g/t)  
    

MP/E 1669 12.77 15.27 off-white, partially weather, hydrothermally altered 
   Quartz microdiorite with up to 60 % tourmaline 
   (bagged material at stamp mill)  
    

MP/E 1670 1.53 1.48 mixture of dark microdiorite and biotite hornfels 
   with hairline py-chpy veinlets and rare 1mm quartz 
   veinlets.  
   (chip sample from outcrop in creek) 
    

MP/E 1671 0.47  off-white, partly weathered, hydrothermally altered 
   Quartz microdiorite with 10-40% tourmaline. 
   (grab sample from Cosmi tunnel dump) 
    

MP/E 1672 38.2 35.45 off-white, partly weathered, hydrothermally altered 
   Quartz microdiorite with 5-20% tourmaline. 
   (bagged material at Cosmi tunnel) 
    

MP/E 1673 0.16  off-white, partly weathered, hydrothermally altered 
   Quartz microdiorite with 10-30% tourmaline. 
   (grab sample from Chavos tunnel dump) 
    

MP/E 1674 0.50  off-white quartz  
   (grab sample from Chavos tunnel dump) 
    

MP/E 1675 1.22  off-white, partly weathered, hydrothermally altered 
   quartz microdiorite with 5-10% tourmaline. 
   (grab sample from Cosmi tunnel dump) 

(analytical sheet V98-42431.0)  
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APPENDIX 3 continued 
 
 

B.  FIELD VISIT OF 25-31 JANUARY 2004 
 

 
 
Sample No Location  Type g/t Au Cu Mo Ag S Description  

  (Nwmt) ppm ppm ppm %  
   

MP/E 1701 La Trinchera dump 58.1 31 1 6.1 0.04 silicifed diorite with disseminated and veinlet 

        tourmaline 

         

MP/E 1702 Dos Bocas  outcrop 0.18 42 <1 <0.2 <0.01 sandy, weathered diorite with  minor quartz 

        microveinlets 

         

MP/E 1703 Dos Bocas outcrop 1.34 314 1 9.1 0.05 weathered, silicified diorite with trace pyrite 

        and oxyspots 

         

MP/E 1704 Dos Bocas outcrop 0.01 8 1 0.3 0.05 as MP/E 1703 but with quartz stockwork  

   on surface 

    

MP/E 1705 Ddh: C99-18 1/4 core 1.81 1090 77 0.2 0.12 136-138 m: grey-grn/brown/white mottled    

   (1.46)     rock with minor qz veinlets and traces chpy  

        (altered andesite?) 

         

MP/E 1706 Ddh: C99-18 1/4 core 0.52 391 61 <0.2 0.04 142-144 m: grey-green altered diorite  

   (0.57)     grading into brown altered rock with local 

        quartz veinlets and  traces of chalcopyrite 

         

MP/E 1707 Ddh: C99-18 1/4 core 3.01 2180 63 0.8 0.24 180-182 m: white/grey-green/brown mottled  

   (3.14)     rock with local disseminated chalcopyrite  

        to 5 vol% (altered andesite?) 

         

MP/E 1708 Ddh: C99-18 1/4 core 0.84 331 51 <0.2 0.04 182-184 m: white/grey green mottled rock 

   (0.93)     with local quartz veinlets and traces of 

        disseminated chpy (altered andesite?) 

         

MP/E 1709 Ddh: C99-18 1/4 core 3.01 1605 118 0.7 0.17 236-238 m: grey-green altered diorite with 

   (2.09)     scattered quartz veinlets and traces  

  of disseminated chalcopyrite 
(analytical sheet QU04-005672)  
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APPENDIX 4 
 
 

RESULTS OF GPS CHECK ON BOREHOLE COLLAR COORDINATES 
 
 
 

Target Hole ID Easting Northing Elevation Notes  
  (m)   
    

Paloma C99-01 633230 9614360 873   
  633241 9614366 891 marked pipe set in concrete 
    

Trinchera C99-02 633200 9614200 838   
  633206 9614213 842 unmarked steel pipe 
    

Trinchera C99-03 633220 9614000 815   
  633219 9614023 843 unmarked steel pipe 
    

Paloma C99-13 633050 9614358 824   
  633059 9614376 844 unmarked steel pipe 
    

Trinchera C99-14 633220 9614000 815   
  633219 9614023 843 same site as C99-03 
    

Trinchera C99-17 633200 9614200 838   
  633206 9614213 842 same site as C99-02 
    

Paloma C99-18 633200 9614450 852   
  633207 9614457 884 unmarked site indicated  
     by former Newmont worker 

Paloma C99-20 633070 9614275 810   
  633076 9614285 821 unmarked steel pipe 
    

Paloma C00-27 633175 9614400 840   
  633178 9614407 860 unmarked steel pipe 
    
       GPS readings shown in green 
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APPENDIX  5 
 

LIST OF RE-ISSUED BONDAR CLEGG ANALYTICAL REPORTS 
 

ANALYTICAL   GOLD ANALYSIS OTHER ELEMENTS     
REPORT sample 30 g FAA Blaster AA / ICP Date recvd ddh from To

code number type normal check   normal check @ lab   (m) (m)
V00- 42004 0 core   75   15-Jan-00 C99-13 0 70
V00- 42005 0 core   96   18-Jan-00 C99-14 0 222
V00- 42006 0 core   60   19-Jan-00 C99-15 0 322
V00- 42007 0 core   94   21-Jan-00 C99-17 0 301
V00- 42008 0 core   99   21-Jan-00 C99-18 64 249
V00- 42009 0 core   78   21-Jan-00 C99-20 0 108
V00- 42044 0 core   93   11-Feb-00 C99-03 106 249
V00- 42045 0 core   61   15-Feb-00 C99-21 278 346
V00- 42046 0 core   29   11-Feb-00 C99-21 278 346
V99- 42152 0 core 111 5    28-Apr-99 C99-01 0 222
V99- 42152 1 core    24 1 04-Feb-99 C99-01 0 222
V99- 42184 0 core 161 7    06-May-99 C99-02 0 222

  ditto 1 core    52 2 19-Apr-99 C99-02 0 222
V99- 42195 0 core 171 7    12-May-99 C99-03 0 259

  ditto 1 core    93 4 04-Feb-00 C99-03 0 259
  ditto 2 core    55 1 19-Apr-00 C99-03 0 259

V99- 42207 0 core   124   25-May-00 C99-01 0 222
V00- 42383 0 core 125 5    04-Jul-00 C00-24 132 271
V00- 42407 0 core 135 6    12-Jul-00 C00-27 0 284
V00- 42453 0 core 137 6    17-Jul-00 C00-28 0 70

  ditto 1 core    21  12-Sep-04 C00-28 0 70
V00- 42594 0 core   50   06-Sep-00 C00-24 132 206
V99- 42515 0 core 75 3    26-Oct-99 C00-13 0 70

  ditto 1 core    75 3 11-Jan-00 C00-13 0 70
V99- 42517 0 core 110 4    27-Oct-99 C99-14 0 222

  ditto 3 core    96 4 11-Jan-00 C99-14 0 222
V99- 42558 0 core 157 7    16-Nov-99 C99-15 0 322

  ditto 1 core    60 3 11-Jan-99 C99-15 0 322
  ditto 2 core 130     04-Feb-00 C99-15 0 322
  ditto 3 core    97  27-Apr-00 C99-15 0 322

V99- 42576 0 core 146 6    25-Nov-99 C99-17 0 301
  ditto 1 core    94 3 11-Jan-00 C99-17 0 301
  ditto 2 core    42  27-Apr-00 C99-17 0 301

V99- 42578 0 core 123 5    30-Nov-00 C99-18 0 249
  ditto 1 core    60 2 11-Jan-00 C99-18 0 249
  ditto 2 core    34 2 04-Feb-00 C99-18 0 249

V99- 42607 0 core 161 7    15-Dec-99 C99-20 0 108
  ditto 1 core    78 3 11-Jan-00 C99-20 0 108
  ditto 2 core    71  27-Apr-00 C99-20 0 108

V99- 42619 0 core 133 6    15-Dec-99 C99-21 0 278
  ditto 1 core 21 1    04-Feb-00 C99-21 0 278
  ditto 2 core    61 2 04-Feb-00 C99-21 0 278

V99- 42620 0 core 77 3    17-Dec-99 C99-21 278 346
  ditto 1 core    29 1 04-Feb-00 C99-21 278 346
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APPENDIX 5 continued 

 
LIST OF RE-ISSUED BONDAR CLEGG ANALYTICAL REPORTS 

 
ANALYTICAL   GOLD ANALYSIS OTHER ELEMENTS  

REPORT sample 30 g FAA Blaster AA / ICP Date recvd 
code number type Normal Check   normal check @ lab 

V97- 42099 0 rock 56 2  56 2 10-Feb-97 
V97- 42766 0 rock 73 2  73 2 01-Sep-99 
V97- 43150 0 rock 45 1  45 1 07-Nov-97 
V99- 42420 0 rock 123 4  123 4 01-Sep-99 

V98- 42402 0 soil 79 3  79 3 09-Jul-98 
V98- 42453 0 soil 69 3  69 3 08-Aug-98 
V99- 42186 0 soil 115 4  115 4 07-May-99 
V99- 42105 0 soil 195 8  195 8 08-Apr-99 
V99- 42279 0 soil 205 8  205 8 29-Jun-99 

 
 
 
 
 

APPENDIX 6 
 

ANALYTICAL QUALITY CONTROL:  SUPPLEMENTARY DATA 
 

 
 

A. ESTIMATION OF PRECISION FOR STANDARD ANALYSIS OF 
GOLD (ppb) IN CORE SAMPLES 

            Method 1 of Thompson and Howarth (1978) 
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B. ESTIMATION OF PRECISION FOR “BLASTER” ANALYSIS OF 

GOLD (g/t) IN CORE SAMPLES 
Method 1 of Thompson and Howarth (1978) 

 
 
 
 

C. ESTIMATION OF PRECISION FOR AA ANALYSIS OF  
COPPER (ppm) IN CORE SAMPLES 

       Method 1 of Thompson and Howarth (1978) 
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D. ESTIMATION OF PRECISION FOR STANDARD ANALYSIS OF 
GOLD (ppb) IN ROCK SAMPLES 

               Method 2 of Thompson and Howarth (1978)  
                   (control lines for 10% precision and 34 ppb detection limit) 

 

 
 
 
 

E. ESTIMATION OF PRECISION FOR ICP ANALYSIS OF  
COPPER (ppm) IN ROCK SAMPLES 

       Method 1 of Thompson and Howarth (1978) 
         (control lines for 2% precision and 10 ppm detection limit) 
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F. ESTIMATION OF PRECISION FOR STANDARD ANALYSIS OF 
GOLD (ppb) IN SOIL SAMPLES 

      Method 2 of Thompson and Howarth (1978)  
      (control lines for 10% precision and 34 ppb detection limit) 

 

 
 
 
 

G. ESTIMATION OF PRECISION FOR ICP ANALYSIS OF  
COPPER (ppm) IN SOIL SAMPLES 

Method 2 of Thompson and Howarth (1978)  
(control lines for 2% precision and 10 ppm detection limit) 
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APPENDIX 7 
AUTHOR’S CERTIFICATE 

 
I, Michael Potter, am a mineral exploration geologist residing at Apto 303, Edifici El 
Pedral, Carrer del Pedral s/n, Encamp, Andorra do state that 
 
1.  I was awarded a BA in Geology by the University of Oxford (UK) in 1973, a 
Diploma of Imperial College and a MSc in Mineral Exploration by the University of 
London (UK) in 1979 and a MBA by Heriot-Watt University (UK) in 2000. 
 
2. I have worked as an exploration geologist for about 30 years in South America, the 
former Soviet Union, Africa and the South Pacific. For half of that period I have been 
involved in gold exploration with approximately 10 years spent on hydrothermal gold 
mineralization of relevance to the Cangrejos style of mineralization. My MSc 
dissertation entitled “Porphyry-style copper mineralization in the Appalachian-
Caledonian orogen” is also of relevance to the mineralization style at Cangrejos. 
 
3. I am a Fellow of the Geological Society, a Member of the Australian Institute of 
Mining and Metallurgy, a Member of the Institution of Materials, Mining and 
Metallurgy and a Chartered Engineer. 
 
4. I am a “qualified person” for the purposes of NI 43-101. 
 
5. I was Chief Geologist for the Odin Mining group of companies based in Ecuador 
from 1989 to 1998. In that capacity I was responsible for the design and 
implementation of the 1992 regional exploration programme that led to the El Joven 
joint venture between Odin and Newmont and for monitoring the progress of the joint 
venture through Newmont’s monthly reports until I left Odin in July 1998. 
 
6. During the preparation of this report I visited the property on 25-31 January 2004. 
 
7. I am responsible for the report entitled “Summary report on the Cangrejos property, 
southwest Ecuador”. I am not aware of any material fact or material change with 
respect to the subject matter of the report that is not reflected in the report. 
 
8. Notwithstanding my prior association with Odin Mining Exploration Limited and 
my former involvement with the Cangrejos project disclosed above, I currently 
qualify as an independent consultant with no promised or implied affiliation with 
Odin Mining and Exploration Limited subject to the tests set out in section 1.5 of NI 
43-101. 
 
9. I have read National Instrument 43-101 and Form 43-101F and this report has been 
prepared in compliance with NI 43-101 and Form 43-101F. 

 
Michael Potter 
BA, MSc, DIC, MBA                                                                  
FGS, MAusIMM, MIMMM, CEng.                                                          27 May 2004   


