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1.0 SUMMARY

 The Chang Shan Hao (CSH) Gold Project, also known as the CSH 217 Gold Project 
or the 217 Project, is located in Inner Mongolia, Peoples Republic of China approximately 
650 kilometers northwest of Beijing and 126 Kilometers north-westerly from the city of 
Baotou.

 The CSH Gold Project is operated by the Ningxia Pacific Mining Co Ltd (NPM). NPM 
is a Sino-foreign joint venture between Jinshan Gold Mines Inc. (Jinshan) of Canada and 
Brigade 217 of the Northwest Geological Bureau of the China National Nuclear Corporation 
(CNNC). Jinshan and Ivanhoe Mines Ltd. (Ivanhoe) are currently investigating the property 
under a 50-50 joint venture agreement and collectively have a 96.5 percent interest in the 
property. On 7 September 2005 Jinshan and Ivanhoe entered into an agreement-in-
principle which provides that Jinshan will acquire Ivanhoe's interest in a number of joint 
venture projects including the CSH Project, in consideration for the issuance to Ivanhoe of 
a number of Jinshan shares. This transaction is scheduled to close in late 2005. Two 
additional payments of US$ 1 million are payable to CNNC. US$ 1 million is to be paid 
when a decision to start construction is made. The second US$ 1 million payment is due 30 
days following commencement of commercial mining operations.

 Jinshan has engaged K D Engineering (KDE), an independent engineering firm 
located in Tucson, Arizona, to prepare an initial development study of the CSH Gold 
Project. The KDE study was prepared to a pre-feasibility standard pursuant to Canada's 
National Instrument 43-101 and was based on the following: 

 Two site visits conducted in March and June 2005 

 Geological and mining estimates completed by Mr. Mario Rossi and Mr. John 
Nilsson, qualified persons retained by Jinshan 

 Site cost estimates for infrastructure completed by Beijing General Institute of 
Mining and Metallurgy (BGRIMM), a major Chinese engineering firm.

 Heap leach facility design and cost estimates completed by Golder Associates, 
an independent engineering firm retained by KDE. Mr. Russell Browne was the 
qualified geotechnical engineer responsible for this aspect of the study. 

 Consumable cost estimates provided by BGRIMM 

 Chinese labor cost estimates provided by the Jinshan staff 

 Metallurgical test results from previous investigations and available results from 
the ongoing column leach tests being performed in China under the supervision 
of METCON Research, a United States based metallurgical testing organization. 
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 Engineering design and equipment lists for the processing plant and a 20,000 
tonne per day crushing plant developed by KDE. The responsible person for this 
part of the study was Mr. Joseph M. Keane. 

 KDE examined the results of an ongoing pilot test program being conducted at 
the mine site. Run-of-mine oxide (weathered) ore was under leach for 112 days 
as of 6 October 2005 and 19,960 grams of gold have been extracted from the 
47,800 tonne heap indicating a gold extraction of 64.6 percent. A 57,000 tonne 
sample of the same material was passed through a primary crusher and has 
been under leach for 101 days as of 6 October 2005. Gold extraction is 
estimated at 63.6 percent yielding 21,420 grams of recovered gold. 

 Mineral resources at the CSH Gold Project have been estimated by Mr. Mario E. 
Rossi. The total mineral resources at various grades are noted below: 

Table 1.1 
Total CSH Gold Project Mineral Resource

Measured Indicated Measured+Indicated Inferred

Cutoff
(g/t)

Mt
Au

Grade
(g/t)

Tons
(x1000)

Au
Grade
(g/t)

Tons
(x1000)

Au
Grade
(g/t)

Million
Ounces

Au
Tons

(x1000)

Au
Grade
(g/t)

Million
Ounces

Au

0.3 22.4 0.75 82.3 0.74 104.7 0.73 2.46 52.4 0.74 1.25

0.4 20.7 0.78 76.5 0.76 97.2 0.76 2.38 42.9 0.83 1.14

0.5 17.6 0.84 65.0 0.81 82.7 0.82 2.18 36.5 0.89 1.04

0.6 13.7 0.92 50.4 0.88 64.1 0.89 1.83 31.4 0.95 0.96

0.7 10.3 1.01 37.3 0.97 47.7 0.98 1.50 24.6 1.03 0.81

0.8 7.7 1.10 26.9 1.05 34.6 1.06 1.18 19.8 1.10 0.70

0.9 5.7 1.19 18.6 1.14 24.3 1.16 0.91 14.7 1.19 0.56

1.0 4.1 1.28 12.6 1.24 16.8 1.25 0.68 10.0 1.30 0.42

 It should be noted that the economic evaluation developed herein excludes inferred 
resources.

 Based on the mineral resources calculated, estimated pit slopes, gold recovery from 
column testing, and operating cost estimates made for this study, the following mine 
production schedule was produced by Nilsson Mine Services.
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Table 1.2 
Mine Production Schedule 

Period   1 2 3 4 5 6 7 8 Total 

Mine Production                     

Weathered Leach ROM t x 1000 7,080.0  5,774.9             12,855

Gold Grade g/t 0.71   0.74               0.73 

Fresh Leach ROM t x 1000 20.0  1,325.1              1,345.1 

Gold Grade g/t 0.80  0.75              0.75 

Total Leach ROM t x 1000 7,100.0  7,100.0 - - - - - - 14,200.0

Gold Grade g/t  0.72   0.75 - - - - - -   0.73 

Weathered Leach Crushed t x 1000      2,469.9 1,285.7  32.8 -  229.8 310.1 4,328.3

Gold Grade g/t      0.72  0.70 0.67 - 0.82 0.71  0.72 

Fresh Leach Crushed t x 1000     4,630.1  5,814.3 7,067.2 7,100.0   6,870.2 2,267.5 33,749.4

Gold Grade g/t      0.79  0.73  0.68  0.75  0.91 0.82  0.78 

Total Crushed Ore t x 1000     7,100.0 7,100.0 7,100.0 7,100.0  7,100.0 2,577.7 38,077.7

Gold Grade g/t - -  0.77 0.73  0.68  0.75   0.91  0.81 0.77

Combined Ore Production t x 1000  7,100.0  7,100.0  7,100.0  7,100.0  7,100.0 7,100.0   7,100.0 2,577.7  52,277.7 

Gold Grade g/t  0.72   0.75  0.77  0.73   0.68  0.75   0.91   0.81   0.76 

Waste t x 1000 10,751.1  11,184.4 11,207.2 7,445.2  4,615.3 2,821.7  1,199.0 863.5 50,087.4

Total Material t x 1000 17,851.1  18,284.4 18,307.2 14,545.2 11,715.3 9,921.7  8,299.0 3,441.2 101,019.9 

 The mine plan and production schedule were developed in August 2005 based on 
drilling completed through 2004 and a gold price of US$ 400 per ounce. The gold recovery 
estimates used for the mine plan were based on the METCON Research column test 
results through August 2005 and ongoing ROM and crushed ore pilot heap results. 

 The project as presented in this development report document involves an open pit 
gold mine and heap leach operation to process a relatively large tonnage of low grade 
material. Mining will be by a local contract mining company or companies for the life of the 
project. As indicated in Table 1.2, the planned ore production rate is 7.1 million tonnes per 
year for just over seven years. Peak material movement (ore plus waste) is 18.3 million 
tonnes per year during the first three years of operation. During the first two years of 
operation it is planned that Run-of-Mine (ROM) oxidized ore will be trucked directly to the 
leach pad. A crushing plant required to efficiently process the fresh or sulfide ore that 
becomes available after production year two, will be constructed during the first two years 
of operation. 

 Capital costs for the project were estimated by KDE based on the study completed 
by BGRIMM coupled with an independent assessment of the leach pad, gold recovery plant 
and crushing facility. KDE used BGRIMM's costs for the infrastructure and other in country 
costs. KDE provided flowsheets and process equipment lists as a basis for the plant capital 
cost estimate. 

 It is anticipated that capital expenditures for the CSH Gold Project will occur in two 
phases. Since oxidized ore will be treated at the run-of-mine size distribution, the initial 
capital costs will be associated with development of the initial stage of the leach pad and 
the processing plant together with all required infrastructure. The following Table 1.3 
presents the initial construction costs. 
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Table 1.3 
INITIAL CONSTRUCTION COSTS

 Item 
Plant Equipment 

US$
Contracts & Material 

US$
TOTAL 

US$

DIRECT COST 

Land Acquisition - 459,000 459,000

Infrastructure 921,000 4,841,100 5,762,100

Mining - 1,920,300 1,920,300

Heap Leach Pad & Ponds 31,500 7,941,800 7,973,300

Processing Plant 4,152,800 1,169,200 5,322,000

Direct Cost 5,105,300 16,331,400 21,436,700

INDIRECT COST 

Feasibility & Detail Engineering - 1,987,500 1,987,500

Procurement - 160,000 160,000

Construction Management - 1,097,800 1,097,800

Field Office Expense & Construction Support - 226,956 226,956

Commissioning & Training - 186,200 186,200

Initial Fill (1.5% of Direct Costs) - 321,600 321,600

Startup - 55,000 55,000

Mobile Equipment - 338,000 338,000

Spare Parts (5% of Equipment Cost) - 255,300 255,300

Owners Cost  ( 5 % of Direct Cost ) - 1,071,800 1,071,800

Indirect Cost -  5,700,156 5,700,156

Initial Direct & Indirect Costs 5,105,300 22,031,556 27,136,856

        Contingency 17% 867,901 3,745,365 4,613,266

TOTAL INITIAL PROJECT  COST 5,973,201 25,776,921 31,750,122

 The preceding tabulation indicates that the initial expenditure to commence 
operations is US$ 31.8 million. 

 Metallurgical testwork has indicated that the sulfide, or fresh, ore will require size 
reduction by crushing in order to optimize gold extraction. It is anticipated that this crush 
size will be 100 percent passing 12 millimeters or 80 percent passing 8 millimeters. In order 
to accomplish this size reduction task at a throughput of 20,000 tonnes per day, a modern 
crushing circuit using 800 horsepower secondary and tertiary crushers has been specified. 
The capital cost for this crushing facility together with required mining equipment and the 
necessary leach pad expansion is given in the following Table 1.4. 
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Table 1.4 
FUTURE SUSTAINING CONSTRUCTION COSTS

 Item 
Plant Equipment 

US$
Contracts & Material 

US$
TOTAL 

US$

DIRECT COSTS 

Infrastructure - - -

Mining 56,500 63,500 120,000

Heap Leach Pad & Ponds 31,500 5,078,300 5,109,800

Crushing Plant 6,455,000 3,480,200 9,935,200

Sustaining Direct Cost 6,543,000 8,622,000 15,165,000

INDIRECT COSTS 

Feasibility & Detail Engineering - 973,500 973,500

Procurement - 85,600 85,600

Construction Management - 900,800 900,800

Field Office Expense & Construction Support - 178,016 178,016

Commissioning & Training - 144,500 144,500

Initial Fill (1.5% of Direct Costs) - 227,500 227,500

Startup - 157,100 157,100

Mobile Equipment - 139,000 139,000

Spare Parts (5% of Equipment Cost) - 298,700 298,700

Owners Cost  ( 3% of Direct Cost ) - 455,000 455,000

Sustaining Indirect Cost -  3,559,716 3,559,716

Sustaining Direct & Indirect Costs 6,543,000 12,181,716 18,724,716

        Contingency 17% 1,112,310 2,070,892 3,183,202

TOTAL SUSTAINING PROJECT  COST 7,655,310 14,252,608 21,907,918

 The preceding table indicates that the cost expenditure required to purchase mining 
equipment, expand the leach pad, and install a crushing plant during the first two years of 
operation will be US$ 21.9 million. 

 The following Table 1.5 presents an estimate of total capital expenditures for the 
complete project. 

Table 1.5 
TOTAL INITIAL AND FUTURE SUSTAINING PROJECT COSTS

 Item 

Plant
Equipment

US$

Contracts & 
Material

US$
TOTAL

US$

 Total Initial Project  Cost 5,973,201 25,776,921 31,750,122

 Total Sustaining Project  Cost 7,655,310 14,252,608 21,907,918

TOTAL INITIAL AND FUTURE SUSTAINING PROJECT COSTS 53,658,040

 The preceding tabulation indicates that a total project expenditure of US$ 53.7 
million will be required to process both oxide and sulfide ores at the CSH Gold Project in an 
environmentally sound and metallurgically appropriate fashion. 

 Operating costs are detailed in the financial analysis section of this report. Cash 
operating costs are summarized in the following Table 1.6. 
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Table 1.6 
Cash Operating Cost 

Item US$/Tonne Ore RMB/Tonne Ore 
Mining 2.23 18.06 
Processing 1.16 9.40 
G & A 0.55 4.52 
Total 3.94 31.98 

 The estimated cash operating cost for the CSH Gold Project is US$ 3.94 per tonne. 
Using a foreign exchange of 8.1 Yuan per US Dollar gives a cash operating cost of 31.98 
Yuan per tonne of ore treated. 

 Nilsson Mine Services has provided an economic analysis spreadsheet which is 
made part of this report. The following Table 1.7 summarizes the net present value and 
calculated internal rate of return based on the capital and operating cost estimates given 
above and a gold price of US$ 400 per ounce. 

Table 1.7 
Pre-Tax Net Percent Value 

US$ 400 per Ounce 

Discount
Rate % 

NPV
 US$ x 1000 

0 103,009
5 62,267
10 37,432
15 21,474
20 11,172

Calc IRR 30.0%

 A sensitivity analysis was also conducted and is represented by the following 
Figure 1.1. 
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Figure 1.1 - Chang Shan Hoa Gold  Project 20,000 tpd Pre-Tax Sensitivity IRR
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  The preceding graph indicates that the project economics are very sensitive to the 
gold price and somewhat less sensitive to changes in capital and operating costs. For 
example, the price for gold in August 2005 was approximately US$ 440 per ounce. If that 
gold price is used in the economic analysis, the economics of the project change as follows. 

Table 1.8 
Pre-Tax Net Percent Value 

US$ 440 per Ounce 

Discount
Rate % 

NPV
 US$ x 1000 

0 140,205
5 89,491
10 52,452
15 36,718
20 23,023

Calc IRR 40.5%

 The preceding tabulation indicates that using the August 2005 price of gold 
increases the project internal rate of return to 40.5 percent.

 Based upon the information contained herein, KDE recommends that Jinshan 
proceeds with the project. Efforts could be undertaken to crush the pad over liner material 
and transport silty material to the pad site in preparation for pad construction. It should be 
noted that the lead time for the delivery of crushing equipment is currently in excess of 12 
months. Consequently, a purchase selection decision regarding the crushing plant 
equipment assemblage should be made some time in late 2006. 
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2.0 INTRODUCTION AND TERMS OF REFERENCE

 Jinshan Gold Mines has commissioned K D Engineering Co., Inc. (KDE) of Tucson, 
Arizona to provide a development study for the CSH Gold Project located in the Nei Mongol 
Autonomous Region of Northern China. Contributions to this report were made by a 
number of organizations and individuals. Mr. Joseph M. Keane, P.E. has overall 
responsibility for the report contents except for contributions noted below. Mr. Keane visited 
the property on 1 to 4 April 2005 and 7 to 9 June 2005.

 Geological contributions to the development study were made by Mr. Mario E. Rossi, 
MSc. Min. Eng. of Geosystems International, Inc. in Delray Beach, Florida and he was 
responsible for Sections 16.1 through 16.3. Mr. Rossi visited the property during the period 
6 to 8 July 2004.

 Efforts associated with mining engineering and project economics were provided by 
Mr. John W. Nilsson, P. Eng. of Nilsson Mine Services Limited of Pitt Meadows, British 
Columbia, Canada. Mr. Nilsson developed Section 17.0 and the economic evaluation 
spreadsheet used in Section 22.0. Mr. Nilsson visited the property on 22 to 24 October 
2004 and 7 to 9 June 2005.

 Mr. Russell Browne, P.E. of Golder Associates was responsible for the geotechnical 
work associated with the design of the leach pad and solution reservoirs as given in Section 
18.0, Appendix 2, and Appendix 8. Mr. Browne visited the property 1 to 4 April 2005 and 10 
through 12 June 2005. 

 Additional important contributions to the report were provided by KDE personnel and 
those employed by Jinshan Mines, in particular, Paul Blair, Hu Long, James Lincoln, and 
Steve McMullan.

 During the study, the exchange rate of the RMB (the RMB or Remnimbi is also 
known as the yuan) to the US$ has fluctuated slightly. The rate used in this study ranged 
from 8.1 to 8.2 RMB per one US$. 



CSH Gold Project - Mine Engineering and Development Study Page 9 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

3.0 DISCLAIMER

 No Disclaimer Statement was necessary for the preparation of this report. 
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4.0 PROPERTY DESCRIPTION AND LOCATION

The CSH Gold Project (formerly known as the 217 Project) covers an area of 35.93 
square kilometers in the Nei Mongol Autonomous Region of northern China. The property is 
held by a single Exploration Permit (No. 0100000220028) centered at latitude 41°40'North, 
longitude 109°14'East. The present permit, issued to the Ningxia Pacific Mining Co. Ltd. in 
Yinchuan, is valid until 3 August 2006 and can be renewed by payment of bi-annual rental 
fees thereafter. Surface rights for mining purposes are not included in the Permit but can be 
acquired for a purchase price based on negotiations with the land owner and county 
government.

 Ningxia Pacific Minerals Co. Ltd., a fully licensed joint venture company; has been 
formed between Jinshan Gold Mines Inc. (96.5 percent) and Brigade 217 of the Northwest 
Geological Bureau of the China National Nuclear Corporation (3.5 percent), who will 
receive two additional payments of US$ 1 million. The first payment is required when a 
decision to start construction is made and the second payment is to be made 30 days 
following commencement of commercial mining operations. All property work is being 
carried out through Ningxia Pacific. Ivanhoe is currently a 50-50 joint partner in Jinshan's 
interest in the CSH Project; however Ivanhoe and Jinshan have entered into an agreement-
in-principle where by Jinshan will acquire Ivanhoe's interest in exchange for the issuance to 
Ivanhoe of a number of Jinshan shares. This transaction is scheduled to close by the end 
of 2005.

The existing Exploration Permit gives Ningxia Pacific the right to carry out all 
exploration work currently contemplated. The Exploration Permit concession has not been 
legally surveyed. A permit was acquired in 2004 to mine up to 100,000 tonnes of ore for 
process testing purposes. Ningxia Pacific is in the process of acquiring a Mining Permit for 
a major open pit, heap leach mine. 

Unlicensed mining on the CSH 217 site by Brigade 208 of the Northwest Geological 
Bureau of the China National Nuclear Corporation (CNNC) has been conducted on an on-
and-off basis since 1997. This has been undertaken with the apparent knowledge and tacit 
agreement of various local government and provincial agencies. This mining activity has 
largely been confined to the Southwest Zone of the CSH Gold Project, and occurred in two 
distinct periods: 1997-1999 and 2002-early 2004. It is estimated that approximately 360,000 
tonnes have been mined from shallow open pits and leached on pads at three different 
facilities. It is estimated that about 6,000 ounces of gold may have been recovered from 
these operations over the last five to six years. Although these operations are significant in 
terms of the scale of operations relative to typical artisan mining operations, the effect on 
the CSH Gold Project as currently outlined is not material.

There are no recognized environmental problems that might preclude or inhibit 
mining operations in this area; although given the past mining activities; environmental 
baseline studies are underway to clearly identify potential environmental issues. The 
potential consequences of the four types of previous mining activity described in greater 
detail in Section 6 are:
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 Alluvial placer mining of alluvial sediments in the Chang Shan Hao drainage and 
Mélange River resulted in considerable disturbance of the natural flow of the ephemeral 
rivers, increased water loss through increased evaporation, and possibly metals and salt 
pollution of groundwater by disturbance of the sediments. This is currently being evaluated. 

 Artisan mining activity in small pits and workings within the Northeast Zone was 
limited to shallow (less than 10 meter depth) excavations by hand to mine free gold in oxide 
ore. This work created limited disturbance of soil and vegetation within the planned pit 
excavation. Thus, its environmental impact will be negligible. 

 Large scale mining and heap leaching by Brigade 208 on the Southwest Zone may 
have a significant environmental impact as the mining practices likely did not meet Chinese 
regulations. Mining by Brigade 208 is illegal according to the 1988 Mines Act. Jinshan could 
possibly inherit liability for the Brigade 208 mining activities. Jinshan will assess the 
situation and consider this possibility in its environmental plan for the site.

 Test mining by Brigade 217 on the Northeast Zone constructed five small test heap 
leach pads for a total of approximately 30,000 tonnes of mined ore. Leach pads were 
constructed according to applicable Chinese regulations for the time period (1995 - 1997) 
including an HDPE membrane and surrounding drainage catchments ditches. These test 
leach pads are within the expected excavation area for the Northeast Zone so there will be 
no long-term environmental impact. 

See Figure 4.1 showing the property location within Inner Mongolia. 

Figure 4.1 - CSH 217 Property Location within Inner Mongolia 
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The following Figure 4.2 depicts the location of the open pit mine, leach pads, 
process facilities, and infrastructure items. The mine boundary point coordinates are given 
in Appendix 17. 

Figure 4.2 - Jinshan Gold Mines Site 
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5.0   ACCESSIBILITY, CLIMATE, INFRASTRUCTURE & PHYSIOGRAPHY

The CSH Gold Project is located some 650 kilometers northwest of Beijing and 125 
kilometers north-northwest of the city of Baotou (population of 1.5 million). Baotou is the 
most important industrial city in the Nei Mongol Autonomous Region of northern China. 
Baotou is serviced by daily scheduled airline flights from Beijing.

The project area is readily accessed from Baotou on paved roads north for 
approximately 150 kilometers and then west on paved and mostly dirt roads for 
approximately 50 kilometers. Depending on traffic and weather conditions, total driving time 
is from 3 to 4 hours. 

The Exploration Permit area is characterized by gently rolling hills with elevations 
ranging from 1550 to 1750 meters above sea level. The climate is semi-desert with average 
annual precipitation of 230 millimeters. The summers are dry and comfortable with 
temperatures rarely exceeding 30 °C. The winters are cold and windy with temperatures 
down to -25°C. Winter conditions prevail from early October through mid-March but 
snowfall is minimal. The leach pad and processing facility have been designed for year 
round operations. 

Vegetation consists of sparse desert grasses with scrub bushes; there are no natural 
trees except along the river channels and flats. Outcrop exposure is 20 to 50 percent on the 
rocky hills and very little outcrop is noted in the dry drainages, which are invariably covered 
with alluvium and loess deposits. There are few inhabitants within the general area and 
most of the land is being used by sheepherders for sheep and goat grazing. There are a 
few small herds of free ranging horses and there are a few domestic cattle. There are no 
grasses in the mine area due to previous artisan mining activities and thus no grazing in the 
area of planned mining. 

There is ample land available for mine infrastructure purposes including waste 
disposal areas, heap leach pad areas, processing plant sites and mine infrastructure. The 
necessary land will need to be purchased through an arrangement with the Wulate 
government and the local sheepherders. 

The city of Baotou is a major steel-making center and is the principal service and 
supply center for the general area. Most equipment and skilled labor will likely be available 
in Baotou for a major mine development. For current purposes, a year-round mine 
development camp has been established in the village of Xin Hu Re located 10 kilometers 
southwest of the property. 

The main water sources for the project are water from dewatering the pit excavation 
and the underground workings, water from the groundwater aquifer just north of Xin Hu Re 
and alluvial aquifers in the Molenghe River channel. The government will extend an existing 
power line to Xin Hu Re Village. Jinshan will extend that power line to the mine site.
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6.0 HISTORY

The general area of the property has undergone a long history of small-scale alluvial 
gold mining. More recently, the local artisan miners have conducted small-scale bedrock 
mining for gold through shallow surface cuts following narrow gash filling quartz vein 
structures. The following summary was adapted from the summary description by Fuchter 
(2004).

The prospect now covered by the CSH Gold Project was originally discovered by a 
geological team of the Bureau of Geology and Mineral Resources of Inner Mongolia during 
a regional stream sediment sampling program in the 1980's. Brigade 217 of the Northwest 
Geological Bureau of the China National Nuclear Corporation (CNNC) acquired the CSH 
217 prospect in the early 1990's and explored the property from 1992 through 1998. 
Exploratory work completed by Brigade 217 included soil and rock geochemical surveys, 
surface trenching, the driving of a 188-meter long decline, and the heap leaching of a 
30,000 tonne test sample on site. 

Attention focused on hard-rock occurrences and deposits after regional geological 
mapping was completed at a scale of 1:200,000 in the mid 1960's as part of the National 
Mapping Program. This work led to follow-up programs instituted by the provincial bureaus 
of various ministries as described in detail below: 

 In the 1970's, Brigade 512 of the Inner Mongolia Bureau of Geology and 
Mineral Resources conducted follow-up work on the placer workings in the 
CSH 217 area. The Brigade conducted geological mapping and carried out 
trenching as part of the exploration program, and discovered gold 
mineralization associated with extremely narrow quartz veinlets and stringers. 
Brigade 512 considered the mineralization to be too small and discontinuous 
for further interest, and consequently abandoned the area. 

 In the early 1980's, Brigade 214 of the CNNC undertook a systematic 
drainage geochemical survey of the region at a scale of 1:200,000. This work 
led to the identification of a number of geochemical anomalies, including 
those associated with: 

a) Quartz veins west of Laoyanhao; 
b) Disseminated mineralization and quartz stringers at CSH 217; 
c) Quartz veins at Bayinhatei; and, 
d) Quartz veins in the Reservoir Area 

 In 1991, Brigade 217 of the Northwest Geological Bureau of the CNNC was 
assigned to follow-up on these anomalous areas. After abandoning the West 
Laoyanhao anomaly due to low tenor of the quartz veins, Brigade 217 
focused on the CSH 217 area. 

 Between 1992 and 1993, Brigade 217 carried out geological mapping, grid 
geochemical sampling, and magnetic surveying at a scale of 1:10,000 over 
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the CSH 217 property.  In addition, 6,000 cubic meters of excavations in four 
trenches and five pits was carried out. This work identified significant areas of 
mineralization, and in 1994, a 188 meter decline was developed to test 
mineralization in the Northeast Zone of the CSH 217 property. On the basis 
of these programs, Brigade 217 estimated that the deposit contained five 
tonnes (~160,000 oz) of gold down to minus 80 meters below surface and 
nine to 10 tonnes (~300,000 oz) of gold down to minus 120 meters below 
surface. These Chinese resource estimations do not comply with Canadian 
NI 43-101, and do not qualify as mineral resources under that guideline. 

 Between 1995 and 1997, Brigade 217 undertook leaching tests that indicated 
that recoveries of between 55-60 percent could be expected on run-of-mine 
(ROM) material. 

 In 1998, Brigade 217 entered into a joint venture with Mr. Wang Kong, a 
Chinese individual resident in Vancouver, Canada.  Mr. Wang Kong agreed 
to finance a drilling program. However, the program was abandoned and 
further funding withheld when the drill rig failed to drill beyond 80 meters in 
the first hole. 

 In 1999, Brigade 217 entered into another joint venture, with a Canadian 
consortium called Southwestern - Global Pacific Joint Venture (SWGP).  
SWGP not only covered the 36 square kilometer area of the CSH 217 
property held by Brigade 217 but also conducted a regional program under 
an agreement with the Inner Mongolia Exploration Bureau of the China 
National Non-Ferrous Corporation (CNFC) on exploration permit areas 
known as the Haoya areas. These permits covered some 342 square 
kilometers surrounding the CSH 217 property and the combined areas were 
operated as a single project known as the Haoya Project. 

Work completed during the 1999 campaign included satellite imagery, 
geological mapping, extensive surface trenching, lithogeochemistry (greater 
than 3,000 samples), and the drilling of 10 widely spaced diamond drill holes 
totaling 2,797 meters. Details of this drilling are found in Section 13 of the 
Fuchter (2004) report. The 1999 program confirmed the presence of a major 
low-grade, gold-bearing zone of mineralization trending westerly across the 
CSH 217 property with widths up to 150 meters. This suggested a significant 
potential for a large tonnage, low-grade open pit gold target. 

The SWGP joint venture agreement was terminated in 2000 largely due to 
the downturn in the mining industry and lack of investor interest as a 
consequence of low gold prices. The onerous payments and large work 
commitments that were due were difficult to justify under such circumstances. 

 In 2002, Pacific Minerals Inc. acquired the project, and a major drilling 
campaign comprising some 4,997 meters in 23 diamond drill holes was 
completed. The drilling was guided by previous geological mapping and 
trenching as well as by magnetic and electro-magnetic surveys undertaken 
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by Pacific Minerals. In addition, a 3/4 tonne bulk sample from earlier core and 
surface trenches was sent to Lakefield Research in Canada for preliminary 
metallurgical test work. 

 During 2003, a third campaign of diamond drilling was undertaken by Pacific 
Minerals to further test the Northeast Zone. Additional metallurgical samples of oxide and 
sulfide core were sent to Lakefield Research as well as to the metallurgical laboratories of 
Brigade 217 in Yinchuan, Ningxia Province, PRC.

 In March 2004, Pacific Minerals Inc. changed its name to Jinshan Gold Mines Inc. 

In addition to the above mentioned exploration activities, four types of mining 
activities have taken place on the CSH 217 property since alluvial mining for gold was first 
documented. These activities are: 

 Alluvial or placer mining; 
 Artisan mining; 
 Unlicensed hard rock mining, and; 
 Limited, but permitted, trial mining and leaching tests. 

Alluvial mining has taken place along the full length of the Chang Shan Hao Creek 
that drains the Chang Shan Hao valley from east to west. Although alluvial mining has been 
halted on the property, the nature of the disturbances and the condition of the disturbed 
alluvial material indicate considerable activity in the recent past. The drainage system has 
not only been modified along its length but also across the width of the valley generally for 
about 30 to 50 meters. Moreover, mining activity has not been confined strictly to the sands 
and gravels but also to bank deposits.  It is estimated that some 3,000 to 4,000 ounces of 
placer gold have been recovered from the property. 

Artisan mining flared briefly from 1993 to 1998, and developed from the discovery of 
mineralization through the exploration efforts of Brigade 217. As exploration trenches 
exposed mineralization, artisan mining commenced with “high grading” veinlets in surface 
oxides and sulfide stringers on a very selective basis. It is estimated that 4,000 to 6,000 
ounces of gold have been recovered from artisan operations on the property. 

Unlicensed mining by Brigade 208 of the CNNC has occurred in two distinct periods: 
1997-1999 and 2002-2004. Mining by Brigade 208 has been confined to the Southwest 
Zone where a number of shallow open pits have been mined to a maximum depth of about 
30 meters.  Run-of-mine (ROM) ore has been leached on pads in three different locations, 
termed here Plant I, Plant II, and Plant III. Plant I is located less than 50 meters south of a 
line of pits in the eastern section of the Southwest Zone whereas Plant III lies immediately 
west of the most westerly pit in the western section of the Southwest Zone. Plant II is 
located between Plants I and III. Leach pad tonnages have been estimated on the basis of 
rough measurements made by pacing and/or estimating distances and heights of various 
heaps and assuming a density of 1.6 for heaped ROM material. Estimates of the tonnage 
treated at each facility are as follows: 
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Table 6.1 
Extracted Tonnes 

Plant I 125 000t
Plant II 65 000t
Plant III 170 000t
TOTAL 360 000t

Assuming a grade of 0.8 grams per tonne gold for ROM ore and a maximum 
recovery of 65 percent, it is estimated that Brigade 208 has recovered about 6,000 ounces 
of gold over an operational period of some five to six years. 

Limited trial mining and test leaching was undertaken by Brigade 217 on the 
Northeast Zone from 1995-1997. Some 30,000 tonnes were mined from various shallow 
pits in the Northeast Zone, and ROM ore was leached on four heaps. It is estimated that an 
additional 500 ounces of gold have been recovered from this trial mining/test leaching 
exercise. Total historic production from the CSH 217 property is estimated as follows: 

Table 6.2 
Estimated Past Gold Production

Alluvial Mining 3 500oz 
Artisanal Mining 5 000oz 
Unlicensed Heap Leaching 6 000oz 
Trial Mining / Test Leaching 500oz 
TOTAL 15 000oz 
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7.0 GEOLOGICAL SETTING

7.1 Regional Geology

The CSH Gold Project is located within the North China Gold Belt extending along 
the northern margin of the North China Craton, where Proterozoic and Phanerozoic rifting, 
subduction and collision occurred. Deformation is characterized by major east-striking 
reverse fault zones within the cratonic margin, such as the local Gaoletu Fault within the 
immediate CSH Gold Project area. Archean and Early Proterozoic gneisses, schists, 
amphibolites and banded iron formations outcrop over about one-third of the area between 
North Korea and central Inner Mongolia. The Archean rocks were deformed and 
metamorphosed to amphibolites and granulite facies during the Zhongtiao Orogeny around 
1.8 Ga. Regionally, the rock units are comprised of low-grade, metamorphosed Proterozoic 
quartzites, shales and limestones plus unmetamorphosed Paleozoic rocks. These units 
occur as accretionary complexes surrounding the Early Proterozoic and older basement 
rocks. The complex extends northward into Mongolia and becomes part of the broader 
Mongolian-Great Hinggan Fold Belt located between the North China and Siberian Cratons. 
Continental basinal sediments, commonly coal-bearing, and sub aerial volcanic rocks of 
Permian through Cretaceous age unconformably overlie the Proterozoic sequences in 
valleys adjacent to uplifted Precambrian basement. 

Magmatic activities were associated with the rifting, subduction and collision along 
the North China Craton margin. Emplacement of 1.7 to 1.4 Ga alkalic intrusions north of the 
city of Baotou include syenites and carbonatite sills, which were intruded during a rifting 
event probably associated with the world-class rare earth-iron deposits at Bayan Obo, 
approximately 60 kilometers east-northeast of the CSH Gold Project site. Widespread calc-
alkaline to alkalic granitoid plutons were emplaced through the region in multiple orogenies 
(from Caledonian to Hercynian to Yanshanian). The Yanshanian orogeny is recognized in 
the eastern portion of the North China Craton. This orogeny is related to subduction of the 
Izanagi Ocean Plate beneath the North China Craton. The resulting magmatic arc now lies 
beneath the North China sea between China and Japan. Back arc magnetism extended for 
another 1,000 kilometers inland and is recorded by the widely distributed Yanshanian 
granitoids.

7.2 Relationship between the North China and Tianshan Gold Belts

The southern edge of the Altaid Orogenic Zone contains a remarkable 1,000 
kilometer long curvilinear belt of large world-class gold deposits (i.e., Muruntau, Kumtor) in 
the Tianshan Mountains extending from Uzbekistan through parts of Kyrgyzstan, 
Kazakhstan, Tajikistan and into Northwestern Xinjiang Autonomous Region. The Tianshan 
and Altayshan Belts join with the North China Gold Belt in Inner Mongolia.  Numerous gold 
deposits occur in these belts, which formed during the latter stages of the closure of the 
Turkestan Paleo-ocean. This combined gold belt is unique in the world in terms of its strike 
extent.   

The belt is considered to be the product of a prolonged history of interaction between 
cratonic blocks and oceanic arc terrains to the north. In the North China Gold Belt, there is 
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evidence that gold mineralization occurred during several orogenic events in the Early to 
Late Paleozoic and Mesozoic. This history of repeated tectonic activity provides the 
structural preparation for later hydrothermal fluids, which deposit gold along slip planes, 
fractures and associated zones of weakness. This is believed to be instrumental at 
Muruntau, where Carboniferous hydrothermal fluid flow produced zones of sheeted quartz 
veins focused by permeability contrasts along pre-existing (Caledonian) thrust planes. 

7.3 Geology of the CSH 217 Deposit

Gold mineralization within the CSH Gold Project area is hosted by Middle to Upper 
Proterozoic metasedimentary rocks of the Bayan Obo Group. A type section for the Bayan 
Obo Group was established in the vicinity of the Bayan Obo rare earth-iron mine located 
approximately 60 kilometers east-northeast of the CSH Gold Project. The Bayan Obo 
Group is dominated by clastic sedimentary formations intercalated with carbonate rich 
rocks including sandstones, greywackes, and slates with dolomite and limestone 
(Table 7.3.1). 
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Table 7.3.1 
Stratigraphic Sequence of the Bayan Obo Group, Inner Mongolia, China

Erathem Group Formation Member Mapping
Code 

Lithology Ref. 
BGMR/s
members

(1991)

  Pt2-3 hj4 hu4 Grey thick metamorphic quartzose 
sandstone intercalated with siltstone 
and limestone 

4-13

  Pt2-3 hj3 hu3 Dark grey silty slate 3 

  Pt2-3 hj2 hu2 Upper grey green zoisite hornfels and 
actinolite hornfels; Lower light grey 
garnet skarn and dark grey zoisite 
hornfels

2

  Pt2-3 hj1 hu1 Dark grey algal mat lamellar 
limestone and sandstone lens 

1

  Pt2-3 
by3 

by3 Grey metamorphic quartzose sand-
stone intercalated with sericite slate 

10-14

  Pt2-3 
by2 

by2 Calcareous and phosphoric slate, silty 
slate and metasiltstone 

2-9

  Pt2-3 
by1 

by1 Grey meta-quartzose sandstone 1 

  Pt2-3 b4 b4 Carbonaceous and siliceous slate 
intercalated with metasiltstone 

8-15

  Pt2-3 b3 b3 Dark grey meta-quartzose sandstone 
intercalated with slate; dark grey 
contemporaneous breccia and 
conglomerate

6-7

  Pt2-3 b2 b2 Dark grey sericite slate intercalated 
with silty slate and metasiltstone 
Carbonaceous slate 

3-5

  Pt2-3 b1 b1 Dark grey meta-quartzose sandstone 
intercalated with metasiltstone 
Dark grey sericite slate intercalated 
with metasiltstone 

1-2

  Pt2-3 h3 h3 Dolomite and Limestone intercalated 
with calcareous or cherty slate 

19-25

  Pt2-3 h2 h2 Sandstone and limestone intercalated 
with algal-mat lamellar limestone 

3-18

  Pt2-3 h1 h1 Light grey calcareous feldspatic 
quartzose sandstone 

1-2

  Pt2-3 j3 j3 Dark grey sericite slate intercalated 
with feldspatic wacke and lime-stone 

9-12

  Pt2-3 j2 j2 Meta-feldspatic quartzose sandstone 3-8 

  Pt2-3 j1 j1 Silty slate and carbonaceous slate 
intercalated with ferriferous silty slate 
and sericite felsic slate 

1-2

  Pt2-3 d2 d2 Light grey meta-quartzose sandstone 3-5 

  Pt2-3 d1 d1 Upper meta-feldspatic wacke 
intercalated with sericite slate; Lower 
dark grey meta-conglomerate and 
feldspatic quartzose sandstone 

1-2

Revised from Regional Geology of Inner Mongolia (BGMR of Inner Mongolia, 1991)
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Proterozoic carbonaceous metasedimentary rocks host the CSH 217 gold 
mineralization in the south limb of the CSH syncline (Figure 2). The syncline is one of the 
most prominent structural features in a major east-west trending fold belt. 

Within the project area, only the middle portion of the Bayan Obo Group is 
represented. The stratigraphic units outcropping on the CSH Gold Project are, from oldest 
to youngest, the Jianshan, Halahougete and Bilute Formations. 

The Jianshan Formation is comprised of black carbonaceous slate, silty slate, 
andalusite hornfels, phyllitic schists, metasiltstone and quartz wacke. The units mainly 
outcrop in the western, northern and southern portions of the CSH 217 property. The 
contact with overlying calcareous clastic rocks is gradational. A number of small high-grade 
gold veins occur in this unit and have historically been mined by the artisan miners. 

The Halahougete Formation is comprised of thin to medium bedded dolomitic 
limestone intercalated with cherty slate and calcareous sandstone, siltstone and slate.  The 
Formation outcrops extensively on the property and underlies the Bilute Formation in 
generally sharp contacts. 

The Bilute Formation can be subdivided into four lithological members as outlined 
below from youngest to oldest. 

1. b4 calcareous and carbonatized black phyllite and schist 
2. b3 metasiltstone, metasandstone and sedimentary breccia 
3. b2 carbonaceous phyllite, and andalusite-garnet schist with minor metasiltstone 

and metagreywacke 
4. b1 carbonaceous metasiltstone 

All of the significant gold mineralization on the property occurs within the b2 unit of 
the Bilute Formation. The footwall section contains a consistent andalusite-garnet schist 
horizon, which has been encountered in most of the drill holes at depth. This sequence dips 
to the north at 82°±10° in the Northeast Zone, but is overturned in the Southwest Zone, 
where the bedding has been deformed in proximity to a major fault zone.
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Figure 7.3.1:  CSH 217 Property Geology. 
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7.4 Intrusive Rocks

Intrusive rocks within the CSH 217 property area were emplaced during the Late 
Caledonian, Hercynian and Indosianian Orogenies (413 to 205 Ma). These major 
composite granitoid batholiths occur to the north and south of the metasedimentary units 
hosting the CSH 217 gold mineralization.

Within the area of mineralization, numerous igneous bodies, traditionally described 
as dykes of various compositions are present within the metasedimentary sequence. These 
bodies include diabase, lamprophyre, diorite, aplite and pegmatite. The pegmatite and 
some diorite bodies cross cut original bedding planes, however the lamprophyre and some 
other diorite bodies are concordant with the bedding as indicated in the drill cores. All of 
these intrusive units are barren of gold values. 

In the Northeast Zone, drilling has identified an abundance of lamprophyre bodies in 
the hanging wall rocks above the mineralized zone. The quantity of lamprophyre material 
gradually decreases going down the stratigraphic section through the gold bearing sections. 
The lamprophyres in the lower footwall mineralized sections are relatively sparse and less 
consistent.

 Although many of the lamprophyre dykes can be followed on surface over hundreds 
of meters, they exhibit little vertical continuity in the drill holes. Drill core data suggest that 
the lamprophyre bodies are rather flat lenses in shape. All are concordant with the original 
bedding. The texture of these dykes is quite variable; some are quite fresh and massive, 
most are moderately to strongly foliated, and some show remnant amygdaloidal textures. A 
petrographic report prepared by R.N. England (13 May 2003) has indicated these dykes are 
quite variable with their composition ranging from ultramafic to felsic. The orientation of the 
lamprophyre bodies, and bedding where preserved, is slightly different from the 
mineralization trend, with about 10º differences in both strike and dip directions. Most of the 
contacts are knife sharp with no evidence of any alteration selvage within the host 
sediments. It is suggested that these lamprophyres are actually discontinuous volcanic 
flows and tuffs, which were emplaced periodically during the original sedimentary cycle. 
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8.0 DEPOSIT TYPES

8.1 Deposition Characteristics

The CSH 217 deposit is a bulk tonnage, low-grade style of gold mineralization 
hosted within a ductile-brittle shear zone in Proterozoic sediments. The following Figure 8.1 
reveals the general deposit orientation and drill hole location. The gold mineralization was 
controlled by and emplaced along a major south westerly trending ductile-brittle shear 
zone.

The diamond drill cores suggest that the ductile-brittle shear zone crosscuts the 
original bedding structure at about 10º. The shear zone is parallel to the foliation of the 
regional metamorphism, which is also parallel to the synclinal fold axis. This deformation 
style is typical of many greenstone and slate-belt terrains where shear zones were 
developed from the process of folding. Folding continued beyond the point of rupture, with 
the strain taken up in the developing shear zone. The quartz-sulfide veinlets were 
boudinaged within the foliation and were formed during the deformational history.

Within the south westerly trending ductile-brittle shear zone, a major fault zone (F1) 
consisting of three to four fracture zones with several discrete breaks parallels the 
mineralization longitudinally. Most of the fracture zones can be traced from section to 
section, and are confined within the 0.2 grams per tonne gold envelope. There is no 
evidence of significant post-mineral displacements of the mineralized zones, other than the 
F2 fault separating the Northeast and Southwest Zones.

 The F2 fault trends west-southwest, dips south-southeast with uncertain relative 
vertical displacement. The fault crosses the four kilometer long CSH 217 mineralized zones 
in the Central Zone. The structure is evidenced by topography, dislocation of stratigraphy, 
presence of a breccia zone, the dragging to the north of the east end of the Southwest 
Zone, and from the continuation of the fault to the north of the Northeast Zone. Interpolation 
from the projected locations of the mineralized zones on opposite sides of the fault 
suggests a horizontal displacement of about 300 meters. 

8.2 Ore Types

 The ore body is divided into oxide and sulfide ores. The transition surface is about 
40-70 meters below the surface vertically. Above the transition surface, most iron sulfides 
were oxidized to limonite. 

8.3 Gold Deportment

 Gold has been observed in the oxide ore zone mainly as liberated particles and as 
fine inclusions within arsenopyrite. Fewer occurrences of gold were observed in the oxide 
material than in the sulfide ore. 

 Gold observed in sulfide ore zone samples occurred as fine locked grains or 
attachments to arsenopyrite. Gold was also observed as attachments and inclusions with 
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pyrrhotite and as liberated particles. The few large liberated grains distort the weight 
distribution. On rare occasions fine inclusions of a bismuth-bearing mineral, with gold 
inclusions, were observed within arsenopyrite. 

8.4 Ore Elemental Composition

 The ore mainly contains gold with minor silver, copper, lead, zinc, and mercury. 
Semi quantitative ICP 30 element scan results are shown in Table 8.4.1. 

Table 8.4.1 
Semi Quantitative ICP Scan Results 

Element Oxide Sulfide Element Oxide Sulfide 
Ag <10 <10 Mn 590 820 
Al 82000 82000 Mo <20 <20 
As <75 <75 Na 4500 4600 
Ba 550 540 Ni 27 33 
Be 2.3 2.3 P 700 660 
Bi <20 <20 Pb <50 <50 
Ca 8500 9400 Sb <20 <20 
Cd <5 <5 Se <100 <100 
Co 21 24 Sn <100 <100 
Cr 67 77 Sr 130 120 
Cu 130 94 Ti 3100 3200 
Fe 43000 54000 Tl <100 <100 
K 37000 36000 V 100 100 
Li <10 <10 Y <20 <20 

Mg 12000 140000 Zn 65 75 
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Figure 8.1: Drilling Program Map of the CSH 217 Deposit
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9.0 MINERALIZATION

The host rocks to the gold mineralization on the CSH 217 property are mainly 
carbonaceous phyllites, andalucite schists, and slates within the lower members of the 
Bilute Formation. In the Northeast Zone the dip of the mineralization is steeply north at 82-
87 degrees, in the Central Zone the dip is near vertical, and in the Southwest Zone the dip 
is overturned to the south at 85 to 88 degrees. 

The gold mineralization is concentrated in thin (1 to 10 mm) sulfide and quartz-
sulfide seams/veinlets, stringers, and boudinaged lenses, which are concordant with the 
bedding and foliation and trend along the shear zone. Significant vein quartz has been 
noted in drill core associated with the higher-grade gold sections.  In most cross-sections, 
the higher grade intervals show relatively consistent dip angles in the mineralized zones. 

The principal type of mineralization is native gold occurring directly with the sulfides 
in the seams and in association with the quartz vein material. Mineralogical work by SGS 
Lakefield on composite oxide and sulfide samples found 77 percent of gold was free in the 
sulfide composite and 100 percent of the gold was free in the oxide sample (SGS Lakefield 
Research Limited, 22 January 2003). Pyrite and pyrrhotite are the most abundant sulfides 
with their total content generally ranging between one and two percent. Trace amounts of 
arsenopyrite, chalcopyrite, sphalerite and galena have been reported.

The hydrothermal alteration of the host rocks is rather weak, with only chlorite and 
silica alteration apparent in the drill cores. The host rocks also contain abundant sericite, 
and andalusite crystals in the footwall schists are up to 3 centimeters in length. 
Development of the andalusite is likely to be related to original alumina content and 
regional metamorphism. Also, occasionally there are mineralized sections within the 
andalusite schist. 

Surface work and diamond drilling have tested the mineralized zones and host 
stratigraphy over a continuous strike length of 4.6 kilometers. The mineralized sections are 
variable in width achieving a maximum width of 150 meters in the eastern part of the 
property. The vertical extent of the mineralization is at least 260 meters as the maximum 
vertical drilling depth to date is 260 meters.

A few late crosscutting structures have been recognized trending northwesterly but 
none have resulted in any major dislocation of the target stratigraphy. Also, a few shallow 
dipping, southwest trending small-scaled faults were observed in the Southwest Zone as 
exposed by the Brigade 208 mining. Displacement of these faults is rather insignificant, 
which may have locally dislocated the near-surface mineralization longitudinally.

9.1 Mineralogy

General petrographic work has been completed by England (2003) and by SGS-
Lakefield (2002), which is considered the most representative since it processed composite 
samples of oxide and sulfide material. Using heavy liquid separation, polished sections 
were prepared for quantitative image analysis that produced the following data: 
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Table 9.1.1 
Gold Association Weight Percent

Association Summary Sulfide Comp Oxide Comp 
Type of Association # of Grains %Mass # of Grains %Mass 

1 Association with Non-opaque 1 0.3 0 0 
2 Association with Arsenopyrite 16 19.8 4 0.0 
3 Association with Pyrrhotite 1 2.7 0 0 
4 No Association (Free) 2 77.2 2 100.0 

Gold has also been observed as free flecks up to 2 millimeters in size directly 
associated with the sulfides in both the stringers and in the quartz vein material. Trace 
amounts of gold have been seen as inclusions within arsenopyrite crystals. 
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10.0 EXPLORATION

The exploratory work completed by or on behalf of Jinshan prior to 2004 is described 
in detail in Section 6, and is briefly summarized below: 

In 2002, Jinshan Gold Mines (previously Pacific Minerals) completed geophysical 
surveys along the length of the shear zone structure, including a ground magnetic survey 
and a TEM survey. A diamond drilling program with a total of 4,997 meters in 23 holes 
delineated a substantial low-grade zone of gold mineralization with good continuity in the 
northeast portion of the property. The drilling results demonstrated good potential for a low 
grade, bulk tonnage gold deposit at the CSH 217 property. Also, a 3/4 tonne bulk sample 
was assembled and shipped to SGS Lakefield for preliminary metallurgical testing. 

In 2003, Jinshan Gold Mines shipped an additional one tonne sample to SGS 
Lakefield for leach testing and drilled an additional 33 diamond drill holes totaling 6,056 
meters. The majority of these holes were drilled on 100 or 200 meter spaced sections to 
test the structure along strike in the Southwest Zone. A few of these holes were located to 
in-fill the previous drilling in the Northeast Zone. The results of the 2003 drill program 
supported the potential for an extensive and contiguous, low-grade mineralized zone that 
justified more detailed drilling in 2004. 

In 2004, Jinshan completed 35 diamond drill holes totaling 6,598 meters of infill and 
confirmation drilling. The Northeast Zone and part of the Southwest Zone were drilled to 50 
meter sections. The drilling program has established the continuity of both the Northeast 
and the Southwest Zones. The 2004 infill drilling and the previous drilling results have 
provided substantial data for the resource modeling. A resource modeling program was 
followed and completed in early 2005. 
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11.0 DRILLING

The total drilling to date on the CSH 217 property is summarized as follows: 

Table 11.1 
Total Drilling Data 

No. of Holes Meters 
 1999 - Southwestern Gold 10 2,797 
 2002 - Pacific Minerals 23 4,997 
 2003 - Pacific Minerals 33 6,056 
 2004 - Jinshan Gold Mines 35 6,598 
   
 Totals 101 20,448 

All of the drilling to date has been completed with the equivalent of HQ core 
equipment producing cores approximately 60 millimeter in diameter. 

In 1999, Southwestern Gold tested the mineralized zone with diamond drilling to a 
vertical depth of 260 meters and along a strike for 3.7 kilometers (Table 11.2). This drill 
program outlined a mineralized zone up to 150 meters wide in the Northeast Zone. 

Pacific Minerals and later Jinshan conducted diamond drill programs using modern 
Longyear and Boyles Bros. equipment complete with wire line, mudding systems, and 
double and triple wall rods.

From July to November 2002, Pacific Minerals completed a program of 23 diamond 
drill holes totaling 4,997 meters (Tables 11.3 and 11.4). Two Chinese contract drilling 
companies were utilized using Longyear P-38 machines with double and triple wall HQ 
equipment. Core recoveries averaged better than 98 percent with output averaging 30-40 
meters per machine per 24-hour shift. All the holes were surveyed to accurately define dips 
and directions with varying depths. The drill holes were targeted as follows: 

 Northeast Zone:  20 holes (4506.39 meters) - nominally drilled on 50 
meter centers testing the known gold-bearing shear zone. 

 Southwest Zone:  1 hole (195.12 meters) - testing the southwestern 
extension of the known gold-bearing shear zone. 

 Geophysical Anomalies:  2 holes (305.26 meters) - testing a long linear 
magnetic anomaly which proved to be caused by a non gold-bearing 
pyrrhotite horizon in sediments. 

 Figure 11.1 shows the location of existing trenches and drill holes after the 2002 
drilling campaign. 
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Table 11.2 
1999 Summary Drill Results, CSH Gold Project, 0.5 g/t Au cutoff

Hole ID Coordinates 

Total 
depth 

(m)
From
(m)

To
(m)

Interval 
(m)

Langfang 
(China) 
Assays 
(g/t Au) 

Chemex 
(Canada) 
Assays 
(g/t Au) 

Est. True 
Thickness 

(m)

CSH-1
10,000E;

9,799N 212.92 56.00 77.68 21.68 2.96 1.40 12.0
CSH-1 148.65 212.92 64.27 0.93 0.98 40.0

CSH-2
10,600E;

9,868N 220.01 105.73 136.94 31.21 0.56  0.98 16.0
CSH-2 185.81 220.01 34.20 0.87 0.87 17.0

CSH-3
10,600E;

9,742N 308.29 17.19 290.74 273.55 0.92 0.76 136.0
Incl. 17.19 222.06 204.87 1.01 0.82 82.0

CSH-4
10,600E;

9,812N 272.52 41.67 91.42 49.75 0.74 0.64 21.0

CSH-5
7,299E;
9,877N 302.00 17.9 46.09 28.19 1.20  n/a 7.0

CSH-5 133.6 165.45 31.85 0.75 n/a 18.0

CSH-6
9,800E
9,530N 224.67 78.58 84.58 6.00 1.16 n/a 3.0

CSH-6 144.58 148.58 4.00 1.95 n/a 2.0

CSH-7
8,350E
9,534N 304.44 30.64 63.00 32.36 1.17  n/a 12.0

CSH-7 116.00 156.00 40.00 1.11 n/a 13.0
CSH-7 181.00 201.00 20.00 1.13 n/a 6.0

CSH-8
10,200E;

9,766N 300.51 55.00 228.00 173.00 1.01 0.81 112.0

CSH-9
7,850E;
9,698N 350.65 210.00 248.00 38.00 1.37 0.79 17.0

CSH-10
10,403E;

9,813N 301.00 34.00 100.00 66.00 1.16 1.15 36.5
CSH-10 138.00  72.00 34.00 0.98 0.82 23.0
Total  2,797
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Table 11.3 
2002 Drill Holes, CSH Gold Project 

Hole ID East North Elev AZ Dip Total Depth (m) 
CSH-11 9999.05 9751.80 1666.45 155 -48 326.12
CSH-12 10399.99 9832.85 1672.85 155 -45 174.04
CSH-13 10098.93 9779.14 1657.99 155 -45 229.52
CSH-14 10098.47 9829.09 1665.99 155 -65 330.82
CSH-15 10197.10 9770.92 1667.43 155 -45 189.22
CSH-16 10297.33 9824.45 1672.06 155 -45 209.12
CSH-17 10297.06 9847.63 1671.75 155 -60 275.22
CSH-18 10451.08 9849.44 1671.22 155 -45 184.64
CSH-19 10496.92 9872.11 1667.97 155 -45 195.29
CSH-20 10652.60 9872.96 1674.09 155 -45 150.24
CSH-21 10647.99 9904.83 1672.07 155 -60 174.44
CSH-22 10700.19 9897.51 1678.33 155 -60 199.59
CSH-23 10349.24 9848.11 1666.27 155 -45 208.60
CSH-24 10248.07 9837.90 1672.87 155 -45 213.52
CSH-25 10150.58 9841.88 1663.96 155 -60 278.02
CSH-26 10047.26 9806.61 1665.45 155 -45 235.62
CSH-27 9896.65 9751.33 1654.71 155 -45 196.19
CSH-28 9897.65 9776.98 1665.85 155 -60 240.34
CSH-29 10046.77 9819.69 1667.10 155 -60 280.72
CSH-30 9949.52 9783.77 1664.20 155 -45 215.12
CSH-31 10208.02 9453.40 1674.79 155 -45 149.84
CSH-32 7208.77 9750.70 1650.77 155 -45 185.12
CSH-33 7207.89 9751.20 1650.83 335 -45 155.42
TOTAL 4996.77
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Table 11.4 
Significant Drill Intercepts, 2002 Program, CSH Gold Project, 0.30 g/t Au cutoff 

Hole ID From To
Intercept Length 

(m)
Grade

(g/t Au) 
Grade (g/t Au), 
waste @ 0.0g/t 

Estimated True 
Thickness (m) 

CSH-11 4.65 155.60 150.95 0.84 0.82 113.97
CSH-11 176.40 191.17 14.77 0.61 0.61 11.15
CSH-12 40.50 142.66 102.16 0.65 0.64 80.50
CSH-13 33.20 198.87 165.67 0.64 0.61 130.55
CSH-14 102.60 114.05 11.45 0.83 0.81 6.07
CSH-14 144.36 176.95 32.59 1.11 1.10 17.27
CSH-14 185.70 330.23 144.53 0.83 0.81 76.60
CSH-15 4.00 127.80 123.80 0.74 0.70 97.55
CSH-16 58.30 165.10 106.80 0.78 0.74 84.16
CSH-17 55.93 71.82 15.89 0.67 0.66 9.57
CSH-17 100.24 259.00 158.76 0.80 0.78 95.57
CSH-18 22.97 33.09 10.12 0.60 0.60 7.97
CSH-18 58.50 130.50 72.00 0.74 0.71 56.74
CSH-19 45.81 159.42 113.61 0.83 0.81 89.52
CSH-20 29.84 110.90 81.06 0.72 0.69 63.88
CSH-21 95.50 172.22 76.72 0.67 0.65 46.19
CSH-22 67.54 106.54 39.00 0.73 0.72 23.48
CSH-22 121.94 147.14 25.20 0.71 0.71 15.17
CSH-23 83.70 171.13 87.43 1.02 1.00 68.89
CSH-24 57.23 75.86 18.63 0.74 0.73 14.68
CSH-24 93.30 212.85 119.55 0.66 0.64 94.21
CSH-25 121.60 278.02 156.42 0.81 0.79 94.16
CSH-26 17.00 30.47 13.47 0.93 0.93 10.61
CSH-26 80.84 177.12 96.28 0.81 0.78 75.87
CSH-27 59.81 185.50 125.69 0.76 0.74 99.04
CSH-28 32.00 56.66 24.66 0.61 0.59 14.85
CSH-28 103.69 116.00 12.31 0.80 0.80 7.41
CSH-28 139.99 240.34 101.05 0.65 0.64 60.83
CSH-29 41.42 66.55 25.13 0.66 0.65 15.13
CSH-29 133.88 162.10 28.22 0.86 0.81 16.99
CSH-29 171.70 274.00 102.30 0.83 0.80 61.58
CSH-30 11.62 37.92 26.30 0.50 0.47 20.72
CSH-30 48.72 60.69 11.97 0.68 0.61 9.43
CSH-30 89.49 200.14 110.65 0.80 0.78 87.19
CSH-33 61.75 71.75 10.00 0.70 0.70 7.88
CSH-33 112.30 124.30 12.00 1.30 1.30 9.19
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Figure 11.1 - Drill Hole Collar and Trench Locations 
1999 and 2002 Drilling Campaigns, CSH Gold Project

The drill holes completed during 2003 and 2004 are listed in Tables 11.5 and 11.6, 
respectively, showing their final co-ordinates, elevations, collar dips, core recovery and final 
depths. Tables 11.7 and 11.8 show the drill hole intercepts for a cutoff grade of 0.30 grams 
per tonne gold.  As shown on the assay and geological sections in Appendix 14, the drill 
holes were drilled southerly at -45° and -60° to intersect the mineralized strata dipping at 
80°-85° to the north. As a result, the drill holes cut the target zone at moderate angles and 
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the intercepts are 25-65 percent greater than the true thickness. Where stated in this 
report, the widths and thicknesses given are true values as measured on section. 

In 2004, the Huafeng Drilling Company from Sichuan completed 6,598 meters of 
drilling with two drill rigs in less than 3 months. All up production, including moving time, 
averaged 37.4 meters per machine per 24 hours. Additionally, overall core recovery was 
over 98 percent, and only three holes were lost due to bad ground conditions. 

Table 11.5 
2003 Drill Holes, CSH Gold Project 

Hole ID East North Elev Dip Azimuth Depth (m) 
Recovery 

(%) 
No. of 

Samples 

CSH-34 9499.46 9664.74 1647.7 -45° 155° 138.32 93.9 79
CSH-35 9298.83 9652.75 1644.0 -45° 155° 127.27 96.6 60
CSH-36 9097.25 9579.11 1640.5 -45° 155° 141.02 96.0 71
CSH-37 8901.94 9544.47 1649.1 -45° 155° 142.92 95.5 80
CSH-38 8699.25 9532.83 8699.25 -45° 155° 123.62 99.5 61
CSH-39 8497.34 9553.15 1632.3 -45° 155° 138.62 98.8 66
CSH-40 8299.46 9556.62 1637.4 -45° 155° 135.52 93.6 81
CSH-41 8099.12 9643.56 1626.2 -45° 155° 193.52 97.7 104

CSH-42-1 7850.94 9709.99 1627.2 -45° 155° 51.92 96.1 27
CSH-42 7890.04 9708.92 1630.7 -45° 155° 257.32 99.1 143
CSH-43 7700.02 9732.61 1632.0 -45° 155° 195.42 96.2 109
CSH-44 7500.08 9820.77 1631.6 -45° 155° 131.72 98.0 73
CSH-45 7302.60 9911.36 1645.8 -45° 155° 202.52 98.3 114
CSH-47 9802.92 9675.63 1655.6 -45° 155° 121.82 99.8 70
CSH-48 9801.19 9744.24 1658.0 -45° 155° 208.72 99.0 115
CSH-49 9802.12 9768.63 1663.9 -60° 155° 293.62 99.1 168
CSH-50 9698.10 9669.35 1653.5 -45° 155° 122.12 95.6 69
CSH-51 9697.26 9741.67 1663.6 -45° 155° 202.42 99.5 123
CSH-52 9697.34 9765.09 1665.3 -60° 155° 282.52 99.6 172
CSH-53 9599.24 9667.15 1649.5 -45° 155° 122.57 99.0 70
CSH-54 9600.79 9736.10 1658.1 -45° 155° 205.02 98.4 127
CSH-55 9598.96 9753.36 1660.1 -60° 155° 285.92 98. 9 169
CSH-56 10800.93 9903.76 1665.9 -45° 155° 109.12 99.4 59
CSH-57 10001.49 9751.78 1666.4 -48° 155° 140.92 94.4 metallurgical

samples only
CSH-58 8194.28 9616.16 1625.9 -45° 155° 191.82 99.0 104
CSH-59 7997.55 9677.66 1623.2 -45° 155° 214.22 98.4 121
CSH-60 10497.60 9913.56 1671.0 -60° 155° 278.22 99.4 169
CSH-61 10399.74 9907.70 1680.5 -60° 155° 297.82 99.3 181
CSH-62 10202.10 9842.64 1668.2 -60° 155° 318.42 99.3 203
CSH-63 7800.33 9723.78 1627.4 -45° 155° 229.82 97.7 135
CSH-64 7598.28 9780.82 1632.5 -45° 155° 130.42 95.5 69
CSH- 65 7595.12 9845.90 1625.7 -45° 155° 110.12 97.4 76
CSH-66 7397.08 9899.85 1636.5 -45° 155° 210.92 97.6 121
TOTAL 6,056.3m 98.05% 3389
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Table 11.6 
2004 Drill Holes, CSH Gold Project (in GK19 coordinates)

Hole ID Easting Northing Elevation Dip Az Depth (m) 
Recovery 

 (%) 
No. of 

Samples 

CSH-67 355945.674 4616690.604 1664.400 -45° 155° 146.5 98.7 79

CSH-68 355911.724 4616751.333 1667.384 -45° 155° 233.1 99.0 130

CSH-69 355917.511 4616743.996 1666.875 -60° 155° 280 99.4 167

CSH-70 355833.008 4616691.689 1675.641 -45° 155° 230 98.4 136

CSH-71 355794.504 4616541.032 1663.014 -45° 155° 115.2 97.8 70

CSH-72 355743.884 4616645.567 1676.766 -45° 155° 273.3 99.8 181

CSH-73 355718.086 4616473.178 1666.989 -45° 155° 139.1 96.9 89

CSH-74 355654.264 4616594.280 1670.500 -45° 155° 311.1 99.3 213

CSH-75 355616.398 4616451.849 1658.937 -45° 155° 169.4 98.5 94

CSH-76 355466.203 4616315.070 1663.344 -45° 155° 151.1 96.5 88

CSH-77 355431.745 4616383.623 1661.389 -60° 155° 302.2 99.2 195

CSH-78 356000.611 4616694.857 1669.499 -45° 155° 104.6 96.4 59

CSH-79 355938.178 4616818.894 1673.173 -45° 155° 273.7 99.7 165

CSH-80 355641.213 4616516.459 1666.777 -45° 155° 239 98.3 168

CSH-81 355435.751 4616482.568 1673.129 -45° 155° 330.3 95.8 212

CSH-82 354083.660 4615475.636 1635.290 -45° 155° 168.2 99.5 92

CSH-83 354064.061 4615513.790 1627.216 -45° 155° 174.7 99.5 100

CSH-84 354019.384 4615490.718 1627.120 -45° 155° 226.6 99.7 125

CSH-85 354004.670 4615414.425 1636.513 -45° 155° 110.4 98.6 57

CSH-86 353976.563 4615473.824 1625.439 -45° 155° 220.2 99.5 123

CSH-87 353953.372 4615409.786 1630.426 46° 164° 126.9 97.6 63

CSH-88 353908.371 4615383.339 1625.957 -45° 155° 102.4 96.4 53

CSH-89 353879.695 4615443.575 1626.125 -45° 155° 223.8 99.6 125

CSH-90 353852.505 4615371.086 1623.758 -45° 155° 134.1 96.4 73

CSH-91 353803.674 4615362.871 1625.567 -45° 155° 135.2 98.4 75

CSH-92 353790.006 4615434.369 1623.086 -45° 155° 233.5 100.0 139

CSH-93 353751.231 4615363.985 1629.355 -45° 155° 139.3 99.5 85

CSH-94 353695.496 4615364.524 1631.587 -45° 155° 148.2 97.4 94

CSH-95 353672.500 4615412.128 1624.966 -45° 155° 223.7 98.6 120

CSH-96 353650.065 4615340.802 1628.952 -45° 155° 139.6 99.9 80

CSH-97 353582.251 4615339.902 1621.642 -45° 155° 144.2 100.0 86

CSH-98 353545.141 4615323.289 1621.680 -45° 155° 143.2 99.9 90

CSH-99 353504.434 4615306.699 1627.454 -45° 155° 148.2 99.9 82

CSH-100 353476.353 4615363.560 1626.617 -45° 155° 214.6 99.9 116

CSH-101 353446.679 4615292.184 1629.792 -45° 155° 142.2 99.9 68

TOTAL 6,597.8 98.8% 3892
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All drill holes were surveyed using a Sperry-Sun single-shot survey instrument 
providing a photographic record of the hole angle and direction at 50 meter intervals. The 
camera and compass were inserted through the rods and extended below the drill string on 
an aluminum extension to escape the magnetic effect of the drill rods. The magnetic effect 
of the pyrrhotite content of the mineralization on the borehole directional survey is not 
considered significant, as the boreholes generally did not extend into the (deeper) pyrrhotite 
zone, and the incremental surveys down the hole are consistent. 

All drill holes have been surveyed by a contractor from Yinchuan providing accurate 
collar co-ordinates for each drill collar with elevations to a tenth of a meter. The collar 
location of boreholes were surveyed using a laser total station and tied to survey control 
points established with differential GPS. Figures 5 and 6 show the drill hole locations for the 
Northeast and the Southwest Zones respectively, including the more recent 2004 drilling. 

Of the 35 holes drilled in 2004, 15 holes were drilled in the Northeast Zone and 20 
holes in Southwest Zone. Most of the holes were drilled at a 45o angle with only two holes 
drilled at 60o towards the southeast. Drilling started on 20 April 2004 and finished 16 July 
2004. All the cores were logged by geologists and sampled at the site. The procedure of 
core logging and sampling involved:

1. fitting the core together in the trays, then measuring core recovery and RQD of 
each run;

2. describing texture and mineralogy of the lithological units, and measuring angles 
of foliation and/or bedding to core axis in each unit;

3. estimating percentage of quartz veinlets and sulfide or oxide content, and 
      identifying weathered rock and fresh rock interface; and, 

4. sample intervals were then marked up by the geologist, and then one half of the 
core was cut using a diamond saw and sent to the Langfang laboratory for 
preparation, while the other half of the core was stored on site. 
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Table 11.7 
Drill Intercepts, 2003 Program, CSH Gold Project, 0.30 g/t Au cutoff

Hole ID From To Intercept Length 
(m)

Grade (g/t Au) Grade (g/t Au), 
waste @ 0.0g/t 

Estimated True 
Thickness (m) 

CSH-34 78.00 100.24 22.24 0.53 0.50 15.99

CSH-37 49.00 59.30 10.30 0.71 0.70 7.16

CSH-38 60.80 102.02 41.22 0.80 0.74 28.65

CSH-39 112.26 126.26 14.00 0.64 0.64 9.73

CSH-40 38.42 51.42 13.00 1.25 1.18 9.04

CSH-40 69.72 101.74 32.02 0.99 0.98 22.25

CSH-40 111.28 135.52 24.24 0.62 0.58 16.85

CSH-41 120.35 131.16 10.81 0.81 0.81 7.51

CSH-41 149.38 193.52 44.14 0.89 0.83 30.68

CSH-42 104.42 127.62 23.20 0.88 0.85 16.40

CSH-42 147.38 160.62 13.24 0.89 0.88 9.36

CSH-42 178.87 208.86 29.99 0.62 0.61 21.20

CSH-43 68.72 158.02 89.30 1.09 1.04 62.06

CSH-43 176.04 195.42 19.38 1.54 1.51 13.47

CSH-44 20.80 34.32 13.52 0.71 0.71 9.56

CSH-45 58.76 76.00 17.24 0.97 0.97 11.98

CSH-45 91.51 153.71 62.20 0.83 0.82 43.23

CSH-47 22.65 36.40 13.75 0.53 0.53 10.84

CSH-47 47.97 117.33 69.36 0.66 0.63 54.66

CSH-48 3.24 16.25 13.01 1.15 1.15 10.39

CSH-48 70.74 95.10 24.36 0.64 0.61 19.46

CSH-48 111.62 178.08 66.46 0.71 0.69 53.10

CSH-49 141.41 273.41 132.00 0.71 0.69 79.46

CSH-50 65.34 94.22 28.88 0.85 0.84 23.08

CSH-51 128.15 141.05 12.90 0.77 0.76 10.69

CSH-51 152.51 185.83 33.32 0.64 0.64 27.62

CSH-52 200.80 238.12 37.32 0.71 0.68 23.47

CSH-52 250.25 272.72 22.47 0.71 0.71 14.13

CSH-53 81.62 95.75 14.13 0.58 0.56 11.57

CSH-54 156.30 182.62 26.32 0.65 0.62 21.29

CSH-55 192.94 204.00 11.06 0.67 0.67 6.66

CSH-55 214.82 269.80 54.98 0.77 0.74 33.10

CSH-56 27.54 43.54 16.00 0.76 0.76 12.61

CSH-56 51.54 90.00 38.46 0.45 0.40 30.31

CSH-58 139.00 191.82 52.82 0.83 0.79 36.71

CSH-59 108.26 134.30 26.04 0.50 0.45 18.10

CSH-59 187.14 199.33 12.19 0.86 0.85 8.47

CSH-60 126.64 150.00 23.36 0.62 0.60 14.06

CSH-60 179.17 217.38 38.21 0.71 0.70 23.00

CSH-60 231.34 278.22 46.88 0.85 0.84 28.22

CSH-61 131.26 158.42 27.16 0.71 0.67 16.35

CSH-61 172.04 239.67 67.63 0.78 0.77 40.71

CSH-61 257.23 277.88 20.65 0.51 0.48 12.43

CSH-62 42.71 59.33 16.62 0.51 0.50 10.24

CSH-62 102.21 122.06 19.85 0.95 0.95 12.23

CSH-62 142.42 249.59 107.17 0.98 0.97 66.02

CSH-62 254.91 268.86 13.95 0.61 0.58 8.59

CSH-63 70.50 101.81 31.31 1.06 1.02 21.76

CSH-63 116.04 152.51 36.47 0.64 0.61 25.35

CSH-64 107.60 130.42 22.82 0.89 0.88 15.86

CSH-66 51.03 73.12 22.09 1.16 1.14 15.35

CSH-66 88.16 128.66 40.50 1.34 1.33 28.15
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Table 11.8 
Drill Intercepts, 2004 Program, CSH Gold Project, 0.30 g/t Au cutoff 

Hole ID From To Intercept
Length (m) 

Grade (g/t 
Au) 

Grade (g/t Au), 
waste @ 0.0g/t 

Estimated True 
Thickness (m) 

CSH-67 20.00 138.00 118.00 0.64 0.62 92.98
CSH-68 96.00 222.00 126.00 0.66 0.62 99.29
CSH-69 180.00 251.20 71.20 0.70 0.67 42.86
CSH-70 126.80 226.00 99.20 0.76 0.74 78.17
CSH-71 6.00 107.95 101.95 0.78 0.76 80.34
CSH-72 121.18 258.07 136.89 0.77 0.76 107.87
CSH-73 7.50 125.12 117.62 0.71 0.68 92.68
CSH-74 121.95 296.19 174.24 0.75 0.73 137.30
CSH-75 20.00 129.10 109.10 0.83 0.81 85.97
CSH-76 24.50 151.12 126.62 0.83 0.80 99.78
CSH-77 38.13 302.21 264.08 0.85 0.83 158.98
CSH-78 7.90 18.77 10.87 0.54 0.54 8.45
CSH-78 38.67 83.77 45.10 0.82 0.81 35.04
CSH-79 143.36 156.32 12.96 0.74 0.69 10.21
CSH-79 176.56 218.42 41.86 0.66 0.62 32.99
CSH-79 227.47 259.74 32.27 0.58 0.56 25.43
CSH-80 20.50 37.52 17.02 0.76 0.74 13.41
CSH-80 66.30 239.02 172.72 0.75 0.73 136.10
CSH-81 139.94 155.64 15.70 0.70 0.69 12.37
CSH-81 195.08 330.29 135.21 0.89 0.88 106.55
CSH-82 75.72 88.92 13.20 0.71 0.68 9.17
CSH-82 115.76 131.95 16.19 1.04 1.02 11.25
CSH-83 148.00 169.65 21.65 0.93 0.90 15.05
CSH-84 153.00 173.00 20.00 0.72 0.69 13.90
CSH-84 190.00 206.20 16.20 0.84 0.83 11.26
CSH-85 30.12 51.52 21.40 0.78 0.78 14.87
CSH-85 67.12 108.19 41.07 0.90 0.88 28.54
CSH-86 158.00 187.80 29.80 1.31 1.28 20.71
CSH-86 202.10 220.22 18.12 1.09 1.09 12.59
CSH-87 49.17 110.72 61.55 0.70 0.67 42.78
CSH-88 4.50 19.11 14.61 0.73 0.72 10.15
CSH-88 59.90 95.32 35.42 1.11 1.09 24.62
CSH-89 115.20 143.60 28.40 0.93 0.92 19.74
CSH-89 167.00 197.00 30.00 0.93 0.89 20.85
CSH-90 5.15 44.78 39.63 0.87 0.73 27.54
CSH-91 5.20 40.42 35.22 0.58 0.53 24.48
CSH-92 170.00 207.85 37.85 1.11 1.07 26.31
CSH-93 61.00 73.50 12.50 0.98 0.91 8.69
CSH-94 36.90 47.00 10.10 0.92 0.90 7.02
CSH-94 59.00 120.40 61.40 0.83 0.78 42.67
CSH-95 103.97 167.05 63.08 0.83 0.80 43.84
CSH-95 187.32 205.80 18.48 1.09 1.05 12.84
CSH-96 33.00 94.35 61.35 0.91 0.86 42.64
CSH-97 33.90 42.65 8.75 0.92 0.92 6.08
CSH-97 61.00 107.00 46.00 1.10 1.07 31.97
CSH-98 11.84 36.90 25.06 1.34 1.31 17.42
CSH-98 60.00 108.00 48.00 0.62 0.59 33.36
CSH-99 22.92 43.17 20.25 1.04 1.00 14.07
CSH-100 119.24 164.62 45.38 1.07 1.05 31.54
CSH-100 174.77 186.77 12.00 0.90 0.90 8.34
CSH-101 14.50 35.22 20.72 1.25 1.18 14.40
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Figure 11.2 
Drill Hole Locations, Northeast Zone, CSH Gold Project

Figure 11.3 
Drill Hole Locations, Southwest Zone, CSH Gold Project
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12.0 SAMPLING METHOD AND APPROACH

 Drilling at the CSH Gold Project has been 100 percent diamond core drilling. With 
the exception of Drill Hole 57, which was drilled for metallurgical purposes, the procedure 
included the following sequence:

1. The core was logged in detail including all rock characteristics and descriptions, 
RQD information, intervals alteration, etc.; 

2. The core was sawn in half with a diamond saw based on sample intervals selected 
by the geologist; 

3. The half core samples were sent to a preparation laboratory for crushing and 
pulverizing; and split into a 500 to 1000 gram sample pulp and forwarded to an 
assay laboratory;

4. The prepared sample pulp was submitted to the chosen laboratory for assay; and, 

5. The remaining half of the core was retained on site in a secured and protected 
storage facility for future use and reference.  Duplicate samples were taken from the 
saved half core when this type of sampling was utilized. 

 Drill core sampling was every two meters, as a general guideline, unless obvious 
geologic breaks, structures or rock type changes dictated a different sample interval. 
Maximum sample lengths were three meters and minimum sample lengths were 0.22 
meters. The overall actual sample interval for all drilling campaigns averages 1.60 meters 
for the Northeast Zone, and 1.68 meters for the Southwest Zone.

 The large diameter core (63.5 millimeters) was drilled to provide adequate sample 
size and sample weight for representative sampling. The average weight of a half core 
sample for a two meter interval is 7.0 kilogram, and this amount of material ensures good 
sample representation. 

 The following information was recorded by the field geologist for all geological 
samples collected for analysis and for reference samples: 

1. Sample Numbers 
  Field Sample Number 
  Laboratory Sample Number 
  Duplicate Sample Number 

2. Date of Sample Collection 

3. Local Name of Sample Site. 

4. Geologist. 
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5. Easting, Northing, Elevation Coordinates, dip angle and azimuth.

6. Rock Description 
  Rock Name 
  Alteration / Weathering 
  Mineralogy 
  Mineralization 
  Oxidation; and Percent sulfides  

7. Sample Information: 
  Number 
  Type 
  Method 
  Dimensions 
  Environment 
  Size Fraction 

8. Other Comments 

 A discussion of drilling parameters has been presented in Section 11 of this report. 
In addition, the 1999 drilling by Southwestern Gold produced variable core recoveries and 
therefore caution has been used in dealing with the data from these initial 10 drill holes. 
The 2004 drilling program drilled in the same general area with good recoveries and assay 
results generally supported the 1999 results. The 2002-2004 drilling campaigns attained 98 
percent core recovery, which is considered very good. 

 Prior to 2004, a total of 3,389 core samples were shipped to the laboratory each 
weighing about 2 kilograms. An additional 3,892 samples were shipped for analyses in the 
2004 drilling program. The drill core samples were analyzed by ALS Chemex in Vancouver 
or other reputable laboratory using standard fire assay techniques with AAS finish.
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13.0 SAMPLE PREPARATION, ANALYSIS AND SECURITY

All samples were taken and handled by Ningxia Pacific’s geological staff in a manner 
acceptable by current professional practice.

A written log or description was prepared for each sample and an appropriate 
identification number was assigned. The sample reference number is unique, and uses two 
part sample tags. The detachable part of the sample tag was enclosed in the sample bag, 
and the number was also written on the outside of the bag with indelible marker. Samples 
were packed and sealed in the field in plastic bags. Prior to shipment, the samples were 
stored in a safe locked area at the main base camp. There has never been any 
observation, evidence or suggestion at any time that any of these samples had been 
tampered with in any manner. 

All of the core samples were trucked directly to the Langfang Laboratory at the 
Institute of Geophysical and Geochemical Exploration located at the Langfang Research 
Centre, Hebei Province, about a one-hour drive east of Beijing. This is a laboratory fully 
certified by the Chinese Government, which is known and respected for its analytical work 
both in China and abroad. To maintain the chain of custody of the samples, each leg of the 
route from the field to the laboratory used itemized delivery notes and shipping waybills. 
Samples were delivered to the laboratory directly by Jinshan personnel. At no time during 
the shipping from the field to the laboratory were the samples out of the direct supervision 
of Jinshan personnel. 

The entire sample as received at Langfang was crushed to minus 10 mesh and then 
rolled, quartered, and split to produce a 500 gram sample for shipment to Canada for 
assaying by ALS Chemex in North Vancouver. 

At ALS Chemex, the samples were ground and pulverized to minus 100 mesh with 
the gold content being determined using the standard Chemex screened metallic fire assay 
techniques on one-assay tonne (30 gm) samples. Under this procedure, Chemex conducts 
three fire assays on each sample using an AA finish. One assay is carried out on the 
greater than 100 mesh material and two are completed on the less than 100 mesh fraction. 
Taking the respective weights into account, the gold values are then back calculated to give 
the original gold content. 

Standards and blanks are run consistently and these checks are designed by 
Jinshan geologists and executed by ALS Chemex in-house to assure their quality control. 
Additionally, the numerous unmineralized lamprophyre intersections in the core served as 
blank checks and these consistently returned values less than 0.05 grams per tonne gold. 

It is the opinion of the qualified persons that produced this report that the sampling, 
sample preparation, security, and analytical procedures are all within applicable industry 
standards.
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14.0 DATA VERIFICATION

As part of the data quality assurance and quality control procedures (QA/QC), a 
duplicate sampling program was introduced into the 2003 and 2004 drilling program. On a 
random basis, every 5th to 10th sample was sent in duplicate from the minus 10 mesh 
material at Langfang Laboratory for assaying by ALS Chemex. A total of 454 duplicate 
samples (13.4 percent of the total number of assays) were sent for assay checks, and are 
described below. 

Variations in the duplicate sample results were noted from the duplicate check 
sample program. Statistical analyses of the QA/QC data indicate a confidence level for 
individual samples above 0.20 grams per tonne gold at plus or minus (±) 25 percent. This 
result was confirmed by a more recent heterogeneity test, indicating that the sampling 
protocols used to date can result in variations of up to 50 percent in individual assay 
grades. Such variability is common in most gold mining operations worldwide when mined 
blocks are reconciled against predicted block grades. Not only are grades commonly not 
the same, the actual location of the predicted grade blocks may be somewhat different in 
three dimensional space. However, there generally is good reconciliation when considering 
large volumes and production tonnages such as on a bench, month, quarter, or annual 
basis. The variability of individual assays is quickly reduced when considering numerous 
sample lots or groups of samples, as with composites for grade estimation, and more so at 
the time of estimating resources. 

It is also important to note that the re-assaying of standards may indicate a 
conservative grade bias. Check assays using standards of known values indicate a 5 
percent lower value from the ALS Chemex laboratory compared with the known value for 
the low grade standard. There has been no compensation for this lower grade variance as 
these differences are with only the low grade standard.

An additional drilling program was undertaken at the CSH site in 2005. Data from 
that program are not yet available and these data are not included in this project 
development report. 

14.1 Constitutional Heterogeneity of the Gold Mineralization

The intrinsic variability of the gold mineralization has been evident in most aspects of 
sampling and assaying on the CSH 217 property. All the metallurgical test labs working on 
this material reported significant variability and encountered problems in establishing actual 
head assay grades of their bulk sample material. Eventually they have relied on calculated 
head grades based on final test results. 

 A heterogeneity test was performed on oxide mineralization from a bulk sample 
obtained in the Northeast Zone. The results of this test allowed Jinshan to optimize 
sampling protocols in future drill programs in order to decrease the variability observed in 
future drill hole sampling. The main conclusions of this test are: 
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1. The variability observed in the data is partly due to suboptimal sampling protocol, 
which can be improved. 

2. The intrinsic (constitutional) variability of the gold mineralization is not as high as 
other gold deposits, such as epithermal and coarse gold deposits. 

3. The 350 kilogram bulk sample tested shows that overall there is no bias in the 
assaying procedure, and that the fine particle sizes contain the most significant 
portion of the gold. 

 The variability observed has two main sources: (1) intrinsic mineralization variability, 
due to the free gold particles observed, which are mostly in the range of 40 to 60µm in size, 
but with occasional particles up to 400µm. Sampling this type of material requires that large 
sample masses be reduced to small grain sizes before splitting can take place; and, (2) the 
sub-optimal sampling protocol used to date, which introduces additional variability as 
discussed above. The observed variability of the database can be reduced through better 
sampling protocols and equipment. 

14.2 Bulk Sampling

Bulk sample test results provided by SGS Lakefield Research have provided the 
following data:

Table 14.2.1 
SGS Lakefield Research 

Bulk Sample Test Results 

 Expected Grade 
from

Drill Hole Assays 

Duplicate Head 
Grade Samples 

by LR 

Calculated Head 
Grade from Testing 

by LR 
Oxide
bulk sample 

1.04g/t 0.76g/t 1.12g/t 

Sulfide
bulk sample 

0.90g/t 1.08g/t 
0.67g/t

0.97g/t

 From the above, it appears that for both bulk samples the calculated head grades 
are about 8 percent higher than anticipated from the drill data. This is in agreement with 
past experience and other bulk samples to date, but it is an observation that cannot be 
quantified at this point in time. However, when also considering the QA/QC data discussed 
in this report and the results from the pilot mining operation, it provides an indication that 
the drill hole samples are adequate for the preparation of resource estimates, although they 
may be underestimating in-situ gold grade. 

14.3 Database Quality Assurance/Quality Control (QA/QC)

14.3.1   QA/QC prior to the 2004 Drill Campaign 

The assay duplicate information for the drilling available to date represents about 13 
percent of the total meters drilled in 2003, which was the first QA/QC program implemented 
by Jinshan Gold Mines after acquiring the project from Southwestern Gold. The 13 percent 
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translates to approximately 3 percent of the total intervals in the database (adding up the 
1999, 2002, and 2003 drilling) that have gold grades above 0.2 grams per tonne gold. 
Although this is at the low end of the 3 to 5 percent range for check material usually 
recommended for gold deposits, the qualified person, Mr. Mario Rossi, does not believe 
that this reduces the confidence on the database, given the good results obtained. 
Additional details are given in the preliminary project assessment report filed with SEDAR 
on 15 April 2005. 

Both the pulp and coarse reject duplicates indicate little or no bias, with a 25 percent 
average relative precision, and with approximately 50 percent of the intervals with worse 
than 20 percent absolute relative deviation. By comparison, and considering duplicates that 
include sample preparation errors (below -10 mesh) in a deposit of this type, it is normally 
expected that 80 percent of the total number of duplicates have a 20 percent or less 
absolute relative deviation.

The more significant problem, however, is reflected by the initial 10 diamond drill 
holes (drilled in 1999).  Recovery is very low (71.8 percent for weathered rock and 88.2 
percent for unweathered rock) and the Langfang Laboratory data used in modeling are on 
average 0.118 grams per tonne gold biased high with respect to the corresponding Chemex 
duplicate assays. The average absolute relative deviation for the duplicate samples above 
0.2 grams per tonne is 40 percent. However, this issue is no longer a concern, since 
subsequent drilling has confirmed and reproduced the original 10 Southwestern drill holes. 

A similar problem occurs with the trench data available. The assays were conducted 
by the Langfang Laboratory but the assay procedure was conducted on a 10 gram sample 
size (instead of the 30 gram industry standard of North America). Further the rough channel 
sampling procedure in a trench is a less reliable sampling method than diamond drill core. 
This makes comparing the two databases more problematic. Given the low confidence and 
limited spatial influence in the resource model, the trench data were not used for resource 
modeling.

14.3.2   Control Samples, 2004 Campaign 

The 2004 QA/QC program utilized blanks, duplicates and reference standards.  The 
total frequency of control samples into the stream was 18 percent, which includes 12 
percent duplicate samples, 4 percent standard samples and 2 percent blank samples. 

Blank sample material was collected from a quartzite outcrop located southeast of 
the orebody at 41°38’59.5”N/109°16’25.2”E. Five representative grab samples from the 
quartzite were analyzed by ALS Chemex in Vancouver for 41 element ICP and AA 23. All 
samples returned less than 0.005 parts per million gold (Batch No VA04029077). Three 
types of duplicates were inserted: quartered core at the Ningxia Pacific core laboratory in 
Xin Hu Re split from coarse reject (-5 millimeters), and the fine reject (-20 mesh) by IGGE 
Langfang.  IGGE Langfang inserted two reference standards: one low grade (OREAS 52P 
@ 0.183 grams per tonne gold) and one high grade (OREAS 17Pb @2.56 grams per tonne 
gold). The Certified Reference Material was obtained from Ore Research and Exploration 
(Pty) Limited of Australia. Standard sample preparation and round robin analyses for these 
standards are available as backup documentation. 
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The basic statistics that describe results of the blank checks and the standards are 
shown in Table 14.3.2.1. The corresponding summary for the duplicate checks is shown in 
Table 14.3.2.2. Note the good reproduction of the standard average values, with a slight 
bias for the low-grade standard. 

The assays of blank material indicate there is no significant contamination in the 
sample preparation or analysis and that the laboratory detection limit (LDL) for the entire 
process is considered to be 0.05ppm. Two blank samples assayed above the LDL (0.09 
and 0.10ppm) for two different sample batches. As the second blank sample in the two 
anomalous batches above assayed below the LDL, and the anomalous assays are well 
below the mineralized geologic threshold at 0.20 grams per tonne gold. Therefore, it is 
concluded that contamination is not significant in any of the assays. 

Table 14.3.2.1 
Basic Statistics of the Standards and Blanks

OREAS 17Pb OREAS 52P Blank

Jinshan OREAS Jinshan OREAS

N = 52 47 N = 56 79 N = 88

Mean 2.559 2.560 Mean 0.174 0.183 Mean 0.027

Median 2.590 2.580 Median 0.180 0.18 Median 0.025

Mode 2.670 2.580 Mode 0.180 0.17 Mode 0.025

Count Mode 11 14 Count Mode 25 20 Count Mode 86

St. Deviation 0.142 0.145 St. Deviation 0.055 0.013 St. Deviation 0.011

Max 2.870 2.760 Max 0.500 0.21 Max 0.100

Min 2.130 1.960 Min 0.040 0.157 Min 0.025

95% conf 0.039 0.041 95% conf 0.014 0.003 95% conf 0.002

(Mean – Std) /Std -0.04% -4.92%

Comments on the statistical treatment of the check sample data: 

1. The mean of the assays of the high-grade standard OREAS 17Pb is 2.559 
grams per tonne, well within the reported acceptable tolerance range of 2.54 to 
2.58 grams per tonne. The Student t test shows there is a 75 percent probability 
that these samples are from the same population (i.e. there is no significant 
difference between the assay values from ALS compared to the round robin 
results).

2. The mean and median of the high-grade reference samples assayed at ALS 
Chemex is nearly identical to the round robin assays for the OREAS sample, but 
the ALS Chemex assays are not a normal distribution around the mean value 
and display a gap between 2.70 to 2.80 grams per tonne gold. The cause of this 
gap is probably normal statistical variance for a small sample population and is 
not considered a fault in the analytical procedures. 
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3. The mean of assays of the low grade standard OREAS 52b is 0.174 ppm which 
is approximately 5 percent lower than the acceptable tolerance range of 0.179 to 
0.187ppm. A Student-t test shows a 17 percent probability that these samples 
are from the same population (i.e. there is a significant difference between the 
sub-populations).

4. The low bias of the low-grade standard suggests that assays of low-grade drill 
core may be underestimated. As there were only two standard sample grades 
analyzed, it cannot be determined if the analytical bias is linear.  As the low-
grade standard sample is close to the important geological threshold of 0.22 
grams per tonne, this analytical bias may affect geological and resource 
modeling.

5. Drill core duplicate analyses from quartered core have a standard deviation of 
0.428 grams per tonne, which confirms the high intrinsic heterogeneity of the 
mineralization as noted earlier.

6. Duplicate analyses of the coarse reject (0.875 grams per tonne) and fine reject 
(0.865 grams per tonne) also show high variances, being affected by both a sub-
sampling protocol and the high constitutional heterogeneity of the mineralization. 

Table 14.3.2.2 
Basic Statistics for Drill Core, Coarse Rejects and Pulp Duplicates

All Inclusive Averages 
Fine Reject Coarse Reject Drill Core 

Number 108 108 109 
Mean 0.030 -0.038 0.013 
Count Mode 34 32 39 
St. Deviation 0.865 0.875 0.428 
Max 4.115 2.790 1.810 
Min -3.100 -5.845 -2.530 
95% Conf 0.163 0.165 0.080 

The qualified person, Mr. Mario Rossi, believes that if the project advances, further 
QA/QC programs should be implemented, including the use of a second laboratory for pulp 
and coarse (-10 mesh or -5 mesh) duplicates. Further, no less than three standards at 
more relevant grades should be used. These may include the current low-grade standard 
(OREAS 52P), a mid-grade standard at about 0.5 or 0.6 grams per tonne, and a high-grade 
standard, but much lower than OREAS 17P, for example in the 1.2 grams per tonne range. 
Also, further enhancements proposed include establish acceptance protocols and re-
assaying criteria during the diamond drilling program. 

The following Figure 14.3.2.1 presents the distribution of values of three types of 
duplicate assays described above. 
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Duplicate Assay Distribution

0

5

10

15

20

25

30

35

40

45

1.000.800.600.400.200.00-0.20-0.40-0.60-0.80-1.00

ppm Au

F
re

q
u

e
n

c
y

Pulp N = 108

Reject N = 108

Drill Core N = 109

Figure 14.3.2.1 
Distribution of Values from the Three Types of Duplicate Assays 



CSH Gold Project - Mine Engineering and Development Study Page 50 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

15.0 ADJACENT PROPERTIES

Not applicable 
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16.0 MINERAL RESOURCE AND RESERVE ESTIMATES

16.1 Database and Geologic Model

The mineral resource used in this development study was derived entirely from a 
resource estimate contained in a document filed with SEDAR on 15 April 2005 entitled 
"Preliminary Assessment of the Chang Shan Hao 217 Gold Project, Nei Mongol, Peoples' 
Republic of China". There have been no changes between the resource defined in the 15 
April 2005 filing and the resource used in this project development study. 

16.1.1   Assay Database 

 The database used to estimate the resources consists of a total of 98 inclined 
surface drill holes, covering the entire CSH 217 deposit (Southwest and Northeast zones), 
which dip in between about 75º to 45º to the south in rotated mine grid coordinates. In 
December of 2004, all the drill hole collars were resurveyed with a total station tied to 
control points established with differential GPS system in the summer of 2004. The newly 
surveyed drill collar coordinates and elevation data were used in the current database. 

Sampling interval is mostly 2 meters down the hole, although there are a significant 
number of exceptions to this: the overall average length of the assayed interval is 1.68 
meters. In addition, there are three underground adits from which about 100 channel 
samples have been taken. These samples are too few to reliably assess their quality by 
comparison with the other DDH samples. They have not been used for the geologic 
modeling and resource estimation.

The assay gold database (11,528 gold values) shows that the gold distribution is 
relatively well behaved (in comparison with other gold deposits), with few samples 
representing an outlier population. The average overall gold grade for the Northeast zone 
(weighted by sample length) is 0.51 grams per tonne, with a standard deviation of 0.71, and 
a coefficient of variation1 (CV) of 1.40.  Approximately 75 percent of the assay data are 
below 0.68 grams per tonne, and 50 percent of the data are below 0.33 grams per tonne. 
There are few high-grade values, the maximum being 26.49 grams per tonne. 

16.1.2   Database Integrity 

 The overall integrity of the database was deemed very good after spot checking 
against the original gold assays certificates and geologic logs, three errors were found.

The contracted drilling team, Sichuan Huafeng, reported that the instrument used for 
the down-the-hole survey is an Eastman-Kodak single shot camera, made in Germany. The 
camera has a magnetic angle unit that measures azimuth and dip. The value is recorded 

1 The coefficient of variation is defined as CV= /m, and represents a measure of variability that is unit-
independent.  This is a variability index that can be used to compare different and unrelated distributions.
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inside the camera, and the measured values can be read after the film is developed. The 
stated measuring accuracy is 0.1 degrees, and reading accuracy is 0.5 degrees, which is 
adequate for resource estimation.

16.1.3   Specific Gravity 

 In early July 2003, a suite of 31 representative core samples was selected and sent 
to the 217 laboratory in Yinchuan for specific gravity determinations. 

The specific gravity values were obtained using the hot wax coating method, with 
varying density values for the various rock types. The resource model uses the following 
values:

  Oxides – 2.65 
  Sulfides –  2.75 

16.1.4   Ore Controls and Estimation Domains

 The known geology of the CSH217 Project offers some elements that can be used 
as mineralization controls at the time of estimating resources: 

 There is a demonstrable difference between the oxide and the sulfide 
mineralization in the Northeast zone, both in terms of general statistics and in 
terms of spatial continuity. This difference is not observed in the Southwest 
zone. Therefore, it is reasonable to estimate separately oxide and sulfide 
mineralization in the Northeast, but not so in the Southwest zone. 

 A 0.20 grams per tonne envelope was used because of mining and economic 
considerations, but with the added geologic component that it is thought to 
represent a reasonable footwall and hanging wall contact for the gold 
mineralization. In other words, this model assumes that there is no mineralization 
of interest outside the 0.20 grams per tonne envelope. This control was, in 
addition to the oxide/sulfide boundary, the main control for the proposed CSH217 
resource model. 

Several statistical analyses were carried out to describe the differences and 
similarities of the estimation domains defined, which included histograms and quantile-
quantile (Q-Q) plots. 

16.1.5   Oxide/Sulfide Boundary 

 The sulfide-oxide interface is an irregular surface ranging from 30 to 70 meters 
below ground level. This was defined by logging the point in each drill hole below which all 
the sulfides are fresh and above which most of the sulfides have been converted to rusty 
limonite. In most holes this is a very sharp, well-defined line. 
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The sulfides above the interface have been totally converted to oxides. In a very few 
holes, some scattered sulfides remain within the oxide section. These sections are 
generally short and irregular with little continuity. The current data do not suggest any 
significant tonnages of mixed mineralization types. 

The boundary between weathered and fresh rock was defined on each of the 
geologic cross sections as individual polygons. The sections include both assays and 
geology along with the oxide and sulfide boundary interface, spaced every 50 meters from 
9,900E through 10,700E in the Northeast Zone and from 7700E through 8350E in the 
Southwest Zone. The oxide/sulfide interface line was drawn on each section by connecting 
between drill holes, then extending the line horizontally to either side. A three-dimensional 
solid oxide/sulfide interface was created by wire framing the oxide/sulfide interface lines 
from section to section, which define the lower limit of the oxidation solid and the upper limit 
of the sulfide solid.

The oxide and sulfide solids were then utilized to back-tag the drill holes assays and 
composites, thus coding the estimation database with the basic information required to 
match to the block model during the interpolation process. The lower limit of the sulfide 
solid was then defined to be 1,400 meters in the Northeast Zone and 1300 meters in the 
Southwest Zone, which was also chosen, as the lower limit of the 0.20 grams per tonne 
envelope by the authors.

16.1.6   Grade Envelopes at Gold = 0.20 grams per tonne 

 Waste is defined as material with less than 0.20 grams per tonne gold grade over a 
minimum 6 meter horizontal width (thickness of the steep dipping zones), considered a 
likely half-bench height and the minimum mining width to selectively remove waste. 

The mineralization zone boundaries were interpreted for the purpose of bounding the 
modeling exercise and for use in the calculation of resources. The polygons were drawn on 
each section to outline the 0.20 grams per tonne gold mineralization envelopes. The basic 
criterion for defining the envelopes was based on assays being greater than 0.20 grams per 
tonne. However, if part of a drill hole within this envelope had an interval that was less than 
the minimum mining width (defined above), whose weighted average grade was less than 
0.20 grams per tonne, that interval was included as internal dilution using its individual 
assay values.

The 0.20 grams per tonne gold mineralization envelopes can be traced from section 
to section as a consistent 50-100 meters wide zone. Mineralized blocks have been defined 
outside of the hanging wall and footwall of this zone, under the condition that they had a 
thickness greater than the minimum mining width at a weighted average grade  0.20 
grams per tonne gold. Initially, it was anticipated that these splays would be fairly isolated; 
however these units appear to be continuous where they exist. 
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16.2 Statistical Analysis and Variography

16.2.1   Compositing

 Two-meter long composites were obtained from the original assay data, and coded 
using the modeled geology as oxide/sulfide and as inside/outside the 0.20 grams per tonne 
envelope. Several studies on composite lengths were completed in 2004, comparing the 
impact of dilution and grade variability according to composite length. All composites less 
than 1 meter in length were discarded from the database. The main conclusions derived 
from the composites statistics are: 

 In the case of the Northwest zone, the variability in oxide mineralization is higher 
than in the sulfide zone. This is not the case in the Southwest zone, where the 
variability of both types of mineralization is similar. 

 The relative abundance of oxides in the Southwest zone is much smaller than for 
the Northeast zone. In the Northeast zone, about 22 percent of the composites 
are coded as oxides, while in the Southwest zone this percentage is 13 percent. 

 The overall average gold grade of the 2 meter composites is approximately 0.66 
grams per tonne for the SW zone and the NE sulfide mineralization, while the NE 
oxide mineralization has a slightly lower grade of 0.61 grams per tonne. 

16.2.2   Gold High Grade Assays Study 

 The impact of high grades in the CSH 217 project is limited, since the high-grade 
population is small. The analysis was based on the cumulative probability curve and a 
quantity of metal graph by gold cutoff grades. At a 3.0 grams per tonne cutoff, about 0.89 
percent of the total meters represent about 8.6 percent of the total gold metal in the 
deposit. This ratio is considered low if compared to most gold deposits, where typically one 
or two percent of the data may represent 20-30 percent of the metal contained. In the 
Southwest zone, 0.43 percent of the total meters are above 5.0 grams per tonne cutoff, 
containing about 7.7 percent of the total gold.

 The gold composites were capped to 5.0 grams per tonne in both zones. This grade 
capping choice affects 3.6 percent and 7.7 percent of the original Northeast and Southwest 
gold content, respectively. 

16.2.3   Variography 

 In preparation for the implementation of the grade estimation method chosen, 
several correlograms for gold grades were run using the 2 meter composites. These 
included correlograms for the gold grade above 0.20 grams per tonne in the Northeast 
zone and in the Southwest zone. The Northeast correlogram model for gold greater than 
0.20 grams per tonne was to be used for both the oxide and the sulfide grade estimation, 
since a better description of spatial continuity is achieved. In addition, two 0.20 grams per 
tonne indicator variograms were also required, one for the Northeast zone and one for the 
Southwest zone. Finally, a correlogram model for the overall gold distribution was also 
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obtained, as a tool to aid in the later classification of the resources, and also to provide a 
model for the internal dilution study as described below. 

 The main conclusions and observations obtained from the variography are: 

 Correlations for the 2 meter composites are 50 meter to 75 meter for sulfides, 
and about 30-50 meters for oxides. Relative nuggets effects are 40 percent of 
total variance for sulfides, and 50 to 60 percent for oxide mineralization. There is 
much better continuity along strike and down dip, and sulfides are more 
continuous than oxides. 

 The indicator variogram models for the 0.2 grams per tonne provide an indication 
of how continuous the mineralized zones are. For both zones, the variogram 
ranges indicate that the correlation of the 0.2 grams per tonne envelope can 
average the equivalent of at least three cross sections, between 150 and 200 
meters. This is a statistical confirmation of the geologic observations mentioned 
earlier in this Section, as well as provides confidence on the continuity of both 
mineralized zones.

 The short continuity is confirmed by down-the-hole correlograms. For oxides, 70 
percent of the total variance is reached at about 35 meters. In sulfide 
mineralization there is better continuity, with approximately 70 percent of the 
variance being reached at approximately 50 meters. The ranges for the 
remaining 30 percent of the variance are much longer and no less than 150 
meters.

 The anisotropies and ellipses of continuity for each variogram were checked 
against known geology and its expected behavior. As expected, along-strike 
(ENE in rotated coordinates) and down dip (70º or steeper to the North) are the 
two main directions.  There is much less continuity in the across-strike direction. 

16.2.4   Internal Dilution 

 Consideration of the volume-variance correction is necessary because 
mineralization will be mined on volumes different than the volume of the composites used in 
grade estimation, and it may also be different than the volume of each block in the resource 
model. This is internal dilution, or the mixing of mineralization and waste within a block. 

The block size that represents the minimum volume that could be mined is called the 
Selective Mining Unit (SMU). In the case of the CSH project, it has been assumed that 6 
meter benches are likely to be used. In this evaluation, the loading equipment considered 
for the mine operation indicates that a minimum mining width of 6 by 6 meters can be 
assumed. Therefore, the SMU assumed in this resource model update is 6 x 6 x 6 meters 
(216 cubic meters).

Using the appropriate correlogram, global corrected distributions were found for the 
assumed 6 x 6 x 6 meters SMU, and also for an alternative 10 x 10 x 6 meters SMU. 
Variance reduction factors of 0.62 to 0.68 were observed. When the 2 meters composites 
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and the two SMU distributions considered are compared, it is seen that, at a gold cutoff of 
0.50 grams per tonne, the expected internal dilution is 18 percent (relative) drop in grade 
and 3 percent relative gain in tonnage when comparing the 2 meter composites to the 
6 x 6 x 6 meters SMU for the Northeast zone. When comparing the two SMUs, there is an 
additional 3 percent relative loss in grade and a 1 percent relative gain in tonnage when 
using a 10 x 10 x 6 meters SMU. The expected dilution varies with cutoff, as expected, but 
does not necessarily increase with higher cutoffs. Slightly larger dilution values are found 
for the Southwest zones. 

16.3 Resource Block Model

16.3.1   Block Model Definition

 The Chang Shan Hao 217 resource block model was defined as a single large block 
model combining both mineralization zones. This was done to facilitate the handling of the 
resource model and later pit optimization and mine planning work. The model has the 
following limits, referred to the southwest, lower corner of the block: 

 Minimum Easting:  352,500E 
 Maximum Easting:  356,500E 
 Minimum Northing:  4,614,500N 
 Maximum Northing:  4,617,200N 
 Minimum Elevation:  1,210 meters 
 Maximum Elevation:  1,690 meters 

The block size chosen was 12.5 x 12.5 x 6 meters, intended to reflect drill hole 
spacing available, and according to Journel and Huijbregts (1978) recommendations. It is a 
small block for areas where sections are at 100 meters spacing, although these are few, 
and if estimated, they have been classified as inferred resources.

The block model defined allowed for definition of sub-blocks at the contacts between 
the oxide/sulfide interface, at topography, and also at the 0.20 grams per tonne mineralized 
envelope contact. The maximum number of sub blocks allowed was 2 x 2 x 2, which implies 
a minimum sub-block size of 6.25 x 6.25 x 3 meters. The purpose of the sub-blocking is to 
incorporate geologic contact dilution wherever appropriate and according to the geologic 
model used. However, the model was regularized to the nominal 12.5 x 12.5 x 6 meters 
before reporting resources and pit optimization. 

16.3.2   Indicator-Modified Ordinary Kriging (IMOK) 

 IMOK belongs to a family of similar grade estimation methods used in resource 
estimates, and it involves the following steps: 

 Definition of the mineralized and un-mineralized grade populations, using a 
grade threshold. For the CSH217 project, a 0.20 grams per tonne threshold was 
chosen, allowing within the interpreted envelope the presence of two distinct 
populations. The grade threshold is used to define an indicator variable, which 
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takes the value of 1 if the grade is larger or equal to the grade threshold, and 0 
otherwise.

 The proportion of the block that is mineralized is predicted by kriging the 
indicator variable is kriged using the corresponding indicator variogram. This 
estimation provides a value between 0 and 1 for each block, which is interpreted 
as the estimated proportion of material within the block that is mineralized. 

 The grade of the mineralized portion of each block is estimated using only the 
nearby composites above the mineralization threshold, the corresponding 
correlogram model, and using ordinary kriging. Every block inside the 
mineralized envelope receives a grade for that proportion of the block that is 
mineralized. In the case of the Northeast zone, this was done separately for 
oxides and sulfides.

The final block grade is obtained by diluting the contained metal in each block 
(mineralized tonnage of the block, times the mineralized grade for that block) with the un-
mineralized portion of the block, which in this case is assumed to have a grade of 0.0 
grams per tonne. The average gold grade of the composites inside the mineralized 
envelope that are less than 0.2 grams per tonne is 0.09 grams per tonne and 0.1 grams per 
tonne for the Northeast and Southwest zones respectively, which introduces a degree of 
conservatism in the grade estimation process. 

16.3.3   Estimation Plans 

 Three estimation passes were used to estimate the resource model.  Each pass is 
done using a varying degree of requirements before any given block can be estimated. 
Thus, better block-by-block estimation can be achieved by using more restrictions on those 
blocks that are closer to drill holes, and thus better informed. Also, since the passes are 
based on decreasing levels of information, the pass provides an initial indicator for resource 
classification.

Data selection was done using octant searches it helps to avoid over-influence of 
individual drill holes in areas with redundant information. In all cases, block kriging was 
performed, and block discretization used was 2 x 2 x 2 points within each block. 

For the kriging of the mineralized indicator, the 2 meter composites were first 
transformed to 0 and 1 as explained above. Two separate kriging runs were done, one for 
each zone, using the corresponding variogram models, considering only blocks within the 
0.20 grams per tonne envelope, and using ordinary kriging on the indicators. 

In the case of the Northeast zone, a hard boundary between oxides and sulfides was 
used. This boundary is “softened” at the time of re-blocking the original sub-blocks along 
the contact to the nominal 12.5 x 12.5 x 6 meter blocks.
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16.3.4   Resource Classification

 Under the CIM definitions (CIM Standards on Mineral Resources and Reserves 
Definitions and Guidelines, August 2000), measured resources require that “quantity, 
grade, density, shape, and physical characteristics need to be established with confidence 
sufficient to allow the appropriate application of technical and economic parameters” such 
that production planning and the evaluation of the economic viability of the deposit is 
possible. In the case of indicated resources, the level of confidence should be sufficient to 
allow for the application of appropriate technical and economic parameters, mine planning, 
and economic evaluation.

The most important factors affecting resource classification are: 

Geologic continuity, which is considered significant because the lateral limits of 
the mineralized envelope can be interpreted confidently for no less than three 
cross sections at a time, 150 meters or more. The continuity evidenced by the 
correlogram of the 0.20 grams per tonne gold grade indicator confirms this, as its 
total range is just below 200 meters in the along-strike direction. The indicator 
variogram for the SW zone indicates a somewhat smaller range, but still larger 
than the equivalent of three sections. 

 The correlogram models confirm the gold grade continuity. The gold grade for 
both zones evidence continuity of up to 45 meters for about 67 percent of the 
total variance in the NE zone, 71 percent of the total variance in the SW zone, 
and about 150 meters or better for 85 percent of the total variance.

 The 2004 drilling confirmed expected results. The anticipated grade ranges for 
the new drilling were found in the general areas and at levels as expected. 

 The CSH 217 is a low-grade deposit. In terms of statistical variability, it ranks 
well below any typical epithermal and/or vein-type gold deposit, and including 
most of the Nevada gold mines. Given CSH 217’s low CV, the current drill 
spacing is of good density and compares well with other operating gold mines. 

All these factors combined allowed the authors to use the following criteria to classify 
the resources (refer to Tables 16.3.4.1 and 16.3.4.2 below): 

 To achieve the measured classification in this case, the resources must be 
estimated according to the following criteria: 

a) Northeast Zone: blocks must have been estimated within an ellipsoid 
that is 40 meters x 16 x 28 meters (along-strike, across-strike, and 
dipping at -70º), with a minimum of 5 and a maximum of 8 composites, 
and with the additional restriction of 2 composites maximum per 
octant defined. 

b) Southwest Zone: blocks must have been estimated within an ellipsoid 
that is 35 meters x 17 x 28 meters (along-strike, across-strike, and 
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dipping at -70º), with a minimum of 5 and a maximum of 8 composites, 
and with the additional restriction of 2 composites maximum per 
octant defined. 

 To achieve the indicated category, the resources must be estimated according to 
the following criteria: 

a) Northeast Zone: the blocks must have been estimated within an 
ellipsoid that is 120 meters x 48 x 84 meters (along-strike, across-
strike, and dipping at -70º), with a minimum of 3 and a maximum of 10 
composites, and with the additional restriction of 3 composites 
maximum per octant defined. 

b) Southwest Zone: the blocks must have been estimated within an 
ellipsoid that is 100 meters x 50 x 80 meters (along-strike, across-
strike, and dipping at -70º), with a minimum of 3 and a maximum of 10 
composites, and with the additional restriction of 3 composites 
maximum per octant defined. 

 To achieve the inferred classification, the resources must be estimated 
according to the following criteria: 

a) Northeast Zone: the blocks must have been estimated within an 
ellipsoid that is 200 meters x 80 x 140 meters (along-strike, across-
strike, and dipping at -70º); they need to have been estimated with a 
minimum of 2 composites, a maximum of 12, with additional restriction 
of 3 composites maximum per octant defined. 

b) Southwest Zone: the estimation must have occurred using an ellipsoid 
that is 200 meters x 100 x 160 meters (along-strike, across-strike, and 
dipping at -70º); they need to have been estimated with a minimum of 
2 composites, a maximum of 12, with additional restriction of 3 
composites maximum per octant defined. 

In addition, the anisotropies of the search ellipsoids mimic (although they are less 
anisotropic and orientated on the average strike direction of the mineralization) the 
anisotropy ellipses derived from the correlogram models. 

All blocks not estimated under any of those conditions remain un-estimated, and are 
currently considered waste, the same as all blocks outside the mineralization envelope. 
Almost 10 percent of the blocks defined within the mineralization envelope do not have an 
estimated gold grade. 
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Table 16.3.4.1 
Resource Classification Parameters, NE Zone 

Category 
Search in X, Y, 

and Z 

Rotation Angles 
of the Ellipsoid, 

GSLib convention 
Min No. of 

Comps
Max No. 

of Comps 
Max. No. of 

Comps/Octant)
Measured 40x16x28m 45º/0 º /-70 º 5 8 2
Indicated 120x48x84m 45 º /0 º /-70 º 3 10 3
Inferred 200x80x140m 45 º /0 º /-70 º 2 12 3

Table 16.3.4.2 
Resource Classification Parameters, SW Zone

Category 
Search in X, Y, 

and Z 

Rotation Angles 
of the Ellipsoid, 

GSLib convention 
Min No. of 

Comps
Max No. 

of Comps 
Max. No. of 

Comps/Octant)
Measured 35x17.5x28m 80 º /0 º /-70 º 5 8 2
Indicated 100x50x80m 80 º /0 º /-70 º 3 10 3
Inferred 200x100x160m 80 º /0 º /-70 º 2 12 3

In addition to using the criteria described above, additional constrains were imposed. 
For the Northeast zone these are: 

 If the block is located east of the coordinate E356120, the block is classified as 
inferred.

 If the block is located between elevations 1450 and 1500 meters and has been 
classified as measured, set the block as indicated. 

 If the block is below the 1450 meters elevation, it is classified as inferred. 

In the case of the Southwest zone, the additional conditions were: 

 If the block is east of E354150, then it is classified as inferred. 

 If the block is located between coordinates E353150 and E353350, it is classified 
as inferred. 

 If the block is between elevations 1400 and 1500 meters and was originally 
classified as measured, it is re-classified to indicated. 

 If the block is below the 1400 meters elevation, it is classified as inferred. 

The amount of measured and indicated resources in the NE zone is more significant 
than in the SW zone. Measured resources tend to be more disjointed, since they can only 
be found in those areas where the blocks can be estimated with a search distance of 40 
meters or better, mainly around the section lines. Indicated resources are much more 
continuous, particularly through the NE zone, and enclosing measured resources. There is 
relatively little amount of measured resource in the SW zone, only in those areas where the 
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there are 2 or 3 drill holes clustered. Overall inferred resources in the SW zone are close to 
50 percent of the total estimated tonnage.

16.3.5   Geologic Resources and Grade-Tonnage Curves 

 The assessment presented in this section lists inferred mineral resources that are 
considered too speculative in nature to have economic considerations applied to them that 
would enable them to be categorized as mineral reserves. These inferred mineral 
resources have not been included in the economic analysis. Tables 16.3.5.1 and 16.3.5.2 
show the overall resources for the gold diluted resources in the Northeast and Southwest 
zones, respectively. Tables 16.3.5.3 and 16.3.5.4 show the oxide and sulfide resources, 
also split by category, and Table 16.3.5.5 summarizes the overall estimated resource for 
the CSH Gold Project. 

 The Oxide resource represents a small percentage of the total CSH Resource. In 
terms of ounces of gold, and considering for example the 0.50/t cutoff, there are about 
370,000 ounces of oxide gold (or 17 percent of the total) in the measured and indicated 
categories, and 1.80 million ounces of sulfide gold (or 83 percent of the total) classified as 
measured and indicated. In terms of project development, although the oxide resources 
would be the first ones to be processed, the bulk of the resource is sulfide mineralization, 
and so its metallurgical recovery is a key parameter in project economics.

 There are significant measured and indicated resources in the Northeast zone, not 
as much in the Southwest zone, which is more variable and also has less drilling to date. 
Also, the estimated grades of the resources are lower compared to prior estimates. 
However, they are not unexpectedly so, particularly considering the estimation 
methodology and that they include an estimated 18 percent dilution. 

 The authors are unaware of any known environmental, legal, permitting, title, 
taxation, socio-economic, marketing, political, mining, metallurgical, infrastructure or other 
relevant issues that could materially effect the estimate of mineral resources. 

Table 16.3.5.1 
Northeast Zone Resources by Category, 2005 Resource Model

Measured Indicated Measured+Indicated Inferred

Cutoff
(g/t)

MTons
Au

Grade
(g/t)

MTons
Au

Grade
(g/t)

MTons
Au

Grade
(g/t)

Million
Ounces

Au
MTons

Au
Grade
(g/t)

Million
Ounces

Au

0.3 16.8 0.73 60.9 0.70 77.7 0.71 1.77 28.8 0.76 0.70

0.4 15.6 0.76 57.3 0.72 72.9 0.73 1.71 24.4 0.83 0.65

0.5 13.2 0.82 48.0 0.77 61.2 0.78 1.53 21.9 0.87 0.61

0.6 10.0 0.90 36.3 0.85 46.3 0.86 1.28 19.2 0.92 0.57

0.7 7.4 1.00 25.9 0.93 33.3 0.94 1.00 16.1 0.97 0.50

0.8 5.4 1.09 17.9 1.01 23.3 1.02 0.76 12.7 1.03 0.42

0.9 3.9 1.18 11.6 1.09 15.5 1.11 0.55 9.1 1.10 0.32

1.0 2.8 1.28 7.3 1.18 10.0 1.21 0.39 5.3 1.21 0.21
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Table 16.3.5.2 
Southwest Resource by Category, 2005 Resource Model 

Measured Indicated Measured+Indicated Inferred

Cutoff
(g/t)

MTons
Au

Grade
(g/t)

MTons
Au

Grade
(g/t)

MTons
Au

Grade
(g/t)

Million
Ounces

Au
MTons

Au
Grade
(g/t)

Million
Ounces

Au

0.3 5.6 0.80 21.4 0.81 27.0 0.80 0.69 23.6 0.72 0.55

0.4 5.1 0.84 19.2 0.86 24.3 0.85 0.66 18.5 0.82 0.49

0.5 4.5 0.89 17.0 0.91 21.5 0.91 0.63 14.6 0.92 0.43

0.6 3.7 0.97 14.1 0.98 17.8 0.98 0.56 12.2 0.99 0.39

0.7 2.9 1.05 11.5 1.06 14.4 1.06 0.49 8.5 1.14 0.31

0.8 2.3 1.14 9.1 1.14 11.4 1.14 0.42 7.1 1.22 0.28

0.9 1.8 1.22 7.0 1.23 8.8 1.23 0.35 5.6 1.32 0.24

1.0 1.4 1.30 5.4 1.32 6.7 1.31 0.28 4.6 1.39 0.21

Table 16.3.5.3 
Oxide Resources by Category, 2005 Resource Model

Measured Indicated Measured+Indicated Inferred

Cutoff
(g/t)

MTons
Au

Grade
(g/t)

MTons
Au

Grade
(g/t)

MTons
Au

Grade
(g/t)

Million
Ounces

Au
MTons

Au
Grade
(g/t)

Million
Ounces

Au

0.3 4.0 0.71 14.9 0.71 18.9 0.71 0.43 3.8 0.60 0.07

0.4 3.5 0.76 13.8 0.74 17.3 0.74 0.41 2.9 0.68 0.06

0.5 2.9 0.83 11.7 0.79 14.5 0.80 0.37 2.4 0.72 0.06

0.6 2.1 0.92 9.0 0.86 11.2 0.87 0.31 1.7 0.80 0.04

0.7 1.6 1.02 6.8 0.93 8.4 0.95 0.26 1.1 0.87 0.03

0.8 1.2 1.11 4.7 1.01 5.9 1.03 0.20 0.7 0.94 0.02

0.9 0.9 1.21 3.6 1.09 3.9 1.12 0.14 0.3 1.05 0.01

1.0 0.6 1.30 1.9 1.18 2.6 1.21 0.10 0.2 1.14 0.01

Table 16.3.5.4 
Sulfide resources by category, 2005 Resource Model

Measured Indicated Measured+Indicated Inferred

Cutoff
(g/t)

Mtons
Au

Grade
(g/t)

MTons
Au

Grade
(g/t)

Mtons
Au

Grade
(g/t)

Million
Ounces

Au
MTons

Au
Grade
(g/t)

Million
Ounces

Au

0.3 20.7 0.69 67.4 0.73 85.8 0.74 2.04 48.6 0.75 1.17

0.4 18.0 0.74 62.7 0.76 79.9 0.77 1.98 40.0 0.84 1.08

0.5 14.4 0.81 53.3 0.81 68.1 0.82 1.80 34.0 0.90 0.98

0.6 10.9 0.90 41.4 0.89 52.9 0.90 1.53 29.7 0.96 0.92

0.7 8.1 0.99 30.5 0.98 39.3 0.98 1.24 23.5 1.04 0.79

0.8 5.9 1.08 22.3 1.06 28.8 1.07 0.99 19.0 1.11 0.68

0.9 4.2 1.17 15.6 1.15 20.4 1.16 0.76 14.3 1.19 0.55

1.0 3.0 1.26 10.7 1.25 14.2 1.26 0.58 9.8 1.30 0.41
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Table 16.3.5.5 
Total Resource by Category, 2005 Resource Model

Measured Indicated Measured+Indicated Inferred

Cutoff
(g/t)

Mtons
Au

Grade
(g/t)

Tons
(x1000)

Au
Grade
(g/t)

Tons
(x1000)

Au
Grade
(g/t)

Million
Ounces

Au
Tons

(x1000)

Au
Grade
(g/t)

Million
Ounces

Au

0.3 22.4 0.75 82.3 0.74 104.7 0.73 2.46 52.4 0.74 1.25

0.4 20.7 0.78 76.5 0.76 97.2 0.76 2.38 42.9 0.83 1.14

0.5 17.6 0.84 65.0 0.81 82.7 0.82 2.18 36.5 0.89 1.04

0.6 13.7 0.92 50.4 0.88 64.1 0.89 1.83 31.4 0.95 0.96

0.7 10.3 1.01 37.3 0.97 47.7 0.98 1.50 24.6 1.03 0.81

0.8 7.7 1.10 26.9 1.05 34.6 1.06 1.18 19.8 1.10 0.70

0.9 5.7 1.19 18.6 1.14 24.3 1.16 0.91 14.7 1.19 0.56

1.0 4.1 1.28 12.6 1.24 16.8 1.25 0.68 10.0 1.30 0.42

16.3.6   Statistical and Graphical Validation of the Block Model 

 An extensive graphical validation was done on the block model, which serves 
several purposes: 

 Checks the reasonableness of the estimated grades, based on the kriging plan 
and the nearby composites. 

 Checks that the estimated blocks carry indeed the envelope and oxide/sulfide 
codes as interpreted and modeled, and that topography has been properly 
accounted for.

 Checks that the general drift and the local grade trends of the block model, 
compared to the drift and local grade trends of the composites. 

Cross sections and plans were used to check the block model on the computer 
screen, showing the block grades, the composite data, the oxide/sulfide surface, and the 
0.20 grams per tonne envelope used to define the volume within which the interpolation 
took place. No evidence of any block being wrongly estimated was found: every block 
grade can be explained as a function of the surrounding composites, the correlogram 
models used, and the kriging plan applied.

Several statistical analyses were used to validate the 2005 resource model, which 
are shown in Appendix F. Only a few examples are shown in this report, the remaining 
validation work is available as background information. The plots of gold grade trends of the 
original 2 meter composites (gold equal to or greater than 0.20 grams per tonne) versus the 
estimated block grades (for the mineralized portion of the block) show how closely the 
estimated block grades reproduce the grade trends observed in the original 2 meter 
composite grades. Some additional observations are: 

 In the case of the trend on the Easting direction (N-S 100 meter slices) the 
matching in the SW zone (Easting equal or greater than 54200) is poorer than in 
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the NE zone. This is a clear indication of the differences in drilling, as well as the 
more variable mineralization of the SW zone. 

 In the case of trends in the Northing direction, the match up is reasonable, but 
less indicative because of the geometry of the deposit. 

 In the case of the vertical trends, which have been analyzed grouping two 
benches at a time, the match is very close, with the exception of the 1408 meter 
elevation, where the anomalous high-grade composites appear. However, the 
block model has successfully limited their influence, partly due to the capping 
explained above. 

These and other statistical checks not presented here indicate that the block model 
grades behave as expected, with an adequate degree of smoothing, and without obvious 
anomalous values. It is globally unbiased, and internally consistent with the composites and 
correlogram models used to create it. 
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17.0   OPEN PIT MINING OPERATIONS

 A mine plan for the CSH Gold Project has been developed by Nilsson Mine Services 
Ltd. (NMS). This plan has been prepared for a heap leach processing rate of 20,000 tonnes 
per day. There are two ore types found at the CSH Project Site. Near surface material has 
been weathered along mineral bearing fractures. This ore type is referred to as "oxide" or 
as being oxidized. At depth the ore is fresh and is referred to as "sulfide". During the initial 
two years of the mine plan, ore will be delivered run of mine (ROM) to the heap leach pad. 
A three stage crushing plant will be available during year three through to the end of the 
mine life. 

 During the life of the mine approximately 53 million tonnes of ore at an average 
grade of 0.76 grams per tonne will be placed upon the heap for processing.  Approximately 
50 million tonnes of waste will be placed upon waste dumps. 

 Mining and ore delivery will be undertaken by local mining contractors. Supervision 
of the contractors and grade control activities will be managed by Jinshan engineering staff.

17.1 Resource Model

 The geological resource model used for the purposes of mine planning has been 
prepared by GeoSystems International Inc. (GSI). The resources are summarized in the 
table below. 

TABLE 17.1.1 
RESOURCE SUMMARY - NORTHEAST ZONE

TABLE 17.1.2 
RESOURCE SUMMARY - SOUTHWEST ZONE 
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17.2 Open Pit Optimization

 Pit optimization of the CSH Gold Project has been undertaken using Medsystem
software. A complex wall slope Lerchs Grossman algorithm has been used to develop un-
smoothed ultimate pit limits. These limits were used as a guide to develop mine designs. 
This section describes the economic input parameters to this pit optimization and the 
resulting pit configuration. 

Optimization Input Parameters 

 The pit optimization input parameters are summarized in Table 17.2.1 Pit 
Optimization Criteria. 

Metal Price 

 The gold price used in the optimization was US$ 400 per ounce. Refining and offsite 
costs were estimated to be US$ 2.00 per ounce. 

Metallurgical Recovery 

 Process metallurgical recoveries were provided by KDE for ROM and crushed 
material in weathered and fresh resources types. ROM recoveries are expected to be 80 
percent and 50 percent respectively for Weathered and Fresh material. Three stage 
crushing improves recoveries in both Weathered and Fresh material to 90 percent and 70 
percent respectively. 

TABLE 17.2.1 
PIT OPTIMIZATION CRITERIA

Case
ROM

Heap Leach 

1/2/3 Crush, 
Wash, Gravity, 

Heap Leach 

Ore Production t x 1000 20.0 20.0 

Weathered Ore Recovery % 80.0% 90.0% 

Fresh Ore Recovery % 50.0% 70.0% 

Operating Cost and Fee Estimate     

Mine Waste Contracting RMB/t 9.58 9.58 

Mine Engineering RMB/t 0.41 0.41 

Mine Ore Contracting RMB/t 10.25 10.29 

Mine Ore Subtotal RMB/t 10.66 10.70 

Processing Cost RMB/t 5.47 8.41 

Pad Construction RMB/t 1.48 1.48 

G&A Expense RMB/t 4.07 4.07 

Mineral Resource Tax RMB/t 0.60 0.60 

Water Usage Charges RMB/t 0.07 0.07 

Reclamation & Soil Fund RMB/t 0.02 0.02 

Government Fees & Donations RMB/t 0.05 0.05 

Plant, Pad and G&A RMB/t 11.75 14.70 

All Onsite Costs RMB/t 22.42 25.40 
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TABLE 17.2.1 
PIT OPTIMIZATION CRITERIA

Case
ROM

Heap Leach 

1/2/3 Crush, 
Wash, Gravity, 

Heap Leach 

Operating Cost and Fee Estimate     

Mine Waste Contracting $US/t $1.168 $1.168

Mine Engineering $US/t $0.050 $0.050 

Mine Ore Contracting $US/t $1.251 $1.305 

Mine Ore Subtotal $US/t $1.301 $1.355 

Processing Cost $US/t $0.666 $1.026 

Pad Construction $US/t $0.180 $0.180 

G&A Expense $US/t $0.496 $0.496 

Mineral Resource Tax $US/t $0.073 $0.073 

Water Usage Charges $US/t $0.008 $0.008 

Reclamation & Soil Fund $US/t $0.003 $0.003 

Government Fees & Donations $US/t $0.006 $0.006 

Plant, Pad and G&A $US/t $1.433 $1.792

All Onsite Costs $US/t $2.734 $3.148

Other Parameters       

Gold Price  US$/ounce $400.00 $400.00 

Refining/off-site costs  US$/ounce $2.00 $2.00 

Mining Cost Increment Ore RMB/t 0.13 0.13 

Mining Cost Increment Ore $US/t $0.016 $0.016 

Mining Cost Increment Waste RMB/t 0.14 0.14 

Mining Cost Increment Waste $US/t $0.017 $0.017 

Entrance Bench - Global Elevation 1636 1636 

Slope Design Sectors 
  See Slopes 

Table     

Exchange RMB/$US 8.2

Operating Costs 

Mining

 Mine operating costs were estimated based upon quotes from Hongdai Guanddong 
Hongda Blasting Engineering Co., China Second Metallurgical Construction Co., and 
Wenzhou Tongye Construction Engineering Co. contract mining companies. Unit mining 
rates were based upon 20,000 tonnes per day production schedule and an average 1 
kilometer haulage distance. Mining unit rates are shown in Table 17.2.1, Pit Optimization, 
Economic Input Parameters. An additional allowance was made for Mine Engineering. Also, 
a bench increment was applied to adjust operating costs with depth in the mine and base 
mine. Contract mining costs were also adjusted for dump and pad locations greater than 1 
kilometer from the open pit. Cost details are provided in Appendix 1. 

Processing

 Processing cost estimates were provided by K D Engineering and are shown in 
Table 17.2.1, Pit Optimization Economic Input Parameters.  Process cost for ROM was 
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estimated to be US$ 0.66 per tonne. Process cost for crushed material was estimated to be 
US$ 1.06 per tonne. These costs have been adjusted upwards slightly since the pit limits 
were defined and these changes have been incorporated in the financial analyses. Details 
are provided in Appendix 1. 

General and Administration

 General and Administration expenses were estimated by K D Engineering to be 
US$ 0.55 per tonne. Details are provided in Appendix 1. 

Pad Construction

 The Phase 1 Leach Pad has a capacity of 25.0 million tonnes and will cost US$ 8.8 
million or US$ 0.30 per tonne of ore. The Phase 2 Leach Pad will hold 20.0 million tonnes 
and is estimated to cost US$ 5.8 million or US$ 0.28 per tonne of ore. Details can be found 
in Appendix 2. 

Exchange Rate 

 Operating costs were developed in Chinese currency and converted to a US$  basis 
using an exchange rate of 8.11 to 8.2 RMB/$US. 

Sustaining Capital 

 Sustaining capital was assumed to be negligible on a unit cost basis as mining 
equipment will be contractor owned, the heap leach pads will be a capitalized operating 
expense and the crushing spread capital in Year 2 was considered a stand alone 
investment item. 

Local Taxes and Fees 

 At the time of pit optimization local taxes and fees were still subject to final 
negotiation. However, allowances were made for Mineral Resource Taxes, Water Usage 
Charges, Reclamation & Soil Fund and Government Fees & Donations. 

 These values have been refined and adjusted in the final cash flow analyses. 

 The 217 Brigade retains a 3.5 percent Net Profits Interest in the project. This interest 
is not reflected in the optimization cost basis. 

Overall Wall Slopes 

 Wall slope design recommendations were provided during June 2005 by Golder 
Associates. These slope recommendations were developed for a pit design incorporating 
12 meter benches. The resource model was developed for a 6 meters bench height. Minor 
adjustments were made to the design criteria to standardize a triple 6 meter bench interval 
between berms while honoring the recommended face angles and inter-ramp slopes. The 
footwall was flattened by 3 degrees as an allowance for the haulage road access. 
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 The slope design criteria are summarized in Table 17.2.2 Slope Design Sectors. 

Table 17.2.2 
Slope Design Sectors

Recommended Slope Configuration Design Slope Configuration 

Unit
Blasting 
Practice

Bench
Face

Bench
Configuration

Berm 
Interval

Catch
Bench
Width 

Inter- 
Ramp
Angle

Overall 
Including

Ramp
Slope
Code

Bench
Configuration

Berm 
Interval 

Catch
Bench
Width 

Inter- 
Ramp
Angle 

    °   m m °       m m ° 

Oxidized Footwall Inclined Pre-split 75 Double 24.0 10.3 55 55 1 Triple 18.0 7.78 55 

Oxidized 
Hanging Wall 

Vertical Trim Blast 65 Single 12.0 7.0 44 44 2 Triple 18.0 10.25 44 

Fresh Footwall Inclined Pre-split 75 Double 24.0 10.3 55 52 3 Triple 18.0 7.78 55 

Fresh 
Hanging Wall 

Vertical Pre-split 70 Single 12.0 7.0 47 44 4 Triple 18.0 10.24 47 
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FIGURE 17.2.1 
WALL SLOPE DESIGN SECTORS 

Discounting

 Final pit limits have been determined for undiscounted and discounted block model 
net values.  As it generally takes several years to reach the bottom of a deep pit phase, the 
economics of stripping waste near surface to release ore at depth can be impacted by the 
impact of discounting. In other words, in some cases mining marginal blocks at depth may 
not improve overall project economics. As a test of the sensitivity of pit limit economics to 
the impact of discounting, additional pits limits were evaluated after discounting costs and 
revenues at a rate of 8 percent per annum for an average sinking rate of 13 benches per 
year.

Cutoff Grades 

 The calculated cutoff grades for the base case optimization criteria are summarized 
in the table below. 
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Table 17.2.3 
Cutoff Grades 

Cut-off Grade 
ROM

Heap Leach 
1/2/3 Crush, Wash, 
Gravity, Heap leach 

Weathered       

Plant, Pad and G&A Au g/t 0.14 0.16 

All Ore Related Onsite Costs Au g/t 0.27 0.27 

Fresh       

Plant, Pad and G&A Au g/t 0.22 0.20 

All Ore related Onsite Costs Au g/t 0.43 0.35 

Discussion of Optimization Results

 A series of potential pit limits were generated using a Lerchs Grossman graph theory 
based algorithm. ROM and crushed variants were evaluated for fixed mining costs and 
variable mining costs - increasing with depth. In addition a discounted version was run for 
the crushed variant. A Weathered only pit limit was also generated. These pit limits were 
defined for measured and indicated resources. The in-situ resources including inferred 
class material are summarized in Table 17.2.4. The inferred material was not included in 
the project economic assessment. Additional detailed reports are referenced in the 
Attachment Section. 

Run of Mine Ore Pit Limit 

 The ROM pit limits are shown in the plan view figure below. The LG 851 limit is 
based upon fixed mining costs while the LG 853 limit is based upon a US$ 0.016/t/bench 
increase in mining costs with depth. 
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FIGURE 17.2.2 
UNSMOOTHED PIT LIMITS – ROM

TABLE 17.2.4 
  SUMMARY LG PITS Optimized on Measured and Indicated 

Reporting Measured, Indicated and Inferred Resources

CASE PIT
 INSITU

 ORE  
(BCMS)

 INSITU
 ORE  

 (TONNES) 

 RUN
 MINE

 (TONNES) 

 WASTE  
 TOTAL  

 (TONNES) 
 S/R

 ROM
 Au 
 g/t

 INSITU
 SG  

 t/m3

 GRADES 
 NET 

 $US/t

ROM Fixed Cost LG 851     22,858,453      62,142,241     62,142,241    43,726,867    0.70       0.78         2.72        5.81  

Crush Fixed Cost LG 852     27,535,022      74,992,192     74,992,192    69,799,573    0.93       0.76         2.72        7.31  

ROM Variable Cost LG 853     13,043,353      35,185,731     35,185,731    13,459,408    0.38       0.78         2.70        6.46  

Crush Variable Cost LG 854     20,574,337      55,895,404     55,895,404    35,375,798    0.63       0.78         2.72        7.62  
Crush Variable Cost
Discounted LG 855     19,748,081      53,627,129     53,627,129    31,567,104    0.59       0.78         2.72        7.62  
ROM Variable Cost 
Weathered Only LG 856      6,510,675      17,253,287     17,253,287      7,547,711    0.44       0.73         2.65        7.50  

Ore Crushing Pit Limit 

 The crushed ore pit limits are shown in the plan view figure below. The LG 852 limit 
is based upon fixed mining costs while the LG 854 limit is based upon a $US 0.016/t/bench 
increase in mining costs with depth. 
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FIGURE 17.2.3 
UNSMOOTHED PIT - THREE STAGE CRUSHING 

 A discounted variation of the crushed ore pit limit was developed to test the 
sensitivity of the pit limit to time value of money. An 8 percent discount rate was applied 
with a sinking rate of 13 benches/year corresponding with a 4 year final phase mining rate. 
This pit is shown in the figure below. 
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FIGURE 17.2.4 
UNSMOOTHED PIT THREE STAGE CRUSHING - Discounted

Weathered Ore

 The ROM pit limits defined for LG 851 and LG 853 include Weathered and Fresh ore 
types. The LG 856 pit limit, in the Northeast area, shown in the figure below is based upon 
Weathered ore only. 
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FIGURE 17.2.5 
UNSMOOTHED PIT ROM - Weathered 

17.3 Mine Design

 Updated mine designs have been prepared for the Northeast Zone. The Southwest 
designs remain the same as the earlier scoping studies as the limits are similar and 
additional exploration is required in this area. A model update is planned for the fall of 2005. 
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FIGURE 17.3.1 
GENERAL ARRANGEMENT 

Bench Height 

 The mining bench height will be 6 meters. Final walls were designed for triple 
benching between variable berm width of 7.8 meters and 10.25 meters depending on 
design sector.

Ramp and Haul Road Design 

 The haul roads within the open pit have been designed at 10 percent maximum 
grade. The haul road width allowance is 22 meters. This width exceeds requirements for 
smaller tandem axle trucks to be employed by the contractors but provides an opportunity 
to increase the scale of the haulage trucks later in the mine life. 

Open Pit Slopes 

 Open pit inter-ramp wall slope design recommendations have been provided by 
Golder & Associates.  The sectors incorporated in the design are summarized in the Table 
17.2.3 in the section above. 
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Pit Design 

 The Northeast Pit has been designed to the approximate limit of the Variable Mining 
Cost un-smoothed LG pit limit on the south and between the Variable and Fixed Cost limit 
on the north side where the main ramp will be located.  Access to the pit will be from the 
west.  The final pit is shown in Figure 17.3.2. 

FIGURE 17.3.2 
FINAL PIT DESIGN 864

 An internal pit development phase was developed focusing on the near surface 
weathered material. This design extends to the final phase limit on the southeast side and 
access is from the southwest. This internal phase leaves an 80 meters wide pushback to 
the north to the final pit limit as shown in the following Figure 17.3.3. 
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FIGURE 17.3.3 
INTERNAL PHASE PIT DESIGN 866 
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FIGURE 17.3.4 
CROSS SECTION EAST 355700 

Waste Dump Design 

 A total of 50 million tonnes of waste will be mined in the current plan. There is no 
long range low grade stockpile material. Waste dumps have been located southeast and 
northwest of the Northeast Pit. In addition, two smaller waste dumps have been located in 
the Southwest Pit area. In summary, 17 million tonnes has been allocated to the Southeast 
dump and 24 million tonnes has been allocated to the Northwest Dump and the balance will 
be placed in the Southwest dumps.

 The waste dumps are relatively extensive laterally but are not considered high 
dumps. The dumps will typically reach a maximum height of 40 meters. 

17.4 Resource Estimate

 Mineral resources have been reported for the final pit designs. These resources 
include measured and indicated resources only. Weathered Ore has been reported at a 
cutoff grade of 0.16 grams per tonne gold and Fresh ore has been reported at a cutoff 
grade of 0.22 grams per tonne.  As the process will change from ROM heap leach to three 
stage crushing followed by heap leach there may in fact be some areas of the deposit that 
may fall into a process overlap period. Sorting this material and its associated cutoff grades 
will be a short range planning issue to be sorted out during operations. The mineral 
resources are summarized in Table 17.4.1. 
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Table 17.4.1 
Mineral Resources 

Summary             

Weathered Material             
 CUTOFF

 Au 
 g/t

 INSITU
 ORE

 (BCMS)

 INSITU
 ORE

 (TONNES) 

 ROM
 MINE

 (TONNES)
 Au  
 g/t

 SG
 t/m3

 NETT1  
 $US/t

Measured >=        0.16     1,453,003   3,850,458   3,850,458 0.72        2.65         7.36  

Indicated >=        0.16     5,031,212 13,332,713 13,332,713 0.73        2.65         7.45  

Subtotal >=        0.16     6,484,216 17,183,172 17,183,172 0.73        2.65         7.43  

Fresh Material               
 CUTOFF

 Au  
 g/t

 INSITU
 ORE

 (BCMS)

 INSITU
 ORE

 (TONNES) 

 ROM
 MINE

 (TONNES)
 Au  
 g/t

 SG
 t/m3

 NETT2  
 $US/t

Measured >=        0.22     4,137,567 11,378,312 11,378,312 0.78        2.75         6.98  

Indicated >=        0.22     8,624,068 23,716,189 23,716,189 0.77        2.75         6.92  

Subtotal >=        0.22   12,761,638 35,094,501 35,094,501 0.77        2.75         6.94  

Summary               
 CUTOFF

 Au 
 g/t

 INSITU
 ORE

 (BCMS)

 INSITU
 ORE

 (TONNES) 

 ROM
 MINE

 (TONNES)
 Au 
 g/t

 SG
 t/m3

 NETT1/2 
 $US/t

Measured >=  variable     5,590,570 15,228,770 15,228,770 0.76        2.72         7.08  

Indicated >=  variable   13,655,280 37,048,902 37,048,902 0.76        2.71         7.11  

Subtotal >=  variable   19,245,854 52,277,673 52,277,673 0.76        2.72         7.10  

17.5 Mine Production Schedule

Pre-Production Stripping 

 The deposit is open to surface and ore will be mined on the initial benches. Pre-
production development activities will include the following: 

 Diversion ditching  
 Starter dam core for the water diversion upstream of the Northeast pit 
 Culvert installation beneath main haul road to heap leach pad 
 Access road construction to the heap leach pad 
 Access road construction to powder magazines 
 Access road construction to waste dump 
 Fencing and security at the powder magazines 
 Water supply installation for road and pit dust control 
 Engineering office construction 
 Maintenance and fuel storage facility installation 

Annual Mine Production Schedule 

 The mine production schedule has been developed for 20,000 tonnes per day ore to 
process - either ROM initially or crusher feed in Year 3. A phase in period for start-up and 
commissioning of the crushing plant is anticipated but this does not impact the mine 
schedule. Overall mine production will average 18.2 million tonnes per annum during the 
first three years and then taper off as the lower benches of the Northeast Pit will be 
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primarily ore. An emphasis has been placed on recovering Weathered ore in the first two 
years of the schedule hence the majority of the strike length of the deposit will be opened 
up during this period. 

 The production schedule summary is shown in the figure and table below.  
Measured and Indicated resources have been scheduled. 

FIGURE 17.5.1 
MINE PRODUCTION SCHEDULE 

 Mine development drawings are on file at the Jinshan mine site and can be obtained 
from Nilsson Mine Services.
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TABLE 17.5.1 
MINE PRODUCTION SCHEDULE – Part 1 

Phase 1 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Total 

 ROM Resource   tonnes  7,025,057     3,928,524    3,466,736 4,116,605 3,725,320 2,636,765 - - 24,899,007 

 Gold   g/t  0.72              0.75             0.78 0.86 0.71 0.72 - - 0.75 
 Weathered 
Resource   tonnes  7,005,083     2,857,995       737,212 150,210   -   - - - 10,750,499 

 Gold   g/t  0.72              0.75             0.88 0.96   -   - - - 0.74 

 Fresh Resource   tonnes  19,974     1,070,529    2,729,524 3,966,395 3,725,320 2,636,765 - - 14,148,508 

 Gold   g/t  0.80              0.75             0.75 0.86 0.71 0.72 - - 0.76 

 Waste   tonnes  9,068,806     3,215,000    2,250,371 1,888,595 1,007,700 411,115 - - 17,841,587 

Phase 2 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Total 

 ROM Resource   tonnes  74,943          83,618    1,672,067 2,983,395 3,374,680 4,463,235 7,100,000 2,577,673 22,329,611 

 Gold   g/t  0.49              0.48             0.62 0.65 0.65 0.70 0.89 0.89 0.76 
 Weathered 
Resource   tonnes  74,943          83,618    1,611,789 1,256,387 32,768 - - - 3,059,506 

 Gold   g/t  0.49              0.48             0.63 0.69 0.67 - - - 0.65 

 Fresh Resource   tonnes  - -         60,278 1,727,008 3,341,912 4,463,235 7,100,000 2,577,673 19,270,105 

 Gold   g/t  - -             0.58 0.63 0.65 0.70 0.89 0.89 0.78 

 Waste   tonnes  1,682,293     1,224,979    7,936,428 5,965,014 3,604,206 2,444,912 1,264,669 167,140 24,289,640 

Phase 3 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Total 

 ROM Resource   tonnes  -        640,564       776,715 - - - - - 1,417,279 

 Gold   g/t  -              0.66             0.77 - - - - - 0.72 
 Weathered 
Resource   tonnes  -        624,064       229,774 - - - - - 853,838 

 Gold   g/t  -              0.66             0.82 - - - - - 0.70 

 Fresh Resource   tonnes  -          16,500       546,941 - - - - - 563,441 

 Gold   g/t  -              0.53             0.75 - - - - - 0.74 

 Waste   tonnes  -     1,152,075       440,376 - - - - - 1,592,451 
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TABLE 17.5.2 
MINE PRODUCTION SCHEDULE – Part 2

Phase 4 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Total 

 ROM Resource   tonnes  -        882,076       966,993 - - - - - 1,849,069 

 Gold   g/t  -              0.79             0.78 - - - - - 0.79 
 Weathered 
Resource   tonnes  -        881,475       310,135 - - - - - 1,191,610 

 Gold   g/t  -              0.79             0.71 - - - - - 0.77 

 Fresh Resource   tonnes  -               601       656,858 - - - - - 657,459 

 Gold   g/t  -              0.62             0.82 - - - - - 0.82 

 Waste   tonnes  -     1,874,897       660,321 - - - - - 2,535,218 

Phase 5 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Total 

 ROM Resource   tonnes  -     1,565,218       217,489 - - -
               -                -

1,782,707

 Gold   g/t  -              0.77             0.79 - - -
               -                -

0.77
 Weathered 
Resource   tonnes  -     1,327,718 

                 -
- - -

               -                -
1,327,718

 Gold   g/t  -              0.77
                 -

- - -
               -                -

0.77

 Fresh Resource   tonnes  -        237,500       217,489 - - -
               -                -

454,989

 Gold   g/t  -              0.77             0.79 - - -
               -                -

0.78

 Waste   tonnes  -     3,717,472       111,004 - - -
               -                -

3,828,476

Total Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Total 

 ROM Resource   tonnes  7,100,000     7,100,000    7,100,000 7,100,000 7,100,0007,100,000 7,100,000 2,577,673 52,277,673 

 Gold   g/t  0.72              0.75             0.74 0.77 0.68 0.71 0.89 0.89 0.76 
 Weathered 
Resource   tonnes  7,080,026     5,774,870    2,888,910 1,406,598 32,768 - - - 17,183,171 

 Gold   g/t  0.71              0.74             0.72 0.72 0.67 - - - 0.73 

 Fresh Resource   tonnes  19,974     1,325,130    4,211,090 5,693,402 7,067,2327,100,0007,100,000 2,577,673 35,094,502 

 Gold   g/t  0.80              0.75             0.76 0.79 0.68 0.71 0.89 0.89 0.77 

 Waste   tonnes  10,751,099   11,184,423  11,398,500 7,853,609 4,611,9062,856,027 1,264,669 167,140 50,087,372 

 Total   tonnes  17,851,099   18,284,423  18,498,500 14,953,609 11,711,9069,956,027 8,364,669 2,744,813 102,365,045 

 Strip Ratio    1.51              1.58             1.61 1.11 0.65 0.40 0.18 0.06 0.96 

17.6 Contract Mining

General

 Mining of the open pit will be undertaken by a contractor or contractors.  Power will 
not be available during the first two years of operation hence a diesel power mining fleet will 
be required. Jinshan Gold Mines engineering staff will survey blastholes and crest advance 
in the open pit. They will also be responsible for grade control and mine design. The 
contractor will drill, blast, load and haul ore and waste to designated road construction 
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sites, dumps, heap leach pads and/or crusher locations as specified by the engineering 
staff.

Drilling

 Production drilling will be carried out on a 6 meters high mining bench. Drilling near 
final walls will be undertaken using wall control blasting methods to achieve maximum face 
angles as specified by Golder Associates. Multiple benches will be combined between 
catch berms. Drill holes will be sampled and assayed for grade control. 

Blasting

 Blasting will be undertaken by the contractor to achieve fragmentation suitable for a 
42 x 60 inch jaw crusher. Oversize will be reduced and shall not be allowed to accumulate 
on active mining benches. 

Loading

 As noted above, it will not be possible to electrify the pit until Year 3 when power is 
brought in for the crushing plant. Hence, wheel loaders and diesel excavators will be the 
loading units of choice. Ore and waste will be loaded to trucks and hauled from the mine to 
dumps and process sites. Walls will be scaled. 

Hauling

 End dump haulage trucks will be used to haul material from the open pit. They will 
also be used to haul product from the crushing plant to the heap leach pad. A hopper will 
be used to store crushed ore and deliver material to the haulage trucks. 

Roads and Dumps 

 Haulage roads will be built as required to reach dumps, heaps and the crusher. 
These roads will primarily be fill construction using waste material. They will be built as part 
of normal mine operations rather than as civil construction projects. Roads and dumps will 
be maintained by a grader, water truck and dozers as required. 

17.7 Mine Services

Mine Maintenance Facility 

 A mine maintenance facility will be provided by the contractor to suit the equipment 
fleet selected to perform the work. 
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Fuel Storage 

 Fuel storage facilities will be provided by the contractor. These facilities will be 
provided with suitable containment in the event of a fuel spill. Oil storage and sued oil 
disposal facilities will also be provided by the contractor. 

Explosives Magazines and AN/FO Storage 

 Explosives magazines will be located southeast of the open pit area and provided 
with fencing and a guard post. 

Pit Power 

 As noted elsewhere in this report, pit power will be available if required when the 
crushing plant is commissioned after Year 2 in the mine schedule. 

Mine Dewatering 

 An estimate of the mine dewatering requirements has been made by Jinshan, and 
confirmed by the authors of this report, and is described as follows. 

“The main primary porosity type aquifer with the highest water storage capacity and 
highest transmissivity is in the alluvial and colluvial sediments in the Chang Shan 
Hao ephemeral river valley. The soil profile aquifer (including transported and 
residual material) is widespread but thin and generally unsaturated. 

There is also a small perched aquifer which runs on top of the silt in the river valleys, 
but this is seasonal and considered in conjunction with the alluvial aquifer. 

Secondary porosity fractured type aquifers also occur in the crystalline bedrock. 
These aquifers have low storage capacity but may have high transmissivity and 
could account for significant water inflow into the excavation. May also transmit 
groundwater from outside of surface catchment area. 

All of the aquifers are hydraulically connected and should be considered together for 
water resource estimation and abstraction scenarios.  All aquifers are considered 
phreatic and unconfined. 

Rain events are local and intense and only occur during a short rainy reason. Most 
of the rainfall is dispersed as surface runoff (i.e. little direct infiltration), which causes 
flash flooding. Groundwater recharge to the main aquifer (alluvium) is both direct 
infiltration and runoff from higher elevations. Rainfall directly into the excavation may 
cause flooding during the short rainy season. 

There are five sources of water influx which should be quantified to estimate mine 
dewatering: soil profile, fractured bedrock, Chang Shan Hao river alluvium, surface 
runoff, and direct rainfall into the excavation. 
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For dewatering of the ultimate pit excavations, pumping should first drawdown the 
SWL and consume the useable (mineable) capacity of the combined aquifer system. 
Ongoing pumping should then only be required for the recharged (sustainable) 
portion.

This estimate assumes the surface runoff will be diverted and will not flood the pit. 

After initial drawdown of the SWL, will probably only require 3 pumping wells and a 
sump pump in the pit for maintenance. Two wells suitable for pumping were installed 
by Baogang as part of the detailed water resource estimation study (8.5 inch screen, 
10 inch casing, 150 meter depth).  These pump wells are located in the centre and 
downstream of the mining excavations.  Each of these wells can be installed with 
electric submersible pumps with 10 cubic meters per hour 16 hour duty capacity.  
May also consider an upstream well, or possibly sand point pump at the flood control 
dam site.  Sump pump in the bottom of the pit will probably be relatively small 
capacity and only operate for short time periods.”

 In addition to the direct pit dewatering efforts, a diversion ditch will be located 
upstream of the open pit and a waste “plug” installed in the valley bottom to slow down any 
flash floods that could impact the pit operations. 

17.8 Mine Engineering

Survey 

 Mine engineering group will include surveyors to monitor dump progress, heap 
advance and crest advance. Blasthole surveys will be undertaken to ensure designs are 
honored and samples located correctly. 

Geology & Grade Control 

 Geologists and samplers will be responsible for grade control and monitoring of 
changes in geology and structure in the mining areas. They will also prepare resource 
estimate updates. 

Mine Planning

 Short, intermediate and long range mine planning will be undertaken by staff mine 
engineers and technicians. 

17.9 Manpower

 The mine staff are summarized in the table below. A total of 14 people will be 
required in the engineering group. 
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Table 17.9.1 
Mine Staffing

Chief Engineer Expatriate 1 

Engineer Local 2 

Geologist Local 2 

Technician Local 1 

Surveyor Local 2 

Surveyor Helper Local 2 

Sampler Local 2 

Clerk Local 2 

Subtotal Nationals 14

17.10 Operating Costs - Owner Engineering and Management

 The mine operating cost basis is summarized in the following table. 
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Table 17.10.1 
Mine Operating Costs 

Item   #  RMB   US$   US$ Total/year 

Minesite Staff           

Engineer Local 2     116,400 $        14,353  $             28,705 

Geologist Local 2     116,400 $        14,353  $             28,705 

Technician Local 1       18,000 $          2,219  $               2,219 

Surveyor Local 2       24,000 $          2,959  $               5,919 

Surveyor Helper Local 2       24,000 $          2,959  $               5,919 

Sampler Local 2       36,000 $          4,439  $               8,878 

Clerk Local 2       36,000 $          4,439  $               8,878 

Subtotal Nationals 13  $           89,223 

General Benefits           

Subtotal National Wages          $             89,223 

Fringe Benefits  (re: Gerke Report) 49.0%        $           43,719 

Summary           

Subtotal Staff & Labor Cost          $         132,943 

Office Expenses & Miscellaneous           

Mine Planning Software        $             15,000 

Computer Hardware and Supplies        $             20,000 

GPS, Survey Equipment & Supplies        $               5,000 

Communications        $             12,000 

Consulting - Geotech, Resources etc.        $           100,000 

Verification Surveys - Flyovers etc        $             25,000 

Subtotal          $         177,000 

Contingency         

Subtotal Before Contingency          $         309,943 

Contingency 25.0%        $           77,486 

GRAND TOTAL          $         387,428 

Unit Cost           

Annual Production Rate tpa                7,100,000 

Unit Cost US$/t ore        $                0.05 

Exchange RMB/US$                           8.11 

Summary         

Contract Mining Cost Waste               9.58    $                 1.18 

Contract Mining Cost Ore             10.25    $                 1.26 

Total Cost Ore          $                1.32 

Note:  Chief Engineer expatriate salary included in the G&A costs.

 In addition to the unit basis above, an adjustment was made based upon average 
bench elevation.  An increase of $0.017/t/bench below the entrance bench was made to 
compensate for the changing haulage conditions at depth.

 Dewatering operating costs have not been added as the water will be used in the 
process and would not be more expensive than make-up water derived from other 
sources.

 Additional cost summaries are shown in the cash flow analyses. 



CSH Gold Project - Mine Engineering and Development Study Page 89 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

17.11 Capital Costs - Initial and Sustaining

 The capital costs for mine are limited in the base case as mining equipment will 
be provided by a contractor.  Capital cost estimates are summarized in the table below. 

Table 17.11.1 
Mine Capital Cost

PRE-PRODUCTION STRIPPING           

    Units Unit Cost $US 
$US x 
1000

           $            - 

          

Subtotal          $            - 

HAULAGE ROADS           

    Units Unit Cost $US 
$US x 
1000

Pit to NW Dump NE Access N/C        $            - 

Pit to NW Dump NW Access N/C        $            - 

Pit to SE Dump N/C        $             -

Pit to South Pad     2500  $             25.00  $       62.5 

Pit to Engineering Offices     550  $             25.00  $       13.8 

Culverts     2 $           50,000  $     100.0 

Subtotal          $     176.3 

MINE OFFICE           

    Units Unit Cost $US 
$US x 
1000

Mine Office - Based Upon BGRIMM     1  $       7,500.00   $     137.5 

          

Subtotal          $     137.5 

MINE EQUIPMENT           

    Units Unit Cost $US 
$US x 
1000

           $            - 

          

Subtotal          $            - 

LIGHT VEHICLES           

    Units Unit Cost $US 
$US x 
1000

Pickup Trucks     4  $      30,000.00  $     120.0 

          

Subtotal         
 $
120.0

      

ENGINEERING SYSTEMS           

    Units Unit Cost $US 
$US x 
1000

Computers     15  $            5,000   $       75.0 

Plotters     2  $          10,000   $       20.0 

Software Mine Planning     2  $          45,000   $       90.0 

Software Office Package     15  $          500.00   $         7.5 

Survey Instruments GPS     3  $            1,500   $         4.5 
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Table 17.11.1 
Mine Capital Cost

Survey Instruments Level     1  $            1,500   $         1.5 

Survey Instruments Total Station etc.     1  $          30,000   $       30.0 

Radios     15  $               500   $         7.5 

Phones     12  $               300   $         3.6 

Furniture drafting tables etc.     1  $          50,000   $       50.0 

           $            - 

Subtotal          $     289.6 

EXPLOSIVES STORAGE           

    Units Unit Cost $US 
$US x 
1000

Magazines     3  $          20,000   $       60.0 

Fencing     700  $            20.00   $       14.0 

Guard Station     1  $            5,000   $         5.0 

Access Road     2000  $            25.00   $       50.0 

          

Subtotal          $    129.0 

      

DIVERSION DITCHES AND DAMS           

  Length Depth Volume Unit Cost $US 
$US x 
1000

  meters meters m3     

Interception Ditch NE 1600 4 12800  $             3.50  $       44.8 

Dam Core 400 8 38400  $              8.00  $     307.2 

    

Subtotal          $    352.0 

DEWATERING           

      Units Unit Cost $US 
$US x 
1000

Generator     4  $            6,000   $       24.0 

Wells     1  $          22,500   $       22.5 

Pipeline 4" Buried to Plant     4800  $            12.00   $       57.6 

Submersible Pumps     3  $            5,000   $       15.0 

Pit Sump Pump     2  $          20,000   $       40.0 

            

Subtotal          $    159.1 

 Additional engineering is required to improve the diversion ditch layout and haulage 
road detail. As noted elsewhere in the report, pre-stripping requirements are minimal as the 
ore outcrops in the starter pit area and roads will be built for the most part as waste fill 
placement. The road to the heap leach pad is required immediately but even this road can 
be pioneered initially for construction and upgraded during the course of mining in Year 1. 

17.12 Risks and Opportunities

 The following items represent project risk: 

 Estimates of contract mining costs provided by potential contractors have been 
used in the mine evaluation. 
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 Current schedule is for 20,000 tpd commencing in Year 1. There may be a 
significant ramp-up period that needs to be discussed with potential contractors. 

 The following items may be considered project opportunities: 

 Developing a third Phase in the Northeast Pit may allow deferring some stripping 
at the expense of operating space and increased sinking rates. 

 Another permanent ramp in the east end of the Northeast Pit may reduce the 
length of some of the waste haulage profiles. 

17.13 Conclusions and Recommendations

Conclusions

 A mine plan and production schedule has been developed for a process rate of 
20,000 tonnes per day. The schedule appears achievable from the point of view of ore 
release, sinking rates and available working space. The mine life will be just over seven 
years. A total of 52.3 million tonnes of ore with an average grade of 0.76 grams per tonne 
gold will be placed on the heap leach pads. The total waste mined will be 50.1 million 
tonnes for a strip ratio of 0.96:1. It is estimated that a total of 929,000 ounces of gold will be 
recovered.

 This plan assumes contractor mining forces and presents costs associated with pre-
qualification estimates. These costs will change when firm bids are tendered for the 20,000 
tonnes per day schedule variant. 

Recommendations

 The inferred resources within the pit designs, which have not been used in the 
economic development included herein, should be drilled to bring them to measured or 
indicated classifications. 

 Additional exploration should be undertaken in the Southwest Pit Areas. 

 Owner operated mining equipment should also be evaluated at some point in the 
future. The current proposals are for a five year period. Cash flow analyses show a similar 
IRR for owner operated equipment and a slight improvement in NPV. 
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18.0   HEAP LEACH FACILITY DESIGN AND CONSTRUCTION

 The CSH heap leach facility will be constructed about 3 km south of the main ore 
deposit on relatively flat terrain. Two potential leach pad sites have been identified and are 
referred to as the North Pad and the South Pad. The South Pad will be large enough to 
contain the currently-identified measured and indicated resources of 52 million tonnes. 
Accordingly, the South Pad will be constructed, as described in the following paragraphs, 
and the North Pad will only be developed in the future should further pad capacity be 
required. The following describes the design of the South Pad, simply referred to as the 
leach pad.

18.1 Location

 The leach pad site was selected based on: a sufficiently large area to contain 52 
million tonnes of ore; close proximity to the ore deposit; relatively flat terrain for ease of 
construction and ease of stacking and operation; and the close proximity of soils that can 
be used as a bedding layer for the leach pad liner.  In addition, the leach pad site provides 
sufficient slope for gravity solution flow, and the leach pad was sited outside of major 
drainages to minimize the impact from storm flows during operation and after closure. 

18.2 Capacity 

 The CSH heap leach pad, as designed, will provide an ultimate ore capacity of 56 
million tonnes and will be constructed in two or more phases. Capacity was based on an 
average stacked ore density of 1.7 tonnes per cubic meter and a maximum heap height of 
70 meters. In initial lifts, run-of-mine ore will be stacked on the pad through end dumping of 
haul trucks in approximately 10 meter lifts, and at an average annual rate of 7.1 million 
tonnes per year. Crushed ore will be placed in subsequent years after the crushing circuit 
has been constructed.

 The leach pad will be lined with a synthetic liner to maximum solution recovery and 
minimize the potential for impacting groundwater. Phase 1 of the leach pad will be 
constructed with a lined surface area of about 440,000 square meters which will provide a 
capacity of 15 million tonnes for the first three 10-meter lifts. Subsequent phases of pad 
expansion will provide a total leach pad area of about 750,000 square meters. Lifts of ore 
will be stacked to provide benches between lifts around the perimeter of the heap to 
provide an average overall ore slope of 2.5H:1V (horizontal to vertical). The 2.5H:1V slopes 
will provide operational and post-closure stability of the heap. The 2.5H:1V sideslopes were 
determined based on stability analyses with a design basis of achieving a static factor-of-
safety against instability of at least 1.4, and a dynamic factor-of-safety of at least 1.05. 
Dynamic stability analyses modeled the effects of earthquake loading using a peak 
acceleration of 0.10g given that the site is in an Earthquake Zone 7. 

18.3 Solution Management

 Solution will be applied to the ore on the pad at an average rate of about 6 liters per 
hour per square meter, but may be applied at a maximum short-term rate of about 10 liters 
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per hour per square meter. Solution will be collected by a drainage system placed above 
the synthetic pad liner, which will in-turn direct pregnant solution flows to a pregnant pond 
located at the south end of the leach pad. The pregnant pond will be constructed within the 
pad as an “internal pond.” Ore placed within the pond will serve to insulate pregnant 
solution during cold winter months to prevent freezing of the solution. Pond solution 
capacity will be provided by the pore space within the ore placed in the pond. The pregnant 
pond will be fitted with three pipe risers. Turbine pumps placed in the pipe risers will pump 
pregnant solution to the plant at an average rate of 700 cubic meters per hour. The 
pregnant pond will have a depth of 10 meters in addition to 1 meter of freeboard (total 
depth of 11 meters), and has been designed with a maximum combined ore and solution 
capacity of 110,000 cubic meters, or a solution capacity of 33,000 cubic meters assuming 
an ore porosity of 0.3.

 During upset conditions, such as a power or pump outage, or a severe storm event, 
solution can flow by gravity from the pregnant pond to an external lined “event pond” 
located south of the pad and pregnant pond. The event pond will be 6 meters deep in 
addition to a 0.6 meter freeboard allocation (6.6 meters total depth) and has been sized to 
have a capacity of about 80,000 cubic meters below the freeboard depth. This includes a 
33,600 cubic meter allowance for a 48 hour power outage assuming full draindown from the 
heap at a rate of 700 cubic meters per hour, combined with a volume of 44,800 cubic 
meters developed from a 100-year, 24-hour storm event falling on the pad. The storm event 
volume conservatively assumed that the 100-year, 24-hour storm event of 98 millimeters 
would fall on the pad shortly after Phase 1 construction of 440,000 square meters, and that 
all of the storm water falling on the pad would report to the event pond. 

18.4 Geotechnical Conditions

 Subsurface geology at the leach pad site was explored by Golder Associates and 
Baogang Geological Institute in June 2005. Subsurface geology over much of the Phase 1 
pad site consists of a thin cover (generally less than 1 meter) of silt soils or sand soils 
overlying bedrock. Bedrock outcrops at the ground surface in the higher elevations along 
the east side of the Phase 1 pad. Bedrock outcrops over much of the Phase 2 pad site, but 
is covered with a thin cover of silt in lower elevations. Site bedrock either consists of granite 
(predominantly in the Phase 1 area) or a lightly metamorphosed limestone (predominantly 
in the Phase 2 area). The surficial cover soils are Aeolian (wind-deposited) in origin and are 
predominantly silt and fine sandy silt. Ground water was not observed in any of our borings 
or test pits to the maximum 10 meter depth of exploration. Except for sparse low tufts of 
grass, the site has no vegetation. 

18.5 Leach Pad Liner System

 The lining and solution collection system for the leach pad will include (from the 
bottom to the top): a 300 mm layer of liner bedding soil; a 2 mm thick high density 
polyethylene (HDPE) geomembrane liner; and a 600 mm layer of crushed liner cover fill.

 Some minor site grading will be required prior to liner system placement in the leach 
pad area. Grading will involve smoothing the surface of rock outcrops and performing minor 
cutting and filling where needed to promote positive gravity solution flow in the solution 
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collection and distribution system above the liner. Local silt and sandy silt soils will be used 
for the 300 mm liner bedding layer. Local silt and sandy silt soils have been tested by 
Golder in the laboratory to provide a permeability in the range of 10-4 centimeters per 
second (cm/sec) to 10-6 cm/sec when compacted, but are predominantly in the range of 
10-5 to 10-6 cm/sec. In many areas of the pad, the in-place silt and sandy silt soils can be 
used for the lower 150 mm of liner bedding by reworking and compaction in-place. The 
balance of the liner bedding, including the full 300 mm thickness where rock is exposed at 
the ground surface, can either be borrowed from deeper silt and sandy silt deposits within 
the pad footprint, or from a borrow identified within the future “North Leach Pad” site, about 
1 km northwest of the leach pad. Liner cover fill used for the 600 mm layer placed over the 
geomembrane pad liner will be a high-permeability crushed and screened gravel product 
produced on-site using a portable crushing and screening plant. Feed material will either be 
rock excavated from the pregnant and event pond excavations, or rock mined locally from 
within the pad site or from within the mine pit area. 

18.6 Solution Collection

 The solution collection system will consist of pipe placed within the 600 millimeter 
liner cover fill layer above the geomembrane liner. Primary solution collection will be from 
100 millimeter perforated pipes placed at a spacing of about 15 meters across the entire 
lined pad. The 100 millimeter pipes will convey flow to larger manifold pipes (between 200 
millimeter and 600 millimeter in diameter), which will in-turn convey pregnant solution flows 
to the pregnant pond.

18.7 Pond Liner Systems

 The pregnant pond lining system will consist of the following (from the bottom to the 
top): a 300 millimeter thick layer of liner bedding (silt and sandy silt soil); a 1.5 millimeter 
HDPE secondary geomembrane liner; a leak detection layer consisting of a 300 millimeter 
thick layer of porous sand in the base of the pond and a non-woven geotextile (filter fabric) 
placed on the pond sideslopes; a 2 millimeter HDPE primary geomembrane liner; a non-
woven geotextile (filter fabric) to protect the primary liner from damage from the overlying 
liner cover fill and ore; and a minimum thickness of 600 millimeter of liner cover fill.  Ore or 
crushed rock will be placed above the liner cover fill.

 The event pond will be lined with a 2 millimeter HDPE primary liner placed on a 300 
millimeter thick layer of liner bedding (silt and sandy silt soil).

 Stormwater runoff from areas upslope of the heap leach facility will be routed around 
the facility using diversion ditches channels. The channels have been designed to convey 
the runoff from a 100-year, 24-hour storm event of 98 millimeters. 

 Engineering drawings that depict the heap leach system are provided in Appendix 8. 
Appendix 8 also provides the complete engineering design and specification for the leach 
pad and ponds. 
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19.0 METALLURGICAL TESTING  AND MINERAL PROCESSING

 The following is a discussion of the metallurgical testing and mineral processing 
aspects of the proposed CSH Project.

19.1 Metallurgical Testwork Discussion

19.1.1   Initial Brigade 217 Metallurgical Studies

 Laboratory metallurgical tests for CSH oxide ore were conducted by the Physical 
and Chemical Analysis and Testing Center of the Brigade 217, China National Nuclear 
Corporation and Hengyang No. 6 Research Institute during exploration activities in early 
1995. A number of column tests were undertaken and it was demonstrated that the oxide 
ore had the potential for gold extraction by cyanidation using heap leaching. The initial 
results were erratic and Brigade 217 conducted a pilot heap leach program at the mine site 
in 1995. Three test heaps were prepared with run-of-mine ore. The grade of the material in 
each of the heaps was 0.90 grams per tonne while the tonnage was 1,230, 2,580 and 
2,748 tonnes respectively. Gold extraction for each heap was 42.83 percent in 12 days, 
46.17 percent in 25 days, and 64.67 percent in 32 days. The onset of winter weather 
curtailed the test program but the pilot heaps indicated the amenability of the CSH oxide 
ore to heap leaching. Information concerning this test program is provided in a document 
entitled "Detailed Exploration Report at Hu-Yao-Er-Hu-Dong Gold Mine, Wulate, Inner 
Mongolia by Brigade 217, Northwest Geological Exploration Bureau, CNNC, March 2003".  

19.1.2   Additional Tests Performed by Brigade 217

 In 2001, agitation and column tests for CSH Project oxide ore were conducted by 
Brigade 217. The oxide sample procured had a grade of 2.95 grams of gold per tonne. The 
agitation leach test had a size distribution of approximately 75 percent passing 200 mesh. 
Gold extraction from this sample was 91.9 percent in 36 hours of leach time. 

 Column tests were conducted at particle size distributions of minus 30, minus 10, 
and minus 5 millimeters. Leach time ranged from 312 to 408 hours. Cyanide consumption 
ranged between 0.90 and 1.10 kilograms per tonne. Gold extraction levels were 84 percent 
for the minus 30 millimeter sample, 87.6 percent for the minus 10 millimeter sample and 
90.6 percent for the minus 5 millimeter sample. Details regarding this test program are 
contained in a document entitled "Testwork Report on Small Scale Column Tests for the 
Ore from the Hu-Yao-Er-Hu-Dong Gold Mine, Wulate, Inner Mongolia by Brigade 217, 
October 2001.

19.1.3   International Metallurgical and Environmental Inc. (IME) (1999)

 The following work was completed by IME, an independent metallurgical laboratory, 
in 1999 on drill samples from the CSH Gold Project: 

 Composite preparation  
 Mineralogical examination 
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 Gravity testwork using a centrifugal concentrator 
 Flotation testwork on gravity tailing 
 Bottle roll cyanidation tests on coarse samples 

 Based on the sample description contained in the IME report, 600 kg of oxide 
material and 600 kg of sulfide material were obtained from the Southwest Gold project in 
China in 1999.  Information provided by the 217 Brigade reveals that the oxide samples 
were taken from a trench (near the pilot pit). Sulfide samples were taken from the decline 
(at eastern side of the NE zone) at approximately 40 meters below the surface. Also some 
samples were taken from HQ drill core. Although the samples are considered 
representative of the mineralogical species found in the deposit, they are less 
representative in a spatial sense, since they have been taken from two very specific 
locations, and also the two samples assayed had higher gold head grades than the 
expected grade to be fed to the plant, particularly with respect to oxides.

 The material received by IME was crushed to minus 1 inch, minus 1/2 inch and 
minus 1/4 inch in preparation for heap leach amenability testing. No gold head analysis was 
completed. Back calculated gold heads from the various tests ranged from 0.65  grams per 
tonne to 1.8 grams per tonne averaging 1.2 grams per tonne for the oxide composite and 
0.60 to 1.2 grams per tonne averaging 0.84 grams per tonne for the sulfide composite.

 Mineralogical examination of the oxide sample indicated the material was 
predominately quartz and mica, devoid of sulfide but containing 10 percent limonite and 
6 to 8 percent graphite. The sulfide sample was very similar but free of limonite, containing 
instead discrete, fully liberated grains of pyrite, plus minor pyrrhotite and arsenopyrite.  The 
same graphite mineralization and concentration was also noted in the sulfide composite.

 IME conducted gravity separation tests using a centrifugal concentrator and hand 
panning to produce a final gravity concentrate. Results from a single test on the oxide 
composite indicate that 63 percent of the gold in the composite was recovered by gravity.    

 Other tests evaluating gravity recovery followed by flotation of gold and sulfides were 
also conducted. The gold recovery by gravity followed by flotation was 91 percent for 
oxides and 81.4 percent for sulfides. 

 Amenability to heap leaching was tested by coarse bottle roll tests. The tests are 
summarized below:
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Table 19.1.3.1 
Bottle Roll Test Results 

Reagent
Consumption

ORE
Crush Size 

p80 mm 
Leach Time

Hours kg NaCN/t kg CaO/t 

Head
g Au / t 

Tail
g Au / t 

Au
Recovery

%

OXIDE 25 96 0.41 1.5 1.800 1.350 25.4 

OXIDE 25 168 1.14 3.06 1.000 0.350 65.8 

OXIDE 12 96 0.41 1.65 1.200 0.620 49.8 

OXIDE 3.4 96 0.47 1.5 1.500 0.650 56.6 

OXIDE 0.6 96 0.59 2.85 1.100 0.220 80.2 

SULFIDE 25 96 0.32 1.35 0.600 0.450 30.6 

SULFIDE 25 168 1.14 3.06 0.600 0.350 65.8 

SULFIDE 12 96 0.29 1.50 1.200 0.860 27.0 

SULFIDE 3.4 96 0.50 1.35 1.100 0.560 49.8 

SULFIDE 0.6 96 0.46 2.25 0.900 0.230 74.8 

 Extending the leach time from 96 to 168 hours significantly improved the leach 
recovery on the material crushed to minus 25 mm. IME suggested this was due to slow 
leaching coarse gold in the samples. Reagent consumptions are considered low for this 
type of test. 

19.1.4   SGS Lakefield Research Program for 2002 - 2003 

 In May of 2003, SGS Lakefield Research Limited (SGS LRL), an independent 
metallurgical laboratory, issued a report describing testwork completed on drill samples 
from the CSH Gold Project received 12 September 2002.

 The following testwork was carried out by in 2002-2003 by SGS LRL: 

 Composite preparation and head sample analysis 
 Mineralogical examination 
 Bond work index determination 
 Gravity testwork using a centrifugal concentrators 
 Direct (whole ore) cyanidation tests on ground samples 
 Preg-robbing test 

 The sample shipment consisted of approximately 425 kg of split drill core. The drill 
core intervals were from three holes, DDH03, 08 and 10. A list of all samples shipped to 
SGS LRL is included in the original SGS LRL report, which is available in Jinshan’s 
Vancouver office. Theses samples are considered representative of the gold mineralization 
at CSH, since they sample different mineral species and gold grade ranges, and also 
adequately represent the spatial distribution of gold grades.

 SGS LRL prepared one oxide and one sulfide composite for analysis and evaluation. 
For the head analysis, two 500 gram samples were split out and screened metallics 
analyses at 150 mesh were completed. Results of the metallic screen analysis are 
summarized below: 
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Table 19.1.4.1 
Metallic Screen Analysis 

 Average Individual Sample +150 Mesh -150 Mesh 

  Calculated Head Calculated Head   Assays   Assays 

Comp Au,g/t Ag,g/t Au,g/t Ag,g/t Mass% Au,g/t Ag,g/t Mass% Au,g/t Ag,g/t 

Oxide 1.19 0.89 3.98 6.63 2.99 96.0 1.01, 0.92 0.50 1.10

Oxide
1.04 1.13 

0.90 1.36 4.84 6.77 2.63 95.2 0.57 0.63 1.30 <0.5

Sulfide 1.16 0.76 4.63 4.92 1.97 95.4 0.98 0.97 0.70 0.70

Sulfide
0.97 0.72 

0.78 0.67 5.25 1.55 2.00 94.8 0.58 0.90 <0.5 0.60

 Results indicate 10 to 40 percent of the gold in these samples is in the plus 150 
mesh material. A significant variance between the analysis on duplicate samples on the 
minus 150 mesh material is also noted. The results of the head assay calculated from the 
assayed head sample size fraction is shown in the following tables. The results, 0.71 grams 
per tonne for the oxide and 1.35 grams per tonne for the sulfide, vary widely from the 
metallic screen analysis noted above and indicate the magnitude of the difficulty 
determining the head value of the material.

Table 19.1.4.2 
Oxide Composite Head Sample Screen Analysis 

Size Assays, g/t % Distribution 

Mesh µm % Wt. Au Ag Au Ag 

14 1,180 15.2 0.29 <0.5 6.2 12.2 

20 850 11.9 1.82 0.8 30.5 15.2 

35 425 16.5 0.29 <0.5 6.8 13.2 

100 150 11.2 0.35 <0.5 5.5 9 

400 38 15.4 1.71 0.5 37.1 12.3 

Pan -38 29.8 0.33 0.8 13.9 38.2 

Total - 100 0.71 0.63 100 100 

Table 19.1.4.3 
Sulfide Composite Head Sample Screen Analysis 

Size Assays, g/t % Distribution 

Mesh µm % Wt. Au Ag Au Ag 

14 1,180 22.3 0.42 <0.5 6.9 17.4 

20 850 13.7 1.26 0.5 12.8 10.7 

35 425 19.9 0.55 <0.5 8.1 15.6 

100 150 14.5 5.34 <0.5 57.4 11.4 

400 38 12.7 1.17 0.8 11 15.9 

Pan -38 16.9 0.3 1.1 3.7 29 

Total - 100 1.35 0.64 100 100 

 Weighted average gold head grades from the testwork (gravity separation and direct 
cyanidation tests) were 1.14 grams per tonne gold for the sulfide composite and 0.63 
grams per tonne for the oxide composite. The degree of head variation from test to test was 
significant making interpretation of results difficult. 
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 In addition to gold and silver analyses, head samples of each composite were 
submitted for 30 element ICP scan analysis as well as carbon and sulfide.  The analyses 
are shown in the table below:

Table 19.1.4.4 
ICP Scan Analysis 

Composite Composite 
Element Sulfide Oxide Element Sulfide Oxide 
Ag, g/t <5 <5 Mo, g/t <20 <20 
al, g/t 83,000 91,000 Na, g/t 3,700 4,000 
As, g/t <50 <50 Ni, g/t 36 37 
Ba, g/t 520 620 P, g/t 720 380 
Be, g/t 2.5 2.7 Pb, g/t <50 <50 
Bi, g/t <20 <20 Sb, g/t <20 <20 
Ca, g/t 6,900 5,200 Se, g/t <100 <100 
Cd, g/t <5 <5 Sn, g/t <100 <100 
Co, g/t 22 16 Sr, g/t 100 95 
Cr, g/t 140 150 Ti, g/t 3,000 3,200 
Cu, g/t 65 61 Tl, g/t <100 <100 
Fe, g/t 53,000 45,000 V, g/t 120 97 
K, g/t 35,000 40,000 Y, g/t 15 9.8 
Li, g/t <15 <15 Zn, g/t 76 79 

Mg, g/t 13,000 12,000 *C (g), % 1.35 1.02 
Mn, g/t 710 590 *S=, % 0.88 0.20 

* The S
=
 and C(g) analyses were completed near the end of the test program.

 These were not part of the ICP scan analyses suite. 

 A mineralogical investigation of the composites indicated that gold observed in the 
sulfide composite occurred as fine locked grains or attachments to arsenopyrite or free 
gold. Gold observed in the oxide composite mainly occurred as liberated particles and as 
fine inclusions within arsenopyrite. Fewer occurrences of gold were observed in the oxide 
composite than in the sulfide composite. In both the oxide and sulfide composites, the large 
liberated grains control the gold distribution.

Bond work index data from the 2002-2003 program are summarized below: 

 The work index data indicate the material is relatively soft. 

 SGS LRL ran gravity concentration tests and concluded that both the oxide and 
sulfide composites responded very well to gold recovery by gravity separation. Gold 
recoveries ranged from 44 percent from the oxide composite to 63 percent from the sulfide 
composite.

Table 19.1.4.5 
Bond Work Index Data 

Particle Size Ball Mill Work Index 
@ 150 mesh 

Composite
Feed

F80 µm
Product
P80, µm Imperial Metric 

Oxide 1,912 58 5.1 5.6 
Sulfide 2,038 65 8.6 9.5 
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 SGS LRL ran tests evaluating whole ore agitated leaching on ground pulp. On the 
sulfide composite, they concluded that very high gold extraction (~98 percent) and 
reasonably fast kinetics were achievable. The response by the oxide composite indicated 
lower ultimate extraction (~88 percent) and slower leach kinetics. This was felt to be 
potentially due to preg-robbing activity, which was tentatively confirmed in a single preg-
robbing test completed on the oxide composite gravity tailing. Cyanide and lime 
consumption for both the composites tested were low at less than 0.8 kg / tonne for both 
lime and sodium cyanide. As discussed under the head sample and analysis section, a 
significant nugget effect on the gold analysis was noted during the test program. Results 
from the whole ore leach program are summarized below: 

Table 19.1.4.6 
Whole Ore Leach Program 

% Au Recovery Calc Head 

Gravity + CN Leach Test
No

Feed Size 
p80

microns

NaCN
kg / tonne 

CaO
kg / tonne

Gravity 
Recovery 8hr 24 hr 48 hr 

Residue
g Au / t 

g / t 
CN Feed

g / t 
O'all

Whole Ore            

  Sulfide CN-1 74 0.77 0.45 -- 73 94 97.9 <0.02 -- 0.93 

  Oxide CN-2 55 0.35 0.69 -- 59 80 87.7 0.09 -- 0.73 

Gravity Tailing                       

  Sulfide CN-3 136 0.43 0.41 58.4 91 93 97.2 0.03 0.45 1.07 

  Sulfide CN-4 77 0.42 0.44 63.2 92 95 96.2 0.04 0.37 1.02 

  Oxide CN-5 140 0.52 0.76 43.7 -- -- 95 0.03 0.34 0.63 

 The preg-robbing test completed was performed by contacting oxide material, a 
portion of material fed to Test CN-5 with synthetic pregnant solution at 2.6 mg gold/liter. 
Results from the test are shown in the graph below and indicate that the oxide material has 
a preg-robbing tendency. Further work is required to quantify this tendency in a heap leach 
scenario.

Figure 19.1.4.1:  SGS LRL Preg Robbing Data 
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19.1.5   2003 - 2004 SGS LRL Program 

 In February of 2004, SGS LRL reported results from a second test program on 
samples received from the CSH Gold Project on 18 July 2003.

 The following testwork was carried out in 2003-04 by SGS LRL: 

 Composite preparation and head sample analysis 
 Mineralogical examination 
 Standard and CIL whole ore leach tests 
 Heap leach amenability 
 Column leach tests 
 Cyanide destruction  
 Environmental analysis 

 The sample shipment consisted of approximately 955 kg of split drill core. The drill 
core intervals were from holes DDH110, 130, 150, 160, 190, 200, 260, 270 and 271. A total 
of 113 meters of material were combined into the oxide composite and 169 meters of core 
were combined into the sulfide composite. A list of all samples shipped to SGS LRL and a 
description how the composites were prepared is included in the original SGS LRL report 
on file in Jinshan’s Vancouver office.

 For the head analysis, two 1,000 gram representative minus 10 mesh samples were 
split out and screened metallics analyses at 150 mesh were completed. Results of the 
metallic screen analysis are summarized below: 

Table 19.1.5.1 
Metallic Screen Assay Results 

+150 Mesh -150 Mesh Average 
Calculated Head 

Individual Sample
Calculated Head  Assays  Assays % Au Distribution 

Comp Au,g/t Au,g/t Mass% Au,g/t Mass% Au,g/t 
+150 
Mesh -150 Mesh

Oxide 0.76 3.17 5.61 96.8 0.79 0.41 23.4 76.6 

Oxide
1.22

1.69 2.71 44.60 97.3 0.49 0.50 71.5 28.5 

Sulfide 1.16 3.53 13.30 96.5 0.64 0.63 43.4 56.6 

Sulfide
0.97

0.78 3.77 2.33 96.2 0.64 0.57 13.1 86.9 

 These metallics screen head analysis also indicated the presence of coarse gold in 
the composites. It is also interesting to note the variance in the minus 150 mesh fractions 
among duplicate samples. Comparison of the metallic screen results to the calculated 
results from the assayed screen fractions also indicates the magnitude of the nugget effect. 
This effect must be considered when analyzing results from the various test programs.
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Table 19.1.5.2 
Minus 1 Inch Head Samples 

  Oxide Composite Sulfide Composite 

Size
Fraction

%Mass 
Retained

Assay 
g Au/t 

% Au 
Distribution

%Mass 
Retained

Assay 
g Au/t 

% Au 
Distribution

+5/8" 22.7 0.61 13.00 22.2 0.32 9.4 

+1/2" 19.5 0.83 15.10 19.7 0.93 24.6 

+3/8" 16.7 1.63 25.40 15.0 0.58 11.7 

+ 3 Mesh 13.0 1.23 15.00 13.6 0.91 16.6 

+ 8 Mesh 15.7 1.36 19.90 15.9 0.78 16.6 

- 8 Mesh 12.3 1.01 11.70 13.7 1.14 21.1 

Total 100.0 1.07 100.00 100.0 0.74 100.0 

Table 19.1.5.3 
Minus 1/4 Inch Head Samples 

 Oxide Composite Sulfide Composite 

Size %Mass Assay 

Fraction Retained 

Assay 
g Au/t 

% Au 
Distribution

%Mass 
Retained g Au/t 

% Au 
Distribution

+ 6 Mesh 20.1 0.81 12.4 23.6 0.84 21.3 

+ 10 Mesh 19.5 1.06 15.8 22.1 0.70 16.7 

+ 20 Mesh 18.1 1.09 15.1 16.7 1.01 18.0 

+ 48 Mesh 15.3 0.94 11.0 13.6 0.81 11.9 

+ 200 Mesh 10.0 4.81 36.7 9.6 2.06 21.3 

- 200 Mesh 17.0 0.69 9.0 14.4 0.70 10.8 

Total 100.0 1.31 100.0 100.0 0.93 100.0 

 Quantitative analysis of other elements of interest, including sulfide and organic 
carbon are noted in the table below: 

Table 19.1.5.4 
Additional Head Sample Assays 

Element
Oxide
Comp

Sulfide
Comp

Screened Met. 1.22 0.88 
Au, g/t 

From Testwork1 1.12 0.97 
 S(1), % 0.68 1.39 
 S=, % 0.49 1.00 
 So, % 0.19 0.49 
 SO4, % <0.4 <0.4 
 C(T), % 1.47 1.50 
 C(g), % 1.23 1.25 
 CO3, % 0.98 1.22 
 TOC, % 1.26 1.24 
 Hg, g/t <0.3 <0.3 
Specific Gravity 2.96 2.97 
In-Situ Bulk Density2 2.81 2.78 
1

Weighted average of all tests reported in this document 
2

Determined by the wax immersion method

 Both composites were also submitted for ICP analysis.  Results are tabulated below: 
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Table 19.1.5.5 
Head Sample ICP Assays 

Element Oxide Sulfide Element Oxide Sulfide 

Ag <10 <10 Mn 590 820 

Al 82000 82000 Mo <20 <20 

As <75 <75 Na 4500 4600 

Ba 550 540 Ni 27 33 

Be 2.3 2.3 P 700 660 

Bi <20 <20 Pb <50 <50 

Ca 8500 9400 Sb <20 <20 

Cd <5 <5 Sc <100 <100 

Co 21 24 Sn <100 <100 

Cr 67 77 Sr 130 120 

Cu 130 94 Ti 3100 3200 

Fe 43000 54000 TL <100 <100 

K 37000 36000 V 100 110 

Li <10 <10 Y <20 <20 

Mg 12000 14000 Zn 65 75 

 Results of the quantitative and ICP analysis indicate a very clean ore with low 
concentrations of sulfide and organic carbon that was considered when designing the 
process.

 To determine the response of the new composites to agitated leach cyanidation, 
SGS LRL ran tests as summarized in the following table.

Table 19.1.5.6 
Agitated Leach Test Results 

Reagents

Comp Test No. 
Direct CN 

or CIL 
Feed Size 

p80 microns 
NaCN

kg / tonne 
CaO

kg / tonne 

% Au Rec 
48 hr 

Residue
g Au / t 

Calc Head 
g Au / t 

Sulfide CN-9 & 10 Direct CN 66 0.42 0.58 80.6 0.2 1.27 
 CN-13 CIL 75 1.01 0.62 96.6 0.024 1.02 
Oxide CN-11 & 12 Direct CN 79 0.27 0.72 85.7 0.12 0.85 
 CN-14 CIL 75 0.5 0.84 96.5 0.03 0.86 

 SGS LRL also noted the effect of CIL on the extraction and noted that both the oxide 
and sulfide material may be somewhat preg-robbing.

 The principal focus of the 2003 test program was to determine the heap leach 
characteristics of the ore. To begin the investigation, coarse bottle roll tests were run at 
minus 1 inch, minus 3/4 inch, minus 1/2 inch and minus 1/4 inch for 17 days. Interpretation 
of results from the coarse bottle roll test program was difficult due to inconsistent residue 
analysis. For this reason, column tests at minus one inch and minus 1/4 inch were run to 
provide data for comparison.

 Results from small (six inch diameter, 50 kg) column leach tests conducted at 
SGS LRL are summarized below: 
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Table 19.1.5.7 
Column Leach Test Results 

Reagent Consumption

Composite Test No. 
Particle

Size
NaCN

kg / tonne
CaO

kg / tonne

Gold
Extraction
Percent

Residue
 g Au / 
tonne

Calculated
Head

g Au / tonne

Oxide HL-1  -1 inch 1.27 1.55 47.00 0.62 1.17 

 HL-2  -1/4 inch 1.52 3.59 84.20 0.17 1.08 

Sulfide HL-3  -1 inch 1.04 1.20 45.10 0.58 1.05 

 HL-4  -1/4 inch 0.99 1.32 73.10 0.25 0.94 

 Results indicate good recovery at fine crush sizes, but lower recovery at coarser 
crush size, although metal was still being recovered when the tests were terminated after 
83 days of leaching. It should also be noted that the solution application rate was 
approximately two times higher during the column test than normal industrial practice, thus 
leading to high reagent consumption. SGS Lakefield noted that coarse gold present in the 
material led to difficulty obtaining accurate gold analysis.

 Additional information from the 2003 test program is summarized below: 

Abrasion Index   

 Oxide Composite  0.0794

 Sulfide Composite  0.0927

 The abrasion index indicates the ore to be slightly abrasive and low metal 
consumption rates in crushing are projected. Samples from the 2004 drill program were 
tested for acid generating potential. The results indicate a positive acid generating potential 
and additional long term kinetic tests are required to determine if the material will be acid 
generating. Test evaluating chlorination and sulfur dioxide -air processes to oxidize cyanide 
indicated typical reagent consumption and efficiency for both processes.

19.1.6   Yinchuan Metallurgical Testing 

 One drill hole (DDH57) was drilled in 2003 solely for metallurgical purposes. This 
hole twinned a previous drill hole (DDH11). The core length was 140 meters. The following 
table presents the physical characteristics of the DDH57 sample. 

Table 19.1.6.1 
DDH 57 Physical Characteristics 

Sample Length 
meters

Weight
kg

gpt
Au

% -200 M 
@ 10 mesh 

Oxide 6.65 - 93.92 646 0.72 13 
Sulfide 96.62 - 140 313 0.53 20 

 Bulk density and water saturation data were also determined for three different size 
distributions of oxide composite and two different size distributions of the sulfide composite. 
The data are given in the following Table 19.1.6.2. 
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Table 19.1.6.2 
Bulk Density and Water Saturation Data 

Sample
Size
mm

Bulk Density 
t/cu m 

Moisture Uptake 
Wt. % 

Oxide 50 1.59 5.0 
 25 1.70 12.4 
 10 1.82 12.0 
Sulfide 25 1.76 13.0 
 10 1.84 12.0 

 Both composites were subjected to analytical procedures. The following 
Table 19.1.6.3 is a semi-quantitative ICP analysis. 

Table 19.1.6.3 
Semi-quantitative Spectra Scan Analyses 

Element 
Oxide - 1 

ppm
Oxide - 2 

ppm
Sulfide

ppm
Ag 0.272 0.266 0.328 
As 94.7 114.8 35.1 
B 99.3 121 124 

Ba 568 525 496 
Be 3.5 2.1 2.8 
Bi 1.11 0.89 0.95 
Cd 0.188 0.248 0.146 
Ce 124 122.1 107.7 
Co 17.4 16.8 14.5 
Cr 91.3 92.8 101.6 
Cu 75.9 89.1 57.5 
Fe 600 520 530 
Ga 22.0 24.7 22.9 
Ge 2.6 2.7 3.0 
Hg 10.2 9.1 3.5 
In 0.109 0.087 0.082 
La 53.3 45.8 56.7 
Li 21.1 23.9 22.0 

Mn 540 612 569 
Mo 4.16 4.50 1.79 
Nb 15.1 17.4 58.8 
Ni 56.2 65.5 40.8 
P 1034 1205 668 

Pb 14.3 12.6 13.2 
Pd <0.1 <0.1 <0.1 
Pt <0.1 <0.1 <0.1 
Sb 0.26 0.15 0.4 
Se 15.1 13.7 12.1 
Sn 3.49 3.72 4.47 
Sr 160.3 156.1 117.1 
Th 16.1 17.1 27.5 
Ti 3,824 3,683 4,633 
U 26.1 29.8 35.3 
V 133.1 144.5 142.6 
W 7.45 9.68 25.83 
Y 28.0 37.8 62.8 

Yb 2.6 2.5 7.6 
Zn 70.9 85.4 100.4 
Zr 149 132 142 
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 The semi-quantitative ICP analyses has a number interesting features. The 
presence of copper, arsenic, mercury, lead, and zinc are noted. In order to quantify the 
presence of these elements, an atomic absorption analytical procedure was used. 
Information generated by atomic absorption analysis is given in the following 
Table 19.1.6.4. 

Table 19.1.6.4 
Atomic Absorption Assays 

Element
Oxide Composite 

ppm
Sulfide Composite 

ppm
Ag 0.65 0.91 
As 81.9 40.0 
Cu 81.4 57.1 
Hg 7.8 3.7 
Fe 607.1 557.1 
Pb 10.3 11.6 
Zn 70.5 100.7 

 The presence of copper and arsenic in a gold sample can sometimes cause excess 
cyanide consumption and/or influence the dissolution rate of gold. The presence of mercury 
at a level of eight times that of gold in the oxide composite and four times that of gold in the 
sulfide composite has an impact upon the process design. A retort to treat the electrolytic 
precious metals sludge has been added to the process flowsheet. 

 A number of bottle roll tests were conducted on the oxide and sulfide composites. 
That information is summarized in the following Table 19.1.6.5. 

Table 19.1.6.5 
Bottle Roll Test Data 

Sample No. of Tests 
Grind

microns
Duration

Hrs
Avg Gold 

% Extraction 
Oxide 3 75 36 95 
Sulfide 2 75 36 92 

 The results of the bottle roll tests showed an elevated level of gold extraction from 
both oxide and sulfide composites. There is no evidence of a "preg robbing" tendency in 
either sample. 

 A total of five column leach tests (3 on oxide composite and 2 on the sulfide 
composite) were conducted. The following Table 19.1.6.6 summarizes the results of that 
testing program. 
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Table 19.1.6.6 
Column Leach Results 

Ore
Crush Size 

p80 mm 
Leach Time 

Days 
Head

gpt Au 
Tail

gpt Au 
Au Recovery 

%

Oxide 10 66 0.726 0.146 79.9 

Oxide 25 66 0.741 0.185 75.1 

Oxide 50 66 0.726 0.250 65.6 

Sulfide 10 41 0.840 0.219 74.0 

Sulfide 25 66 0.842 0.273 67.6 

 Gold recovery results for both oxide and sulfide material were considered to be very 
encouraging.

19.1.7   Jinshan Pilot Heap Program 

 To obtain further representative samples suitable for testing at a coarse size 
distribution, a test pit in the center of the main deposit was excavated by Jinshan Gold 
Mines in 2004 using mining methods similar to those anticipated for commercial production. 
Two pilot scale heap leach tests of 50,000 tonnes of oxide mineralization each were placed 
on test pads at the mine site in 2004. The first pilot heap was Run-of-Mine (ROM) material, 
the second was jaw crushed through 125 millimeters before being placed on the heap. 
Results of the pilot leach program are discussed in the following Section 19.3. 

 Additionally, a 60 tonne representative sample of the crushed material was collected 
as the test heaps were constructed and this material was used by METCON Research to 
formulate an oxide composite for large scale column testing at the Baogang Technical 
Institute in Baotou. 

19.1.8   2005 METCON Research Program

 As the on-site test program mentioned above was being developed in mid-2004, 
individual samples were taken from the material being mined and delivered to the test 
heaps. This material was put aside for column testing. Jinshan Gold Mines delivered 872 
individual bags to the Baogang Technical Institute representing an oxide composite sample. 
The maximum weight of an individual sample was 244 kilograms and the minimum weight 
was 2.7 kilograms. The entire delivery comprising the composite weighed 18,519 
kilograms. The oxide composite sample used for column testing was prepared as follows: 

 The entire sample was screened at 150 millimeters. Material coarser than 150 
millimeters was crushed by hand so that the entire sample passed 150 mm. The 
minus 150 mm material was then screened on 100 mm, 75 mm, 50 mm, 25 mm, 
12 mm, 9.5 mm, 6.4 mm, 4.0 mm, and Tyler 10 mesh using a screening 
machine. Each fraction was weighed and saved separately. The particle size 
distribution was calculated.

 The assumption was made that the P100 of 150 millimeters was approximately 
equal to a P80 of approximately 100 millimeters. Sufficient material from each 
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screen fraction was split out and saved to prepare to three test charges each 
weighing 1,367 kilograms. Two test charges were used for column leach testing 
and one test charge was prepared for head screen analysis.

 The remaining sample was converted into a size distribution of 80 percent 
passing 25 millimeters by crushing the plus 100 millimeter samples through that 
screen size and redistributing the screen fractions. A new particle size 
distribution was recalculated and three test charges, each of 1,367 kilograms, 
were prepared by reconstituting individual screen fractions. Two test charges 
were utilized for column leach testing and one test charge was prepared for head 
screen analysis. 

 The remainder of the sample was converted to a size distribution of 
approximately P80 equal to 6 millimeters by crushing the plus 12 millimeter 
material through that size and then redistributing the crushed material to its 
appropriate size fraction. Sufficient material to prepare four test charges at this 
size distribution were saved. Three test charges were used for column leaching 
and the other for head sample analytical determination. 

 The last column was made by preparing a column test charge from the P80 equal 
6 millimeter material and removing the 100 mesh material.

 Each individual screen fraction from the head screen assay analysis charge was 
crushed to 100 percent minus 10 mesh using a laboratory jaw crusher and a 
laboratory gyratory crusher. A one kilogram portion of the minus 10 mesh 
material from each individual screen fraction was split out and pulverized 
individually to produce a fire assay pulp. 

 The oxide composite column tests were leached for a period of 90 days and then 
washed with fresh water. Work on the oxide columns commenced on 5 March 
2005 and the columns began to be dismantled on 27 June 2005. 

 The sulfide composite sample arrived at the Baogang Technical Institute on 
9 March 2005. The sample arrived in 783 bags that were procured by sampling the sulfide 
portion of the ore body. This ore horizon was accessed by driving a decline and a crosscut 
into the ore body. Each bag was split into two portions with one portion being reserved for 
column testing. The sample preparation procedure used for the sulfide ore was similar to 
that employed for the oxide material. The 80 percent passing sizes for the sulfide 
composite were 75 mm, 25 mm, and 6 mm.

 The sulfide composite column leach tests were operated for a total of 120 days and 
leaching was concluded in mid-August 2005.

19.1.9   Column Test Results

 As of the end of July 2005 the oxide composite column tests have been concluded 
after 90 days of leaching. Sulfide column leach tests have been concluded and the leached 
residue assays are expected by the end of October 2005. 
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 It is possible to project gold extraction levels from mature column leach tests. This 
effort was undertaken by KDE and the results are presented herein. 

Oxide Composite Results

 The following Table 19.1.9.1 summarizes the column leach tests performed on the 
oxide composite. 

Table 19.1.9.1 
Oxide Composite Column Leach Results 

Consumption, kg/t 
Test No. 

Crush Size 
80% Passing 

Leach
Day 

Head Assay, g/t 
Au(3)

Indicated Extraction 
Au, % NaCN CaO 

CL-01 55 mm 91 0.76 83.65 0.193 1.435 
CL-02 55 mm 91 0.76 82.21 0.216 1.383 
CL-03 25 mm 91 0.88 90.01 0.142 1.392 
CL-04 25 mm 91 0.88 90.18 0.162 1.360 
CL-05 6 mm 90 0.88 91.59 0.175 1.408 
CL-06 6 mm 90 0.88 87.93 0.230 1.351 
CL-07 6 mm 90 0.89 93.08 0.150 1.404 

Note:  CL-07 had the minus 100 mesh material removed 

 An examination of Table 19.1.9.1 indicates that after 90 days under leach gold 
extraction varied for the oxide composite between 82 and 92 percent. The conclusion is 
reached that given sufficient leaching time, gold extractions from the oxide composite will 
eventually approach 80 percent or higher. Graphical presentation of the oxide composite 
leach results are given in  Section 19.2.1 of this report. 

Sulfide Composite Results

 The sulfide composite samples have been subjected to column leaching for a period 
of 120 days. The following Table 19.1.9.2 presents the 120 day leach results for the sulfide 
composite material. 

Table 19.1.9.2 
Sulfide Composite Column Leach Results 

Consumption, kg/t 
Test No. 

Crush Size 
80% Passing 

Leach
Day 

Head Assay, g/t 
Au(3)

Indicated Extraction 
Au, % NaCN CaO 

CL-08 75 mm 120 0.56 48.82 0.35 1.16 
CL-09 75 mm 120 0.56 48.78 0.25 1.12 
CL-10 25 mm 120 0.60 59.28 0.22 1.10 
CL-11 25 mm 120 0.60 56.98 0.25 1.10 
CL-12 6 mm 120 0.51 79.67 0.36 1.08 
CL-13 6 mm 120 0.51 79.66 0.35 1.09 
CL-14 6 mm 120 0.50 80.20 0.24 1.10 

 An examination of the preceding tabulation reveals an obvious dependency of the 
rate of gold extraction upon size distribution. After 120 days the 75 millimeter material 
showed a gold extraction of approximately 48 percent, the 25 millimeter material indicated a 
gold extraction of approximately 58 percent, whereas the 6 millimeter gold extraction 
approached 80 percent. 
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 Graphical presentations of the sulfide composite leach data along with projected 
gold extraction equations are contained in Section 19.2.2 of this report. 

Extraction Projections

 As explained elsewhere, it is possible to project gold extraction from oxide and 
sulfide composites with a reasonable degree of accuracy using a logarithmic curve fitting 
algorithm. That approach was taken and extraction projections were made for the CSH ore 
types. The following Table 19.1.9.3 presents information associated with the oxide ore. 

Table 19.1.9.3 
Oxide Columns

Column 1 2 3 4 5 6 

P80 - mm 55 55 25 25 6 6 

       

Leach Days Estimated Percent Gold Extraction 

30 62.77 60.66 59.01 64.02 69.99 69.12 

60 73.27 70.69 67.96 73.79 77.96 75.61 

90 79.41 76.56 73.20 79.51 82.63 79.41 

120 83.77 80.72 76.92 83.57 85.94 82.11 

150 87.15 83.95 79.80 86.72 88.51 84.20 

180 89.91 86.59 82.16 89.29 90.61 85.91 

 The projection given above indicates that gold extraction should approach the high 
80 percent range for oxide ore types. It is suggested that this be discounted in the design 
calculations due to the fact that much of the oxide will be run-of-mine material and actual 
industrial scale heap leaching is not quite as efficient as the tight control regime present in 
column leaching. This information coupled with ongoing gold extraction from oxide test 
heaps at the mine site has led to the adoption of an extraction level of 80 percent for oxide 
ore types. 

 A similar projection was made for the sulfide columns. This information is provided in 
Table 19.1.9.4. 

Table 19.1.9.4 
Sulfide Columns

Column 8 9 10 11 12 13 

P80 - mm 75 75 25 25 6 6 

              

Leach Days Percent Gold Extraction 

30 34.26 34.92 43.79 42.96 51.42 49.64 

60 40.63 40.90 50.56 49.36 64.08 62.93 

90 44.18 44.23 54.34 52.94 71.14 70.35 

120 46.70 46.59 57.02 55.47 76.15 75.61 

150 48.66 48.43 59.10 57.44 80.03 79.69 

180 50.26 49.93 60.80 59.04 83.21 83.03 
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 The projection given above for sulfide ore shows the dependency of gold extraction 
upon size distribution. Obviously, sulfide ore should be subjected to crushing prior to 
placement on the leach heap. It is recommended that a closed circuit tertiary crushing 
system be installed that has the capability of reducing the size of the sulfide ore to 100 
percent passing 12 millimeters.

19.1.10   Gravity, Flotation, and Concentrate Cyanidation

 Oxide and sulfide composites from the CSH Gold Project were used for a number of 
metallurgical tests at METCON Research in Tucson, Arizona. Four separate tests were 
conducted on each composite sample. Each sample was ground through 10 mesh and 
subjected to gravity concentration using an Archimedes spiral. This device simulates gravity 
concentration by panning. Four separate subsamples of each composite were treated in 
this way. The tailings from gravity concentration were individually ground through 65, 100, 
150, and 200 mesh. Each sample was subjected to rougher and cleaner flotation producing 
a flotation concentrate. The concentrates produced from the sulfide composite were then 
individually subjected to cyanidation. 

 Test details are contained in Appendix 4 of this report. A summary of the oxide 
composite testwork is given in the following Table 19.1.10.1. 
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Table 19.1.10.1 - SUMMARY OF METALLURGICAL RESULTS 
Jinshan Gold Mines - METCON Project No. M-667-02 

Gravity Separation - Flotation 
Grind Size Evaluation 

Oxide Ore 

        Weight Assays  Distribution (%)

Test ID: FS1-Ox-01 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 0.11 96.00 15.93 

     1st. Cleaner Concentrate 8.09 4.95 60.16 

METALLURGICAL 1st. Cleaner Tail  7.38 0.44 4.88 

BALANCE Rougher Tail  84.42 0.15 19.03 

Grind size P80 -65 mesh Calculated Head 100.00 0.66 100.00 

      Assay Head   0.91   

        Weight Assays  Distribution (%)

Test ID: FS1-Ox-02 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 0.39 31.00 22.03 

     1st. Cleaner Concentrate 10.92 2.83 55.70 

METALLURGICAL 1st. Cleaner Tail  6.72 0.13 1.57 

BALANCE Rougher Tail  81.97 0.14 20.69 

Grind size P80 -100 mesh Calculated Head 100.00 0.52 100.00 

      Assay Head   0.91   

        Weight Assays  Distribution (%)

Test ID: FS1-Ox-03 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 0.33 24.00 13.86 

     1st. Cleaner Concentrate 12.00 3.25 67.50 

METALLURGICAL 1st. Cleaner Tail  8.22 0.15 2.13 

BALANCE Rougher Tail  79.44 0.12 16.50 

Grind size P80 -150 mesh Calculated Head 100.00 0.57 100.00 

      Assay Head   0.91   

        Weight Assays  Distribution (%)

Test ID: FS1-Ox-04 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 0.24 94.00 31.54 

     1st. Cleaner Concentrate 12.00 3.20 53.92 

METALLURGICAL 1st. Cleaner Tail  8.74 0.10 1.23 

BALANCE Rougher Tail  79.03 0.12 13.32 

Grind size P80 -200 mesh Calculated Head 100.00 0.71 100.00 

      Assay Head   0.91   

Remarks: Gravity Concentration was conducted at particle size 100% minus 10 mesh. 

 An examination of the preceding tabulation reveals that between 13 and 20 percent 
of the gold in the oxide composite sample remained in the rougher flotation tailing. The 
combined gravity and rougher flotation concentrate contained 75 to 80 percent of the gold 
present in the composite head sample. Gold extraction increased with decreasing size 
distribution.
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 The following Table 19.1.10.2 is a summary of the gravity concentration and flotation 
testwork performed on the sulfide composite. 

Table 19.1.10 2 - SUMMARY OF METALLURGICAL RESULTS 
Jinshan Gold Mines - METCON Project No. M-667-02 

Gravity Separation - Flotation 
Grind Size Evaluation 

Sulfide Ore 

        Weight Assays  Distribution (%)

Test ID: FS1-S-01 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 1.23 10.70 28.75 

     1st. Cleaner Concentrate 9.03 2.40 47.19 

METALLURGICAL 1st. Cleaner Tail  6.95 0.16 2.42 

BALANCE Rougher Tail  82.79 0.12 21.64 

Grind size P80 -65 mesh Calculated Head 100.00 0.46 100.00 

      Assay Head   0.51   

        Weight Assays  Distribution (%)

Test ID: FS1-S-02 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 1.51 12.00 26.69 

     1st. Cleaner Concentrate 12.02 3.22 56.98 

METALLURGICAL 1st. Cleaner Tail  6.46 0.23 2.19 

BALANCE Rougher Tail  80.00 0.12 14.13 

Grind size P80 -100 mesh Calculated Head 100.00 0.68 100.00 

      Assay Head   0.51   

        Weight Assays  Distribution (%)

Test ID: FS1-S-03 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 0.94 12.00 20.77 

     1st. Cleaner Concentrate 12.57 2.48 57.34 

METALLURGICAL 1st. Cleaner Tail  5.29 0.10 0.97 

BALANCE Rougher Tail  81.20 0.14 20.91 

Grind size P80 -150 mesh Calculated Head 100.00 0.54 100.00 

      Assay Head   0.51   

        Weight Assays  Distribution (%)

Test ID: FS1-S-04 Products (%) Au (g/tonne) Au 

      Gravity Concentrate (1) 1.70 6.98 22.95 

     1st. Cleaner Concentrate 14.36 2.08 57.87 

METALLURGICAL 1st. Cleaner Tail  5.68 0.09 0.99 

BALANCE Rougher Tail  78.26 0.12 18.19 

Grind size P80 -200 mesh Calculated Head 100.00 0.51 100.00 

      Assay Head   0.51   

Remarks: Gravity Concentration was conducted at particle size 100% minus 10 mesh. 

 The preceding tabulation reveals that 14 to 21 percent of the gold present in the 
sulfide composite feed reported to the rougher flotation tailing. The combined gravity and 
flotation concentrate contained 75 to 80 percent of the gold present in the feed. The feed 
size distribution did not greatly influence the test results. 
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 As mentioned above, the flotation concentrates produced from the sulfide composite 
were subjected to cyanidation. The results of that study are given in the following 
Table 19.1.10.3. 

Table 19.10.1.3 - SUMMARY OF METALLURGICAL RESULTS 
Cyanide Leach Study 

Ambient 48 hr. Bottle Roll Leach Tests on 1st. Cl. Concentrate 
Sulfide Ore - "Jinshan"  Project 
METCON Project No. M-667-02 

Head  (1st. Cl. Conc.) 
Reagent 

Consumption 
Cumulative 
Extraction 

Test 
Number

Dump
Sample ID 

Calculated 
Au (g/tonne) 

Assayed 
Au (g/tonne) 

NaCN
(kg/t)

CaO
(kg/t)

Leach 
Time  
(hr)

Au 
(%) 

Au 
(g/t)

FS1-S-AL01 
 Sulfide 

1st. Cl. Conc
P80 =  65 mesh 

2.84 2.40 2.362 2.521 48 96.85 2.75 

FS1-S-AL02 
 Sulfide 

1st. Cl. Con.
P80 = 100 mesh 

2.96 3.22 1.863 2.168 48 97.65 2.89 

FS1-S-AL03 
Sulfide

1st. Cl. Conc. 
P80 = 150 mesh 

2.03 2.48 1.997 2.380 48 97.56 1.99 

FS1-S-AL04 
Sulfide

1st. Cl. Conc.
P80 = 200 mesh 

1.82 2.08 1.623 1.775 48 96.17 1.75 

 Between 92 and 94 percent of the gold present in the cleaner flotation concentrate 
was dissolved when treated with sodium cyanide. There does not appear to be a preg-
robbing component in the sulfide composite material. 

 This test program reveals that it is unlikely that beneficiation by gravity 
concentration, froth flotation and concentrate cyanidation is applicable to the CSH Gold 
Project ore. It is estimated that a 20,000 tonne per day single product flotation concentrator 
would have a capital cost of US$ 125 to US$ 150 million. These beneficiation techniques 
would add US$ 1.50 to US$ 2.00 per tonne ore treated.

19.1.11   Oxide and Sulfide Composite Bottle Roll Tests 

There has been a suggestion that "preg-robbing" components may be present in 
CSH ore. In order to check that possibility, a number of bottle roll tests were conducted at 
METCON Research in Tucson, Arizona. Both oxide and sulfide composite bottle roll tests 
were conducted at a P80 size of 100 mesh. The test program consisted of the following four 
tests for each composite: 

 A standard bottle roll cyanidation test at 33 percent solids and ambient 
temperature that was  conducted for 48 hours. 

 A duplicate of the preceding test. 

 A standard cyanidation test with 5 kilograms per tonne activated carbon 
added to the test slurry with other conditions equal to the standard test. 
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 A standard cyanidation test was performed with 5 kilograms per tonne of 
Portland cement added to the slurry. 

 The following Table 19.1.11.1 summarizes the bottle roll cyanidation tests performed 
on the oxide composite.

Table 19.1.11.1 - Cyanide Leach Study, P80 = 100 Mesh 
Ambient 48 hr. Bottle Roll Leach Tests on Column Feed 

Oxide Composite - "Chang Shan Hao"  Project 
METCON Project No. M-667-02

Reagent Consumption 
Test

Number Sample ID 
Calc. Head 

Au (g/t) 
NaCN
(kg/t)

CaO
(kg/t)

Au
Extraction

(%) 

BR-Ox-01
Oxide Composite 

Standard Test 0.82 0.064 2.253 96.35 

BR-Ox-02
Oxide Composite 
Standard Test (2) 0.74 0.115 2.273 95.98 

BR-Ox-03
Oxide Composite 

With Activated Carbon 0.83 0.200 2.191 94.00 

BR-Ox-04
Oxide Composite 

With 5 kg/t Portland Cement 1.02 0.139 0.100 87.27 

 The standard bottle roll test at a P80 of 100 mesh gave an extraction of 96 percent of 
the gold in the oxide composite. The addition of activated carbon or Portland cement did 
not impact the gold extraction in a positive manner. 

 The following Table 19.1.11.2 presents the summary of the bottle roll test program 
performed on the sulfide composite sample. 

Table 19.1.11.2 - Cyanide Leach Study, P80 = 100 Mesh 
Ambient 48 hr. Bottle Roll Leach Tests on Column Feed 

Sulfide Composite - "Chang Shan Hao"  Project 
METCON Project No. M-667-02

Reagent Consumption 
Test

Number Sample ID 
Calc. Head 

Au (g/t) 
NaCN
(kg/t)

CaO
(kg/t)

Au
Extraction

(%) 

BR-S-01
Sulfide Composite 

Standard Test 0.74 0.172 1.544 94.56 

BR-S-02
Sulfide Composite 
Standard Test (2) 0.74 0.189 1.628 93.23 

BR-S-03
Sulfide Composite 

With Activated Carbon 0.46 0.271 1.628 91.22 

BR-S-04
Sulfide Composite 

With 5 kg/t Portland Cement 0.60 0.168 0 93.26 

 The standard bottle roll tests performed on the sulfide composite resulted in a gold 
extraction level of approximately 94 percent. The addition of activated carbon or Portland 
cement did not have a positive impact on these very high recovery levels. 

 The final bottle roll tests on the oxide and sulfide composites were conducted at a 
P80 of 400 mesh with and without activated carbon. The results of that study are presented 
in the following Table 19.1.11.3. 
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Table 19.1.11.3 - Cyanide Leach Study, P80 = 400 Mesh 
Ambient 48 hr. Bottle Roll Leach Tests on Column Feed 

Oxide and Sulfide Composites - "Chang Shan Hao"  Project 
METCON Project No. M-667-02

Reagent Consumption 
Test

Number Sample ID 
Calc. Head 

Au (g/t) 
NaCN
(kg/t)

CaO
(kg/t)

Au
Extraction

(%) 

BR-Ox-05
Oxide Composite 

Standard Test 1.04 0.207 2.544 95.18 

BR-Ox-06
Oxide Composite 

With Activated Carbon 0.66 0.394 2.678 98.50 

BR-S-05
Sulfide Composite 

Standard Test 0.66 0.384 2.134 95.41 

BR-S-04
Sulfide Composite 

With Activated Carbon 0.53 0.543 2.175 98.10 

 At 400 mesh the standard bottle roll gives extractions from both oxide and sulfide 
composites of greater than 95 percent. With the addition of 5 kilograms per tonne activated 
carbon these extraction levels increased to 98 percent.

 The bottle roll tests conducted on the CSH oxide and sulfide composites 
demonstrated the absence of "pre-robbing" components in the ore.

19.2 Gold Extraction Estimate Procedures

 Gold extraction percentages for various CSH Project ore types have been derived 
from column testwork and pilot heaps that are being leached at the mine site. 

19.2.1   Oxide Column Tests

 A column test program employing an oxide ore composite from the CSH Project was 
conducted at the Baogang Mineral Institute in Baotou, Inner Mongolia for a period of 90 
days. The main variable that was investigated in this test program was the ore size 
distribution. Eighty percent passing sizes (P80) of 55, 25, and 6 millimeters were 
investigated. Each size distribution was studied using duplicate column test samples. The 
results of that study are given in the following Figures 19.2.1.1 through 19.2.1.6. 
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Figure 19.2.1.1 - Oxide Column Number 1 - P80 = 55 mm
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Figure 19.2.1.2 - Oxide Column Number 2 - P80 = 55 mm
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Figure 19.2.1.3 - Oxide Column Number 3 - P80 = 25 mm
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Figure 19.2.1.4 - Oxide Column Number 4 - P80 = 25 mm
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Figure 19.2.1.5 - Oxide Column Number 5 - P80 = 6 mm
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Figure 19.2.1.6 - Oxide Column Number 6 - P80 = 6 mm
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 The preceding figures include trend line equations and the R Squared (R2) statistic. 
KDE uses a logarithmic curve fitting routine in order to predict gold extraction at leach times 
that are longer than the column test leaching period. The R2 statistic is a measure of the 
accuracy of the logarithmic curve match to the actual data. A perfect fit gives a R2 statistic 
of 1.0. Trend line data that have a R2 statistic greater than 0.9 are considered to be an 
excellent fit between the derived equation and the actual data. 
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 The next step in the gold extraction estimation procedure is to apply the trend line 
equation to periods greater than the column leach period. This procedure resulted in the 
development of the following Table 19.2.1. 

Table 19.2.1 
Oxide Columns

Column 1 2 3 4 5 6 

P80 - mm 55 55 25 25 6 6 

       

Leach Days Estimated Percent Gold Extraction 

30 62.77 60.66 59.01 64.02 69.99 69.12 

60 73.27 70.69 67.96 73.79 77.96 75.61 

90 79.41 76.56 73.20 79.51 82.63 79.41 

120 83.77 80.72 76.92 83.57 85.94 82.11 

150 87.15 83.95 79.80 86.72 88.51 84.20 

180 89.91 86.59 82.16 89.29 90.61 85.91 

 An examination of the preceding tabulation reveals that if the column test data is 
projected using the method described herein the projected gold extraction for individual 
column tests varies between 82 to 90 percent. It is interesting to note that size distribution 
has only a modest influence on the projected gold extraction for the oxide ore composite. 

19.2.2   Sulfide Ore Composite

 A sulfide ore composite was subjected to column leaching at the Baogang Mineral 
Institute. That study is ongoing and data are available for 112 days of leaching. It is 
anticipated that this test program will be concluded after column irrigation for 120 days. The 
results of that sulfide composite column test program are summarized in the following 
figures.



CSH Gold Project - Mine Engineering and Development Study Page 121 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

Figure 19.2.2.1 - Sulfide Column 8 - P80 = 75 mm
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Figure 19.2.2.2 - Sulfide Column 9 - P80 = 75 mm
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Figure 19.2.2.3 - Sulfide Column 10 - P80 = 25 mm
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Figure 19.2.2.4 - Sulfide Column 11 - P80 = 25 mm
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Figure 19.2.2.5 - Sulfide Column 12 - P80 = 6 mm
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Figure 19.2.2.6 - Sulfide Column 13 - P80 = 6 mm
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 An examination of the preceding figures reveals that gold extraction from the sulfide 
ore composite is definitely influenced by particle size distribution. The natural logarithmic 
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trend line equations all match the actual data very closely. The equations were used to 
project expected gold extraction and that information is summarized in the following 
Table 19.2.2. 

Table 19.2.2 
Sulfide Columns

Column 8 9 10 11 12 13 

P80 - mm 75 75 25 25 6 6 

              

Leach Days Percent Gold Extraction 

30 34.26 34.92 43.79 42.96 51.42 49.64 

60 40.63 40.90 50.56 49.36 64.08 62.93 

90 44.18 44.23 54.34 52.94 71.14 70.35 

120 46.70 46.59 57.02 55.47 76.15 75.61 

150 48.66 48.43 59.10 57.44 80.03 79.69 

180 50.26 49.93 60.80 59.04 83.21 83.03 

 The projected gold extraction from the sulfide composite is strongly influenced by 
particle size distribution. At an 80 percent passing size of 75 millimeters, the projected 
extraction of gold will be approximately 50 percent after 180 days of continuous leaching. 
When the feed size distribution decreased to a P80 of 25 millimeters the projected gold 
extraction is approximately 60 percent after a leach time of 180 days. At a P80 of 6 
millimeters, the projected gold extraction after 180 days of leaching exceeds 83 percent. 

 The column test results are important in that the tests prove that the oxide ore size 
distribution does not make a substantial contribution to gold extraction kinetics or the 
ultimate quantity of gold dissolved. The reverse is true for the sulfide composite. Extraction 
of gold from the sulfide material is definitely influenced by particle size distribution and a 
closed circuit tertiary crushing regime for this ore type is indicated.

19.3 Pilot Heap Studies

 During the summer of 2004 two test heaps were constructed at the Jinshan Gold 
Mines site. One heap contained run-of-mine (ROM) ore and the other was passed through 
a primary crusher. Details of heap construction are given in Appendix 3. Following is a 
description of the testwork that is ongoing with these test heaps. 

19.3.1   ROM Heap

 Statistics regarding the ROM heap are given below. Heap irrigation began with a 
solution adjusted to the proper pH but without cyanide. Irrigation commenced on 25 May 
2005 and the heap effluent plus make-up water was recirculated to the heap through 14 
June 2005. On 15 June 2005 cyanide was added to the heap leach solution. Gold 
appeared in solution two days later and the pregnant solution was passed through carbon 
columns in order to remove the gold. Analytical data are available for the period through 
6 October 2005 giving a total of 132 irrigation days and 112 days during which gold was 
produced from the heap. Analytical information and metallurgical summaries for the test 



CSH Gold Project - Mine Engineering and Development Study Page 125 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

heap have been developed by Scott Bennett and this information was used in this 
assessment.

 The following Figure 19.3.1.1 plots the cumulative ROM gold extraction from the 
ROM test heap. 

Figure 19.3.1.1 - ROM Test Heap
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 A logarithmic trend line is also provided for the ROM test heap extraction data.

 A logarithmic trend line equation has been applied to a leach period of 180 days as 
shown in the following Figure 19.3.1.2. 
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Figure 19.3.1.2 - ROM Gold Extraction Prediction
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 An examination of the ROM gold extraction prediction reveals that the gold 
recovered should reach 80 percent after a continuous leach period of 180 days. 

19.3.2   Crushed Heap

 The crushed ore heap began to be irrigated on 21 June 2005. Cyanide was added to 
the recirculating solution on 28 June and gold appeared in the PLS immediately thereafter. 
As with the ROM heap, pregnant leach solution was passed through carbon columns then 
recirculated to the leach heap after the cyanide concentration was adjusted. As of 6 
October 2005 the crushed pilot heap has been contacted with solution for 44 days and 
pregnant solution containing gold has been produced for 37 days.

 The available extraction information is provided in the following Figure 19.3.2.1. 
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Figure 19.3.2.1 - Crushed Pilot Heap Data
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 In addition to the raw data, a logarithmic trend line has been developed for the 
crushed pilot heap extraction data. 

 The following Figure 19.3.2.2 uses the derived data trend line to predict gold 
extraction for primary crushed ore after 180 continuous leach days. 

Figure 19.3.2.2 - Crushed Heap Gold Extraction Prediction
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 The preceding figure predicts that the gold extraction after 180 continuous days will 
be over 76 percent. 
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 19.3.3   Test Heap Summary

 The ROM and crushed test heaps have been under irrigation for a number of 
months at the Jinshan Gold Mines site. The following Table 19.3.3.1 provides a summary of 
information relative to these test heaps and the ongoing leaching program. 

Table 19.3.3.1 
Test Heap Data Summary 

Item ROM Crushed 
P80 - mm 300 120 
Tonnes 47,800 57,000 
Height - m 6.0 5.0 
Assay - gpt Au 0.704 0.746 
Total grams Au 33,644 42,522 
Irrigation Days 132 108 
Leach Days 112 101 
Grams Au Extracted 19,960 21,420 
% Au Extraction 64.61 63.55 

  The test program began with a process of wetting the heaps with water at an 
elevated pH without cyanide. After the heap had been moistened, leach solution containing 
cyanide was applied. The preceding tabulation indicates that almost 65 percent of the gold 
content of the ROM test heap has been extracted in 112 leach days. Slightly over 63 
percent of the gold contained in the crushed ore test heap has been extracted in 101 days 
of leaching.

 Based on the available test data it is possible to predict the ultimate recovery from 
the ROM and crushed ore test heaps. The equations that were developed as outlined 
herein were used to calculate the expected gold extraction at 30 day intervals up to 180 
leach days. This information is given in the following Table 19.3.3.2. 

Table 19.3.3.2 
Test Heap Extraction Predictions 

% Au Extraction Effluent
Days ROM Crushed 

30 49.60 47.77 

60 61.55 58.77 

90 68.54 65.20 

120 73.49 69.77 

150 77.34 73.31 

180 80.48 76.20 

19.4 Extraction By Ore Type

 Experience has indicated that it is not appropriate to directly apply the leaching rate 
curves from column testing to industrial scale leach heaps. KDE has developed a technique 
based upon actual extraction data encountered in the field compared to column leach 
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studies. Column leach tests are carefully controlled and involve only a few tonnes of ore for 
individual leach columns. In an industrial operation leach heaps may involve millions of 
tonnes of material and at the Jinshan Gold Mines site will eventually result in leach heaps 
having a height of up to 70 meters. As the leach heap increases in volume, leach solution 
can become attenuated. In addition, not all of the ore in place on a heap is continuously 
under irrigation . Usually only 25 to 30 percent of the leach heap surface is being irrigated 
at any given time. The remainder of the leach heap is being drained, having emitters 
placed, being surfaced ripped, or being covered with a fresh lift of ore.

 In order to introduce a level of conservatism into the heap leach program, KDE has 
developed a family of curves for each of the Jinshan Gold Mines ore types. These curves 
assume that a period of five years is necessary to completely leach any specific ore type. 
The leach curves used are presented in the following Table 19.4.1 and Figure 19.4.1. 

Table 19.4.1 
Gold Extraction Estimates 

Cumulative Percent Gold Extraction 
Leach Year 1 2 3 4 5 

Weathered ROM 65.6 74.7 78.0 79.0 80.0 

Sulfide ROM 35.6 44.7 48.0 49.0 50.0 

Weathered Crushed 75.6 84.7 88.0 89.0 90.0 

Sulfide Crushed 55.6 64.7 68.0 69.0 70.0 

Figure 19.4.1 - Jinshan Gold Mines Extraction Estimates
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 The preceding figure and tabulation represent the annual extraction levels to be 
used for different Jinshan Gold Mines ore types. It is currently planned that the heap will be 
stacked with run-of-mine oxidized ore for the first two years of operation. Construction will 
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commence on a crushing system during the second year of operation. It is anticipated that 
this crushing facility will be available to treat sulfide ores when these materials are 
encountered in the open pit mine. 

 In order to establish the project economics, the anticipated gold production from 
each ore type must be calculated. The following Table 19.4.2 is such a calculation derived 
from the 20,000 tonne per day mine plan produced by Nilsson Mine Services, Ltd. 

Table 19.4.2 
Calculated Gold Production by Ore Type using the 20,000 tonne per day Mine Plan 

Ore
Type 

Operating 
Year 1 2 3 4 5 6 7 8 9 10 11 12 

              

Weathered 
ROM  Kg Placed 5,061.97 4,297.92                     

  Kg Leached 3,322.30 458.99 167.50 52.18 48.60               

     2,820.84 389.71 142.22 44.31 41.27             

                            

Sulfide 
 ROM Kg Placed 16.02 995.08                     

  Kg Leached 5.71 1.45 0.53 0.17 0.15               

     354.57 90.23 32.93 10.26 9.55             

                            

Weathered 
Crushed Kg Placed    1,776.90 897.64 21.86   189.55 219.32         

  Kg Leached     1,343.92 161.12 58.80 18.32 17.06           

          678.91 81.39 29.70 9.25 8.62         

            16.54 1.98 0.72 0.23 0.21       

                143.36 17.19 6.27 1.95 1.82   

                 165.88 19.89 7.26 2.26 2.11 

                            

Sulfide 
Crushed  Kg Placed    3,658.47 4,270.14 4,807.49 5,294.00 6,263.60 1,866.99         

  Kg Leached     2,035.30 331.73 121.06 37.72 35.13           

          2,375.59 387.19 141.30 44.02 41.00         

            2,674.53 435.92 159.08 49.56 46.16       

              2,945.19 435.92 159.08 49.56 46.16     

                3,484.60 567.95 207.26 64.57 60.14   

                 1,038.66 169.29 61.78 19.25 17.93 

                            

Combined 
Total Kg 
Placed 5,077.99 5,293.01 5,435.38 5,167.78 4,829.35 5,294.00 6,453.15 2,086.31         

Cum Kg 
Placed 5,077.99 10,371.00 15,806.37 20,974.15 25,803.50 31,097.50 37,550.65 39,636.96 39,636.96 39,636.96 39,636.96 39,636.96 

                            

Combined 
Total Kg 
Leached 3,328.01 3,635.85 4,027.19 3,774.84 3,442.82 3,660.94 4,329.14 2,048.15 498.64 181.72 83.47 20.03 

Cum Kg 
Leached 3,328.01 6,963.86 10,991.05 14,765.89 18,208.71 21,869.65 26,198.79 28,246.94 28,745.58 28,927.30 29,010.77 29,030.80 

                            

  % Extraction 65.54 67.15 69.54 70.40 70.57 70.33 69.77 71.26 72.52 72.98 73.19 73.24 

 Table 19.4.2 represents the expected gold production from the industrial scale heap 
leach project at the Jinshan Mines site. As stated previously, a conservative approach has 
been utilized in which projected column test recovery curves have been extended over a 
leach time of five years. 
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19.5 Mineral Processing

 For this evaluation, the CSH Project has been designed as a heap leach operation 
utilizing a multiple-lift, single-use leach pad. The oxide ore mined during the first two years 
will be processed by run-of-mine (ROM) heap leaching. Sulfide ore mined later will be 
processed by crushing and heap leaching. A plot plan and flowsheets for the Jinshan 
operation are attached as Appendix 5. 

 ROM oxide ore will be trucked to the leach pad. Lime, required for pH control during 
the leach process, will be added to the trucks on the way to the leach pad.

 Fresh run-of-mine sulfide ore is dumped into the crusher dump pocket and 
discharged onto a grizzly screen. Grizzly oversize is crushed in a jaw crusher. Grizzly 
undersize and crusher discharge are conveyed to the coarse ore stockpile.  Stockpiled ore 
will be reclaimed and fed to a closed circuit secondary and tertiary crushing circuit. The 
crushed ore, at minus 12 millimeters, will discharge to a surge bin before it is loaded into 
trucks and hauled to the pad for leaching. Lime will be added to the crushed ore before it is 
conveyed to the crushed ore surge bin.

 Both ROM and crushed ore will be stacked on the pad using trucks and bulldozers. 
The ore will be placed on the pad in 10 meter lifts. The solution ponds associated with the 
heap leach facility are designed for cold weather operation and are sized to contain 
projected rainfall amounts. An additional external solution pond is included to contain leach 
solution in excess of that required for normal operations.

 Pregnant solution from the leach, operating at a nominal rate of 635 cubic meters 
per hour, will be pumped from the pregnant solution pond to a carbon adsorption-
desorption-recovery (ADR) plant to recover the gold and silver from solution. Adsorption will 
take place in one train of six carbon adsorption columns in series. Solution will flow from 
each adsorption stage to the next stage by gravity. Carbon will be advanced countercurrent 
to the solution flow by a carbon advance pump. Each carbon column is approximately 3.8 
meters in diameter and 4.5 meters high and is sized to contain two tonnes of carbon. 
Barren solution discharging from adsorption will flow to a barren tank from which it will be 
pumped to the ore heap for further leaching. High strength cyanide solution will be injected 
into the barren solution to maintain the cyanide concentration at the desired level. 

 Loaded carbon from the adsorption circuit will be transferred to the acid wash vessel 
and washed with dilute (3 percent) hydrochloric acid before elution. The acid will be 
removed from the carbon by washing with fresh water. After acid washing, the carbon will 
be pumped to the elution vessel. The pressurized Zadra process will be used for gold 
elution. Hot strip solution at 135 to 150 oC containing about 2 percent sodium hydroxide will 
be circulated through the carbon elution vessel to recover the precious metals from the 
carbon.

 Precious metals will be recovered from the strip solution by electrowinning. When 
the electrowinning cell is appropriately loaded with gold, the stainless steel wool cathodes 
will be washed with high pressure water inside the cells to flush the gold and silver from the 
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cathodes. The gold mud slurry then flows to a holding tank and to a pressure filter. The 
stripped cathodes will be returned to the electrowinning cells. The filter cake will be treated 
in a retort to dry the cake and recover mercury that has dissolved from the ore and has 
precipitated during electrolysis. The dried product from the retort will be melted in an 
induction furnace and poured into 500 oz to 1,000 oz doré bars. Doré assaying 
approximately 90 to 95 percent gold plus silver, and 5 to 10 percent impurities will be 
produced and shipped to commercial facilities for refining.

 The stripped carbon will be transferred by pressure eduction from the elution column 
over a screen and into the reactivation furnace feed tank. Carbon reactivation will be 
accomplished in an electric rotary kiln-type furnace.

 Facilities for mixing and adding reagents to the process and elution circuits, and 
facilities for adding new carbon and short-term storage of stripped and regenerated carbon 
are included in the process design.

 The process can be easily expanded by installing additional adsorption columns or a 
second adsorption train as appropriate. Additional elution vessels and electrowinning cells 
can also be added if required to increase production. 

19.5 Process Operations

 For this evaluation the CSH Gold Project has been designed as a heap leach 
operation utilizing a multiple-lift, single-use leach pad. The oxide ore mined during the first 
two years will be processed by run-of-mine (ROM) heap leaching. Sulfide ore, mined after 
year two, will be processed by crushing and heap leaching. Both ROM and crushed ore will 
be hauled by truck and placed on the pad. Solution to leach the gold from the ore will be 
distributed by a buried drip irrigation system. The solution will collect in a double lined pond 
designed to operate in the harsh conditions and be pumped to a process plant inside a 
heated building. Precious metal will be recovered from the leach solution in a carbon 
adsorption plant and the gold and silver recovered will be refined into a doré bar. The 
process design criteria are presented in Appendix 6. Flowsheets depicting the operation are 
provided in Appendix 5. The major equipment components are listed in Appendix 7. A 
general description of each major section follows.

19.5.1   Primary Crushing 

 The primary crusher flowsheet is attached as Drawing 10-F-01 in Appendix 5. The 
planned equipment is noted on the Equipment List (see Appendix 7). 

 Trucks hauling ore from the mine will initially be 16 tonne capacity. In the future, 
trucks of 90 tonnes are planned. To allow for this wide variance and allow some surge 
capacity for ore delivery from the mine, a large 180 tonne dump pocket is planned. Ore will 
be fed from the dump pocket to the crushing circuit by a large apron feeder. The feeder will 
discharge to a grizzly screen. The screen oversize will be fed to a jaw crusher. A rock 
breaker is provided to facilitate crusher operations. The grizzly screen undersize and the 
crushed material will be combined and conveyed to a coarse ore stockpile. A bag house will 
collect dust generated in the area.
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19.5.2   Fine Crushing 

 The fine crushing flowsheet is attached as Drawing 15-F-01 in Appendix 5. The 
planned equipment is noted in Appendix 7. 

 Ore will be reclaimed from the coarse ore stockpile by one of two apron feeders and 
fed to the secondary crusher feed screen at a nominal rate of 1000 tonnes per hour. 
Screen oversize will be fed to the secondary crusher. The secondary crusher is a HP-800. 
Secondary crusher discharge will join the discharge from the two tertiary crushers and will 
be conveyed to the splitter and split to one of two tertiary screens. The tertiary screen 
oversize will be crushed in one of the two HP-800 tertiary crushers and be recycled to the 
tertiary screens. The secondary and tertiary screen undersize will discharge from the 
crushing circuit and be conveyed into the crushed product storage bin. The target crusher 
discharge size is 80 percent passing 8 millimeters. Lime, required for the leaching 
operation, will be added to the crushed ore before it is stored in the crushed product bin. 
Ore will be hauled from the crushed product storage bin to the leach pad by 16 to 90 tonne 
trucks.

 Three dust collectors are provided to collect dust from the fine crushing circuit. A 
crane to facilitate maintenance in the crushing circuit is also provided. Two magnets are 
also strategically placed to remove any tramp iron from the ore.

19.5.3   Ore Placement and Leaching 

 The leaching flowsheet is attached as Drawing 20-F-01. The planned equipment is 
noted in Appendix 7.

 Crushed and ROM ore will be stacked on the pad using mine haul trucks and 
bulldozers. ROM ore will be hauled directly from the open pit to the leach pad during the 
first two years of operation. The haul trucks will stop briefly under a lime silo with a rotary 
valve and weigh hopper to have the appropriate amount of dry lime added to the ROM ore 
prior to the truck continuing to the heap. Lime will be added to the crushed ore before it is 
loaded into the haul trucks. 

 The ore haul trucks will operate on the pad on top of the lift being constructed. 
Ramps will be constructed to reach the top of the lift. The trucks will direct-dump the ore on 
the current lift and low ground pressure (LGP) D7 dozers will push the ore over the edge of 
the lift to form an expanding heap. The stacked ore will be cross-ripped with the dozers 
prior to leaching. Ten-meter lifts will be stacked to a maximum total ore heap height of 70 
meters. Haul roads will be constructed approximately 1.0 meter higher than the heap 
surface. Once a haul road is no longer required, this material will be dozed over the 
surrounding heap surface and the roadway will be thoroughly cross-ripped to minimize 
compaction.

 Prior to stacking a new lift over the top of an old one, the top of the old lift will be 
cross-ripped to break up any cemented sections and to redistribute fines that may have 
been mobilized. 
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 Following stacking of the ore, the heap will be irrigated with leach solution and the 
resulting gold-bearing solutions collected.  The leach pad will be a multiple-lift, single-use 
type pad.

 The basic components of the leach pad include: 

 A stable, compacted earth foundation; 

 A compacted soil sub-base of low permeability material which serves to protect 
the geomembrane liner from rips and punctures and forms part of the composite 
lining system;

 A 2-mm thick LLDPE geomembrane liner; 

 A cushion layer (over liner) of material on top of the geomembrane liner that 
forms a suitable working surface and protects the geomembrane from damage 
during stacking; 

 A series of perforated plastic drainpipes, which are placed on top of the 
geomembrane, under the cushion layer during stacking, to collect leach 
solutions.

 Golder Associates, Inc., is responsible for the design of the leach pad. Additional 
information can be found in the Golder Report attached as Appendix 8. 

 Barren solution from the plant will be applied to the newly stacked ore to begin the 
leaching process. Solution will be applied using buried drip emitters. The drip emitters will 
facilitate cold weather operation and reduce water loss due to evaporation. A relatively low 
irrigation rate of 6 liters per hour per square meter is planned. The total irrigation time 
planned, based on results from the test program, for the first phase of leaching is 90 days. 
Additional leach time will be available during secondary leach cycles. 

 Gold bearing solution will flow to the pregnant solution pond. As noted in the Golder 
report, the pregnant solution pond is designed to facilitate operation during the harsh winter 
at the CSH Gold Project. An excess solution pond is also provided to store solution that 
may be generated during unusual storm events.

 Pregnant solution collected in the pregnant solution pond is pumped to the plant to 
recover the gold values.

19.5.4   CIC Adsorption, Carbon Elution and Refining 

 The CIC Adsorption, Carbon Elution and Refining flowsheet is attached as Drawing 
30-F-01 in Appendix 5. The planned equipment is noted in Appendix 7. 

 Pregnant solution from the pregnant solution pond will be pumped to the plant, which 
is located in a heated building to facilitate operation during cold weather. The solution will 
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pass through a sampler and trash screen. From the trash screen the solution will flow 
through one train of five adsorption columns in series. Each column is 3.8 meters in 
diameter and 4.2 meters high. The columns will contain two tonnes of carbon each. 
Solution flow will be counter current to the carbon flow. Carbon will be pumped on a 
periodic basis through the adsorption train, from the fifth stage to the fourth stage and so on 
to the first stage. On average, 3.25 tonnes of carbon will move through the adsorption 
circuit to the elution circuit daily. Solution from the fifth adsorption stage will flow through a 
safety screen to and sampler to the barren solution tank. The barren solution tank is sized 
for 30 minutes of total retention time, which will allow time for circuit upsets. Reagents 
required for leaching, including cyanide and antiscalant, will be added to the barren solution 
tank.

 Loaded carbon from the first adsorption column, with a design total metal loading of 
4 kg per tonne of carbon, will be pumped to either the acid wash or elution circuit. The acid 
wash circuit is described in Section 20.1.5. Both elution vessels have a two tonne carbon 
capacity. Nominally, 1.5 batches will be processed through the elution circuit daily. The 
pressure ZADRA process will be used for the precious metal elution process. Eluate will be 
pumped from the strip solution tank and heated in a series of plate and frame heat 
exchangers to approximately 135 oC at a flow rate of 2 bed volumes per hour. A diesel fired 
hot water heater will supply heat to the system. The elution cycle will take 12 to 16 hours to 
complete. Additional time is required to cool the column and transfer the carbon through the 
vessels. Two elution vessels are provided to allow sufficient capacity in the elution circuit. 

 Eluate from the strip vessel will pass through heat exchangers to recover heat from 
the solution and cool the eluate before electrowinning. Precious metal will be recovered by 
electrowinning onto stainless steel cathodes. The eluate passes through the electrowinning 
cell and returns to the strip solution tank where caustic, cyanide and antiscalant are added 
as required and the solution is pumped back to the strip vessel. The metal plated on the 
cathodes will be washed from the cathodes periodically with water. Two electrowinning 
cells are provided so that one is in operation while metal is being recovered the standby 
unit. The metal flushed from the cathode will be filtered, and dried in the retort.

 The dried metal sludge will be mixed with fluxes and melted in an induction furnace.  
Molten metal and slag will be poured into molds. It is anticipated that the refinery will 
operate 5 days per week with melting operations occurring one day per week. The final 
product from the refinery is a doré product containing approximately 90 percent precious 
metal. The induction furnace gasses will be collected, passed through a scrubber and 
discharged to the atmosphere. The refinery includes a vault door and equipment to facilitate 
the refining process and recovery of metal from the slag.

19.5.5   Carbon Handling 

 The Carbon Handling flowsheet is attached as Drawing 40-F-01 in Appendix 5. The 
planned equipment is noted in Appendix 7. 

 Tanks in the carbon handling circuit have been sized for a two tonne carbon batch. 
The acid wash circuit is designed so that each batch of carbon can be acid washed. After 
carbon is transferred into the acid wash column, but before any acid is introduced, fresh 
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water is circulated through the bed of carbon to remove entrained cyanide solution. Dilute 
acid solution is then prepared in the mix tank, and circulation is established between the 
acid wash vessel and the acid mix tank. Concentrated hydrochloric acid is pumped into the 
recycle stream to achieve and maintain a pH ranging from 1.0 to 2.0.

 After acid washing has been completed the carbon is rinsed with dilute caustic 
solution to remove any residual acid. Total time required for acid washing a 2-tonne batch 
of carbon is 4 to 6 hours. After acid washing is complete, a pump will transfer the carbon to 
the carbon-sizing screen.

19.5.6   Reagents 

 The CIC Adsorption, Carbon Elution and Refining flowsheet is attached as Drawing 
40-F-01 in Appendix 5. The planned equipment is noted in Appendix 7. 

 Lime is required to control the pH during leaching. It is anticipated that lime will be 
received in two-tonne bulk bags. A bulk pebble lime system has been provided. Lime will be 
conveyed into the storage silo. To add lime to the ROM trucks a system capable of 
delivering the lime required to the trucks with minimum delay is planned. When the crushing 
plant is built, the lime will be added to the ore on the conveyor. This will allow intimate 
blending of the lime and the ore.

 Dry sodium hydroxide flakes will be delivered to the site in 25-kg bags or 190 liter 
barrels. A twenty percent caustic solution will be mixed on an as needed basis. The caustic 
will be pumped to the strip solution tank, the cyanide mix tank, the acid wash system, and 
the barren solution tank as required.

 Cyanide will be delivered to the site in 22 kilogram drums, but larger containers are 
being considered. Cyanide will be mixed daily. The mix tank is equipped with a mechanical 
agitator and has a capacity of 10.5 cubic meters. The mixed solution is pumped to the 
cyanide storage tank, which has a 70 cubic meter capacity. From the storage tank, cyanide 
is pumped to the barren solution tank, or the strip solution tank.

 Diesel storage and day tanks and associated pumps provided to supply diesel to the 
hot water heater.

19.6 Gold Marketing

 It is anticipated that the doré bullion produced at the mine site will be sold to a 
Chinese refinery or will be exported to a foreign refinery. 

19.7 Operating Costs

 Operating costs for the CSH Project have been estimated based upon the 
information presented in the previous sections using project specific staffing, salary, wage, 
and benefit requirements; unit consumption of materials, supplies, power, and water; and 
supply cost estimates provided by Beijing General Institute of Mining and Metallurgy 
(BGRIMM) in their 2005 study, where possible.



CSH Gold Project - Mine Engineering and Development Study Page 137 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

 The operating costs have been estimated and presented without added contingency 
allowances based upon the design and operating criteria present in this report. The 
processing, laboratory and support operating costs are considered to have an accuracy 
range of +/-25 percent.

 Operating costs have been based upon information obtained from the following 
sources:

 Project metallurgical test work and process engineering; 
 A mining plan based upon proven and probable resources; 
 Project operating and maintenance supplies and materials cost estimates from 

KDE or BGRIMM 
 Labor rates provided by Jinshan. 
 Operating experience from other mines of a similar nature; 
 Recent KDE and Jinshan project file data; 

 ROM ore will begin stacking in 2006 during the 2nd or 3rd quarter, but is considered 
as part of the pre-production phase. Irrigation of the ROM ore will commence during the 3rd 
quarter of 2006. Operating costs were applied to this ROM ore processed in 2005 to 
account for any direct costs. The start of the operation phase of the project has been 
defined as the point where stacking of leach-grade ore on the first lift begins.

 All costs are presented in Chinese currency (RMB) based on 2005 3rd quarter costs. 
 An exchange rate of 8.1 RMB per US dollar was used when costs were supplied in US 
Currency.

 The average life-of-mine (LOM) operating costs for the production of gold at the 
CSH Project, separated by crushed ore type and ROM ore, are presented in Table 19.7.1.   

Table 19.7.1 
Average Process Unit Operating Costs (Life of Mine) 

ROM Oxide RMB / Tonne Crushed Leach RMB / Tonne

Labor 0.71 0.82 

Primary Crushing  0.61 

Fine Crushing  2.44 

Stacking 0.10 0.10 

Leaching 0.32 0.32 

CIC and Carbon Stripping 0.58 0.56 

Refining 0.09 0.09 

Carbon Handling 0.12 0.12 

Reagents 3.68 4.67 

Laboratory 0.36 0.36 

Support Services 0.23 0.23 

Total 6.21 10.32 
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 Included in this report as Appendix 1 are the operating cost estimation spreadsheets 
used to develop the costs presented above. The spreadsheets contain the details of 
operating cost estimation procedures. 
Labor

 Table 19.7.2 presents the staffing levels for the process.

Table 19.7.2 
Jinshan Project Staffing Levels & Salary Schedules 

Process & Laboratory - Crushed Heap Leach

Area   Annual Base Pay   Total Annual

 Job Title Number Salary Hourly Burdens Total Cost, RMB 

PROCESS        

Supervision        

  Process Manager 1 60,000  25,800 85,800 85,800 

  Maintenance Superintendent 1 45,000  19,350 64,350 64,350 

  Administrative Technician 2 36,000  15,480 51,480 102,960 

  Mill General Foreman 4 36,000  15,480 51,480 205,920 

  Shift Foreman 8 36,000  15,480 51,480 411,840 

  Process Maintenance Foreman 8 36,000  15,480 51,480 411,840 

Crushing    

  Primary Crusher Operator 4 18,000 7,740 25,740 102,960 

  Secondary/Tertiary Crusher Operator 8  18,000 7,740 25,740 205,920 

  Crusher Helper 16  18,000 7,740 25,740 411,840 

Heap/ROM Leach       

Heap Leach Operator 4  18,000 7,740 25,740 102,960

Reagent Operator - Heap Leach 4  18,000 7,740 25,740 102,960 

Reagent Operator - ROM 0  18,000 7,740 25,740 -

Dozer Operator - ROM & Heap Leach 4  18,000 7,740 25,740 102,960 

Piping Crew - Heap Leach 8  18,000 7,740 25,740 205,920 

Piping Crew - ROM Leach 0  18,000 7,740 25,740 -

Day Laborers 16  18,000 7,740 25,740 411,840 

Recovery Plant       

  Recovery Plant Operator 8 18,000 7,740 25,740 205,920

  Refining Operator 2  18,000 7,740 25,740 51,480 

  Shift Laborer 8  18,000 7,740 25,740 205,920 

Process Maintenance       

  Mechanic 8 18,000  7,740 25,740 205,920 

  Mechanic Helper 8 18,000 7,740 25,740 205,920 

  Electrician 8 18,000  7,740 25,740 205,920 

  Electrician Helper 8  15,000 6,450 21,450 171,600 

  Instrumentation Technician 8 36,000  15,480 51,480 411,840 

SUBTOTAL PROCESS 146   4,594,590 

LABORATORY       

Chief Metallurgist 1 45,000 19,350 64,350 64,350 

Chemist 6 36,000 15,480 51,480 308,880 

Lab Technician 8 36,000 15,480 51,480 411,840 

Metallurgical Testing Helper 8 18,000 7,740 25,740 205,920 

Shift Sample Buckers 8 18,000 7,740 25,740 205,920 

SUBTOTAL LABORATORY 31   1,196,910 

TOTAL  177   5,791,500 

TOTAL, RMB / tonne      0.82 
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Personnel

 Labor requirements are estimated to be a total of 177 persons: 146 are in the 
process area and 31 in the laboratory.

 Provisions for benefits are included in Table 19.7.2. The benefits and burdens are 
based on 43 percent of the base annual wages. The 43 percent rate was estimated based 
on discussions with Jinshan personnel and on actual benefit and burden rates for existing 
operations in China. 

 The hourly employees are budgeted to come from the local towns and villages. The 
wage estimates are based upon a 48-hour workweeks.

19.7.3   Power 

 For the purposes of operating cost estimation by area, the power consumption used 
in a given section has been estimated based upon installed power factored for operating 
schedule, availability, operating utilization and load factor.

 The unit power cost was estimated to be 0.30 RMB/kwh for the CSH217 Project, 
was provided in the BGRIMM study and includes all applicable taxes and tariffs.

 Total average power consumption was estimated to be approximately 3.9 kWh per 
tonne for crushed ore and 1.8 kWh per tonne for ROM ore. Therefore, the average power 
cost was estimated at about 1.18 and 0.53 RMB per tonne, for crushed and ROM 
operations respectively. Total attached power was estimated to be 3.3 MW. Power costs 
are presented for each section as shown in Table 19.7.3. 

Table 19.7.3 
Power Load and Consumption 

Area
Load
kW

Average 
Consumption

kWh/Yr

Avg. 
Consumption
Crushed Ore 
KWh/tonne

Avg. 
Consumption

ROM Ore 
KWh/tonne

Primary Crushing 303 2,192,345 0.31 -

Fine Crushing 1,833 13,028,112 1.83 -

Leaching 118 1,010,860 0.14 0.14

CIC and Carbon Stripping 327 2,806,431 0.40 0.40

Refining 61 526,124 0.07 0.07

Carbon Handling 104 891,384 0.13 0.13

Reagents 14 122,076 0.02 0.02

Laboratory 142 710,000 0.10 0.10

Service and Support 43 213,000 0.03 0.03

General and Administrative 740 6,350,000 0.89 0.89

Total 3,684 27,850,332 3.92 1.78
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19.7.4   Consumable Items 

 Operating supply requirements have been estimated based upon unit costs and 
consumption, where possible, and have been broken down by area and ore type. 
Presented in the sections below are the assumptions and unit costs associated with the 
development of the operating cost estimate. All taxes and freight are included. Reagent 
consumptions were derived from testwork performed by SGS LRL and KDE and from the 
Design Criteria established by KDE. Other costs were estimated from past KDE experience 
with similar operations. Consumption of major consumable items is shown by ore type in 
Table 19.7.4. 

Table 19.7.4 
Process Consumable Items 

Item
Consumption

Unit Sulfide ROM 
Crusher Liners – Primary kg/t 0.002 0 
Crusher Liners - Fine Crush kg/t 0.017 0 
Lime kg/t 2 1.5 
NaCN kg/t 0.4 0.3 
Antiscale Agent Ppm 6 6 
Carbon kg/t carbon 30 30 
HCl l/strip 800 800 
NaOH kg/strip 70 70 
Fluxes kg/oz 0.15 0.15 
Fuel Oil – Boiler kg/strip 500 500 

 Operating costs for these items have been distributed based on tonnage, gold 
production from ore types or strip (elution) batches as appropriate. 

Crusher Liners 

 Abrasion or Crushing Work Index test information is presented in the following 
Table 19.7.5. Note the wide variation between samples taken in 2003 and 2004. Crushing 
equipment was sized using the higher work index values. 

Table 19.7.5 
Crusher Work and Abrasion Indices 

Sample
Bond  Work 

Index
kWh/tonne

Abrasion
Index

Calc. Liner Wear 
(lb/kWh)

Oxide Composite 2003 (Ball Mill) 5.6   

Sulfide Composite 2003 (Ball Mill) 9.5   

Oxide Composite 2004 (Crusher) 14.7 0.0794 0.027 

Sulfide Composite 2004 (Crusher) 17.6 0.0927 0.028 

 Based upon the calculated liner wear shown above, liner wear in the three-stage 
crushing circuit is projected to be as follows: 



CSH Gold Project - Mine Engineering and Development Study Page 141 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

 Jaw crusher: 0.002 kilograms per tonne crushed at an average cost of 93.2 RMB 
 per kg delivered (wear weighted). 

 Secondary and tertiary crushers: 0.017 kilograms per tonne crushed an average 
cost of 54.7 RMB per kg delivered (wear weighted). 

 Wear weighted /kg for the jaw crusher are based on 50 percent usable wear weight 
and a 7 percent charge for freight. The estimated cost and weight for one set of jaw plates 
is US$ 17,950 and 3,380 kg (about $5.31/kg).

 Wear weighted /kg for the cone crushers are based on 60 percent usable wear 
weight and a 7 percent charge for freight. The estimated cost and weight for one set of 
cone liners is US$ 34,500 and 9,225 kg (about $3.74/kg). 

Lime (ROM Ore)

 The unit consumption of lime is expected to be 1.5 kilograms per tonne for ROM ore 
and 2.0 kilogram per tonne for sulfide. The lime will be supplied locally. A delivered lime 
price of 0.25 RMB/kg is provided in the BGRIMM report.

Leaching

Pipe, Fitting and Emitters 

The heap pipe costs include expenses for broken pipe, fittings and valves and 
abandoned tubing. The heap piping cost was estimated to be 0.246 RMB / tonne 
for both crushed and ROM ore, and was based on previous detailed studies 
conducted by KDE on similar projects. 

Cyanide 

Sodium cyanide consumption was estimated to average 0.4 kilograms per tonne 
for crushed ore and 0.3 kilograms per tonne for oxide ROM ore. These totals, 
are based on the column leach tests. A delivered price of 10 RMB per kilogram 
was provided in the BGRIMM study. 

Antiscale Agent (Scale Inhibitor) 

Antiscale consumption was based on dosage rates of 6 parts per million being 
added to the barren leach solution and carbon elution system. It was assumed 
that no antiscale reagent would be required in the pregnant solution. Jinshan 
Gold Mines provided the antiscalant price of 15 RMB per kilogram based on 
recent delivered prices. 
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Carbon

Carbon consumption was estimated to be 3 percent, or 30 kilogram per tonne of 
carbon, of the amount of carbon stripped. This value is based on a review of 
published consumption data for heap leach gold operations. The delivered price 
for carbon of 7 RMB/kg was provided in the BGRIMM study.

Hydrochloric Acid 

Hydrochloric acid will be required for acid washing of the carbon. Based upon 
acid washing 2 tonne batches of carbon, a consumption of 200 to 300 liters of 
acid per strip (100 to 133 liters/tonne carbon) was used, depending on the type 
of ore and the quantity of lime added. For the purposes of this study, the 
delivered cost of hydrochloric acid of 0.8 RMB/L was provided in the BGRIMM 
study.

Caustic Soda and Sodium Cyanide 

Caustic and sodium cyanide will be required in the stripping process. Sufficient 
caustic to make an approximate 1 percent caustic strip solution and cyanide to 
make about a 1 to 2 gram/liter NaCN solution will be required. It was estimated 
that an average of 70 kg caustic and 20 kg of NaCN would be required for each 
2 batch. The delivered reagent costs of 0.22 RMB/kg for caustic and 10RMB/kg 
NaCN was provided in the BGRIMM study. 

Smelting Fluxes 

It has been estimated that 0.15 kg of mixed fluxes per ounce of gold produced 
will be required. The estimated delivered cost of these fluxes, which include 
borax, silica, niter, and soda ash, has been estimated at 3 RMB /kg delivered. 

Antiscale Agent (Scale Inhibitor) 

Antiscale requirements were based on adding 6 ppm to the strip solution pump.  
The average strip solution flow was estimated to be 20-m3/hr during an elution 
cycle.

Diesel Fuel 

Diesel fuel is required for operation of the strip solution heater. The estimated 
consumption for each elution cycle is 500 kg based on the heat required and 16 
hour elution cycle. The delivered fuel price of 4 RMB /kg was provided in the 
BGRIMM study. 

Laboratory 

 Fire assaying and solution assaying of samples will be conducted on-site in the 
laboratory. It was estimated that approximately 90,000 samples from mined material, 



CSH Gold Project - Mine Engineering and Development Study Page 143 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

crushed ore and metallurgical accounting will require assaying each year. KDE estimated 
that about 73,000 mine samples would require analysis per year. This averages out to 
about 200 fire assays per day. Solution assays will also be required. It was estimated that 
some 130 solution samples would be assayed each day. The costs of supplies for fire 
assays were estimated to be 20 RMB per sample (including carbons and ore/waste 
samples) and 5 RMB for each solution assay. 

Fuels

Diesel

Diesel fuel will be required for heavy equipment operation and has been 
estimated at 4 RMB per kg. delivered. 

Mobile equipment requiring significant amounts of diesel fuel includes the heap 
leach loader and dozers. The cost for diesel fuel is included in the hourly 
operating cost for these units.

The primary plant power supply will be from the national power grid. A diesel-
fueled backup generator will be in place, but only used when line power fails. It 
was assumed that fuel cost for running the backup power system would be 
minimal and no additional costs were added. 

Gasoline

Gasoline will be required for small surface vehicles and maintenance trucks.  
The cost of gasoline is included in the per-hour or per-kilometer operating cost 
for this equipment.

19.7.6   Mobile Equipment 

 Numerous pieces of support equipment are required for the project. These include 
passenger vehicles and pickups, a cleanup loader, maintenance and electrician trucks, 
bulldozers, a tracked front end loader, a backhoe and a forklift. The cost to operate and 
maintain each item has been estimated using, where possible, data sheet information. 
Otherwise, allowances have been made based upon experience in similar operations. 

 In general a cost for fuel, lubrication, tires, parts, and maintenance of 1.2 RMB per 
kilometer has been used for each small vehicle and pickup. The remainder of the mobile 
units is also estimated based upon an allocation of operating hours per year. These unit 
costs are intended to include the cost of fuel, lubrication, tires, parts and maintenance.  The 
unit cost per hour used for each type of vehicle is presented in Table 19.7.6. 

 Operating costs for the mobile equipment has been distributed based on the unit 
cost basis and the tonnage ratios of the various ore types. 



CSH Gold Project - Mine Engineering and Development Study Page 144 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

Table 19.7.6 
Support Equipment Operating Costs 

Vehicle or Equipment Cost Basis 
Pickups 1.2 RMB per kilometer 
Maintenance Vehicles 1.5 RMB per kilometer 
LGP D7 Bulldozers 260.00 RMB per hour 
430D Backhoe 35.0 RMB per hour 
Forklift 32.0 RMB per hour 
Bobcat Loader 40.0 RMB per hour 

 Ore will be stacked on the heap using mine haul trucks. LGP dozers will smooth the 
heap and rip the surface before solution application. Hourly operating costs for bulldozers 
were estimated using information from the CAT Performance Handbook. 

19.7.7   Repair Materials 

 The maintenance costs used in this study are factored, based upon a percentage of 
the cost of equipment for a given facility, or factored from data obtained from other 
operations, as applicable. Operating costs for these items are distributed based on ore type 
tonnage, gold production from ore types or strip (elution) batches as appropriate. It is likely 
that the potential for inaccuracy within the overall operating cost estimate is highest in the 
maintenance supply area, since the final capital cost estimate was not available when the 
operating cost estimates were made. 

Processing Operations 

 Based upon data from other operations, operating costs for the following areas have 
been factored as shown in Table 19.7.7 and distributed based on tonnage for the ores 
processed:

Table 19.7.7 
Maintenance Supplies - Process Area Cost Basis 

Operating Area Cost Estimate Basis 
Crushing  Based upon 14% of equip., electric & instrumentation capital cost 
Leaching and CIC Based upon 7% of equip., electric & instrumentation capital cost 
Elution, Carbon Handling and Refining  Based upon 14% of equip., electric & instrumentation cap. cost 
Reagents Based upon 14% of equip., electric & instrumentation cap. cost 

Laboratory 

 An allowance of 0.1 RMB per tonne has been made for incidental maintenance parts 
and other supplies in the laboratory, based upon operating mine data.

Power Generation 

 No provision for maintenance supplies for the power generation system has been 
made since it will only operate on stand-by. Naturally it will be tested and maintained, but 
the cost is insignificant to the overall project. 
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19.8 General and Administration

 Mine site G & A cost estimates are summarized in the upper portion of the following 
Table 19.8.1. As noted in the table, Jinshan anticipates the general manager, chief 
engineer, and plant superintendent will be expatriates. All other site personnel will be 
Chinese nationals. The G & A  staffing level is based on Jinshan experience to date at the 
site and KDE experience with operations of similar size. The wages indicated in the table 
were based on the current wages paid by Jinshan for both expatriates and local personnel. 

 G & A cost estimates associated with a Baotou office are also summarized in Table 
19.8.1. It is planned that an expatriate accountant will head this office. Local purchasing 
and accounting will be conducted from this office. Wages for this office and the cost for the 
Baotou office rent are based on Jinshan experience. The burden for Chinese nationals is 
estimated at 49 percent based on the Gerke report. 

 The camp cost is based on the average number of people in the camp each day and 
quotation from a local vendor, currently supplying the Jinshan camp with similar services. 
An allowance for the operating cost for vehicles to support the operation is provided. The 
estimate is based on 15 vehicles traveling 15,000 kilometers per year. 

Table 19.8.1 
General & Administration Annual Costs 

Item Classification #  RMB   US$  
 US$ 

Total/year  

Minesite Staff           

General  Manager Expatriate 1    174,000  174,000 

Chief Engineer Expatriate 1   140,000  140,000 

Plant Superintendent Expatriate 1   140,000     140,000 

Subtotal Expatriate 3       454,000 

Administration Supervisor Local 1 116,400  14,353      14,353 

Janitors & Labor Local 5 18,000   2,219           11,097 

Cooks Local 3 24,000    2,959             8,878 

Drivers Local 4 24,000   2,959          11,837 

Accountants & Clerks Local 6 36,000  4,439         26,634 

Public Relations Local 2 36,000  4,439           8,878 

Assistant to General Manager Local 1 64,800   7,990          7,990 

Director Safety, Environmental Local 1 84,000  10,358          10,358 

Safety Inspectors Local 4 48,000   5,919         23,674 

Chief Security Local 1 48,000    5,919           5,919 

Security Guards Local 8 26,400   3,255        26,042 

Human Resources Director Local 1 84,000  10,358        10,358 

Human Resources Assistants Local 3 42,000   5,179         15,536 

Chief Warehouseman Local 1 60,000   7,398           7,398 

Warehouseman Local 5 36,000   4,439        22,195 

Subtotal Nationals 46          211,147 

Total Mine Staff   49          665,147 

Baotou Office Staff         

Chief Accountant Expatriate 1  100,000       100,000 
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Table 19.8.1 
General & Administration Annual Costs 

Item Classification #  RMB   US$  
 US$ 

Total/year  

Subtotal Expatriate 1          100,000 

Office Manager Local 1 54,000   6,658            6,658 

Accountants & Clerks Local 6 36,000   4,439        26,634 

Drivers Local 1 24,000   2,959           2,959 

Purchasing Agent Local 1 60,000   7,398           7,398 

Buyer Local 2 42,000   5,179        10,358 

Expediter Local 1 30,000   3,699          3,699 

Clerk Local 3 36,000   4,439        13,317 

Subtotal Nationals 15          71,023 

Total Baotou Staff   16          171,023 

General Benefits         

Subtotal National Wages              282,170 

Fringe Benefits  (re: Gerke Report) 49%          138,263 

Summary        

Subtotal Staff & Labor Cost             974,434 

Camp Maintenance and Supplies       

Pro-rated for Site People on Site 250    2,500     625,000 

Light Vehicle Operation         

  Units km  $/km   

Pickup Trucks Vehicles 15 15,000   0.25       56,250 

Rent and Office Supplies         

Baotou (from 2005 Budget)          18,659 

Yinchaun (Estimate)           12,000 

Subtotal            30,659 

Head Office Charges         

Vancouver / Beijing Office Expatriate 4  100,000     400,000 

Public Relations         

Public Relations Expense             50,000 

Contingency        

Subtotal Before Contingency           3,110,776 

Contingency 25%           777,694 

GRAND TOTAL            3,888,470 

Unit Cost          

Annual Production Rate tpa          7,100,000 

Unit Cost US$/t ore              0.55 

Exchange RMB/US$             8.11 
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20.0 HYDROGEOLOGICAL / ENVIRONMENTAL CONSIDERATIONS

 A Water Resource Estimation was completed in December 2004 by Environmental 
Resources Management (ERM) of Shanghai, PRC. A complete Water Resource Estimation 
is currently being conducted by the Baogang Survey Institute in Baotou, Inner Mongolia. 
Golder Associates has made an initial assessment of the hydrological work being 
performed in the vicinity of the mine site. That report is attached as Appendix 10. 

 A Soil and Water Conservation Study has been completed and a draft report 
submitted to Jinshan by ERM. The results of this study are not presented in the current 
report as the report has not been finalized as of this writing. A Chinese Regulatory 
Environmental Impact Study (EIA) is currently being conducted by ERM and results will not 
be reported until the report is finalized. An International Environmental and Social Impact 
Study will be completed as soon as the Chinese Regulatory Environmental Impact Study is 
finalized.

20.1 Hydrogeology and Water Demand Estimation

Design Principles 

 The following principles will be considered in the water acquisition design: 

 Ensure reliable water supply to meet demands for full scale mining operation 

 Maximize water conservation and recycling measures for a zero discharge 
facility; and 

 Minimize environmental and social impact by abstraction and use of water in 
balance with recharge 

Regulatory Framework 

 Existing legislation which specifically regulates water use for industrial projects 
includes:

 Water Law enacted 1988, revised 2002; 

 Detailed Rules for the Implementation of the Law on the Prevention and Control 
of Water Pollution enacted 1989, revised 2000; 

 Law on Water and Soil Conservation enacted 1991; 

 Law of Peoples Republic of China on Prevention and Control of Water Pollution 
1988, amended 1996; 

 GBJ27-88 Code for Hydrogeological investigation of water supply; 
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 GB12719-91 Exploration Specification of Hydrogeology and Engineering 
Geology in Mining Areas; and 

 GB50027-2001 Standard for Hydrogeological Investigation of Water Supply 

Table 20.1.1 
Hydrology and Water Use Studies in Progress 

Investigation Scope 
Water Resource Estimation Conceptual study of available resources 
Soil and Water Conservation Quantification of soil and water disturbance and 

calculation of compensation 
Detailed Water Resource Quantification of water resources 
Wellfield Design and Abstraction Engineering Abstraction scenarios and design criteria 
Water Permit Application Approval of water sources for  projected water 

requirements (estimated at <1Mm3 per year) 

Climate

 The CSH Gold Project is located on the Inner Mongolian Plateau at an average 
elevation of 1550 to 1750 meters above sea level and has a typical continental interior 
climate in semi-desert conditions. Annual rainfall averages 212.5 millimeters which is far 
exceeded by the estimated evapotranspiration of 2500 millimeters per year. Most of the 
rainfall (greater than 70 percent) occurs in the brief period between July and September. 

Aquifer Types 

 There are several types of aquifers in the CSH 217 Project Area which have been 
considered in the various hydrology and water balance studies. These are listed in Table 
20.1.2 below. 

Table 20.1.2 
Aquifer Types 

Aquifer Type Geological Characteristics Hydrological Characteristics 
Soil+ Weathered 
Layer

Widespread but thin (<5m), mostly 
transported (aeolean and colluvial) 
with thin residual soil profile, thicker 
weathered layer developed on 
granitic bedrock 

Primary porosity type aquifer, SWL generally 
below this layer, rainfall mostly surface 
runoff, high potential storage capacity, local 
perched aquifer above silt layers 

Ephemeral River 
Channel

Lower layers cleanly washed alluvial 
sand and gravel, upper layers silt 
from aeolean and topsoil erosion due 
to widespread overgrazing and 
deforestation

Primary porosity type aquifer, high 
permeability, periodic (seasonal) recharge, 
ephemeral flow reduces evaporation, 
susceptible to pollution from surface, 
recharged from upstream catchment 

Fractured bedrock Late tectonic brittle fracturing, 
general NE/NW direction, partly 
controls surface drainage pattern 

Secondary porosity type aquifer, low storage 
capacity but high transmissivity, important 
concern for pit dewatering 

Lacustrine/Alluvial Cleanly washed sand and gravel 
from granitic headlands 

High transmissivity and storage capacity, 
recharged from local runoff 
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Recharge

 Recharge to the soil and weathered layer aquifer is by direct infiltration. Recharge to 
the alluvial and lacustrine aquifers is by direct infiltration and surface flow, and recharge to 
fractured bedrock type aquifers is indirect by hydraulic contact with alluvial and weathered 
layer aquifers. Recharge considerations will be included in the Baogang Survey Institute 
and Golder Associates studies. 

Aquifer Storage Capacity 

 Estimated storage capacity of the major aquifers will be included in the Baogang 
Survey Institute Study and the Golder Associates Study. 

Water Demand 

 The water demand estimated by KDE and BGRIMM is approximately 2,800 cubic 
meters per day or approximately 1.0 million cubic meters per annum. 

Water Balance 

 To prevent the drawdown of the regional water table which would interfere with local 
usage, the objective of the mining operation is to abstract water in balance with recharge so 
that the operation is sustainable and has minimal environmental impact. 

20.2 Environmental Concerns

 Jinshan have a corporate commitment to minimize environmental impact of mining 
activities to meet or exceed both Chinese and International regulations and guidelines. The 
guidelines used to develop an environmental management plan include the following: 

 Minimization or prevention by engineering design; 
 Monitoring of climate and groundwater contaminants; 
 Remediation of pre-existing conditions; 
 Mitigation of planned impacts; and 
 Emergency Response plan in case of chemical spill, flood, or fire 

20.2.1   Environmental Studies 

 Jinshan have commissioned several studies related to the environment, 
demonstrating both compliance with local and international norms and a corporate 
commitment to environmental protection. 

 The following studies have been completed or are ongoing at the time of writing this 
report (October 2005): 
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Study Consultant Scope 
Soil and Water Conservation 
Assessment (SWC) 

Environmental Resource 
Management (ERM) 

Determination of soil and 
water resource impacts and 
disturbance and a closure plan 

Chinese Regulatory EIA Environmental Resources 
Management (ERM) 

Baseline study of pre-existing 
conditions and assessment of 
impact based on final mine 
design

International Environmental 
and Social Impact Assessment 
(ESIA)

To be determined Based on the Chinese EIA but 
using reporting guidelines from 
World Bank 

Geological Disaster 
Assessment (GDA) 

Nei Mongol Research Institute 
for Water and Environment 

limitation of environmental 
damage cased by natural 
occurrences (eg. earthquake, 
flood) and man-made 
structural failure (eg. tailings 
dam collapse) 

Cultrual and Heritage Survey Nei Mongol Culture and 
Heritage Bureau 

protected cultural relics in the 
mining area 

Impact of Previous Mining 
Activities

Jinshan Gold Mines (internal 
study)

Documentation of previous 
artisanal, alluvial and hardrock 
mining and heap leaching 

Environmental Baseline 
Database

Jinshan Gold Mines (internal 
environmental database) 

Database of chemical 
analyses of rocks and water, 
routine groundwater sampling 

 The Soil and Water Conservation Study (SWC) study is a precursor to filing the 
Regulatory EIA, both of which are required to obtain a mining license. The draft of the SWC 
study by ERM is currently being revised. 

 The Draft EIA study from ERM has recently been received and is under review by 
Jinshan. The International ESIA is not required as part of the permitting process and will be 
completed after the EIA study is finalized. 

20.2.2   Environmental Liabilities from Previous Mining 

 The Solid Waste Pollution Prevention Law, amended in December 2004, effective 
from 1 April 2005 states that Jinshan is responsible for any pre-existing environmental 
impact.

 Five types of previous mining activity on the property which have impacted the 
environment include:  small scale alluvial mining, small scale artisan mining, mining by the 
Brigade 208, mining by the Brigade 217, and test mining in 2004 by Ningxia Pacific for pilot 
plant leaching material. These activities are described in further detail below: 

Small scale mining of alluvial sediments in the ChangShanHao and Molenghe 
River resulted in disturbance of the natural flow of the ephemeral rivers, 
however, any increased water loss through increased evaporation, increase in 
heavy metals and other disturbance of the sediments is not well documented 
for this report; 
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Small scale artisan mining activity on the Northeast  Zone is limited to shallow 
(less than 10 meter depth) excavations dug by hand to mine free gold in oxide 
ore, there is limited disturbance of soil and vegetation and all occurs within the 
planned pit excavation so environmental will be impact negligible; 

Large scale mining and heap leaching (estimated 360,000t) by Brigade 208 on 
the Southwest Zone may have some environmental impacts as the mining 
practices may not have met Chinese regulations. However, these impacts are 
not as yet reported and are not addressed in this report. The mining by 
Brigade 208 was illegal according to the Mines Act 1988, but was permitted by 
the local county Government. 

Test mining by Brigade 217 on the Northeast Zone included construction of 
five small test heap leach pads for a total of approximately 30,000 tonnes of 
mined ore. Leach pads were constructed according to applicable Chinese 
regulations for the time period (1995-1997) including an impermeable 
membrane and surrounding drainage catchment ditches. These test leach 
pads are within the planned excavation for the Northeast Zone so there will be 
no long term environmental impact. 

Ningxia Pacific completed test mining of approximately 100,000 tonnes from 
the Northeast Zone in 2004 and the company is presently leaching two test 
pads; the first is a ROM pad and the second is a crushed ore pad. The leach 
pad construction was properly permitted and used modern design criteria. Any 
potential groundwater contamination is regularly monitored from downstream 
boreholes. After the leaching is completed, the pads will be treated by 
appropriate methods to insure the residual CN content is below regulatory 
limits.

Two leach pads (208D and 208E) which were mined by Brigade 208 were shut 
down in 2005. 

 In general, the impact of the historical mining activity is considered minimal. 
Removal of industrial waste is planned as part of the general site cleanup during the 
construction phase. 

20.2.3   Acid Mine Drainage 

 The potential for Acid Mine Drainage (AMD) was studied by Lakefield Research 
(Lakefield, 2004). Results of Acid-Base Accounting (ABA) indicate that the ore and leach 
tailings are likely to generate very minimal amounts AMD due to the low sulfide content of 
the ore and dry climatic conditions. Therefore, AMD will not be a major concern and can be 
handled by normal industry practices. 
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20.2.4   Other Environmental Considerations 

 Environmental pollution from windblown material will be limited by dust control 
systems (eg. water/chemical spraying, road aggregate) during the mining period and 
revegetation of disturbed areas with indigenous species for longer term control. 

 Social Impact on the mine operations will be evaluated as part of the ESIA study.

 There will be considerable economic and social impact on surrounding communities, 
particularly XinHuRe village, due to the large workforce during the construction and 
operation phases. 

20.2.4   Environmental Monitoring Program 

 To identify potential environmental pollution problems at an early stage, a 
comprehensive program of environmental monitoring is planned for all stages of the mine 
development, operation, and closure. The primary monitoring technique is sampling and 
analysis of ground and surface water in the immediate mining area and surrounding region. 
Analysis of potential contaminants including heavy metals and cyanide will indicate if there 
is a potential pollution problem. Any potential problem will be addressed immediately. 

 Geochemical analyses of surface and groundwater (Fe, Mn, Cu, Zn, sulfate, Cl, Hg, 
Cd, Cr+6, As, nitrate, fluoride) were conducted as part of the water resource estimation 
study (Xie, 2004). All analytical results meet the Chinese National Standard GB-5749-85 for 
drinking water with the exception of nitrate which is thought to be due to the use of nitrogen 
for agricultural purposes. 

 Sampling by Jinshan from test boreholes in the mining area drilled by the Baogang 
Institute as part of the detailed water resource investigation indicate there are no major 
concerns in the immediate mining area, but there are slightly anomalous mercury levels in 
the Molenghe River. 

20.2.6   Immediate Actions 

The Following immediate actions are planned or being implemented on the CSH 
project site: 

Upgrade and maintain access roads to prevent wandering of tracks around 
rain washouts; 

Establish a groundwater monitoring database of water levels and chemical 
data;

Continuing regional water point survey, including surveying of all locations 
where water is being abstracted by local residents. 

Monitor the groundwater and local weather continuously through the winter 
season to build an environmental baseline database; 
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Monitor old leach pads from historical mining activities, and conduct 
modifications to drainages to prevent flooding and uncontrolled run-off. 
Revegetation to reduce windblown dust and stabilize slopes; 

Cleanup of trash and waste materials from previous mining activities, including 
steel barrels, piping, and temporary housing; 

A perimeter fence will be erected surrounding the active mining and pad areas 
as soon as the land acquisition is completed. This will prevent injury to 
livestock during the construction phase and mining period. 

Quality control tests of local environmental analytical laboratories will be 
undertaken to select and monitor an appropriate laboratory for environmental 
monitoring samples; and 

An inspection by the local Environmental Protection Monitoring Station in 
Bameng is required at the time of submittal of the EIA plan. 
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21.0   CAPITAL COST ESTIMATES

21.1 Phase 1 Estimate

 It is envisioned that the CSH Gold Project will evolve in two phases. The south leach 
pad will be constructed first and will be stacked with run-of-mine oxidized ore from the open 
pit mine. This procedure will continue for approximately two years until a crushing 
installation can be completed. The following Table 21.1.1 summarizes the initial 
construction costs associated with construction of the south pad, the processing facility, 
and required infrastructure and utilities. 

Table 21.1.1 
INITIAL CONSTRUCTION COSTS

 Item 
Plant Equipment 

US$
Contracts & Material 

US$
TOTAL 

US$

DIRECT COST 

Land Acquisition - 459,000 459,000

Infrastructure 921,000 4,841,100 5,762,100

Mining - 1,920,300 1,920,300

Heap Leach Pad & Ponds 31,500 7,941,800 7,973,300

Processing Plant 4,152,800 1,169,200 5,322,000

Direct Cost 5,105,300 16,331,400 21,436,700

INDIRECT COST 

Feasibility & Detail Engineering - 1,987,500 1,987,500

Procurement - 160,000 160,000

Construction Management - 1,097,800 1,097,800

Field Office Expense & Construction Support - 226,956 226,956

Commissioning & Training - 186,200 186,200

Initial Fill (1.5% of Direct Costs) - 321,600 321,600

Startup - 55,000 55,000

Mobile Equipment - 338,000 338,000

Spare Parts (5% of Equipment Cost) - 255,300 255,300

Owners Cost  ( 5 % of Direct Cost ) - 1,071,800 1,071,800

Indirect Cost -  5,700,156 5,700,156

Initial Direct & Indirect Costs 5,105,300 22,031,556 27,136,856

        Contingency 17% 867,901 3,745,365 4,613,266

TOTAL INITIAL PROJECT  COST 5,973,201 25,776,921 31,750,122

 An examination of the preceding tabulation indicates a cost of US$ 27.1 million 
without contingency. The addition of a 17 percent contingency brings the total estimated 
cost to US$ 31.8 million that will be required to initiate the project. 

21.2 Phase 2 Estimate

 As soon as practical, a crushing plant will be constructed. It is envisioned that this 
facility will be capable of processing 20,000 tonnes and will use modern high efficiency 
primary, secondary, and tertiary crushers with the final stage being operated in closed 
circuit. It is also anticipated that the project will phase out contract mining after 
approximately two years and will purchase appropriate mining equipment to undertake the 
mining task. The following Table 21.2.2 is a summary of the estimated future sustaining 
capital cost. 
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Table 21.2.2 
FUTURE SUSTAINING CONSTRUCTION COSTS

 Item 
Plant Equipment 

US$
Contracts & Material 

US$
TOTAL 

US$

DIRECT COSTS 

Infrastructure - - -

Mining 56,500 63,500 120,000

Heap Leach Pad & Ponds 31,500 5,078,300 5,109,800

Crushing Plant 6,455,000 3,480,200 9,935,200

Sustaining Direct Cost 6,543,000 8,622,000 15,165,000

INDIRECT COSTS 

Feasibility & Detail Engineering - 973,500 973,500

Procurement - 85,600 85,600

Construction Management - 900,800 900,800

Field Office Expense & Construction Support - 178,016 178,016

Commissioning & Training - 144,500 144,500

Initial Fill (1.5% of Direct Costs) - 227,500 227,500

Startup - 157,100 157,100

Mobile Equipment - 139,000 139,000

Spare Parts (5% of Equipment Cost) - 298,700 298,700

Owners Cost  ( 3% of Direct Cost ) - 455,000 455,000

Sustaining Indirect Cost -  3,559,716 3,559,716

Sustaining Direct & Indirect Costs 6,543,000 12,181,716 18,724,716

        Contingency 17% 1,112,310 2,070,892 3,183,202

TOTAL SUSTAINING PROJECT  COST 7,655,310 14,252,608 21,907,918

 Purchasing the appropriate mining equipment, constructing the north leach pad, and 
installing a modern crushing facility will cost an estimated US$ 18.7 million. Addition of a 
17 percent contingency brings the total estimated cost for future sustaining activities and 
construction requirements to US$ 21.9 million. 

21.3 Total Phase 1 and Phase 2 Capital Cost Estimate

 The following Table 21.3.1 presents the sum of the estimated capital cost investment 
for both phases of the CSH Gold Project. 

Table 21.3.1 
TOTAL INITIAL AND FUTURE SUSTAINING PROJECT COSTS

 Item 

Plant
Equipment

US$

Contracts & 
Material

US$
TOTAL

US$

 Total Initial Project  Cost 5,973,201 25,776,921 31,750,122

 Total Sustaining Project  Cost 7,655,310 14,252,608 21,907,918

TOTAL INITIAL AND FUTURE SUSTAINING PROJECT COSTS 53,658,040

 It is estimated that the capital requirement for a 20,000 tonne per day CSH Gold 
Project including a 17 percent contingency will be US$ 55.1 million. These funds will be 
dispersed over a period of approximately three years. The capital cost back-up information 
is attached in Appendix 11. 
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21.4 Basis of Capital Cost Estimate

Estimating Scope 

 Development of the capital cost estimate for engineering, procurement and 
construction of the proposed facility is discussed in this section. The scope is based on 
purchasing new equipment from the US and China and installing the facility in China. The 
facility cost will be itemized up into the following areas: 

 Infrastructure 
 Mining 
 Heap Leach Pad and Ponds 
 Process Plant 
 Crushing Plant 

Battery Limits 

 The battery limits for the cost estimate include the areas listed above along with an 
estimate for land acquisition costs.

References

 The following references were used to develop the cost estimate: 

 BGRIMM Study 
 Data collected during site visit to BGRIMM office
 Cost data from a mining project estimated in China   
 In-house cost data from previous projects 
 Vendor Budget quotes for the process equipment 
 Crusher equipment costs from a recent project in the US 
 Drawings provided by BGRIMM and KDE for the flow sheets, site layout 

single line drawing and general arrangements

Direct Costs 

 Direct costs have been estimated as follows: 

Quantities - Partial civil quantities for structures,  foundations, earthwork, 
concrete, steel and architectural items were from take-offs from drawings 
performed by KDE and Jinshan Gold Mines. Building costs were taken from 
the BGRIMM Study. Allowance has been made for miscellaneous items not 
defined based on historical data from similar projects or factored based the 
existing KDE database.

Land Cost - The land cost was based on the BGRIMM Study cost estimate.  
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Infrastructure - Support facilities and equipment were included in the 
Infrastructure Area and includes water and electrical supply, administration 
buildings, Man Camp for 500 people, warehousing, maintenance facilities, 
fuel storage, guard shacks and other items that do not fit into other 
classifications. This includes costs from the BGRIMM Study and estimates 
from KDE. 

Equipment.  Budget quotations for the Process Equipment were obtained. 
Remaining equipment costs were based on historical information from 
previous projects estimated by KDE. 

Construction Materials - Construction material costs reviewed in China are 
considerably less than in the US and are listed below. 

Concrete - Installed concrete costs in China are estimated to be 
US$ 100 - US$ 140 per cubic meter based on information received 
from previous projects in China and discussions with BGRIMM. 

Structural Steel - Fabricated and installed structural steel cost in 
China was estimated to be US$ 0.50 per pound based on information 
received from previous projects. 

Buildings - Structural steel buildings were assumed to be between 
US$ 8 to US$ 15 per square ft based on information received from 
previous projects and discussions with BGRIMM.

Electrical, Instrumentation, and Piping in Process Plant Area  - 
The  electrical and instrumentation was based on US pricing for 
similar work. BGRIMM provided costs in the infrastructure area to 
bring electric power to the plant site. An allowance was provided for 
on-site power generation for partial process plant and emergency 
pumping in the mine area.

Construction Labor - The labor rate of US$ 3.00 per hour was based on the 
average built up labor rate and the details are included in the cost estimate. 
For labor productivity it was assumed that the location would utilize three 
times the people for the same work in the US and reduce the amount of 
construction equipment. Overtime costs were assumed to be at the same 
rate based on information received from BGRIMM. 

Construction Equipment Usage - Rental equipment costs were estimated 
based on US rates and then reduced by 30 percent. These costs were 
primarily for large crane usage and include fuels, lubes, and routine 
maintenance.

Freight - Freight was assumed to be 5 percent of equipment and 
construction materials. 
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Construction Consumables - Construction consumables were assumed to 
be 13.5 percent of the labor cost. 

Indirect Costs 

 Indirect costs have been estimated as follows. 

Feasibility and Detail Engineering - These costs were developed 
separately and are incorporated in this estimate. This cost also included an 
allowance to complete the feasibility study and basic engineering. 

Procurement - Procurement activities in the US will require one person 
working for six weeks time while the procurement in China will require two 
people 18 weeks to assist in preparing RFQ packages, issuing contracts, 
reviewing bids, issuing contracts and expediting materials and equipment. 

Construction Management - Construction Management consists of three 
expatriates for 18 weeks and a team from China for 20 weeks. Additional 
personnel were also included to assist with safety, scheduling, warehouse, 
QA/QC and disciplined engineers as required.

Field Office Expense - Field office expense includes two vehicles that will be 
issued to plant supervision after construction is completed. This category also 
includes surveying, geotechnical support, temporary power, mobilize and 
demobilize and insurance on rental equipment and all other costs necessary 
to support the construction effort. Also included are temporary facilities for 
the construction manager teams use, plus any other facilities or services that 
the construction contractors will not provide. 

Commissioning and Training - It was assumed that one process engineer 
and two training engineers are required for several months. Training manuals 
translated into Chinese were also included as well as an allowance for 
vendor equipment personal. This also includes assuring the project systems 
are ready for startup. Includes contractor support labor, vendor 
representatives, engineering contractor representatives, and miscellaneous 
repair materials

Initial Fills - Initial fills were assumed to be 1.5 percent of the direct cost. 

Start-up Support - It was assumed that one startup engineer will be required 
to lead the startup effort for a period of four weeks. This effort includes all 
costs associated with running the systems until they are stable and can be 
ramped up to full production. Includes Climax project and corporate labor, 
engineering contractor support, and operating supplies. Climax normally 
estimates the startup period (with input from the engineers). 
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Mobile Equipment - The minimum mobile equipment required was included 
in the indirect costs and included three forklifts, one heavy duty forklift, one 8 
ton crane, one 3 ton flatbed truck, two trailer mounted welders, two pickup 
trucks and one bobcat. 

Capital Spares and Initial Warehouse Stock - Capital equipment spares 
and initial warehouse stock was estimated at 5 percent of equipment cost. 

Owners Costs - This will include Jinshan Gold Mines costs to direct, monitor 
and review the progress of the project over a two year period. For this 
estimate Owners costs were factored at 7.5 percent of the Direct Cost. The 
allowance is for permit fees, cost of Climax/PD labor and consultants 
associated with acquiring all operating permits for the project. This also 
includes corporate staff project management/oversight labor, expenses, 
project financing costs, recruiting, pre-production payroll and related 
expenses. Anything that does not fit into the previous  classifications is also 
included in this allowance such as legal and accounting consultant costs. 

Duties, Import Fees and Taxes - Due to lack of information on the duties, 
import fees and taxes these were excluded from the estimate at this time.

Escalation

 All costs are based on the 3rd quarter of 2005. Costs can be escalated to the 
timeframe where the project development efforts are estimated to start. It was assumed this 
will be evaluated on a non-escalated model.

Contingency 

 Contingency is applied as a factor against all direct and indirect costs, and not 
distributed back to the project areas. Based on the following accuracy assumptions the 
overall contingency applied to the cost estimate is 20 percent.

Civil & Earthwork 20% 
Concrete & Structural 20% 
Equipment & Installation 12% 
Piping & Ducting 20% 
Electrical & Instrumentation 15% 
Remaining Items 20% 

Weighted Average Contingency 16% 
Storm/Weather Conditions 1% 

Total Built Up Contingency 17% 
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Exclusions

 This estimate excludes the following: 

 Permits, royalties and licenses 
 Environmental costs, Testing & Monitoring 
 Metallurgical Testing 
 Development of a natural gas source 
 Power backup except for the system required for partial process plant 

and emergency pumping requirements 
 Escalation 
 Taxes, Duty & Import Fees 

21.5 Geotechnical Basis of Estimate - Heap Leach Pad and Ponds

 The following information was provided by Golder Associates Inc. (Golder) for the 
Initial and Sustaining Construction of the CSH Gold Project heap leach and pond facility. All 
construction was assumed to be completed at present cost in United States dollars with no 
adjustments made to the time value of money. The unit rates developed for this estimate 
are for year 2005 construction and were not adjusted to reflect future costs. 

 The estimated construction costs were based on all work being performed by an 
outside contractor. Unit costs were developed using the equipment/material rates and 
Chinese labor rates provided by K D Engineering, and by estimating production rates and 
labor and equipment requirements. Material costs, where required, were based on Chinese 
material costs where available (in the case of geomembrane liner) or on US material costs 
(in the case of piping) when Chinese costs were not readily available. Unit labor costs 
include a 43 percent burden. Equipment costs used include fuel, oil, and maintenance. Unit 
costs for labor, equipment, and materials include a 10 percent profit mark-up by the 
contractor. See Appendix 11 for the spreadsheets used to develop the unit rates of 
selected items.

 Earthwork quantities were roughly estimated based on grading plans developed by 
Golder and from topographic data supplied by Jinshan at a 0.5 meter contour interval 
based on the local survey data of the pad area. Soils information and excavation conditions 
were estimated from observations conducted during Golder’s geotechnical field 
investigation. Geomembrane, piping, and geosynthetic quantities were obtained from 
drawings developed by Golder from the draft pad design. Variance in actual construction 
quantities should be noted consistent with the industry standards for this level of design 
effort.

 A 20 percent contingency has been included in the costing to cover project 
uncertainties associated with pad and pond construction inherent with this level of design 
and cost development.

 The following describes each cost item presented in the engineer’s cost estimate, 
which was attached as Appendix 11 in this report 
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Earthworks Mobil and Demobilize - Includes mobilization and demobilization 
of labor and equipment, set-up of temporary utilities required for construction 
(including a portable crushing and screening plant), and site clean-up after 
project completion.  Work to be performed by the Contractor. 

Surveying - Includes survey control, slope and grade staking, and as-built 
documentation. Work to be performed by the Contractor. 

Import Structural Fill for Heap Leach Pad - Structural fill required for the 
construction in mass grading areas. Material may be imported from overburden 
in the pit area or another borrow site developed close to the leach pad. Includes 
placement, moisture conditioning, and compaction. Work to be performed by the 
Contractor.

Local Soil Excavation and Structural Fill for Heap Leach Pad - Excavation of 
native materials in cut soil areas within the leach pad footprint. Includes 
excavation, hauling, moisture conditioning, and compaction. Work to be 
performed by the Contractor. 

Local Rock Excavation and Structural Fill for Heap Leach Pad - Excavation 
of native materials in cut rock areas within the leach pad footprint. Includes 
drilling/blasting, excavation, hauling, moisture conditioning, and compaction. 
Work to be performed by the Contractor. 

Surface Preparation for Soil Liner and Structural Fill - Includes scarifying, 
moisture-conditioning, and compacting of the subgrade surface for placement of 
structural fill, liner bedding fill, and riprap for the leach pad, access roads, and 
diversion channels.  Work to be performed by the Contractor. 

Liner Bedding for Heap Leach Pad - Excavation either from within the pad 
footprint or from the borrow area within the North pad footprint. Hauling, 
moisture-conditioning, placement, and compaction on the leach pad. Does not 
include costs associated with construction of the haul/access roads. Includes 
topsoil stripping and development of the borrow site. Work to be performed by 
the Contractor.

Liner Cover Fill for Heap Leach Pad - Includes excavation of material, 
crushing/screening, hauling, and placement of a minimum 0.6 meters of cover 
material over the heap leach pad liner. Work to be performed by the Contractor, 
including crushing and screening using a portable plant on-site.

Coarse Drain Fill - Includes excavation of material, crushing/screening, hauling, 
and placement of a minimum 0.6 meters of cover material over the toe of the 
heap leach pad liner. Work to be performed by the Contractor, including crushing 
and screening using a portable plant on-site. 
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Leak Detection Sand - Hauling and placement of leak detection sand under 
leak detection pipes on the leach pad. Assumes that a screened product is 
available within 50 kilometers of the site. Work to be performed by the 
Contractor.

Local Soil Excavation and Structural Fill For Pond Construction -
Excavation of native materials in soil cut areas and placement as fill for pond 
construction. Includes excavation, hauling, moisture-conditioning, placement, 
and compaction.  Work to be performed by the Contractor. 

Local Rock Excavation and Structural Fill For Pond Construction -
Excavation of native materials in rock cut areas for pond construction and 
placement in the pond or Phase 1 pad areas. Includes drilling and blasting, 
excavation, hauling, moisture-conditioning, placement, and compaction. Work to 
be performed by the Contractor. 

Liner Bedding for Ponds - Excavation from an off-site borrow, hauling, 
moisture-conditioning, placement, and compaction in the ponds. Assumes use of 
a borrow site at the North Pad site. Includes topsoil stripping and development of 
the borrow site.  Work to be performed by the Contractor. 

Liner Cover Fill for Ponds - Includes excavation of material, 
crushing/screening, hauling, and placement of a minimum 0.6 meters of cover 
material over the liner in the pregnant pond. Work to be performed by the 
Contractor, including crushing and screening using a portable plant on-site.

Channel Protection Riprap -  Includes excavation of rock material excavated in 
the pad and pond areas, sorting, hauling, and placement of rip-rap in diversion 
channels. Work to be performed by the Contractor.

Soil Excavation - Excavation of native materials in soil cut areas for diversion 
construction. Includes excavation, hauling, and compaction of material for 
access road or leach pad construction. Work to be performed by the Contractor.

Rock Excavation - Excavation of native materials in rock cut areas for diversion 
construction.  Includes drilling and blasting, excavation, hauling, and compaction 
of material for access road and leach pad construction. Work to be performed by 
the Contractor. 

Heap Leach Pad Primary Liner (80 mil HDPE) - Supply and installation of 
smooth HDPE liner for the leach pad and ponds. Includes submittals, off-loading, 
storage, and testing. Work to be performed by the Contractor. 

Heap Leach Pad Secondary Liner (60 mil HDPE) - Supply and installation of 
smooth HDPE liner for the ponds. Includes submittals, off-loading, storage, and 
testing.  Work to be performed by the Contractor. 
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Non-Woven Geotextile on Slopes - Supply and installation of non-woven 
geotextile on the slope of the pregnant pond. Includes submittals, off-loading, 
storage, and testing. Work to be performed by the Contractor.

4-inch Diameter Solution PCPE Pipe, Smooth Interior - Supply and 
installation of perforated gravity solution collection piping on the leach pad. 
Includes pipe, pipe fittings, and end caps. Work to be performed by the 
Contractor.

15-inch Diameter Solution PCPE Pipe, Smooth Interior - Supply and 
installation of perforated gravity solution collection piping in the main solution 
collection channels on the leach pad.  Includes pipe, pipe fittings, end caps, and 
elbows.  Work to be performed by the Contractor.

24-inch Diameter Solution Header HDPE Pipe - Supply and installation of non-
perforated gravity solution collection piping in the solution collection channel 
along the toe of the leach pad. Includes pipe and welding of HDPE pipe. Work to 
be performed by the Contractor. 

2-inch PVC Leak Detection Piping - Supply and installation of perforated and 
non-perforated pipe, fittings, end caps, tees, and elbows, and risers for the leach 
pad leak detection system.  Work to be performed by the Contractor.

Other Pipes and Pipe Assembly and Fittings - Supply and installation of all 
other minor pipes and pipe appurtenances on the pad and ponds, including the 
24-inch HDPE pipe fittings. Work to be performed by the Contractor.

24-inch Diameter Steel Pipe Riser Assembly - Supply and installation of three 
24-inch diameter. Steel Pipe Risers in the pregnant pond. Work to be performed 
by the Contractor. 

Construction Quality Assurance - Testing and inspection during construction 
of the heap leach facilities. Includes labor and laboratory testing. Not included 
are costs associated with construction management. Work to be performed by 
the Engineer. 

Engineering Support - Miscellaneous services provided by the Engineering 
during construction of the heap leach facilities. Includes labor for a full-time on-
site field engineer. Not included are costs associated with construction 
management.  Work to be performed by the Engineer. 

21.6 Fast-Track Schedule

 For strategic reasons, Jinshan Gold Mines is interested in evaluating the possibility 
of developing this project on an accelerated pace. The schedule assumes that critical path 
items will be done prior to winter and then construction will continue in April 2006. An 
accelerated schedule was prepared and included in this report. It shows a compressed 



CSH Gold Project - Mine Engineering and Development Study Page 164 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

schedule for basic engineering and detailed design. Procurement will begin immediately 
after evaluation of this Development Study prior to the completion of permit acquisition  and 
detailed engineering design. Even with this accelerated schedule, start-up is anticipated no 
earlier than 3rd quarter 2006. During the feasibility study the reasonableness of this 
schedule must be assessed. Schedule details are given in Appendix 12. 

21.7 Water, Power, and Infrastructure

21.7.1   Water Supply 

 Two sources of water supply are the basis for this evaluation of the CSH Gold 
Project. The primary source will be ground water and alluvial aquifers from the Mo Leng 
River channel. The second source will be ground water available due to the mine 
dewatering effort. Studies to quantify the sustainable water resource from these two 
sources are currently in progress. If these two sources are not capable of providing the 
required water, additional water would be available if the Xinhure reservoir were 
reconstructed or if ground water more distant from the mine were exploited. No costs for 
additional pumps or pipeline or to rebuild the Xinhure reservoir have been provided in this 
study.

 The estimated fresh water requirements to support a 20,000 tonne per day heap 
leach operation are summarized in Table 21.7.1.1 below. 

Table 21.7.1.1 
Water Requirements 

Tonnes
Per Day 

Ore Processing 2,420

Human and Camp Use 100

Mine Use 300

Total 2,820

 A well at the edge of the Mo Leng River basin is planned to provide water for the 
operation. The elevation at the site selected is 1,555 meters and the well design pumping 
rate is 125 cubic meters per hour. A booster station is planned to pump the well discharge 
water 5.2 kilometers to the 1,000 cubic meter storage tank at the mine. The elevation of the 
mine water head tank is 1,676 meters. A spare well and booster pump are provided to allow 
a standby pump in both locations.

 The mine dewatering supply will also be pumped to the head tank for use in the 
process.

 Water required for the process will be routed to the leach operation. Water for 
consumption will be filtered and sterilized. A fire water supply and distribution system will 
also be provided.



CSH Gold Project - Mine Engineering and Development Study Page 165 

K D Engineering Document No. Q382-02-028.01R1 19 October 2005 

KDE FORM No. A263a-7/12/99 

21.7.2   Power Supply 

 Power for the region is generated at the Wu Lashan electricity power station and 
supplied to the national grid. The Xi Doupu substation, in the middle of Wu Late, is located 
82 kilometers from the CSH Gold Project. The Xi Doupu substation is a 110kv substation 
with one 16,000kVA and one 7,500kVA transformer.  The Electricity Administration Bureau 
of Ba Yan Zhuoer city has approved a 110kv line to the Xinhure area, approximately 10 
kilometer from the mine. The line will be completed in 2005. Three voltages levels 110kV, 
35 kv and 10kv will be available to supply electricity to the CSH Gold Project and the 
neighboring areas. 

 Jinshan Gold Mines will be responsible for the 10 kilometer power line from Xinhure 
substation to the mine. BGRIMM recommended the 35 kv line based on their assessment 
of the project needs and costs. The cost for the 10 kilometer of line and related site 
distribution has been included in the capital costs for this assessment.

21.7.3   Telecommunications 

 The cost for a telephone exchange is included in this estimate. The capacity of the 
planned system is 120 lines. These handsets will be distributed through the mine, process 
building, administration office and camp. 

21.7.4   Taxes

 The principal taxes affecting foreign mining operations are: 

 General "enterprise" income tax level of 33 percent, three percent of 
which is charged at the local level. 

 "Special economic zones" receive preferential treatment with rates of 15 
percent.

 Other exemptions can apply; however, precious metals appear to be 
excluded from these benefits. 

 Resource Tax is based on product categories and the level of production. 
For gold, KDE has been informed that a rate of 2RMB/tonne would apply. 

 Mineral Royalty is negotiable, but usually falls in the range of three to four 
percent based on a Net Smelter Return formula excluding off-site costs 
for transport of metal, sales and marketing, etc. 

 Precious metals appear to attract a special and higher level of factoring 
than other mineral resources. 

 Mining Area Usage Fee is only applicable to petroleum operations. 
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 In China, the actual rates of taxation and applicable royalties vary significantly from 
province to province and are subjected to a significant amount of negotiation with the 
relevant authorities. A meaningful assessment of all these issues has not been attempted 
at this level of study. 

21.8 China Gold Market

 In technical reports of this nature it is common to include information concerning the 
markets for the project production and the nature and material terms of any agency 
relationships.

 This section covers only the marketing of gold in China and not the macroeconomics 
of international gold prices. 

21.8.1   Technical Considerations 

 Gold produced from the CSH mining operation will be in the form of doré bars of an 
estimated 90 percent gold content with minor silver and other metal impurities. Doré bars 
will be poured at the site produced from cathode gold from an electrowinning circuit. 

 The general practice in China is to sell either loaded carbon or cathode gold (sponge 
or sludge) to an upgrading facility. Sales of the unrefined product ties up money in the time 
taken for processing, and there will be shrinkage at each processing stage. The best option 
is considered to be to produce doré bars at the mine site and sell directly to the refinery. 

 The ultimate domestic market for the gold is the Shanghai Gold Exchange (SGE). 
Gold sold on the SGE must be refined to 9995 or 9999 fine ingots of 50 grams, 100 grams, 
1 kilogram, and 12.5 kilograms with minimum volume of 6 kilograms  per transaction. 

21.8.2   Chinese Gold Market 

 The gold market in China has been liberalized by reforms to banking legislation, 
reorganization of Government departments and committees, and the founding of the SG E. 
Sales of gold by primary domestic producers are on a commercial basis at World prices to 
any of the 108 members of the SGE. 

 The present members of the SGE include 13 commercial banks, 24 gold miners, 61 
consumer units, eight refineries and two mints from 26 regions in China. There are no 
foreign or WFOE allowed as members of the SGE. 

 Only members can trade on the exchange, and transactions are limited to spot 
trades (i.e. no forward selling or contracts). There are no Government imposed limits or 
quotas on gold transactions. Members of the SGE may both import and export gold. 
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21.8.3   Supply and Demand 

 China is in the top five gold producing countries in the world, with an estimated 
189.81 tonnes of gold in 2002 (ref: Gold Bureau of the State Economic and trade 
Commission).

 The China Geological and Mineral Survey Bureau estimates the gold resources of 
Chinese ten major provinces to be over 11,000 tonnes and the country’s prospective gold 
resources at around 15,000 tonnes. 

 China is a net importer of gold (110t in 2002), with an estimated domestic 
consumption mostly for jewelry of up to 300t/a. 

21.8.4   Financial Considerations 

 All gold sales on the SGE are in RMB at a rate at World prices by the PBoC 
according to an unstipulated formula. Gold sales on the SGE are exempt from VAT, but all 
transactions are subject to a 0.06 percent commission. 

 The settlement is done by China's four state-run banks, namely, the Industrial and 
Commercial Bank of China, the Bank of China, the Construction Bank of China and the 
Agricultural Bank of China. 

 Gold sales on the SGE are all made in Renminbi (RMB) which is not an 
internationally traded currency. The value of the RMB was pegged to the US Dollar but is 
now valued on a basket of international currencies. 

 Although the domestic sales of gold has been liberalized, there is still considerable 
Government control on the market by settling all transactions in RMB and fixing the foreign 
exchange rate. 

 Other economic factors such as repatriation of profits, taxation, time value of money 
and gold lease rates are not covered in this discussion. 

21.8.5   Sales 

 There is no requirement for gold produced at CSH217 to be sold within Nei Mongol 
province, but taxes must be paid locally. 

 Two potential gold buyers have been investigated: Inner Mongolia Qiankun Gold and 
Silver Refinery Share Company Limited in Hohhot, and Brigade 217 of the Northwest 
Geological Bureau of the China National Nuclear Corporation (CNNC). 

 The Qiankun refinery in Hohhot are one of only two gold refineries in China which 
meet the purity standards for international trade specified by the London Bullion Market 
Association Goods Delivery List. 
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 Qiankun only accept doré bars with greater than 90 percent gold content, and 
charge RMB0.40/g plus 0.1 percent of the gold processed (i.e. for refining 1 kilogram of 
gold they will charge RMB400 + approximately RMB40). Credits are given for silver at 90 
percent of the SGE spot price. Qiankun will also collect the doré bars from the site and 
securely transport to Hohhot. The Qiankun refinery can either buy the gold directly or sell 
on the SGE acting as our agent. 

 Brigade 217 will accept loaded carbon and will charge RMB4.00/g for desorption. 
The refining costs to produce 9995 gold is RMB1.5/g and RMB2.0/g for 9999 gold. 
Transportation from the site to the refinery in Yinchuan is included, but security in transit is 
at additional (unspecified) cost. 

21.8.6   Summary 

 There are no major obstacles seen for the domestic sales of gold in China from 
production of the CSH 217 gold deposit. 

21.8.7   References 
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21.9 Contracts

 The following is a list of external contracts awarded or planned for the CSH Gold 
Project development with estimated costs. Some tasks may not have specific contract 
documents and are based on ad hoc consulting arrangements. 

Table 21.9.1 
External Contracts 

Task/Element Contractor/Consultant Summary of Objectives Status  
Prime Engineering 
Contractor

KD Engineering Co., Inc. Overall planning and 
supervision of engineering 
works 

ongoing

Engineering Study Beijing General Research 
Institute for Mining and 
Metallurgy (BGRIMM) 

Detailed engineering design and 
economics

ongoing

Resource Report 
(China)

Brigade 217 of the Northwest 
Geological Bureau of the China 
National Nuclear Corporation 
(CNNC)

Conversion of exploration 
license to mining lease 

ongoing

Resource Report 
(NI43-101 Canada) 

Geosystems International 
Mario Rossi  

Calculation of resource estimate 
to end 2004 drilling campaign 

Complete
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Table 21.9.1 
External Contracts 

Task/Element Contractor/Consultant Summary of Objectives Status  
Geological Disaster 
Assessment

Nei Mongol Autonomous Region 
No. 1 Hydrogeology and 
Engineering Geology Institute  

Assessment of earthquake, 
flood, tsunami and other natural 
disasters and failure of man-
made constructions 

Complete

Water Resource 
Estimation

Earth Resource Management 
ERM (Shanghai) 

Conceptual study to identify 
primary water sources 

Complete

Soil & Water 
Conservation

Earth Resource Management 
ERM (Shanghai) 

Quantification of amount of soil 
and water disturbance and 
usage including closure plan 

In revision 
using BGRIMM 
design

Chinese Regulatory 
EIA

Earth Resource Management 
ERM (Beijing) 

Assess impact of all mining 
operations with respect to 
compliance with current 
Chinese regulations 

-Filed Scoping 
Study 
-Expert Panel 
review 
accepted
scoping study 
-Chinese EIA 
revised to new 
BGRIMM
design
Cannot be filed 
before SWC is 
accepted

International ESIA Earth Resource Management 
ERM (Beijing) 

Using Chinese regulatory EIA 
as the guide, revised to meet 
international reporting standards 
for potential use for bankable 
feasibility 

Shelved
pending
completion of 
Chinese EIA 
and SWC 

Detailed Water 
Resource Investigation 

Baogang Geological Survey 
Institute (Baotou) 

Quantification of water sources 
identified in Preliminary WRE 

-field work near 
completion
-final report 
scheduled for 
4Q2005

Water Abstraction 
Scenario and  Wellfield 
& Reticulation Design 

TBA Economical and sustainable 
water supply design. Necessary 
to obtain water abstraction 
permit

Not yet 
awarded 

Cultural Heritage 
Survey 

Nei Mongol Cultural and Heritage 
Bureau

Nei Mongol Cultural and 
Heritage Bureau 

Not yet 
awarded 

Topocadastral Survey 
- Control Points 

Ningxia Survey Team -1:200 scale survey of crusher 
and pilot leach pad areas 
-Differential GPS survey of 
Ikonos control points for 
rectification of DEM 
-establishment of permanent 
survey control points with 
differential GPS around mine 
development area 

complete

Ikonos DEM Pacific Geomatics Acquisition of programmed 
Ikonos stereo image, 
orthorectification and calculation 
of DEM 

complete

Topocadastral Survey 
- Leach Pad 
and Mining Areas 

Baogang Geological Survey 
Institute

1:1,000 scale survey of mine 
and leach pad areas 

complete

Geotechnical Field 
Investigation

Baogang Survey Institute Limited Drilling, trenching and mapping 
of pad area, supervised by 
Golder Associates 

complete

Decline and 
Crosscut Mining 

Brigade 217 of the Northwest 
Geological Bureau of the China 
National Nuclear Corporation 
(CNNC)

Designed to obtain sufficient 
fresh sulfide material for bulk 
metallurgical testing 

complete

Decline and 
Crosscut Dewatering 

Brigade 217 of the Northwest 
Geological Bureau of the China 
National Nuclear Corporation 
(CNNC)

Dewatering of crosscut during 
detailed mapping and sampling 

complete

Column Tests Baogang Metallurgical Laboratory -Seven crush and screen sizes 
each of oxide and sulfide ore 

-Oxide columns 
complete
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Table 21.9.1 
External Contracts 

Task/Element Contractor/Consultant Summary of Objectives Status  
-recovery estimation calculation 
by KDE 

-Sulfide
columns in 
progress

Flotation Test KD Engineering Reno  In progress 
Oxide
Heterogeneity Test 

Baogang Metallurgical Laboratory 
Mario Rossi 

Determine the cause of assay 
variability of oxide ore 

complete

Sulfide
Heterogeneity Test 

Baogang Metallurgical Laboratory 
Mario Rossi 

Determine the cause of assay 
variability of sulfide ore 

Sample
preparation
complete, on 
hold until mine 
lab constructed 

Slope Stability Graeme Major 
Golder Associates Reno 

Assess slope stability for final 
design of open cast pit 

-Preliminary 
field
assessment
complete
-Drilling of 
geotechnical
holes planned 

Leach Pad Design Golder Associates Design of leach pads and ponds 
for full scale operation 

In progress 

Pit Optimization John Nilsson Based on Resource Model 2004 
by Mario Rossi 

In progress 

Mining Schedule 
Optimization

Dave Tutton Scheduling of mining based on 
optimized pit design 

In progress 

Resource Infill 
Drilling 2005 

Brigade 217 of the Northwest 
Geological Bureau of the China 
National Nuclear Corporation 
(CNNC)

Infill drilling to upgrade inferred 
to indicated resource 3500m HQ 
14 holes 

In progress 
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22.0   BASE CASE ECONOMIC ANALYSIS

INTRODUCTION     

     

CASHFLOW MODEL JINSHAN GOLD MINES - CHANG SHAN HAO GOLD PROJECT 

     

MODEL 1 -  RUN OF MINE FOLLOWED BY THREE STAGE CRUSHING  

     

     

Exchange Rate RMB/US$ 8.11 Adjusted July 28, 2005 XD Jiang 

     

Pre-Tax Cash Flow Model - Taxation Sections Removed

     

Process Operating Costs   Process Cost Summary July 26.xls KD Engineering 

     

Recovery Data   Revised Recovery Curve.xls 

KD Engineering - 
August 11 - Verified 
August 19 

     

General & Administration Costs  As Per Paul Blair Spreadsheet with adjustments  

     

Pad Construction   Cost estimate Sum R5.xls Golder 

   Reduced Contingency 
KD - NMS modified 
sheet August 11 

     

Plant Capital   COST EST 8-19-05.xls KD Engineering 

     

Schedule   Model Current.xls NMS 

     

Mining Costs   
Variable Unit Rate Input - See Mining Cost Sheet for 
detail.

Contractor Pre-
Qualification Basis - 
August 10 Update 

   
Cost incorporate an additional $0.017/t/bench beyond 
Year 5 when contract expires  

   Updated Manpower List August 8, 2005 Increased Yinshan 

   
Changed basis to 6 contractor average and split 
between W/O NMS August 11 

   Updated with new quotes  NMS August 25 

     

Capital Cost   Corrected contingency sum NMS August 8 

   Updated KD Capital Costs - Model Shown Above NMS August 19 

   
Moved 500,000 t to prestripping for heap overliner & 
roads NMS August 10 

     
Note:  Contract Mining Quotes based upon a 5 Year Contract.  Not likely one would purchase equipment for 2 remaining years of 
mining.

     

   
Corrected Mine Unit Operating Cost in the CF Sheet 
Summary Table 

NMS August 19 
Changed

     

Capital Cost   Added BGRIMM proposal changes KDE August 26 

Operating Cost   
Revised Plant and G&A Op Cost after end of ore 
placement KDE August 26 
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IRR Sensitivity - 20KROM3STAGE 400

Chang Shan Hoa Gold  Project 20,000 tpd Pre-Tax Sensitivity IRR

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

-20% -15% -10% -5% Base 5% 10% 15% 20%

Variance from Base Case

IR
R

 P
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x
 C
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lc

u
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ti
o

n

Gold Price Silver Price Gold Recovery Silver Recovery

Operating Cost Capital Cost Gold Grade Silver Grade

Sensitivity    -20% -15% -10% -5% Base 5% 10% 15% 20% 

Gold Price ($ x 1000) 8.6% 14.0% 19.4% 24.7% 30.0% 35.3% 40.5% 45.8% 51.1%

Silver Price ($ x 1000) 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0%

Gold Recovery ($ x 1000) 8.7% 14.1% 19.4% 24.7% 30.0% 35.3% 40.5% 45.7% 51.0%

Silver Recovery ($ x 1000) 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0%

Gold Grade ($ x 1000) 8.7% 14.1% 19.4% 24.7% 30.0% 35.3% 40.5% 45.7% 51.0%

Silver Grade ($ x 1000) 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0%

Operating Cost ($ x 1000) 43.5% 40.0% 36.6% 33.3% 30.0% 26.8% 23.6% 20.4% 17.3%

Capital Cost ($ x 1000) 38.6% 36.2% 33.9% 31.9% 30.0% 28.3% 26.6% 25.1% 23.7%
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NPV Sensitivity - 20KROM3STAGE 400 

Chang Shan Hoa Gold Project 20,000 tpd Pre-Tax Sensitivity NPV@10%
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Gold Price Silver Price Gold Recovery Silver Recovery

Operating Cost Capital Cost Gold Grade Silver Grade

Sensitivity    -20% -15% -10% -5% Base 5% 10% 15% 20% 

Gold Price % ($2,609.5) $7,400.8 $17,411.0 

$27,421.

3 $37,431.6 

$47,441.

9

$57,452.

2  $67,462.4 

$77,472.

7

Silver Price % $37,431.6  $37,431.6 $37,431.6 

$37,431.

6 $37,431.6 

$37,431.

6

$37,431.

6  $37,431.6 

$37,431.

6

Gold Recovery % ($2,409.3) $7,550.9 $17,511.1 

$27,471.

4 $37,431.6 

$47,391.

8

$57,352.

1  $67,312.3 

$77,272.

5

Gold Grade % $37,431.6  $37,431.6 $37,431.6 

$37,431.

6 $37,431.6 

$37,431.

6

$37,431.

6  $37,431.6 

$37,431.

6

Silver Grade % ($2,409.3) $7,550.9 $17,511.1 

$27,471.

4 $37,431.6 

$47,391.

8

$57,352.

1  $67,312.3 

$77,272.

5

Silver Recovery % $37,431.6  $37,431.6 $37,431.6 

$37,431.

6 $37,431.6 

$37,431.

6

$37,431.

6  $37,431.6 

$37,431.

6

Operating Cost % $60,633.8  $54,833.2 $49,032.7 

$43,232.

1 $37,431.6 

$31,631.

0

$25,830.

5  $20,029.9 

$14,229.

4

Capital Cost % $45,594.6  $43,553.9 $41,513.1 

$39,472.

4 $37,431.6 

$35,390.

8

$33,350.

1  $31,309.3 

$29,268.

6

SENSITIVITY FACTORS 

Gold Price 1.00

Silver Price 1.00

Gold Recovery 1.00

Silver Recovery 1.00

Gold Grade 1.00

Silver Grade 1.00

Operating Cost 1.00

Capital Cost 1.00
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KDE FORM No. A263a-7/12/99 

Pad Construction Unit Rates 20KROM3STAGE 400

   

Item 

No. Item Units Unit Cost Reference 

100 Site Preparation       

105 Earthworks Mobil. and Demobil. (includes crushing plant) EA $30,000 

110 Surveying months $6,000 

200 Heap Leach Pad Earthworks 

205 Import Structural Fill for Heap Leach Pad  m3 $7.00 

210 Local Soil Excavation to Structural Fill for Heap Leach Pad m3 $3.50 

215 Local Rock Excavation to Structural Fill for Heap Leach Pad m3 $5.50 

220 Surface Preparation for Soil Liner Fill & Struct Fill m3 $0.30 

225 Liner Bedding for Heap Leach Pad m3 $4.00 

230 Liner Cover Crushing and Placement m3 $8.00 

235 Coarse Drain Fill Crushing and Placement m3 $8.00 

240 Leak Detection Sand m3 $45.00 

300 Pond Earthworks 

305 Local Soil Excavation and Structural Fill for Ponds m3 $3.50 

310 Local Rock Excavation and Structural Fill for Ponds m3 $5.50 

315 Liner Bedding for Ponds m3 $4.00 

320 Liner Cover for Ponds m3 $8.00 

400 Water Diversion Earthworks 

405 Channel Protection Riprap m3 $10.00 

410 Soil Excavation m3 $3.50 

415 Rock Excavation m3 $5.50 

500 Geosynthetics, Leach Pad and Ponds 

505 Heap Leach Pad Primary Liner (80 mil HDPE Smooth) m2 $5.25 

510 Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) m2 $5.00 

515 Non-Woven Geotextile on Slopes m2 $2.00 

600 Piping  

605 4-inch Dia. Solution  PCPE Pipe, Smooth Interior m $3.00 

610 15-inch Dia. Solution Header PCPE Pipe, Smooth Interior m $24.00 

615 24-inch Dia. Solution Header HDPE Pipe m $125.00 

620 2-inch Dia. Perf. PVC Leak Detection Pipe m $8.00 

625 Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) EA Varies

630 24-inch Dia Steel Pipe Riser Assembly EA $25,000 

700 Construction and Engineering 

705 Construction Quality Assurance months $50,000 

710 Engineering Support months $30,000 
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KDE FORM No. A263a-7/12/99 

Pad Construction Capital Phase 1    20KROM3STAGE 400  

      

Item Quantity Units Unit Cost Item Cost Subtotal 

Site Preparation         $60,000 

Earthworks Mobil. and Demobil. (includes crushing plant) 1 EA $30,000 $30,000   

Surveying 5 months $6,000 $30,000   

Heap Leach Pad Earthworks       $3,172,450 

Import Structural Fill for Heap Leach Pad  39,000 m3 $7.00 $273,000   

Local Soil Excavation to Structural Fill for Heap Leach Pad 50,000 m3 $3.50 $175,000   

Local Rock Excavation to Structural Fill for Heap Leach Pad 30,000 m3 $5.50 $165,000   

Surface Preparation for Soil Liner Fill & Struct Fill 440,000 m3 $0.30 $132,000   

Liner Bedding for Heap Leach Pad 120,000 m3 $4.00 $480,000   

Liner Cover Crushing and Placement 240,000 m3 $8.00 

$1,920,00

0   

Coarse Drain Fill Crushing and Placement 2,700 m3 $8.00 $21,600   

Leak Detection Sand 130 m3 $45.00 $5,850   

Pond Earthworks       $1,096,220 

Local Soil Excavation and Structural Fill for Ponds 30,000 m3 $3.50 $105,000   

Local Rock Excavation and Structural Fill for Ponds 155,000 m3 $5.50 $852,500   

Liner Bedding for Ponds 11,400 m3 $4.00 $45,600   

Liner Cover for Ponds 11,640 m3 $8.00 $93,120   

Water Diversion Earthworks    $21,125 

Channel Protection Riprap 0 m3 $10.00 $0   

Soil Excavation 3,600 m3 $3.50 $12,600   

Rock Excavation 1,550 m3 $5.50 $8,525   

Geosynthetics, Leach Pad and Ponds    $2,424,900 

Heap Leach Pad Primary Liner (80 mil HDPE Smooth) 438,000 m2 $5.25 

$2,299,50

0   

Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) 19,400 m2 $5.00 $97,000   

Non-Woven Geotextile on Slopes 14,200 m2 $2.00 $28,400   

Piping   $0.00   $487,390 

4-inch Dia. Solution  PCPE Pipe, Smooth Interior 30,000 m $3.00 $90,000   

15-inch Dia. Solution Header PCPE Pipe, Smooth Interior 3,500 m $24.00 $84,000   

24-inch Dia. Solution Header HDPE Pipe 1,300 m $125.00 $162,500   

2-inch Dia. Perf. PVC Leak Detection Pipe 4,800 m $8.00 $38,400   

Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) 1 EA $37,490.00 $37,490   

24-inch Dia Steel Pipe Riser Assembly 3 EA $25,000.00 $75,000   

Construction and Engineering       $280,000 

Construction Quality Assurance 5 months $50,000 $250,000   

Engineering Support 1 months $30,000 $30,000   

Sub Total All Items =         $7,542,085 

Contingency Costs= 17.0%    $1,282,154 

Total All Costs =         $8,824,239 

Ore Capacity (M. Tons) to 70 m Heap                           25.0  

Unit Cost without contingency   $US/t      $              0.30  

Usable Lined Surface Area   m2                400,000  

Unit Cost without contingency   $US/m2      $            18.86  
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Pad Construction Capital Phase 2    20KROM3STAGE 400  

      

Item Quantity Units Unit Cost Item Cost Subtotal 

Site Preparation         $60,000 

Earthworks Mobil. and Demobil. (includes crushing plant) 1 EA $30,000 $30,000   

Surveying 5 months $6,000 $30,000   

Heap Leach Pad Earthworks       $2,552,350 

Import Structural Fill for Heap Leach Pad  20,000 m3 $7.00 $140,000   

Local Soil Excavation to Structural Fill for Heap Leach Pad 30,000 m3 $3.50 $105,000   

Local Rock Excavation to Structural Fill for Heap Leach Pad 10,000 m3 $5.50 $55,000   

Surface Preparation for Soil Liner Fill & Struct Fill 385,000 m3 $0.30 $115,500   

Liner Bedding for Heap Leach Pad 105,000 m3 $4.00 $420,000   

Liner Cover Crushing and Placement 210,000 m3 $8.00 

$1,680,00

0   

Coarse Drain Fill Crushing and Placement 4,100 m3 $8.00 $32,800   

Leak Detection Sand 90 m3 $45.00 $4,050   

Pond Earthworks       $0 

Local Soil Excavation and Structural Fill for Ponds 0 m3 $3.50 $0   

Local Rock Excavation and Structural Fill for Ponds 0 m3 $5.50 $0   

Liner Bedding for Ponds 0 m3 $4.00 $0   

Liner Cover for Ponds 0 m3 $8.00 $0   

Water Diversion Earthworks    $17,770 

Channel Protection Riprap 0 m3 $10.00 $0   

Soil Excavation 2,500 m3 $3.50 $8,750   

Rock Excavation 1,640 m3 $5.50 $9,020   

Geosynthetics, Leach Pad and Ponds    $1,837,500 

Heap Leach Pad Primary Liner (80 mil HDPE Smooth) 350,000 m2 $5.25 

$1,837,50

0   

Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) 0 m2 $5.00 $0   

Non-Woven Geotextile on Slopes 0 m2 $2.00 $0   

Piping       $215,028 

4-inch Dia. Solution  PCPE Pipe, Smooth Interior 25,000 m $3.00 $75,000   

15-inch Dia. Solution Header PCPE Pipe, Smooth Interior 3,100 m $24.00 $74,400   

24-inch Dia. Solution Header HDPE Pipe 160 m $125.00 $20,000   

2-inch Dia. Perf. PVC Leak Detection Pipe 3,260 m $8.00 $26,080   

Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) 1 EA $19,548.00 $19,548   

24-inch Dia Steel Pipe Riser Assembly 0 EA $25,000.00 $0   

Construction and Engineering       $280,000 

Construction Quality Assurance 5 months $50,000 $250,000   

Engineering Support 1 months $30,000 $30,000   

Sub Total All Items =         $4,962,648 

Contingency Costs= 17.0%    $843,650 

Total All Costs =         $5,806,298 

Ore Capacity (M. Tons) to 70 m Heap                                 20.0  

Unit Cost without contingency   $US/t      $                    0.25  

Usable Lined Surface Area   m2                      350,000  

Unit Cost without contingency   $US/m2      $                  14.18  
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Pad Construction Total Phase 1 and Phase 2  20KROM3STAGE 400  

       

Item 

No. Item Quantity Units Unit Cost Item Cost Subtotal 

100 Site Preparation         $120,000 

105 Earthworks Mobil. and Demobil. (includes crushing plant) 2 EA $30,000 $60,000   

110 Surveying 10 months $6,000 $60,000   

200 Heap Leach Pad Earthworks         $5,724,800 

205 Import Structural Fill for Heap Leach Pad  59,000 m3 $7.00 $413,000   

210 Local Soil Excavation to Structural Fill for Heap Leach Pad 80,000 m3 $3.50 $280,000   

215 Local Rock Excavation to Structural Fill for Heap Leach Pad 40,000 m3 $5.50 $220,000   

220 Surface Preparation for Soil Liner Fill & Struct Fill 825,000 m3 $0.30 $247,500   

225 Liner Bedding for Heap Leach Pad 225,000 m3 $4.00 $900,000   

230 Liner Cover Crushing and Placement 450,000 m3 $8.00 $3,600,000   

235 Coarse Drain Fill Crushing and Placement 6,800 m3 $8.00 $54,400   

240 Leak Detection Sand 220 m3 $45.00 $9,900   

300 Pond Earthworks   $0.00  $1,096,220 

305 Local Soil Excavation and Structural Fill for Ponds 30,000 m3 $3.50 $105,000   

310 Local Rock Excavation and Structural Fill for Ponds 155,000 m3 $5.50 $852,500   

315 Liner Bedding for Ponds 11,400 m3 $4.00 $45,600   

320 Liner Cover for Ponds 11,640 m3 $8.00 $93,120   

400 Water Diversion Earthworks         $38,895 

405 Channel Protection Riprap 0 m3 $10.00 $0   

410 Soil Excavation 6,100 m3 $3.50 $21,350   

415 Rock Excavation 3,190 m3 $5.50 $17,545   

500 Geosynthetics, Leach Pad and Ponds   $0.00  $4,262,400 

505 Heap Leach Pad Primary Liner (80 mil HDPE Smooth) 788,000 m2 $5.25 $4,137,000   

510 Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) 19,400 m2 $5.00 $97,000   

515 Non-Woven Geotextile on Slopes 14,200 m2 $2.00 $28,400   

600 Piping      $0.00   $702,418 

605 4-inch Dia. Solution  PCPE Pipe, Smooth Interior 55,000 m $3.00 $165,000   

610 15-inch Dia. Solution Header PCPE Pipe, Smooth Interior 6,600 m $24.00 $158,400   

615 24-inch Dia. Solution Header HDPE Pipe 1,460 m $125.00 $182,500   

620 2-inch Dia. Perf. PVC Leak Detection Pipe 8,060 m $8.00 $64,480   

625 Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) 1 EA

$57,038.0

0 $57,038   

630 24-inch Dia Steel Pipe Riser Assembly 3 EA 

$25,000.0

0 $75,000   

700 Construction and Engineering         $560,000 

705 Construction Quality Assurance 10 months $50,000 $500,000   

710 Engineering Support 2 months $30,000 $60,000   

  Sub Total All Items =         $12,504,733 

Contingency Costs= 17.0%    $2,125,805 

Total All Costs =         $14,630,538 

Ore Capacity (M. Tons) to 70 m Heap          45.0 

Unit Cost without contingency   $US/t      $  0.28 

Usable Lined Surface Area   m2           750,000 

Unit Cost without contingency   $US/m2      $  16.67 
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General & Administration Annual Costs    

      

Item #  RMB  US$
 US$ 

Total/year

            

Minesite Staff 

General  Manager Expatriate 1   174,000   174,000 

Chief Engineer Expatriate 1    140,000       140,000 

Plant Superintendent Expatriate 1    140,000   140,000 

Subtotal Expatriate 3      454,000 

Administration Supervisor Local 1 116,400 14,353   14,353 

Janitors & Labor Local 5 18,000  2,219   11,097 

Cooks Local 3 24,000  2,959   8,878 

Drivers Local 4 24,000  2,959   11,837 

Accountants & Clerks Local 6 36,000  4,439      26,634 

Public Relations Local 2 36,000  4,439     8,878 

Assistant to General Manager Local 1 64,800  7,990     7,990 

Director Safety, Environmental Local 1 84,000  10,358    10,358 

Safety Inspectors Local 4 48,000   5,919    23,674 

Chief Security Local 1 48,000  5,919   5,919 

Security Guards Local 8 26,400  3,255    26,042 

Human Resources Director Local 1 84,000  10,358     10,358 

Human Resources Assistants Local 3 42,000   5,179     15,536 

Chief Warehouseman Local 1 60,000   7,398     7,398 

Warehouseman Local 5 36,000 4,439   22,195 

Subtotal Nationals 46   211,147 

Total Mine Staff   49      665,147 

Baotou Office Staff 

Chief Accountant Expatriate 1  100,000  100,000 

Subtotal Expatriate 1  100,000 

Office Manager Local 1 54,000  6,658   6,658 

Accountants & Clerks Local 6 36,000   4,439   26,634 

Drivers Local 1 24,000  2,959   2,959 

Purchasing Agent Local 1 60,000  7,398    7,398 

Buyer Local 2 42,000  5,179   10,358 

Expediter Local 1 30,000  3,699   3,699 

Clerk Local 3 36,000  4,439   13,317 

Subtotal Nationals 15  71,023 

Total Baotou Staff   16    171,023 

General Benefits 

Subtotal National Wages         282,170 

Fringe Benefits  (re: Gerke Report) 49%       138,263 

Summary

Subtotal Staff & Labor Cost          974,434 

Camp Maintenance and Supplies 

Pro-rated for Site People on Site 250    2,500  625,000 

Light Vehicle Operation 

  Units km  $/km    

Pickup Trucks Vehicles 15  15,000  0.25   56,250 
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Rent and Office Supplies 

Baotou (from 2005 Budget)        18,659 

Yinchaun (Estimate)        12,000 

Subtotal          30,659 

Head Office Charges 

Vancouver / Beijing Office Expatriate 4   100,000     400,000 

Public Relations 

Public Relations Expense           50,000 

Contingency

Subtotal Before Contingency          3,110,776 

Contingency 25%       777,694 

GRAND TOTAL         3,888,470 

Unit Cost 

Annual Production Rate tpa        7,100,000 

Unit Cost US$/t ore        0.55 

Exchange RMB/US$        8.11 
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Base Case - Processing Cost     

      

ROM Oxide Crushed Leach ROM Oxide Crushed Leach ROM Oxide 

Crushed 

Leach

Item RMB / tonne RMB / tonne  US$ / tonne   US$ / tonne   US$ Total/year

              

Labor 0.71 0.82  0.088      0.101        625,250   714,118 

Primary Crushing   0.61          -            0.075                -      535,005 

Fine Crushing   2.44           -          0.300                 -     2,132,181 

Stacking 0.10 0.10      0.013        0.013        91,048      91,048 

Leaching 0.32 0.32        0.039         0.039      278,819       278,791 

CIC and Carbon 

Stripping 0.58 0.56           0.072           0.069      509,867     487,413 

Refining 0.09 0.09         0.012             0.012         82,098       82,098 

Carbon Handling 0.12 0.12       0.015         0.015        109,196    107,310 

Reagents 3.68 4.67       0.453        0.576     3,217,952  4,087,433 

Laboratory 0.36 0.36       0.045        0.045      318,012    318,012 

Support Services 0.23 0.23        0.029        0.029       203,048    203,048 

Total 6.21 10.32        0.766         1.273    5,435,290  9,036,457 

              

Process Rate tpa  7,100,000          

Exchange Rate RMB / $US 8.11         
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Base Case - Mining Cost      

      

Item #  RMB  US$  US$ Total/year 

            

Minesite Staff 

Engineer Local 3 116,400   14,353      43,058 

Geologist Local 3  116,400    14,353         43,058 

Technician Local 3  18,000   2,219         6,658 

Surveyor Local 3 24,000    2,959     8,878 

Surveyor Helper Local 3 24,000   2,959     8,878 

Sampler Local 3  36,000   4,439    13,317 

Clerk Local 3  36,000   4,439   13,317 

Subtotal Nationals 21      137,164 

General Benefits 

Subtotal National Wages           137,164 

Fringe Benefits  (re: Gerke Report) 49.0%         67,210 

Summary

Subtotal Staff & Labor Cost              204,374 

Office Expenses & Miscellaneous 

Mine Planning Software           15,000 

Computer Hardware and Supplies           20,000 

GPS, Survey Equipment & Supplies           5,000 

Communications           12,000 

Consulting - Geotech, Resources etc.         100,000 

Verification Surveys - Flyovers etc             25,000 

Subtotal             177,000 

Contingency

Subtotal Before Contingency            381,374 

Contingency 25.0%           95,344 

GRAND TOTAL              476,718 

            

Unit Cost 

Annual Production Rate tpa                7,100,000 

Unit Cost US$/t ore                   0.07 

Exchange RMB/US$       8.11

Summary

Contract Mining Cost Waste     8.08             1.00 

Contract Mining Cost Weathered Ore     8.46          1.04 

Contract Mining Cost Fresh Ore     8.82        1.09 

Overhaul to Pad One     

Total Cost Weathered Ore                     1.11 

Total Cost Fresh Ore                   1.15 
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Base Case - Capital Cost Mine Area     

      

PRE-PRODUCTION STRIPPING 

Scheduled Operating Costs YR -1         $           514.8 

          

Subtotal         $            514.8 

      

HAULAGE ROADS 

Pit to NW Dump NE Access N/C        $                 - 

Pit to NW Dump NW Access N/C        $                 - 

Pit to SE Dump N/C       
 $                 - 

Pit to South Pad     2500  $               50.00   $           125.0 

Pit to Engineering Offices     550  $               25.00   $             13.8 

Culverts     2  $             50,000   $           100.0 

Subtotal          $          238.8 

      

MINE OFFICE 

Mine Office - Based Upon BGRIMM     1  $           137,500   $           137.5 

          

Subtotal          $          137.5 

      

MINE EQUIPMENT 

           $               -   

          

Subtotal          $               -   

      

LIGHT VEHICLES 

Pickup Trucks     4  $             30,000   $           120.0 

          

Subtotal          $           120.0 

      

ENGINEERING SYSTEMS 

    Units Unit Cost $US $US x 1000 

Computers     15  $               5,000   $             75.0 

Plotters     2  $             10,000   $             20.0 

Software Mine Planning     2  $             45,000   $             90.0 

Software Office Package     15  $             500.00   $               7.5 

Survey Instruments GPS     3  $               1,500   $               4.5 

Survey Instruments Level     1  $               1,500   $               1.5 

Survey Instruments Total Station etc.     1  $             30,000   $             30.0 

Radios     15  $                  500   $               7.5 

Phones     12  $                  300   $               3.6 

Furniture drafting tables etc.     1  $             50,000   $             50.0 

           $                  - 

Subtotal          $          289.6 

EXPLOSIVES STORAGE 

    Units Unit Cost $US $US x 1000 

Magazines     3  $             20,000   $             60.0 
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Fencing     700  $               20.00   $             14.0 

Guard Station     1  $               5,000   $               5.0 

Access Road     2000  $               25.00   $             50.0 

          

Subtotal          $          129.0 

      

DIVERSION DITCHES AND DAMS 

  Length Depth Volume Unit Cost $US $US x 1000 

  meters meters m3     

Interception Ditch NE 1000 4 8000  $                 3.50  $             28.0 

Dam Core     42500  $                 8.00   $           340.0 

    

Subtotal          $          368.0 

      

DEWATERING

      Units Unit Cost $US $US x 1000 

Generator     3  $               6,000   $             18.0 

Wells     1  $             22,500   $             22.5 

Pipeline 4" to Plant Area     4800  $               12.00   $             57.6 

Submersible Pumps     3  $               1,500   $               4.5 

Pit Sump Pump     2  $             10,000   $             20.0 

            

Subtotal          $           122.6 

   

SUMMARY

Total          $       1,920.2 
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Base Case - Cost Model 20KROM3STAGE 400 
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Base Case - Cost Model 20KROM3STAGE 400 

217 Project Total Capital Cost (US$ x 1000)
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Figure 22.5:  Total Capital Cost - US$ 

217 Project Total Operating Cost ($US x 1000)
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Production 20KROM3STAGE 400
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Heads 20KROM3STAGE 400

Chang Shan Hoa Gold Project Average Combined 
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Cash Flow Model      20KROM3STAGE 400

Chang Shan Hoa Gold Project Pre-Tax Cashflow Summary
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Figure 22.11:  Pre-Tax Cash Flow Summary 
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23.0   INTERPRETATION AND CONCLUSIONS

23.1 Mineral Resources

 The deposit in the northeast area is well delineated, and although some potential 
exists for down-dip and lateral extensions, as for example a smaller splice of mineralized 
material, it is not considered to be significant. However, some additional drilling will be 
necessary to prove up the lower elevations of the deposit, currently mostly classified as 
inferred mineralization. 

The 2004 drilling campaign confirmed the southwest zone as a target that adds 
significant value to the property under the economic scenarios analyzed. One attractive 
aspect of the southwest zone is that it has higher gold grades. However, about 50 percent 
of the estimated resource is still in the inferred category and needs confirmation, in addition 
to those portions of the mineralized envelope that haven’t been estimated. The gold 
mineralization in the southwest zone is more variable, with narrower zones, and currently 
drilled at 100 meter sections or less. The 2005 drilling is partially intended to prove up the 
southwest zone, laterally and at depth. 

23.2 Data Handling and QA/QC Programs

 As the project progresses, smooth data transfers, proper backups, and 
documentation of procedures in place will be even more important. For example, the 
authors have not confirmed the quality of the computerized database with respect to 
laboratory certificates, even though it is perceived as being good or very good. Independent 
checks on about 10 percent of the database did not find any significant errors.

Also, the sampling protocols have been improving according to the results of the 
Heterogeneity Test completed in early 2004, including the purchasing of additional 
equipment for the mine laboratory.

23.3 Open Pit Mining Operations

 A mine plan and production schedule has been developed for a process rate of 
20,000 tonnes per day. The schedule appears achievable from the point of view of ore 
release, sinking rates and available working space. The mine life will be just over seven 
years. A total of 52.3 million tonnes of ore with an average grade of 0.76 grams per tonne 
gold will be placed on the heap leach pads. The total waste mined will be 50.1 million 
tonnes for a strip ratio of 0.96:1. It is estimated that a total of 929,000 ounces of gold will be 
recovered.

 This plan assumes contractor mining forces and presents costs associated with pre-
qualification estimates. These costs will change when firm bids are tendered for the 20,000 
tonnes per day schedule variant. 
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23.4 Metallurgical Testing and Mineral Processing

The initial metallurgical testing program investigated a number of different 
beneficiation techniques to process the CSH ores. Processing technologies that were 
suggested and/or subjected to initial testing included run-of-mine heap leaching, open 
circuit secondary crushing followed by heap leaching, closed circuit tertiary crushing 
followed by heap leaching, crushing followed by desliming with gravity concentration for the 
fine fraction and heap leaching for the coarser material, and grinding followed by a 
combination of gravity concentration, flotation, and cyanidation.

An extensive column leach test program was conducted at the Baogang Technical 
Institute in Baotou, Inner Mongolia in 2004 and 2005. The information derived from that 
testing program revealed that the oxidized ore (also termed weathered ore) was relatively 
insensitive to particle size distribution and gave acceptable gold extraction rates and levels. 
Consequently, for the purpose of the development report mineral processing flowsheet it 
was assumed that the oxidized ore would be treated by a run-of-mine heap leach.

Column tests were also conducted at the Baogang Technical Institute on sulfide ore 
(also termed fresh ore) that was extracted from a decline into the sulfide portion of the ore 
body. These tests were initiated in early 2005 and the program concluded in October 2005. 
Results of that test program revealed that gold extraction was influenced by particle size 
distribution. Test data and heap leach projections indicated that acceptable gold extraction 
rates and levels required crushing the sulfide ore to a size distribution of 80 percent passing 
8 millimeters. Based on this information, an equipment assemblage was developed to crush 
an average of 20,000 tonnes per day of sulfide ore to the size distribution mentioned 
above.

Substantiating the selected beneficiation scheme are two large test heaps under 
leach at the Jinshan mine site. These test heaps have been under leach during the summer 
and fall of 2005 and projections from actual performance indicate that the gold extraction 
from this run-of-mine oxide ore will exceed 80 percent.

As a consequence of the column test program and the pilot heaps, gold extraction 
levels of 80 percent for run-of-mine oxide ore and 70 percent for closed circuit tertiary 
crushed sulfide ore were used in the development report. 

The CSH ore body is low grade. It is unlikely that gold could be economically 
extracted if fine grinding was required as part of the beneficiation scheme. The differential 
gold extraction between heap leaching and fine grinding plus flotation or direct cyanidation 
would likely not offset the capital and operating cost increases imposed by grinding.
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24.0   RECOMMENDATIONS 

 As a result of considerable effort by Jinshan Gold Mines employees and geological, 
mining, geotechnical, mineral processing, and environmental consultants sufficient 
technical information is available to produce this development report. It is acknowledged 
that this engineering study qualifies as a pre-feasibility level information document 
according to Canadian National Instrument 43-101.

 The economic model utilized in this report indicated a before tax rate of return of 30 
percent at an assumed gold price of US$ 400 per ounce. If the gold price used in the 
economic evaluation, which excludes inferred resources, is increased to US$ 440 per 
ounce (a price that prevailed in August 2005) then the before tax rate of return increases to 
over 40 percent.

 Based upon the information developed by the financial model, it is considered 
prudent to proceed with the project to develop sufficient information so that a technical 
report can be produced that will qualify as a feasibility study according to the definition in 
the National Instrument 43-101. That definition is as follows: 

"Feasibility study means a comprehensive study of a deposit in which all 
geological, engineering, operating, economic, and other relevant factors are 
considered in sufficient detail that it could reasonably serve as the basis for a final 
decision by a financial institution to finance development of the deposit for mineral 
production."

 Ongoing work necessary to achieve sufficient information to produce a feasibility 
study, excluding the purchase of capital equipment, as defined above will require the 
following efforts, which are expected to cost between US$ 1.5 and US$ 2.0 million: 

 Additional infill drilling 
 Reclassification of the resource as dictated by the infill drilling 
 Finalization of all aspects of the leaching and metallurgical processes 
 Completion of sufficient engineering design for acquisition of fixed price bids for 

contract mining, leach pad development, process plant design, power and water 
acquisition, and all required infrastructure components. 

 The authors of this report are of the opinion that the character of the CSH Gold 
Project is of sufficient merit to carry out the aforementioned items and it is recommended 
that the CSH Project be funded such that all required information to produce a feasibility 
study document can be developed. 
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APPENDIX 1 

OPERATING COST DETAILS



Base Case - Mining Cost      

      

Item #  RMB  US$   US$ Total/year 

            

Minesite Staff 

Engineer Local 3 116,400   14,353      43,058 

Geologist Local 3  116,400    14,353         43,058 

Technician Local 3  18,000   2,219         6,658 

Surveyor Local 3 24,000    2,959     8,878 

Surveyor Helper Local 3 24,000   2,959     8,878 

Sampler Local 3  36,000   4,439    13,317 

Clerk Local 3  36,000   4,439   13,317 

Subtotal Nationals 21      137,164 

General Benefits 

Subtotal National Wages           137,164 

Fringe Benefits  (re: Gerke Report) 49.0%         67,210 

Summary 

Subtotal Staff & Labor Cost              204,374 

Office Expenses & Miscellaneous 

Mine Planning Software           15,000 

Computer Hardware and Supplies           20,000 

GPS, Survey Equipment & Supplies           5,000 

Communications           12,000 

Consulting - Geotech, Resources etc.         100,000 

Verification Surveys - Flyovers etc             25,000 

Subtotal             177,000 

Contingency 

Subtotal Before Contingency            381,374 

Contingency 25.0%           95,344 

GRAND TOTAL              476,718 

            

Unit Cost 

Annual Production Rate tpa                7,100,000 

Unit Cost US$/t ore                   0.07 

Exchange RMB/US$       8.11 

Summary 

Contract Mining Cost Waste     8.08             1.00 

Contract Mining Cost Weathered Ore     8.46          1.04 

Contract Mining Cost Fresh Ore     8.82        1.09 

Overhaul to Pad One     

Total Cost Weathered Ore                     1.11 

Total Cost Fresh Ore                   1.15 



Base Case - Processing Cost     

      

ROM Oxide Crushed Leach ROM Oxide Crushed Leach ROM Oxide 
Crushed 
Leach

Item RMB / tonne RMB / tonne  US$ / tonne   US$ / tonne   US$ Total/year  

              

Labor 0.71 0.82  0.088      0.101        625,250   714,118 

Primary Crushing   0.61          -            0.075                -      535,005 

Fine Crushing   2.44           -          0.300                 -     2,132,181 

Stacking 0.10 0.10      0.013        0.013        91,048      91,048 

Leaching 0.32 0.32        0.039         0.039      278,819       278,791 

CIC and Carbon 
Stripping 0.58 0.56           0.072           0.069      509,867     487,413 

Refining 0.09 0.09         0.012             0.012         82,098       82,098 

Carbon Handling 0.12 0.12       0.015         0.015        109,196    107,310 

Reagents 3.68 4.67       0.453        0.576     3,217,952  4,087,433 

Laboratory 0.36 0.36       0.045        0.045      318,012    318,012 

Support Services 0.23 0.23        0.029        0.029       203,048    203,048 

Total 6.21 10.32        0.766         1.273    5,435,290  9,036,457 

              

Process Rate tpa  7,100,000          

Exchange Rate RMB / $US 8.11         



General & Administration Annual Costs    

      

Item #  RMB  US$  
 US$ 

Total/year  

            

Light Vehicle Operation 

  Units km  $/km    

Pickup Trucks Vehicles 15  15,000  0.25   56,250 

Rent and Office Supplies 

Baotou (from 2005 Budget)        18,659 

Yinchaun (Estimate)        12,000 

Subtotal          30,659 

Head Office Charges 

Vancouver / Beijing Office Expatriate 4   100,000     400,000 

Public Relations 

Public Relations Expense           50,000 

Contingency 

Subtotal Before Contingency          3,110,776 

Contingency 25%       777,694 

GRAND TOTAL         3,888,470 

Unit Cost 

Annual Production Rate tpa        7,100,000 

Unit Cost US$/t ore        0.55 

Exchange RMB/US$        8.11 
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LEACH PAD CONSTRUCTION ESTIMATE 



Pad Construction Unit Rates 15KROM3STAGE 400  

   

Item 

No. Item Units Unit Cost Reference 

100 Site Preparation       

105 Earthworks Mobil. and Demobil. (includes crushing plant) EA $30,000 

110 Surveying months $6,000 

200 Heap Leach Pad Earthworks 

205 Import Structural Fill for Heap Leach Pad  m3 $7.00 

210 Local Soil Excavation to Structural Fill for Heap Leach Pad m3 $3.50 

215 Local Rock Excavation to Structural Fill for Heap Leach Pad m3 $5.50 

220 Surface Preparation for Soil Liner Fill & Struct Fill m3 $0.30 

225 Liner Bedding for Heap Leach Pad m3 $4.00 

230 Liner Cover Crushing and Placement m3 $8.00 

235 Coarse Drain Fill Crushing and Placement m3 $8.00 

240 Leak Detection Sand m3 $45.00 

300 Pond Earthworks 

305 Local Soil Excavation and Structural Fill for Ponds m3 $3.50 

310 Local Rock Excavation and Structural Fill for Ponds m3 $5.50 

315 Liner Bedding for Ponds m3 $4.00 

320 Liner Cover for Ponds m3 $8.00 

400 Water Diversion Earthworks 

405 Channel Protection Riprap m3 $10.00 

410 Soil Excavation m3 $3.50 

415 Rock Excavation m3 $5.50 

500 Geosynthetics, Leach Pad and Ponds 

505 Heap Leach Pad Primary Liner (80 mil HDPE Smooth) m2 $5.25 

510 Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) m2 $5.00 

515 Non-Woven Geotextile on Slopes m2 $2.00 

600 Piping  

605 4-inch Dia. Solution  PCPE Pipe, Smooth Interior m $3.00 

610 15-inch Dia. Solution Header PCPE Pipe, Smooth Interior m $24.00 

615 24-inch Dia. Solution Header HDPE Pipe m $125.00 

620 2-inch Dia. Perf. PVC Leak Detection Pipe m $8.00 

625 Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) EA Varies

630 24-inch Dia Steel Pipe Riser Assembly EA $25,000 

700 Construction and Engineering 

705 Construction Quality Assurance months $50,000 

710 Engineering Support months $30,000 



Pad Construction Capital Phase 1    15KROM3STAGE 400  

      

Item Quantity Units Unit Cost Item Cost Subtotal 

Site Preparation         $60,000 

Earthworks Mobil. and Demobil. (includes crushing plant) 1 EA $30,000 $30,000   

Surveying 5 months $6,000 $30,000   

Heap Leach Pad Earthworks       $3,172,450 

Import Structural Fill for Heap Leach Pad  39,000 m3 $7.00 $273,000   

Local Soil Excavation to Structural Fill for Heap Leach Pad 50,000 m3 $3.50 $175,000   

Local Rock Excavation to Structural Fill for Heap Leach Pad 30,000 m3 $5.50 $165,000   

Surface Preparation for Soil Liner Fill & Struct Fill 440,000 m3 $0.30 $132,000   

Liner Bedding for Heap Leach Pad 120,000 m3 $4.00 $480,000   

Liner Cover Crushing and Placement 240,000 m3 $8.00 $1,920,000   

Coarse Drain Fill Crushing and Placement 2,700 m3 $8.00 $21,600   

Leak Detection Sand 130 m3 $45.00 $5,850   

Pond Earthworks       $1,096,220 

Local Soil Excavation and Structural Fill for Ponds 30,000 m3 $3.50 $105,000   

Local Rock Excavation and Structural Fill for Ponds 155,000 m3 $5.50 $852,500   

Liner Bedding for Ponds 11,400 m3 $4.00 $45,600   

Liner Cover for Ponds 11,640 m3 $8.00 $93,120   

Water Diversion Earthworks    $21,125 

Channel Protection Riprap 0 m3 $10.00 $0   

Soil Excavation 3,600 m3 $3.50 $12,600   

Rock Excavation 1,550 m3 $5.50 $8,525   

Geosynthetics, Leach Pad and Ponds    $2,424,900 

Heap Leach Pad Primary Liner (80 mil HDPE Smooth) 438,000 m2 $5.25 $2,299,500   

Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) 19,400 m2 $5.00 $97,000   

Non-Woven Geotextile on Slopes 14,200 m2 $2.00 $28,400   

Piping   $0.00   $487,390 

4-inch Dia. Solution  PCPE Pipe, Smooth Interior 30,000 m $3.00 $90,000   

15-inch Dia. Solution Header PCPE Pipe, Smooth Interior 3,500 m $24.00 $84,000   

24-inch Dia. Solution Header HDPE Pipe 1,300 m $125.00 $162,500   

2-inch Dia. Perf. PVC Leak Detection Pipe 4,800 m $8.00 $38,400   

Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) 1 EA $37,490.00 $37,490   

24-inch Dia Steel Pipe Riser Assembly 3 EA $25,000.00 $75,000   

Construction and Engineering       $280,000 

Construction Quality Assurance 5 months $50,000 $250,000   

Engineering Support 1 months $30,000 $30,000   

Sub Total All Items =         $7,542,085 

Contingency Costs= 17.0%    $1,282,154 

Total All Costs =         $8,824,239 

Ore Capacity (M. Tons) to 70 m Heap                           25.0  

Unit Cost without contingency   $US/t      $              0.30  

Usable Lined Surface Area   m2                400,000  

Unit Cost without contingency   $US/m2      $            18.86  



Pad Construction Capital Phase 2    15KROM3STAGE 400  

      

Item Quantity Units Unit Cost Item Cost Subtotal 

Site Preparation         $60,000 

Earthworks Mobil. and Demobil. (includes crushing plant) 1 EA $30,000 $30,000   

Surveying 5 months $6,000 $30,000   

Heap Leach Pad Earthworks       $2,552,350 

Import Structural Fill for Heap Leach Pad  20,000 m3 $7.00 $140,000   

Local Soil Excavation to Structural Fill for Heap Leach Pad 30,000 m3 $3.50 $105,000   

Local Rock Excavation to Structural Fill for Heap Leach Pad 10,000 m3 $5.50 $55,000   

Surface Preparation for Soil Liner Fill & Struct Fill 385,000 m3 $0.30 $115,500   

Liner Bedding for Heap Leach Pad 105,000 m3 $4.00 $420,000   

Liner Cover Crushing and Placement 210,000 m3 $8.00 $1,680,000   

Coarse Drain Fill Crushing and Placement 4,100 m3 $8.00 $32,800   

Leak Detection Sand 90 m3 $45.00 $4,050   

Pond Earthworks       $0 

Local Soil Excavation and Structural Fill for Ponds 0 m3 $3.50 $0   

Local Rock Excavation and Structural Fill for Ponds 0 m3 $5.50 $0   

Liner Bedding for Ponds 0 m3 $4.00 $0   

Liner Cover for Ponds 0 m3 $8.00 $0   

Water Diversion Earthworks    $17,770 

Channel Protection Riprap 0 m3 $10.00 $0   

Soil Excavation 2,500 m3 $3.50 $8,750   

Rock Excavation 1,640 m3 $5.50 $9,020   

Geosynthetics, Leach Pad and Ponds    $1,837,500 

Heap Leach Pad Primary Liner (80 mil HDPE Smooth) 350,000 m2 $5.25 $1,837,500   

Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) 0 m2 $5.00 $0   

Non-Woven Geotextile on Slopes 0 m2 $2.00 $0   

Piping       $215,028 

4-inch Dia. Solution  PCPE Pipe, Smooth Interior 25,000 m $3.00 $75,000   

15-inch Dia. Solution Header PCPE Pipe, Smooth Interior 3,100 m $24.00 $74,400   

24-inch Dia. Solution Header HDPE Pipe 160 m $125.00 $20,000   

2-inch Dia. Perf. PVC Leak Detection Pipe 3,260 m $8.00 $26,080   

Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) 1 EA $19,548.00 $19,548   

24-inch Dia Steel Pipe Riser Assembly 0 EA $25,000.00 $0   

Construction and Engineering       $280,000 

Construction Quality Assurance 5 months $50,000 $250,000   

Engineering Support 1 months $30,000 $30,000   

Sub Total All Items =         $4,962,648 

Contingency Costs= 17.0%    $843,650 

Total All Costs =         $5,806,298 

Ore Capacity (M. Tons) to 70 m Heap                                 20.0  

Unit Cost without contingency   $US/t      $                    0.25  

Usable Lined Surface Area   m2                      350,000  

Unit Cost without contingency   $US/m2      $                  14.18  



Pad Construction Total Phase 1 and Phase 2  15KROM3STAGE 400  

       

Item 

No. Item Quantity Units Unit Cost Item Cost Subtotal 

100 Site Preparation         $120,000 

105 Earthworks Mobil. and Demobil. (includes crushing plant) 2 EA $30,000 $60,000   

110 Surveying 10 months $6,000 $60,000   

200 Heap Leach Pad Earthworks         $5,724,800 

205 Import Structural Fill for Heap Leach Pad  59,000 m3 $7.00 $413,000   

210 Local Soil Excavation to Structural Fill for Heap Leach Pad 80,000 m3 $3.50 $280,000   

215 Local Rock Excavation to Structural Fill for Heap Leach Pad 40,000 m3 $5.50 $220,000   

220 Surface Preparation for Soil Liner Fill & Struct Fill 825,000 m3 $0.30 $247,500   

225 Liner Bedding for Heap Leach Pad 225,000 m3 $4.00 $900,000   

230 Liner Cover Crushing and Placement 450,000 m3 $8.00 $3,600,000   

235 Coarse Drain Fill Crushing and Placement 6,800 m3 $8.00 $54,400   

240 Leak Detection Sand 220 m3 $45.00 $9,900   

300 Pond Earthworks   $0.00  $1,096,220 

305 Local Soil Excavation and Structural Fill for Ponds 30,000 m3 $3.50 $105,000   

310 Local Rock Excavation and Structural Fill for Ponds 155,000 m3 $5.50 $852,500   

315 Liner Bedding for Ponds 11,400 m3 $4.00 $45,600   

320 Liner Cover for Ponds 11,640 m3 $8.00 $93,120   

400 Water Diversion Earthworks         $38,895 

405 Channel Protection Riprap 0 m3 $10.00 $0   

410 Soil Excavation 6,100 m3 $3.50 $21,350   

415 Rock Excavation 3,190 m3 $5.50 $17,545   

500 Geosynthetics, Leach Pad and Ponds   $0.00  $4,262,400 

505 Heap Leach Pad Primary Liner (80 mil HDPE Smooth) 788,000 m2 $5.25 $4,137,000   

510 Heap Leach Pad Secondary Liner (60 mil HDPE Smooth) 19,400 m2 $5.00 $97,000   

515 Non-Woven Geotextile on Slopes 14,200 m2 $2.00 $28,400   

600 Piping      $0.00   $702,418 

605 4-inch Dia. Solution  PCPE Pipe, Smooth Interior 55,000 m $3.00 $165,000   

610 15-inch Dia. Solution Header PCPE Pipe, Smooth Interior 6,600 m $24.00 $158,400   

615 24-inch Dia. Solution Header HDPE Pipe 1,460 m $125.00 $182,500   

620 2-inch Dia. Perf. PVC Leak Detection Pipe 8,060 m $8.00 $64,480   

625 Other Pipes & Pipe Assembly and Fittings (10% of Pipe Cost) 1 EA $57,038.00 $57,038   

630 24-inch Dia Steel Pipe Riser Assembly 3 EA $25,000.00 $75,000   

700 Construction and Engineering         $560,000 

705 Construction Quality Assurance 10 months $50,000 $500,000   

710 Engineering Support 2 months $30,000 $60,000   

  Sub Total All Items =         $12,504,733 

Contingency Costs= 17.0%    $2,125,805 

Total All Costs =         $14,630,538 

Ore Capacity (M. Tons) to 70 m Heap          45.0 

Unit Cost without contingency   $US/t      $  0.28 

Usable Lined Surface Area   m2           750,000 

Unit Cost without contingency   $US/m2      $  16.67 
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INTRODUCTION

Based on the metallurgical works from the Lakefield Research and 217 Brigade, it was 
proposed that heap leach process is the best option for the CSH gold project by NERIN’s 
pre-feasibility study.

Samples for the column test at the Lakefield were taken from 8 drilling cores, which 
covered all NE zone, and composed to approximately 1g/t. The results show that gold 
extractions for the oxides reached 47% at 1 inch in 83 days and 84% at ¼ inch in 75 days 
respectively, and gold extraction for sulfides in 83 days reached 45% at 1 inch and 73% 
at ¼ inch, respectively.  The results are summarized in the following tables. 

 Column Test Results at the Lakefield 

Reagent Consumption  

kg/t of CN Feed Comp 
Time

Day 
Particle 

Size 
NaCN CaO 

Total  

% Au 

Extraction 

Residue

Au, g/t 

Head  

Calc.  

Au, g/t 

83 -1 inch 1.27 1.55 47.0 0.62 1.17 
Oxide

75 -1/4 inch 1.52 3.59 84.2 0.17 1.08 

   
83 -1 inch 1.04 1.20 45.1 0.58 1.05 

Sulphide
83 -1/4 inch 0.99 1.32 73.1 0.25 0.94 

A whole drilling core was used for the column test at 217 Bgrigade in Yinchunag, China. 
The results show that gold extractions for oxides in 93 days reached 65.6.0% for –50 mm, 
an average of 75.1% for –25 mm, and an average of 79.9% for –10 mm, respectively. 
Gold extractions for sulfides in 93 days were up to an average of 67.6% for –25mm and 
74.4% for -10mm, respectively.  The results are summarized in the following tables. 

Column Test Results in Yinchuan 

Reagent Consumption  

kg/t of CN Feed Comp 
Time

Day 
Particle 

Size 
NaCN CaO 

Total  

% Au 

Extraction 

Residue

Au, g/t 

Head Calc.

Au, g/t 

93 - 50mm 0.85 1.18 65.6 0.250 0.726 

93 - 25mm 1.11 1.19 75.1 0.185 0.741 Oxide

93 - 10mm 0.80 1.34 79.9 0.146 0.726 

   
93 - 25mm 0.82 1.04 67.6 0.273 0.840 

Sulphide
93 - 10mm 0.40 1.30 74.4 0.219 0.842 

Although the results from the column tests are attractive, there is still a risk to use these 
numbers for a big scale engineering design, say 15,000t/day.  A pilot heap leach 
campaign for oxide ore was proposed last year.  The purposes of the campaign are to 
verify the results from the labs, and gather and provide precise parameters in each 
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section, including mining, crushing, metallurgical process, and costs, for the final 
engineering design. Furthermore, the best opportunity in improving grade appears to lie 
in the as-yet-unquantified nugget effect of coarse gold influencing the head value.  Also, 
representative samples were taken for the metallurgical tests. 

PILOT CAMPAIGN 

The pilot was designed by NERIN initially, then it was revised by Northeast University 
and John Nillsson for the mining design.  All equipments and manpower were sourced in 
China.

Mining

Open Pit 

Mining was contracted to 217 Brigade, which sub-contracted to a Yinchuan team. The 
mining contractor moved on the site on July 20, 2004 and finished mining on Oct 6, 
2004. The proposed mining rate was 500 t/day.  The equipments used by the contractor 
included two 80mm percussion drillers, two 1m3 backhoes, one loader, two 140HP 
bulldozers, and ~16 truckers ranging from 12 to 40t.  Oxide ore was mined between 9900 
to 10000 section (mine grid) with an elevation of 1664 to 1643, which is representative 
for whole ore body. The ore grade was controlled by JV geologists.  Two sampling 
methods were used for the grade control. Initially the sampling was followed the 
procedure proposed by Mario Rossi, in which samples were took from percussion 
blasting holes (PBH). It was found it’s difficult to take representative samples from PBH 
due to the driller used and strong wind.  It was determined to use traditional Chinese 
channel sampling/face sampling.  The cutoff was 0.35 g/t.  Some assay results are show 
in the table below 

AAuu ppppmm SStt.. DDeevv..

PPBBHH TToottaall AAvvee 0.759 1.202

CChhaannnneellss 0.797 0.703

Total approximately 102,000t oxide ore was mined and 108,000t waste was moved.  
ROM with a top size around 300 mm was placed on the East pad/ROM pad.  Every 
second truck is being placed on a stockpile for the crusher.  Thus, the grade on ROM pad 
and West pad/crushed pad should be similar.    

Decline

The decline was initially designed by John Nilsson and revised by several consultants 
later.  The mining was awarded to 217 Brigade.  The decline was started  July 24, 2004 
and finished March 4, 2005. The decline was driven 300m @18° to an estimated depth of 
about 90 meters to the crosscut location.  Total length of the crosscut is 92m, which 
substantially transverses the ore body in the Northeast zone. The crosscut follows a plane 
comparable to the cross section of 3 diamond drill holes (DDH-15, DDH-62 & DDH-80).  
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Approximately 0.8t bulk sample per blast was taken from the crosscut for the sulphide 
column tests. Total of 36t sulphide sample were shipped to Baotou for the tests. The 
sample was taken 7 t of the channel samples were also taken from both walls of the 
crosscut for comparison to the 3 diamond drill holes mentioned above. Solid oriented 
samples were also taken. 

Crushing and Sampling for Oxides

A jaw crusher with a capacity of 50t/h was installed on site in October, 2004.  Ore from 
the stockpile was crushed to a top size 100mm, and then trucked to the crushed pad.   

Crushed sample was taken from the conveyor by a sampling cart at every 20 minutes 
interval.  Manual collection car was slid into the crusher discharge stream for several 
seconds collecting a highly variable mass of sample that averaged 22kg.  See Flow Sheet 
for description of sampling procedure. The sample collected was discharged directly from 
the ore car to a “pant leg” type splitter; one half was bagged and shipped to Baotou for 
the column tests; the other half of the sample was further crushed to -10mm, split, and 
bagged for gold assays. The remaining coarse rejects was bagged and sent to Baotou for 
the metallurgical tests.  

Crusher Sampling Flow Sheet 

    
22 kg Sample 
every 24min 

                

                        

    
Crusher Chute 

Splitter
                

                        

11 kg Bulk     11 kg            

                        

Baotou     Small Crusher           

                        

      5.5 kg   5.5 kg       

                        

      Baotou       Site AA Lab     

                        

                Lab Splitter     

                        

            
200 g 
Pulp

Retention

200 g for 
A.A. Assay 

 5kg 
Course 

Retention 
on Site 
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Total 2940 crusher-stream samples were taken from October 13 to December 8, 2004 
during the time the crusher was operative. Total weight estimated was about 65 tons, with 
half or about 32 tons being single stage crush and sent to Baotou, while other half was 
double crushed with half or about 16 tons going to Baotou, while other half was sent for 
gold assay at the site.  Assay results from the site lab show a grade of 0.67g/t for the 
crushed pad. 

Heap Leach

Leach pad/ponds was designed by Professor Wang of Northeast University.  The ore was 
treated on two similar test leach pads, one treating run-of –mine ore and the other treating 
ore that has been jaw crushed through 100 mm top size.  The pad was constructed with 
30cm clay, 1mm HPDE liner, 20cm sand and 20cm very coarse rock (>100mm) 
protective layer.  The areas of ROM and crushed pads are 6,000 m2 with 47,000t ore and 
8,300 m2 with 55,000t ore respectively.  The lift of each pad is approximately 6 meters.  
Three ponds, namely pregnant (12x8x2.5m), barren (12x8x2.5m), and flood 
(24x8x2.5m), were built for each pad.  Each pad has a gold absorption system. The 
system consists of three carbon columns. Each column contains 750kg activated carbon.   
½ inch dripper is used with a space of 0.6 meter. 

3 kg/t of lime (65% purity) was initially added during stacking heap for ROM pad and on 
the belt during crushing for crushed pad last year. However most of lime was blown due 
to strong wind last year. Thus, 1 kg of lime (85% purity) was added on the tops of heaps 
during loosing the heaps this year before leaching.   

Both heaps were initially soaked with untreated water until the pH was a nominal 9.8 
before cyanide was added.   Soaking of the ROM Pad began on May 22, and soaking of 
the Crushed Pad began on June 4. Cyanide was added on June 15 for the ROM pad and 
June 28 for the crushed pad at 300ppm concentration.  Barren pH is maintained at 10.5 
and pregnant at 9.8. 

CaCO3 scaling was noted on the drippers during the fresh water application, and began 
inhibiting flow after 3 weeks.  Anti-scalant was added June 26 to the ROM Pad, and June 
27 to the Crushed Pad (PESA, Tianqing Chemical Co., Beijing), and is currently added at 
the rate of 0.35 kg/hr.  Scaling appears to be under control. 

Solution application rate is currently 0.006 m3/m2/hr on the ROM pad and 0.005 m3/m2/hr
on the Crushed Pad.  Percolation is very good, and flow rates will be increased. 
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METCON Research 
7701 N. Business Park Drive  Telephone: (520) 579-8315 

Tucson, Arizona 85743  Facsimile: (520) 579-7045 

        23 August 2005 
        FG-004-05 

Jinshan Gold Mines Inc. 
Suite 654-999 Canada Place 
Vancouver, B.C. 
Canada   V6C 3E1 

Attention: Mr. Hu Long, Ph.D 

Subject: Oxide/Sulfide Samples 
  Beneficiation and Leach Studies 
  METCON Project No. M-667-02 

Dear Mr. Long: 

 This letter report is written to document results from metallurgical testing 
conducted on samples designated as oxide and sulfide column leach tests feed 
samples.

1.0   INTRODUCTION

 A request for proposal (RFP) was received from Jinshan Gold Mines Inc.  (JGM) 
representative Mr. Hu Long to conduct beneficiation by gravity-flotation and agitated 
leach studies on oxide and sulfide samples. These samples were originated from the 
“Chang Shan Hao” project (CSH) in Wulatezhong Qi, Inner-Mongolia province in China. 
A proposal from METCON Research (METCON) was submitted on 25 April 2005 
(document EI-012-05). This letter report outlines the gravity-flotation and agitated leach 
results obtained. 

2.0   SUMMARY

 The main objective in conducting this study was to preliminarily evaluate whether 
a specific gravity concentration, flotation and concentrate cyanide leach processing 
technique would provide increased gold recoveries when compared to a conventional 
agitated cyanide leach process. A second objective was to evaluate the “preg-robbing” 
characteristics of the oxide and sulfide samples. Pursuant to these objectives, JGM 
provided specific instructions for the processing techniques to be utilized in this study. 
METCON provided recommendations regarding the conventional methodologies to be 
used for test control purposes. The following Sections 2.1, 2.2 and 2.3 provide a 
summary of the results obtained in this study. 
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2.1 Sample Preparation Procedure and Analytical Summary

 A total of 150 kilograms oxide and sulfide composite samples (Column leach test 
feed) were received by METCON on 6 June 2005. The two samples delivered were at 
80 percent passing 6 millimeters crush size. A 20 kilogram representative test charge 
was split and submitted for subsequent ball mill Bond Work Index determination. The 
work index will be reported under separate cover. The remaining 130 kilogram reject 
sample was stage crushed to 100 percent passing 10 mesh (1.7 mm). The 10 mesh 
crushed sample was subdivided into 1 and 4.5 kilogram test charges for grind 
calibration, head assay and flotation testing. A 1 kilogram test charge was pulverized to 
approximately 95 percent passing 150 mesh and submitted for standard “gold fire 
assay/AA finish” and “Metallic” gold assay procedures. The analytical results are 
presented in the following Table 2.1. 

Table 2.1 
Gold Head Assay Comparison 

"Metallic" Assay 
Screen Fraction Gold Distribution (%) 

+150 mesh -150 mesh Sample ID 
Gold Calculated 

Assay (g/t) 
Assay (g/t) Assay (g/t) 

+150 
mesh 

-150
mesh 

Std. Fire/AA 
Finish Assay 

(g/t)

Oxide 0.92 37.89 0.73 20.62 79.38 0.46 
Sulfide 0.51 5.95 0.42 19.38 80.62 0.37 

 The analytical results indicate the following: 

 A “Metallic” assay technique for the head samples submitted for this 
evaluation indicated higher gold contents. Approximately 20 percent of the 
gold reported to the plus 150 mesh fraction. 

 A standard fire assay with AA finish technique showed lower gold contents for 
oxide and sulfide head samples. 

2.2 Metallurgical Summary of Results

 Oxide and sulfide composites from the CSH Gold Project were utilized for a 
number of metallurgical tests at METCON. Four separate tests were conducted on each 
composite sample. A total of four 4.5 kilogram test charges at minus 10 mesh crush size 
were subjected to gravity concentration using an Archimedes spiral. The gravity 
concentrate was weighed and submitted for assay and the tailings from gravity 
concentration were individually ground to 65, 100, 150, and 200 mesh. Each ground 
sample at the specified grind size was subjected to rougher and cleaner flotation 
producing a first cleaner flotation concentrate. The flotation was carried out identically in 
all four ground samples as follows: 
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 Rougher flotation time, 10 minutes 
 First cleaner flotation time, 7 minutes 
 pH range from 6.5 to 7.5 
 Scheme of Reagents: PAX (30 g/t), AF3477 (15 g/t), AP-407 (2 g/t), AF-25 

(18 g/t), and MIBC (11 g/t) 
 Sulfuric acid as pH modifier  

 Test details are appended to this report. A summary of the oxide composite test 
work is given in the following Table 2.2.1. 

Table 2.2.1 
SUMMARY OF METALLURGICAL RESULTS 

Gravity Separation - Flotation 
Grind Size Evaluation - Oxide Ore 

Assays  Distribution (%) Test ID:  FS1-Ox-01
Products 

Weight 
(%) Au (g/tonne) Au 

Gravity Concentrate (1) 0.11 96.00 15.93 

1st. Cleaner Concentrate  8.09 4.95 60.16 
1st. Cleaner Tail  7.38 0.44 4.88 
Rougher Tail  84.42 0.15 19.03 
Calculated Head 100.00 0.66 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 65 mesh

Assay Head   0.91   

Assays  Distribution (%) 
Test ID:  FS1-Ox-02

Products 
Weight 

(%) Au (g/tonne) Au 

Gravity Concentrate (1) 0.39 31.00 22.03 

1st. Cleaner Concentrate  10.92 2.83 55.70 
1st. Cleaner Tail  6.72 0.13 1.57 
Rougher Tail  81.97 0.14 20.69 

Calculated Head 100.00 0.52 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 100 mesh

Assay Head   0.91   

Assays  Distribution (%) 
Test ID:  FS1-Ox-03

Products 
Weight 

(%) Au (g/tonne) Au 

Gravity Concentrate (1) 0.33 24.00 13.86 
1st. Cleaner Concentrate  12.00 3.25 67.50 

1st. Cleaner Tail  8.22 0.15 2.13 
Rougher Tail  79.44 0.12 16.50 
Calculated Head 100.00 0.57 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 150 mesh

Assay Head   0.91   

Assays  Distribution (%) 
Test ID:  FS1-Ox-04

Products 
Weight 

(%) Au (g/tonne) Au 

Gravity Concentrate (1) 0.24 94.00 31.54 
1st. Cleaner Concentrate  12.00 3.20 53.92 
1st. Cleaner Tail  8.74 0.10 1.23 
Rougher Tail  79.03 0.12 13.32 
Calculated Head 100.00 0.71 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 200 mesh

Assay Head   0.91   

Remarks: Gravity Concentration was conducted at particle size 100% minus 10 mesh. 

 The gravity concentration and flotation data outlined in the above Table 2.2.1 
indicate the following: 
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 The combined gravity and rougher flotation concentrates contained 
approximately 76 to 86 percent of the gold originally present in the composite 
oxide head sample. 

 The gold present in the rougher flotation tailings ranged from 14 to 22 
percent. This amount of gold represents the quantity that would be lost when 
the described process is applied to the oxide composite. 

 The gold recoveries increased slightly at finer particle size distributions.

 The following Table 2.2.2 is a summary of the gravity concentration and flotation 
test work performed on the sulfide composite. 

Table 2.2.2 
SUMMARY OF METALLURGICAL RESULTS 

Gravity Separation - Flotation 
Grind Size Evaluation - Sulfide Ore 

Assays  Distribution (%) 
 Test ID:  FS1-S-01

Products 
Weight 

(%) Au (g/tonne) Au 

Gravity Concentrate (1) 1.23 10.70 28.75 
1st. Cleaner Concentrate  9.03 2.40 47.19 
1st. Cleaner Tail  6.95 0.16 2.42 
Rougher Tail  82.79 0.12 21.64 
Calculated Head 100.00 0.46 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 65 mesh

Assay Head   0.51   

Assays  Distribution (%) 
Test ID:  FS1-S-02

Products 
Weight 

(%) Au (g/tonne) Au 

Gravity Concentrate (1) 1.51 12.00 26.69 

1st. Cleaner Concentrate  12.02 3.22 56.98 

1st. Cleaner Tail  6.46 0.23 2.19 
Rougher Tail  80.00 0.12 14.13 
Calculated Head 100.00 0.68 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 100 mesh

Assay Head   0.51   

Assays  Distribution (%) 
Test ID:  FS1-S-03

Products 
Weight 

(%) Au (g/tonne) Au 

Gravity Concentrate (1) 0.94 12.00 20.77 
1st. Cleaner Concentrate  12.57 2.48 57.34 
1st. Cleaner Tail  5.29 0.10 0.97 
Rougher Tail  81.20 0.14 20.91 
Calculated Head 100.00 0.54 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 150 mesh

Assay Head   0.51   

Assays  Distribution (%) 
Test ID:  FS1-S-04

Products 
Weight 

(%) Au (g/tonne) Au 

Gravity Concentrate (1) 1.70 6.98 22.95 

1st. Cleaner Concentrate  14.36 2.08 57.87 

1st. Cleaner Tail  5.68 0.09 0.99 
Rougher Tail  78.26 0.12 18.19 
Calculated Head 100.00 0.51 100.00 

METALLURGICAL 
BALANCE 

Grind size P80 200 mesh

Assay Head   0.51   

Remarks: Gravity Concentration was conducted at particle size 100% minus 10 mesh. 
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 The gravity concentration and flotation data outlined in the above Table 2.2.2 
indicate the following: 

 The combined gravity and flotation concentrate contained 75 to 84 percent of 
the gold present in the feed. 

 The gold present in the rougher flotation tailings was in a 14 to 22 percent 
range. This gold would be lost if the described beneficiation technique is 
applied to the sulfide concentrate. 

 The grind size did not appear to influence the gold recovery. 

 The flotation concentrates produced from the sulfide composite were subjected 
to cyanidation with activated carbon. A summary of results is presented in the following 
Table 2.2.3 

Table 2.2.3 
SUMMARY OF METALLURGICAL RESULTS 

Preliminary Cyanide Leach Study 
Ambient 48 hr. Bottle Roll Leach Tests on 1st. Cl. Concentrate 

Sulfide Ore 

Head  (1st. Cl. Conc.) 
Reagent 

Consumption Extraction 
Test

Number Sample ID 
Calculated 

Au (g/t) 
Assayed 
Au (g/t) 

NaCN
(kg/t) 

CaO
(kg/t) 

Leach
Time
(hr)

Au 
(%) 

Au 
(g/t) 

FS1-S-AL01 
Sulfide

1st. Cl. Conc
P80  65 mesh 

2.84 2.40 2.362 2.521 48 96.85 2.75 

FS1-S-AL02 
 Sulfide 

1st. Cl. Con.
P80 100 mesh 

2.96 3.22 1.863 2.168 48 97.65 2.89 

FS1-S-AL03 
Sulfide

1st. Cl. Conc. 
P80 150 mesh 

2.03 2.48 1.997 2.380 48 97.56 1.99 

FS1-S-AL04 
Sulfide

1st. Cl. Conc.
P80 200 mesh 

1.82 2.08 1.623 1.775 48 96.17 1.75 

 The cyanide leach tests data outlined in the above Table 2.2.3 indicate the 
following:

 Gold extractions of 96 to 98 percent were achieved when the flotation 
concentrate was leached with sodium cyanide.  
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2.3 Cyanide Agitated Leach Testing

 Standard bottle roll tests were conducted with and without activated carbon to 
determine the presence of a preg-robbing component.  This is an accepted test in the 
mining industry for preliminary evaluation of the amenability of precious metal bearing 
materials to recovery of gold by a cyanidation process. The results are summarized 
below:

Table 2.3.1 
SUMMARY OF METALLURGICAL RESULTS 

Preliminary Cyanide Leach Study 
Ambient 48 hr. Bottle Roll Leach Tests on Column Feed 

Oxide Ore 

Head 
Reagent 

Consumption ExtractionTest 
Number

Sample ID Grind Size 
Calculated 

Au (g/t) 
Assayed 
Au (g/t) 

Leach 
Residue 
Assay 
(g/t)

NaCN
(kg/t)

CaO
(kg/t)

Leach 
Time 
(hr)

Au 
(%) 

Au 
(g/t)

BR-0x-05 Oxide Composite P80 400 mesh 1.04 0.91 0.05 0.207 2.544 48 95.18 0.99 

BR-Ox-06 
Oxide Composite 

w/Activated Carbon 
P80 400 mesh 0.66 0.91 0.01 0.394 2.678 48 98.50 0.65 

Table 2.3.2 
SUMMARY OF METALLURGICAL RESULTS 

Preliminary Cyanide Leach Study 
Ambient 48 hr. Bottle Roll Leach Tests on Column Feed 

Sulfide Ore 

Head 
Reagent 

Consumption Extraction Test 
Number

Sample ID Grind Size 
Calculated 

Au (g/t) 
Assayed 
Au (g/t) 

Leach 
Residue 
Assay 
(g/t)

NaCN
(kg/t)

CaO
(kg/t)

Leach 
Time 
(hr)

Au 
(%) 

Au 
(g/t)

BR-S-05 Sulfide Composite P80 400 mesh 0.66 0.51 0.03 0.384 2.134 48 95.41 0.63 

BR-S-06
Sulfide Composite 
w/Activated Carbon 

P80 400 mesh 0.53 0.51 0.01 0.543 2.175 48 98.10 0.52 

 The cyanide leach tests data outlined in the above tables indicate the following: 

 The gold extraction ranged from 95.18 to 98.5 percent for both oxide and 
sulfide samples. The samples leached in the presence of activated carbon 
provided marginally higher levels of extractions for the oxide and sulfide 
samples.

 The bottle roll test data reveal that there is no significant "preg robbing" 
material in either the oxide or sulfide composite samples.



Page 7 
Jinshan Gold Mines Inc. 
23 August 2005 
FG-004-05

METCON Research

 The analytical data and all calculations performed in this evaluation are included 
with the attachments. We trust that this information fulfils your request for preliminary 
evaluation of the flowsheet provided in the recovery of precious metals from the 
materials submitted for this evaluation. Should you have any questions in regard to the 
information included in this report, please do not hesitate to contact the writer. 

        Very truly yours, 

        Francisco A. Garcia 
        Chemical Engineer 

FG:mch
Attachments
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Rod Mill Grind Calibration Chart 

 Oxide Sample-Project No. M-667-02 

Objective: P80 65,100,150,200,270 & 400 mesh 
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Rod Mill Grind Calibration Chart 

 Oxide Sample-Project No. M-667-02 

Objective: P80 65,100,150,200,270 & 400 mesh 
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Rod Mill Grind Calibration Chart 

 Sulfide Sample-Project No. M-667-02

Objective: P80 65,100,150,200,270 & 400 mesh 
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Rod Mill Grind Calibration Chart 

 Sulfide Sample-Project No. M-667-02 

Objective: P80 65,100,150,200,270 & 400 mesh 
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-Ox-01

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 150.74 15.14 15.14 84.86 0.20 0.030 21.70
0.15 0.0058 100 84.08 8.45 23.59 76.41 0.30 0.025 18.16

0.106 150 104.20 10.47 34.06 65.94 0.25 0.026 18.75

0.075 200 94.78 9.52 43.58 56.42 0.15 0.014 10.23
0.045 325 197.87 19.88 63.45 36.55 0.09 0.018 12.82

M I N U S 325 363.81 36.55 100.00 0.07 0.026 18.33

TOTALS 995.48 100.00 1.06 100.00

      CALCULATED ASSAY 0.14
      COMPOSITE  ASSAY 0.15

REMARKS:
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-Ox-02

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 98.41 9.87 9.87 90.13 0.20 0.020 14.85
0.15 0.0058 100 78.31 7.86 17.73 82.27 0.28 0.022 16.54

0.106 150 112.41 11.28 29.01 70.99 0.23 0.026 19.50

0.075 200 107.74 10.81 39.82 60.18 0.15 0.016 12.19
0.045 325 216.12 21.69 61.51 38.49 0.12 0.026 19.56

M I N U S 325 383.59 38.49 100.00 0.06 0.023 17.36

TOTALS 996.58 100.00 1.04 100.00

      CALCULATED ASSAY 0.13
      COMPOSITE  ASSAY 0.14

REMARKS:
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-Ox-03

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 14.87 1.49 1.49 98.51 0.25 0.004 3.03
0.15 0.0058 100 41.92 4.21 5.70 94.30 0.30 0.013 10.26

0.106 150 111.96 11.25 16.95 83.05 0.27 0.030 24.67

0.075 200 129.85 13.04 30.00 70.00 0.19 0.025 20.14
0.045 325 254.90 25.61 55.60 44.40 0.08 0.020 16.64

M I N U S 325 441.96 44.40 100.00 0.07 0.031 25.25

TOTALS 995.46 100.00 1.16 100.00

      CALCULATED ASSAY 0.12
      COMPOSITE  ASSAY 0.12

REMARKS:
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-Ox-04

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 100.00
0.15 0.0058 100 14.31 1.44 1.44 98.56 0.13 0.002 1.64

0.106 150 74.67 7.50 8.94 91.06 0.24 0.018 15.81

0.075 200 137.02 13.76 22.70 77.30 0.19 0.026 22.97
0.045 325 297.16 29.85 52.55 47.45 0.10 0.030 26.22

M I N U S 325 472.34 47.45 100.00 0.08 0.038 33.35

TOTALS 995.50 100.00 0.74 100.00

      CALCULATED ASSAY 0.11
      COMPOSITE  ASSAY 0.12

REMARKS:
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-S-01

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 214.57 21.53 21.53 78.47 0.17 0.037 30.02
0.15 0.0058 100 103.53 10.39 31.92 68.08 0.23 0.024 19.60

0.106 150 108.84 10.92 42.85 57.15 0.19 0.021 17.02

0.075 200 87.79 8.81 51.66 48.34 0.17 0.015 12.28
0.045 325 158.53 15.91 67.57 32.43 0.08 0.013 10.44

M I N U S 325 323.19 32.43 100.00 0.04 0.013 10.64

TOTALS 996.45 100.00 0.88 100.00

      CALCULATED ASSAY 0.12
      COMPOSITE  ASSAY 0.12
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-S-02

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 131.89 13.23 13.23 86.77 0.11 0.015 12.00
0.15 0.0058 100 108.67 10.90 24.14 75.86 0.22 0.024 19.78

0.106 150 132.55 13.30 37.43 62.57 0.21 0.028 23.03

0.075 200 105.36 10.57 48.00 52.00 0.17 0.018 14.82
0.045 325 186.47 18.71 66.71 33.29 0.09 0.017 13.89

M I N U S 325 331.77 33.29 100.00 0.06 0.020 16.47

TOTALS 996.71 100.00 0.86 100.00

      CALCULATED ASSAY 0.12
      COMPOSITE  ASSAY 0.12

REMARKS:
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-S-03

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 43.66 4.39 4.39 95.61 0.18 0.008 6.95
0.15 0.0058 100 84.80 8.52 12.91 87.09 0.17 0.014 12.74

0.106 150 144.41 14.52 27.43 72.57 0.23 0.033 29.36

0.075 200 125.78 12.64 40.07 59.93 0.18 0.023 20.01
0.045 325 223.08 22.42 62.50 37.50 0.09 0.020 17.75

M I N U S 325 373.10 37.50 100.00 0.04 0.015 13.19

TOTALS 994.83 100.00 0.89 100.00

      CALCULATED ASSAY 0.11
      COMPOSITE  ASSAY 0.14
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METCON RESEARCH INC.
7701 BUSINESS PARK DRIVE
TUCSON , ARIZONA   85743

SCREEN ANALYSIS RESULTS
Jinshan Gold Mines
Milling Option
Project Number: M-667-02

Sample: Rougher Tail from
SCREEN Test FS1-S-04

ANALYSIS

NOMINAL OPENINGS Cumulative Cumulative
Tyler Sample Weight Weight Weight Gold

Millimeters Inches Mesh Weights Distribution Retained Passing Assay Content Distribution
(kg) (%) (%) (%) (g/t) (%)

0.212 0.0082 65 186.56 18.73 18.73 81.27 0.23 0.043 39.17
0.15 0.0058 100 20.73 2.08 20.82 79.18 0.19 0.004 3.60

0.106 150 62.45 6.27 27.09 72.91 0.19 0.012 10.83

0.075 200 98.54 9.90 36.98 63.02 0.15 0.015 13.49
0.045 325 219.19 22.01 59.00 41.00 0.09 0.020 18.01

M I N U S 325 408.32 41.00 100.00 0.04 0.016 14.91

TOTALS 995.79 100.00 0.89 100.00

      CALCULATED ASSAY 0.11
      COMPOSITE  ASSAY 0.12

REMARKS:
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Nominal Design Source Code

1.0 INTRODUCTION

2.0 INFORMATION SOURCE CODE

Code Source

A Assumptions For Study

B Calculated

C Client Information

I Industry Standard Practice

K KDE

O Information Provided by Others

P Published Information / Criteria

T Engineering, Testwork or Reports

V Vendor Data

3.0 PROCESS DESIGN CRITERIA

3.1 SITE DATA

Location C

Altitude, Meters Above Sea Level 1550 to 1750 meters T

Ambient Air Pressure, mm Hg 860-890 A

Ambient Air Temperature

Maximum 37 T

Minimum -34 T

Building Design Temp. 
o
C 0 to 50 A

Precipitation, mm ( Max 24 Hr) 25 A

Precipitation, mm (Annual Average) 233.7 T

Wet Season > 50 mm per month July and August T

Dry Season < 50 mm per month September to June T

Evaporation, mm (Annual Average) 2646.2 T

Wind Direction, Prevailing NW T

Design Wind Load 150 kph A

Seismic Zone UBC Zone 0 A

3.2 GENERAL

ROM Tonnes, 14,200,000 C

Crush Leach Tonnes, Total 38,077,673 C

Total 52,277,673 B

Daily Ore Feed Rate, Tonnes per Day 20,000 23,000 C

Mining Days per Year 355 355 C

Annual Ore Feed Rate 7,100,000 7,100,000 B

Nominal Mine Life, years 7.4 B

Average Ore Grade, grams per tonne

Gold

ROM Ore 0.730 C

Crush Leach Ore 0.769 C

Resource Total 0.758 B

Silver

ROM Ore 1.30 A

Crush Leach Ore 1.80 A

Resource Total 1.66 C

Average ROM Gold Recovery, Percent

ROM Oxide 80 T

ROM Sulfide 50 T

Average Crushed Ore Gold Recovery, Percent

Oxide 90 T

Sulfide 70 T

The following criteria are developed to process ore for Jinshan Gold Mines Inc. at 217 gold mine in Wulate County, Inner 

Mongolia China.  A run of mine (ROM) heap leach facility processing 20,000 metric tonnes per day of oxide ore is planned for the

first two years of operation. During the first two years of operation, a three stage crushing plant capable of crushing 20,000 metric

tonnes per day to a p80 of 10 mm will be designed and constructed.  New facilities include a permanent leach pad and 

associated internal pond.  A new five stage CIC adsorption unit, two elution vessels as well as other carbon handling facilities will 

also be installed.

Xin-hu-re township in Wulate, Inner Mongolia, which is 

at east longitude 109°11 00  to 109°17  00  and north 

latitude 41°38' 00  to 41°41' 00



Nominal Design Source Code

Average Silver Recovery, Percent

ROM Oxide 5 A

Sulfide 5 A

Total Recoverable Gold

ROM Ore 266,778 B

Crushed Leach Ore 665,925 B

Total 932,703 B

Initial Average Annual Production Rate from ROMOre

Gold 133,389 B

Silver 14,839 B

Overall Average Annual Production Rate, Ounces

Gold 126,673 B

Silver 18,996 B

3.3 ORE CHARACTERISTICS

Specific Gravity 2.6 - 3.0 2.6 - 3.0 T

Average 2.7 2.7 T

Run of Mine Ore Size, mm

Percent Passing

1000 80 A

150 50 A

50 20 A

Run of Mine Ore Moisture

Normal, Percent 3 3 A

Retained Moisture, Percent 11 11 T

Saturation Moisture, Percent 18 18 T

Angle of Repose, Degrees 38 38 A

Draw Down Angle, Degrees 45 45 A

Bulk Density Tonnes per Cubic Meter 1.5 - 1.7 1.5 - 1.7 A

For Volume Calculations 1.70 1.70 T

For Structural Calculations 2.00 2.00 A

Bond Mill Work Index, kWh/Tonne

Oxide 5.6 - 14.7 14.70 T

Sulfide 9.5 - 17.6 17.60 T

Bond Abrasion Index

Oxide 0.048 - 0.0794 0.0794 T

Sulfide 0.0927 - 0.209 0.2090 T

3.4 OPERATING TIMES

Crushing Schedule

Days per Year 355 C

Shifts per Day 3 C

Hours per Shift 8 C

Availability 83% A

ROM Stacking Schedule

Days per Year 355 C

Shifts per Day 3 C

Hours per Shift 8 C

Leaching and Adsorption

Days per Year 365 C

Shifts per Day 3 C

Hours per Shift 8 C

Availability 98%

Carbon Striping and Electrowinning

Days per Week 7 C

Hours per Day 24 C

98%

Carbon Reactivation

Days per Week 7 C

Hours per Day 24 C

98%

Refining

Days per Week (1 Day Melting) 5 C

Hours per Day 8 C
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CRUSHING

Design, Dry Tonnes per Hour 1150 B

Truck Size 16 to 90 Tonne C

Dump Pocket Size, tonnes 180 A

Crusher Operating Time, hrs. / Day at Design Throughput 20.0 B

Primary Crusher

Type Jaw I

Feed Method Direct Dump from Mine I

 or by Loader

Pocket Discharge Method Apron Feeder I

Primary Crusher Feed

100 Percent Passing Size, mm 1000 A

80 Percent Passing Size, mm 600 A

Throughput Rate, Tonnes / Hr 1150 B

Primary Crusher Discharge

80 Percent Passing Size, mm 200 A

Secondary Crusher:

Type HP Standard Cone I

Bowl Type Coarse I

Feed Method Screen Oversize I

Tertiary

Type HP Shorthead Cone I

Bowl Type Medium I

Feed Method Screen Oversize I

Crushing Plant Final Product

100 Percent Passing Size, mm 12 K

80 Percent Passing Size, mm 10 K

Surge Bin Total Capacity, Tonnes 2,300 A

Fine Ore Angle of Repose, Degrees 37 A

Drawdown Angle, Degrees 45 A

Storage Requirements, Hours 2 I

Ore Reclaim Feed Method Belt Feeders I

Reclaim Rate per Feeder (Two Feeders Installed), Tonnes per Hour 2000 A
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3.5 ROM ORE STACKING

Stacking Rate, tonnes per day 20,000 23,000 C

Bulk Density of ROM Ore, tonnes per cubic meter 1.7 tonne per m3 (dry basis) I

Stacking Method Truck Dump from Prepared

Access Corridors; Dozer

Spreading of Ore; Dozer

Ripping before Leaching

Lime Addition Method Lime Addition Silo with C

Rotary Valve to Trucks K

Lime Addition Rate, kg per tonne 2 3 T

Dosing System Sized to Dose One Truck in A

Less Than 30 Seconds

3.6 LEACH PADS

Type Multiple Lift, Single-Use Pad C

Construction Phasing

Phase 1 Construct in Year 0

Lined Area 360,000 m
2

O

Phase 2 Construct in Year 3

Lined Area 385,000 m
2

O

3.7 HEAP CONSTRUCTION

Method of Construction Trucks (ROM ore) C

Nominal Heap Lift Height, meters 10 A

Number of Lifts 7 A

Maximum Heap Height 70 meters O

Ore Natural Angle of Repose 1.3:1 (H:V) O

Downstream Face Heap Side Slope 2.5:1 (H:V) O

Number of Modules

3.8 HEAP OPERATION

Solution Application Rate, liters per hour per square meter 6 6 K

Primary Leaching Cycle, days 90 A

Number of Leach Cycles 1 A

Solution Application Method Drip Emitters C

Solution Pumping Availability, percent 98 A

Solution Pumping Rate, cubic meters per hour 635 858 B

Area Irrigated, square meters 105,882 142,941 B

Solution Evaporation Rate, liters per hour per square meter 0.36 A

Solution Filters

Type Self-cleaning I

Screen Aperture 0.25 mm (60 mesh) I

Leached Ore Retained Moisture, percent 11 T

Draindown, Average 23 liters/tonne A

3.9 SOLUTION PONDS AND TANKS (WITH GOLDER)

Number of Solution Ponds

Pregnant (Internal to Pad) 1 C

Excess Solution 1 O

Number of Solution Tanks

Barren Solution 1 K

Basis for Sizing of Barren Tank 30 minutes of total K

barren solution flow

to the tank

Barren Tank Size, cubic meters 429 B

Nominal Tank Size, 

Diameter 8.2 B

Height 9.2 B
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3.10 RECOVERY PLANT

Mechanical Availability, percent 98 I

Solution Processing

Method Carbon Adsorption I

Number of Trains 1 K

Number of Columns/Train 5 K

Type Cascade I

Nominal Column Dimensions, meters

Diameter 3.8 B

Height 4.2 B

Pregnant Solution Flow Rate 635 858 B

Specific Flowrate, m3 / hr / m2 60 75 I

Tonnes Carbon per Adsorption Column 2 2 A

Design Metal Loading Kg (Au + Ag) per Tonne Carbon 4.0 1.8 I

Tenor of Pregnant Solution (nominal), grams Au per tonne solution 0.71 B

3.11 CARBON DESORPTION

Carbon Desorption Method Pressure Zadra I

Elution Temperature 135
o
C I

Boiler

     Type Hot Water, Vertical K

     Fuel DIESEL K

Heat Exchangers

     Type Plate I

     Number 3 I

Elution Column Carbon Capacity, tonnes 2 K

Number of Columns 2 K

Height:Diameter Ratio 4 to 1 I

Desorption Flowrate, Bed Volumes per Hour 2 I

Bed Volumes Required 24.5 24.5 I

Stripping Schedule

Weeks per Year 50 C

Number of Elution Cycles per Week 11.4 B

Solution Heater Exchange System

Inlet Design, 
o
C 65 65 I

Outlet,
o
C 135

o
C 135

o
C I

Solution Specific Gravity 1.02 1.02 A

Specific Heat of Solutions, Cal/(Kg 
o
C) 1.13 1.13 A

3.12 ELECTROWINNING

Number of cells, operating in series 1.0 1.0 I

Electrowinning Temperature 85
o
C I

Gold Recovery ± 70% per Pass Through Cells K

Mechanical Availability 98% + A

Plating current, Amps

Total 638 1,070 B

Eluate flow, m3/hr 8.0 8.0 I

Cathodes required per cell 7 12 B

Number of rectifiers 1 1 I

Rectifier voltage 6 6 I

Cathodes Steel Wool Steel Wool I

Anodes Stainless Steel Stainless Steel I

Overall Recovery 95+ 95+ A

Voltage, Maximum 12 12 I

Rectifier Amperage, Maximum 1000 1000 B

3.13 ACID WASH

Type Hydrochloric Acid I

Containers 1 m
3
 Tote Bins C

Schedule Every Elution Cycle I

Carbon Capacity Same as Elution Column I

Bed Volumes Required 2

Wash Time 4 to 6 Hours I

Wash Temperature Ambient I

Mechanical Availability 98% + A



Nominal Design Source Code

3.14 CARBON REACTIVATION

Carbon Reactivation Kiln

Feed Hopper Capacity, Tonnes 2 I

Number 1 I

Type Horizontal I

Retention Time, Minutes 10 at temperature I

Heating Method Indirect Electric K

Carbon, Average oC 600 I

Carbon, Design oC 850 I

Steam Requirement, Kg/Kg Carbon

Quench Tank Capacity, Tonne 2 K

Carbon Properties

Size, Process 6 by 24 Mesh 6 by 24 Mesh A

Size, New 6 by 12 Mesh 6 by 12 Mesh I

Void Fraction, Percent

(Wet Settled Bed) 40 40 A

Specific Gravity of Dry Carbon 2.23 2.23 T

Bulk Density of Settled Carbon, Kilograms per cubic Meter

Attritted Circuit Carbon 600 600 A

Virgin Carbon 450 450 V

3.15 GOLD SMELTING

Mercury Removal

Retort Furnace Electric I

Number Required 1 I

Operation Time, Hours 22 I

Total Volume, ft3 5 I

m3 0.14 B

Condenser Water Bath I

Smelting Furnace

Type Induction K

Number Required 1 I

Smelting Batches per Week, Avg. 1 B

Smelting Temperature, 
o
C 1250 I

Meltdown Time, Hours 1.5  to 2.0 I

Flux Consumption

Borax, Kg/oz Gold 0.05 A

Sodium Nitrate, Kg/oz Gold 0.04 A

Silica, Kg/oz Gold 0.04 A

Sodium Carbonate, Kg/oz Gold 0.005 A

Fluorspar, Kg/oz Gold 0.002 A

Slag Handling

Crushing Jaw & Hammermill K

Gravity Concentration Gemini Table K

Feed Size to Gravity Circuit 1.70 mm (10 mesh) K

Feed Rate to Gravity Circuit 30 kg per hour K

Slag Produced 100 kg per week A

Concentrate Produced 10 to 20 kg per week A
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3.16 REAGENTS

Activated Carbon

Type Coconut I

Consumption, Kg per Tonne Ore 0.1 I

Shipping Container Bags or Boxes I

Storage Capacity, Months 3 A

Acid

Type Hydrochloric I

Consumption, Kg per Tonne Ore 0.1 - 0.3 I

Delivered Concentration, Pct by Wt 35 A

Usage Concentration, Pct by Wt 3 - 5 I

Storage Capacity, Days 60 A

Sodium Hydroxide

Consumption, Kg per Tonne Ore 0.15 - 0.35 I

Delivered Concentration, Pct by Wt 100 (prills) A

Storage Concentration, Pct by Wt 25 I

Container Size, kg 50 A

Quantity per Batch, kg 400 A

Usage Concentration, Pct by Wt 1 - 2 I

Storage Tank Size, Two Batches A

Sodium Cyanide

Consumption, Kg per Tonne Ore 0.3 T

Container Size, kg 22 kg drums A

Delivered Concentration, Pct by Wt 100 (flake) I

Storage Concentration, Pct by Wt 20 A

Usage Concentration, Pct by Wt 20 A

Dry Storage Capacity, Months 3 A

Mix Tank, Tonnes/Batch 2.7 A

Storage Tank Two Batches A

Antiscalant

Container 200 liter drums A

Average Addition Rate 6 ppm A

Lime

Consumption, Kg per Tonne Ore

Oxide 1.5 2 T

Sulifide 2 2.5

Daily Consumption, Tonnes 46 57.5

Delivered Concentration, Pct CaO 90 % CaO A

Size Pebble (-25 mm / + 6 mm)

Shipping Container 2 Tonne Bag C

Storage Capacity, Days 2 A

Storage Tank Capacity, Tonnes 115 B
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APPENDIX 7 

MAJOR PROCESS EQUIPMENT LIST 



PRELIMINARY EQUIPMENT LIST

Number

Installed

Number

Operating

Description Vendor Motor Power 

kW

Attached

Power   kW

Opearting

Power   kW

Area 10 Primary Crushing

BN - 1001 1 1 Dump Hopper, 180 tonne

CM - 1001 1 1 Air Compressor 22 22 16.5

CR - 1001 1 1 Primary Jaw Crusher 48" x 60" 224 224 168.0

1 1 Including Lube System 1.5 1.5 1.1

CV - 1001 1 1 Primary Crusher Discharge Conveyor, 48" x 120' 30 30 22.5

CV - 1002 1 1 Stockpile Feed Conveyor, 48" x 150' 37.3 37.3 28.0

DC - 1001 1 1 Baghouse 22 22 16.5

FE - 1001 1 1 ROM Ore Apron Feeder 60" x 25' 44.8 44.8 33.6

RB - 1001 1 1 Rock Breaker 22 22 16.5

GR - 1001 1 1 Grizzley Screen

WT - 1001 1 1 Primary Crusher Disch Belt Weightometer 0.1 0.1 0.1

Subtotal Area 10 Primary Crushing 403.7 302.8

Area 15 Fine Crushing

BA - 1501 1 1 Lime Bin Activator 1.1 2.2 1.7

BN - 1501 1 1 Surge Bin, 1000 tonne

BN - 1502 1 1 Product Bin, 2000 tonne

BN - 1503 1 1 Lime Bin, 100 tonne

CN - 1501 1 1 Crane 10 10 7.5

CR - 1501 1 1 Secondary Crusher, 7' 596.8 596.8 447.6

1 1 Including Oil Cooling Fan 3.7 3.73 2.8

1 1 Including Lube Oil Pump 3.7 3.73 2.8

1 1 Including Hydraulic Adjustment Pump 1.5 1.492 1.1

1 1 Including Lube Oil Heater 10.0 10 7.5

CR - 1502 1 1 Tertiary Crusher, 7' 596.8 596.8 447.6

1 1 Including Oil Cooling Fan 3.7 3.73 2.8

1 1 Including Lube Oil Pump 3.7 3.73 2.8

1 1 Including Hydraulic Adjustment Pump 1.5 1.492 1.1

1 1 Including Lube Oil Heater 10.0 10 7.5

CR - 1503 1 1 Tertiary Crusher, 7' 596.8 596.8 447.6

1 1 Including Oil Cooling Fan 3.7 3.73 2.8

1 1 Including Lube Oil Pump 3.7 3.73 2.8

1 1 Including Hydraulic Adjustment Pump 1.5 1.492 1.1

1 1 Including Lube Oil Heater 10.0 10 7.5

CV - 1501 1 1 Secondary Feed Conveyor 37 37 27.8

CV - 1502 1 1 Crusher Discharge Conveyor 48" x 150' 75 75 56.3

CV - 1503 1 1 Transfer Conveyor, 48" x 130' 75 75 56.3

CV - 1504 1 1 Splitter Conveyor, 48" x 20' 37 37 27.8

CV - 1505 1 1 Tertiary Crusher A Feed Conveyor, 36" x 20' 37 37 27.8

CV - 1506 1 1 Tertiary Crusher B Feed Conveyor, 36" x 20' 37 37 27.8

CV - 1507 1 1 Final Product Discharge Conveyor 75 75 56.3

DC - 1501 1 1 Secondary Crusher Baghouse 22 22 16.5

DC - 1502 1 1 Tertiary Crusher Baghouse 22 22 16.5

DC - 1503 1 1 Tertiary Crusher Baghouse 22 22 16.5

DC - 1504 1 1 Lime Bin Dust Collector 1.85 1.85 1.4

FE - 1501 2 1 Coarse Ore Apron Feeder 15 30 11.3

FE - 1502 Coarse Ore Apron Feeder

FE - 1503 1 1 Lime Variable Speed Screw Feeder 0.75 0.75 0.6

FE - 1504 2 1 Crushed Ore Feeder, belt feeder, 2000 tph, variable speed 15 30 11.3

FE - 1505 Crushed Ore Feeder, belt feeder, 2000 tph, variable speed

MG - 1501 1 1 Tramp Magnet - electromagnet 7.5 7.5 5.6

MG - 1502 1 1 Tramp Magnet - electromagnet 7.5 7.5 5.6

SC - 1501 1 1 Secondary Feed Screen 22 22 16.5

SC - 1502 2 2 Vibrating Screen 8 x 20 37.3 74.6 56.0

SC - 1503 Vibrating Screen 8 x 20

TR - 1501 1 1 Magnet Trolley System 0.3 0.3 0.2

TR - 1502 1 1 Magnet Trolley System 0.3 0.3 0.2

WT - 1501 1 1 Belt Weightometer 0.3 0.3 0.2

WT - 1502 1 1 Belt Weightometer 0.3 0.3 0.2

Subtotal Area 15 Fine Crushing 2473.9 1,832.9

Equipment

Number

8/26/2005 DRAFT Equipment List July19 Rev A Edit



PRELIMINARY EQUIPMENT LIST

Number

Installed

Number

Operating

Description Vendor Motor Power 

kW

Attached

Power   kW

Opearting

Power   kW

Area 20 Leaching

PD - 2001 1 1 Pregnant Solution Pond 

PD - 2002 1 1 Excess Solution Pond

PP - 2001 3 2 Pregnant Solution Pumps U. S. 56 168 84.0

PP - 2002

PP - 2003

PP - 2004 2 1 Excess Solution Pumps U. S. 45 90 33.8

PP - 2005

Subtotal Area 20 Leaching 258 117.8

Area 30 CIC and Carbon Stripping

DR - 3001 1 1 Retort, Electric, 2 cuft, w/Hg Trap and Chiller U. S. 5 5 3.8

EQ - 3000 1 1 Miscellaneous Equipment, vault door GSA Class 5, Electronic Lock, Includes 

Day Gate & Wall Flange

U. S. 

EW - 3001 2 1 Electrowinning cell 75 cubic ft complete with 21 anodes, 20 SS cathodes and 

buss bar

U. S. 

EW - 3002 U. S. 

FA - 3001 1 1 Exhaust Fan, electrowinning area, 57 cubic meters per minute including 

ductwork

U. S. 0.75 0.75 0.6

FL - 3001 1 1 Electrowinning sludge filter, plate and frame U. S. 

HE - 3001 1 1 Strip solution recovery heat exchanger U. S. 

HE - 3002 1 1 Strip solution primary heat exchanger U. S. 

HE - 3003 1 1 Strip solution heater, 1.54/1.23 MBtu/hr, Diesel (No 2 Fuel Oil) Valves & 

Instruments, Expansion Tank, Air Separator

U. S. 

HE - 3004 1 1 Strip solution cooling heat exchanger U. S. 

PP - 3001 3 2 Barren Solution Pump 854 m3 per hour design total flow U. S. 186 558 279.0

PP - 3002

PP - 3003

PP - 3004 1 1 CIC Carbon transfer pump, 76 to 50 mm, horizontal screw impeller, Hidrostal 

Type

U. S. 2.2 2.2 1.7

PP - 3005 1 1 Stripped carbon transfer pump, 75 to 50 mm, horizontal screw impeller, 

Hidrostal Type

U. S. 2.2 2.2 1.7

PP - 3006 1 1 CIC area sump pump, vertical rubber covered, 50 by 1200 mm vertical U. S. 3.7 3.7 2.8

PP - 3007 1 1 Carbon area sump pump, vertical rubber covered, 50 by 1200 mm vertical U. S. 3.7 3.7 2.8

PP - 3008 2 1 Strip solution pump, horizontal 70 gpm U. S. 3.7 7.5 2.8

PP - 3009 U. S. 

PP - 3010 2 1 Hot Water Circulation Pump U. S. 3.7 7.5 2.8

PP - 3011 U. S. 

PP - 3012 1 1 Electrowinning sludge pump, 40 gpm U. S. 3.7 3.7 2.8

PP - 3013 2 1 Process Water Pump, 200 gpm U. S. 20.0 40.0

PP - 3014

RF - 3001 2 1 DC Rectifier, SCR, 0-1500 A, 0-6 V U. S. 15.0 30.0 11.3

RF - 3002

SA - 3001 1 1 Pregnant solution sampler China

SA - 3002 1 1 Barren solution sampler China

SC - 3001 1 1 Trash screen, 4 Mesh China

SC - 3002 1 1 Carbon safety screen, 35 Mesh sieve bend China

TK - 3001 1 1 Carbon Adsorption Column No 1, Two Ton/3500 gpm, CS, Tanks w/304SS 

Diaphragm Includes 10" Magmeter 

China

TK - 3002 1 1 Carbon Adsorption Column No 2, Two Ton/3500 gpm, CS, Tanks w/304SS 

Diaphragm

China

TK - 3003 1 1 Carbon Adsorption Column No 3, Two Ton/3500 gpm, CS, Tanks w/304SS 

Diaphragm

China

TK - 3004 1 1 Carbon Adsorption Column No 4, Two Ton/3500 gpm, CS, Tanks w/304SS 

Diaphragm

China

TK - 3005 1 1 Carbon Adsorption Column No 5, Two Ton/3500 gpm, CS, Tanks w/304SS 

Diaphragm

China

TK - 3006 1 1 Barren Solution Surge Tank, Insulated, 8.2 M Dia x 9.2 M High China

TK - 3007 1 1 Barren Solution Sump

TK - 3008 2 2 Carbon Strip Column, 2 tonne capacity CS, 100 psi-300 F ASME VIII, In/Out 

Manifolds

U. S. 

TK - 3009

TK - 3010 1 1 Strip solution tank, CS, w/Sight Glass China

TK - 3011 1 1 Cathode wash tank, FRP, 1 meter diameter x 1 meter high U. S. 

Subtotal Area 30 CIC and Carbon Stripping 664 327

Equipment

Number
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PRELIMINARY EQUIPMENT LIST

Number

Installed

Number

Operating

Description Vendor Motor Power 

kW

Attached

Power   kW

Opearting

Power   kW

Area 35 Refining

 BM - 3501 1 1 Batch ball mill U. S. 2.2 2.2 1.7

 FA - 3501 1 1 Exhaust fan, furnace and retort area U. S. 3.7 3.7 2.8

 FR - 3501 1 1 Induction furnace, Induction, 75 kW/0.7 cuft, w/Hydraulics & Chiller U. S. 75 75 56.3

 GR - 3501 1 1 Gravity Concentrator U. S. 

 SC - 3501 1 1 Vibrating slag screen U. S. 0.7 0.7 0.6

 ZM - 3501 1 1 Smelting furnace equipment (Includes cascade mold stand, 1000 oz molds (5), 

and slag pot (2), 25 cuft, Cement Mixer, PE Drum

U. S. 

Subtotal Area 35 Refining 81.714 61.3

Area 40 Carbon Handling

AG - 4001 1 1 Attrition Tank Agitator U. S. 0.7 0.7 0.6

EQ - 4001 1 Safety shower and eye wash

DV - 4001 1 1 Flop Gate

FA - 4001 1 1 Exhaust fan, carbon wash area U. S. 0.7 0.7 0.6

FA - 4002 1 1 Kiln exhaust fan U. S. 0.7 0.7 0.6

FL - 4001 1 1 Carbon Fines Filter U. S. 

HO - 4001 1 1 Kiln feed hopper, 2 meters diameter by 2 meters vertical side, 60 degree cone 

bottom

U. S. 

KN - 4001 1 1 Regeneration kiln package, Horizontal, Electric 120 kW or Diesel (No 2 Fuel 

Oil)

U. S. 120 120 90.0

PP - 4001 1 1 Carbon wash pump, 34 gpm U. S. 3.7 3.7 2.8

PP - 4004 1 1 Carbon transfer pump, 75 by 50 mm, screw impeller hidrostal type U. S. 3.7 3.7 2.8

PP - 4006 1 1 Sump pump, carbon wash area 20 gpm U. S. 3.7 3.7 2.8

PP - 4007 2 1 Carbon Fines Pump, 70 gpm U. S. 3.7 7.5 2.8

PP - 4008 3.7

SC - 4001 1 1 Dewatering screen, SS Wedgewire panel U. S. 

SC - 4002 1 1 Carbon Sizing screen, 36" Midwestern, flop gate high speed vibrating U. S. 1 1 0.8

SJ - 4001 1 1 Kiln feed screw conveyor SS Screw U. S. 1 1 0.8

TK - 4001 1 1 Acid wash column, FRP, 2.0 Ton, Includes Inlet/Outlet Manifolds U. S. 

TK - 4002 1 1 Wash solution tank, FRP U. S. 

TK - 4003 1 1 Quench tank, Carbon Steel, 2 meters diameter by 2 meters vertical side, 60 

degree cone bottom

China

TK - 4004 1 1 Carbon Storage Tank, 2 meters diameter by 2 meters vertical side, 60 degree 

cone bottom

China

TK - 4005 1 1 Carbon Attrition Tank, 2 meters diameter by 2 meters vertical side, 60 degree 

cone bottom

China

TK - 4007 1 1 Carbon Fines Storage Tank, 2 meters diameter by 2 meters vertical side, 60 

degree cone bottom

China

Subtotal Area 40 Carbon Handling 142.1 103.8

Area 45 Reagents

AG - 4502 1 1 Agitator for cyanide mix tank U. S. 3.7 3.7 2.8

BN - 4501 1 1 Pebble lime storage silo, 100 tonne capacity with bag house China

BV - 4501 1 1 Bin Vent China 0.7 0.7 0.5

BX - 4501 1 1 Bin Activator China 0.7 0.7 0.5

EQ - 4501 1 1 Safety shower and eye wash station U. S. 

FA - 4501 1 1 Exhaust fan cyanide mixing 0.7 0.7 0.5

FE - 4501 1 1 Lime feeder U. S. 0.7 0.7 0.5

HO - 4501 1 1 Lime Feed Hopper U. S. 

PP - 4501 3 3 Sodium hydroxide metering pumps China 0.7 2.1 1.6

PP - 4502 China

PP - 4503 China

PP - 4505 1 1 Sodium hydroxide mixing/circulating pumps 4.5 m3/hr, 7.6 m tdh U. S. 1.5 1.5 1.1

PP - 4506 1 1 Cyanide Transfer pump, 17 m3/hr, 10.7 m tdh U. S. 1.5 1.5 1.1

PP - 4507 2 1 Cyanide Distribution pump, 9.1 m3/hr, 30.5 m tdh U. S. 1.5 3 1.1

PP - 4508

PP - 4512 2 1 Antiscaling - metering type China

PP - 4513

PP - 4514 1 1 Hydrochloric acid pump - barrel type, 20gpm U. S. 0.7 0.7 0.5

PP - 4515 1 1 Sump pump, reagent area, 50 by 1200mm vertical U. S. 3.7 3.7 2.8

PP - 4519 1 1 Fuel pump - transfer, 1.1 m3/hr, 30.5 m tdh U. S. 0.7 0.7 0.5

PP - 4520 1 1 Fuel pump - recirculation 1.1 m3/hr, 30.5 m tdh U. S. 0.7 0.7 0.5

TK - 4501 1 1 Caustic mix tank, CS, 1.8 Ø x 1.8 m, w/20 kG Bag Breaker China

TK - 4502 1 1 Cyanide mix tank, CS, 2.4 Ø x 2.4 m, w/SuperSack Bag Breaker & Hoist China

TK - 4503 1 1 Cyanide storage tank, CS, 4.3 Ø x 4.9 m China

TK - 4506 1 1 Fuel storage tank China

TK - 4507 1 1 Fuel day tank China

Subtotal Area 45 Reagents 20.5 14.2

TOTAL ATTACHED KW 4,044 2,760

Equipment

Number
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APPENDIX 9 

PROCESS OPERATING COST SPREADSHEETS 



Area Total Annual

Job Title Number Salary Hourly Burdens Total Cost, RMB

PROCESS

Supervision

Process Manager 1 60,000                25,800                  85,800                    85,800                        

Maintenance Superintendent 1 45,000                19,350                  64,350                    64,350                        

Administrative Technician 2 36,000                15,480                  51,480                    102,960                      

Mill General Foreman 4 36,000                15,480                  51,480                    205,920                      

Shift Foreman 8 36,000                15,480                  51,480                    411,840                      

Process Maintenance Foreman 8 36,000                15,480                  51,480                    411,840                      

Crushing

Primary Crusher Operator 4 18,000                7,740                    25,740                    102,960                      

Secondary/Tertiary Crusher Operator 8 18,000                7,740                    25,740                    205,920                      

Crusher Helper 16 18,000                7,740                    25,740                    411,840                      

Heap/ROM Leach

Heap Leach Operator 4 18,000                7,740                    25,740                    102,960                      

Reagent Operator - Heap Leach 4 18,000                7,740                    25,740                    102,960                      

Reagent Operator - ROM 0 18,000                7,740                    25,740                    -                             

Dozer Operator - ROM & Heap Leach 4 18,000                7,740                    25,740                    102,960                      

Piping Crew - Heap Leach 8 18,000                7,740                    25,740                    205,920                      

Piping Crew - ROM Leach 0 18,000                7,740                    25,740                    -                             

Day Laborers 16 18,000                7,740                    25,740                    411,840                      

Recovery Plant

Recovery Plant Operator 8 18,000                7,740                    25,740                    205,920                      

Refining Operator 2 18,000                7,740                    25,740                    51,480                        

Shift Laborer 8 18,000                7,740                    25,740                    205,920                      

Process Maintenance

Mechanic 8 18,000                7,740                    25,740                    205,920                      

Mechanic Helper 8 18,000                7,740                    25,740                    205,920                      

Electrician 8 18,000                7,740                    25,740                    205,920                      

Electrician Helper 8 15,000                6,450                    21,450                    171,600                      

Instrumentation Technician 8 36,000                15,480                  51,480                    411,840                      

SUBTOTAL PROCESS 146 4,594,590                   

LABORATORY

Chief Metallurgist 1 45,000                19,350                  64,350                    64,350                        

Chemist 6 36,000                15,480                  51,480                    308,880                      

Lab Technician 8 36,000                15,480                  51,480                    411,840                      

Metallurgical Testing Helper 8 18,000                7,740                    25,740                    205,920                      

Shift Sample Buckers 8 18,000                7,740                    25,740                    205,920                      

SUBTOTAL LABORATORY 31 1,196,910                   

TOTAL 177 5,791,500                   

TOTAL, RMB / tonne 0.82                           

Jinshan Project Staffing Levels & Salary Schedules

Process & Laboratory - Crushed Heap Leach

Annual Base Pay



P
R

E
L

IM
IN

A
R

Y
 E

Q
U

IP
M

E
N

T
 L

IS
T

C
R

U
S

H
 L

E
A

C
H

 O
P

T
IO

N

N
u

m
b

e
r

In
s

ta
ll

e
d

N
u

m
b

e
r

O
p

e
ra

ti
n

g

D
e

s
c

ri
p

ti
o

n
V

e
n

d
o

r
M

o
to

r 
P

o
w

e
r 

k
W

A
tt

a
c

h
e

d

P
o

w
e

r 
  

k
W

O
p

e
a

rt
in

g

P
o

w
e

r 
  

k
W

H
o

u
rs

/D
a

y

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

A
re

a
 1

0
 P

ri
m

a
ry

 C
ru

s
h

in
g

B
N

 -
 1

0
0

1
1

1
D

u
m

p
 H

o
p

p
e

r,
 1

8
0

 t
o

n
n

e

C
M

 -
 1

0
0

1
1

1
A

ir
 C

o
m

p
re

s
s
o

r
2

2
2

2
7

5
%

1
6

.5
2

0
.0

1
1

7
,1

5
0

0
.0

2

C
R

 -
 1

0
0

1
1

1
P

ri
m

a
ry

 J
a

w
 C

ru
s
h

e
r 

4
8

" 
x
 6

0
"

2
2

4
2

2
4

7
5

%
1

6
8

.0
2

0
.0

1
,1

9
2

,8
0

0
0

.1
7

1
1

In
c
lu

d
in

g
 L

u
b

e
 S

y
s
te

m
1

.5
1

.5
7

5
%

1
.1

2
3

.5
9

,3
9

3
0

.0
0

C
V

 -
 1

0
0

1
1

1
P

ri
m

a
ry

 C
ru

s
h

e
r 

D
is

c
h

a
rg

e
 C

o
n

v
e

y
o

r,
 4

8
" 

x
 1

2
0

'
3

0
3

0
7

5
%

2
2

.5
2

0
.0

1
5

9
,7

5
0

0
.0

2

C
V

 -
 1

0
0

2
1

1
S

to
c
k
p

ile
 F

e
e

d
 C

o
n

v
e

y
o

r,
 4

8
" 

x
 1

5
0

'
3

7
.3

3
7

.3
7

5
%

2
8

.0
2

0
.0

1
9

8
,6

2
3

0
.0

3

D
C

 -
 1

0
0

1
1

1
B

a
g

h
o

u
s
e

2
2

2
2

7
5

%
1

6
.5

2
3

.5
1

3
7

,7
6

8
0

.0
2

F
E

 -
 1

0
0

1
1

1
R

O
M

 O
re

 A
p

ro
n

 F
e

e
d

e
r 

6
0

" 
x
 2

5
'

4
4

.8
4

4
.8

7
5

%
3

3
.6

2
0

.0
2

3
8

,5
6

0
0

.0
3

R
B

 -
 1

0
0

1
1

1
R

o
c
k
 B

re
a

k
e

r
2

2
2

2
7

5
%

1
6

.5
2

3
.5

1
3

7
,7

6
8

0
.0

2

S
C

 -
 1

0
0

1
1

1
G

ri
z
z
le

y
 S

c
re

e
n

W
T

 -
 1

0
0

1
1

1
P

ri
m

a
ry

 C
ru

s
h

e
r 

D
is

c
h

 B
e

lt
 W

e
ig

h
to

m
e

te
r

0
.1

0
.1

7
5

%
0

.1
2

0
.0

5
3

3
0

.0
0

S
u

b
to

ta
l 

A
re

a
 1

0
 P

ri
m

a
ry

 C
ru

s
h

in
g

4
0

3
.7

3
0

2
.8

2
,1

9
2

,3
4

5
.1

0
.3

1

P
re

li
m

in
a
ry

 M
a
jo

r 
E

q
u

ip
m

e
n

t 
L

is
t

L
o

a
d

 F
a

ct
o

r,
 %

k
w

h
/y

ea
r

k
w

h
/t

E
q

u
ip

m
e

n
t

N
u

m
b

e
r

8
/2

6
/2

0
0

5
D

R
A

F
T

Ji
n

sh
an

 P
ro

ce
ss

 O
p

E
x

 C
ru

sh
-R

ev
is

ed
 A

u
g

 1
9

-0
5

-2



P
R

E
L

IM
IN

A
R

Y
 E

Q
U

IP
M

E
N

T
 L

IS
T

C
R

U
S

H
 L

E
A

C
H

 O
P

T
IO

N

N
u

m
b

e
r

In
s

ta
ll

e
d

N
u

m
b

e
r

O
p

e
ra

ti
n

g

D
e

s
c

ri
p

ti
o

n
V

e
n

d
o

r
M

o
to

r 
P

o
w

e
r 

k
W

A
tt

a
c

h
e

d

P
o

w
e

r 
  

k
W

O
p

e
a

rt
in

g

P
o

w
e

r 
  

k
W

H
o

u
rs

/D
a

y

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

L
o

a
d

 F
a

ct
o

r,
 %

k
w

h
/y

ea
r

k
w

h
/t

E
q

u
ip

m
e

n
t

N
u

m
b

e
r

A
re

a
 1

5
 F

in
e

 C
ru

s
h

in
g

B
A

 -
 1

5
0

1
2

2
L

im
e

 B
in

 A
c
ti
v
a

to
r

1
.1

2
.2

7
5

%
1

.7
2

0
.0

1
1

,7
1

5
0

.0
0

B
N

 -
 1

5
0

1
1

1
S

u
rg

e
 B

in
, 

1
0

0
0

 t
o

n
n

e

B
N

 -
 1

5
0

2
1

1
P

ro
d

u
c
t 

B
in

, 
2

0
0

0
 t

o
n

n
e

B
N

 -
 1

5
0

3
1

1
L

im
e

 B
in

, 
1

0
0

 t
o

n
n

e

C
N

 -
 1

5
0

1
1

1
C

ra
n

e
1

0
1

0
7

5
%

7
.5

8
.0

2
1

,3
0

0
0

.0
0

C
R

 -
 1

5
0

1
1

1
S

e
c
o

n
d

a
ry

 C
ru

s
h

e
r,

 7
'

5
9

6
.8

5
9

6
.8

7
5

%
4

4
7

.6
2

0
.0

3
,1

7
7

,9
6

0
0

.4
5

1
1

In
c
lu

d
in

g
 O

il 
C

o
o

lin
g

 F
a

n
3

.7
3

.7
3

7
5

%
2

.8
2

3
.5

2
3

,3
5

8
0

.0
0

1
1

In
c
lu

d
in

g
 L

u
b

e
 O

il 
P

u
m

p
3

.7
3

.7
3

7
5

%
2

.8
2

3
.5

2
3

,3
5

8
0

.0
0

1
1

In
c
lu

d
in

g
 H

y
d

ra
u

lic
 A

d
ju

s
tm

e
n

t 
P

u
m

p
1

.5
1

.4
9

2
7

5
%

1
.1

2
3

.5
9

,3
4

3
0

.0
0

1
1

In
c
lu

d
in

g
 L

u
b

e
 O

il 
H

e
a

te
r

1
0

.0
1

0
7

5
%

7
.5

2
3

.5
6

2
,6

2
2

0
.0

1

C
R

 -
 1

5
0

2
1

1
T

e
rt

ia
ry

 C
ru

s
h

e
r,

 7
'

5
9

6
.8

5
9

6
.8

7
5

%
4

4
7

.6
2

0
.0

3
,1

7
7

,9
6

0
0

.4
5

1
1

In
c
lu

d
in

g
 O

il 
C

o
o

lin
g

 F
a

n
3

.7
3

.7
3

7
5

%
2

.8
2

3
.5

2
3

,3
5

8
0

.0
0

1
1

In
c
lu

d
in

g
 L

u
b

e
 O

il 
P

u
m

p
3

.7
3

.7
3

7
5

%
2

.8
2

3
.5

2
3

,3
5

8
0

.0
0

1
1

In
c
lu

d
in

g
 H

y
d

ra
u

lic
 A

d
ju

s
tm

e
n

t 
P

u
m

p
1

.5
1

.4
9

2
7

5
%

1
.1

2
3

.5
9

,3
4

3
0

.0
0

1
1

In
c
lu

d
in

g
 L

u
b

e
 O

il 
H

e
a

te
r

1
0

.0
1

0
7

5
%

7
.5

2
3

.5
6

2
,6

2
2

0
.0

1

C
R

 -
 1

5
0

3
1

1
T

e
rt

ia
ry

 C
ru

s
h

e
r,

 7
'

5
9

6
.8

5
9

6
.8

7
5

%
4

4
7

.6
2

0
.0

3
,1

7
7

,9
6

0
0

.4
5

1
1

In
c
lu

d
in

g
 O

il 
C

o
o

lin
g

 F
a

n
3

.7
3

.7
3

7
5

%
2

.8
2

3
.5

2
3

,3
5

8
0

.0
0

1
1

In
c
lu

d
in

g
 L

u
b

e
 O

il 
P

u
m

p
3

.7
3

.7
3

7
5

%
2

.8
2

3
.5

2
3

,3
5

8
0

.0
0

1
1

In
c
lu

d
in

g
 H

y
d

ra
u

lic
 A

d
ju

s
tm

e
n

t 
P

u
m

p
1

.5
1

.4
9

2
7

5
%

1
.1

2
3

.5
9

,3
4

3
0

.0
0

1
1

In
c
lu

d
in

g
 L

u
b

e
 O

il 
H

e
a

te
r

1
0

.0
1

0
7

5
%

7
.5

2
3

.5
6

2
,6

2
2

0
.0

1

C
V

 -
 1

5
0

1
1

1
S

e
c
o

n
d

a
ry

 F
e

e
d

 C
o

n
v
e

y
o

r
3

7
3

7
7

5
%

2
7

.8
2

0
.0

1
9

7
,0

2
5

0
.0

3

C
V

 -
 1

5
0

2
1

1
C

ru
s
h

e
r 

D
is

c
h

a
rg

e
 C

o
n

v
e

y
o

r 
4

8
" 

x
 1

5
0

'
7

5
7

5
7

5
%

5
6

.3
2

0
.0

3
9

9
,3

7
5

0
.0

6

C
V

 -
 1

5
0

3
1

1
T

ra
n

s
fe

r 
C

o
n

v
e

y
o

r,
 4

8
" 

x
 1

3
0

'
7

5
7

5
7

5
%

5
6

.3
2

0
.0

3
9

9
,3

7
5

0
.0

6

C
V

 -
 1

5
0

4
1

1
S

p
lit

te
r 

C
o

n
v
e

y
o

r,
 4

8
" 

x
 2

0
'

3
7

3
7

7
5

%
2

7
.8

2
0

.0
1

9
7

,0
2

5
0

.0
3

C
V

 -
 1

5
0

5
1

1
T

e
rt

ia
ry

 C
ru

s
h

e
r 

A
 F

e
e

d
 C

o
n

v
e

y
o

r,
 3

6
" 

x
 2

0
'

3
7

3
7

7
5

%
2

7
.8

2
0

.0
1

9
7

,0
2

5
0

.0
3

C
V

 -
 1

5
0

6
1

1
T

e
rt

ia
ry

 C
ru

s
h

e
r 

B
 F

e
e

d
 C

o
n

v
e

y
o

r,
 3

6
" 

x
 2

0
'

3
7

3
7

7
5

%
2

7
.8

2
0

.0
1

9
7

,0
2

5
0

.0
3

C
V

 -
 1

5
0

7
1

1
F

in
a

l 
P

ro
d

u
c
t 

D
is

c
h

a
rg

e
 C

o
n

v
e

y
o

r
7

5
7

5
7

5
%

5
6

.3
2

0
.0

3
9

9
,3

7
5

0
.0

6

D
C

 -
 1

5
0

1
1

1
S

e
c
o

n
d

a
ry

 C
ru

s
h

e
r 

B
a

g
h

o
u

s
e

2
2

2
2

7
5

%
1

6
.5

2
0

.0
1

1
7

,1
5

0
0

.0
2

D
C

 -
 1

5
0

2
1

1
T

e
rt

ia
ry

 C
ru

s
h

e
r 

B
a

g
h

o
u

s
e

2
2

2
2

7
5

%
1

6
.5

2
0

.0
1

1
7

,1
5

0
0

.0
2

D
C

 -
 1

5
0

3
1

1
T

e
rt

ia
ry

 C
ru

s
h

e
r 

B
a

g
h

o
u

s
e

2
2

2
2

7
5

%
1

6
.5

2
0

.0
1

1
7

,1
5

0
0

.0
2

D
C

 -
 1

5
0

4
1

1
L

im
e

 B
in

 D
u

s
t 

C
o

lle
c
to

r
1

.8
5

1
.8

5
7

5
%

1
.4

4
.0

1
,9

7
0

0
.0

0

F
E

 -
 1

5
0

1
2

1
C

o
a

rs
e

 O
re

 A
p

ro
n

 F
e

e
d

e
r

1
5

3
0

7
5

%
1

1
.3

2
0

.0
7

9
,8

7
5

0
.0

1

F
E

 -
 1

5
0

2
C

o
a

rs
e

 O
re

 A
p

ro
n

 F
e

e
d

e
r

F
E

 -
 1

5
0

3
1

1
L

im
e

 V
a

ri
a

b
le

 S
p

e
e

d
 S

c
re

w
 F

e
e

d
e

r
0

.7
5

0
.7

5
7

5
%

0
.6

2
0

.0
3

,9
9

4
0

.0
0

F
E

 -
 1

5
0

4
2

1
C

ru
s
h

e
d

 O
re

 F
e

e
d

e
r,

 b
e

lt
 f

e
e

d
e

r,
 2

0
0

0
 t

p
h

, 
v
a

ri
a

b
le

 s
p

e
e

d
1

5
3

0
7

5
%

1
1

.3
2

0
.0

7
9

,8
7

5
0

.0
1

F
E

 -
 1

5
0

5
C

ru
s
h

e
d

 O
re

 F
e

e
d

e
r,

 b
e

lt
 f

e
e

d
e

r,
 2

0
0

0
 t

p
h

, 
v
a

ri
a

b
le

 s
p

e
e

d

M
G

 -
 1

5
0

1
1

1
T

ra
m

p
 M

a
g

n
e

t 
- 

e
le

c
tr

o
m

a
g

n
e

t
7

.5
7

.5
7

5
%

5
.6

2
0

.0
3

9
,9

3
8

0
.0

1

M
G

 -
 1

5
0

2
1

1
T

ra
m

p
 M

a
g

n
e

t 
- 

e
le

c
tr

o
m

a
g

n
e

t
7

.5
7

.5
7

5
%

5
.6

2
0

.0
3

9
,9

3
8

0
.0

1

S
C

 -
 1

5
0

1
1

1
S

e
c
o

n
d

a
ry

 F
e

e
d

 S
c
re

e
n

2
2

2
2

7
5

%
1

6
.5

2
0

.0
1

1
7

,1
5

0
0

.0
2

S
C

 -
 1

5
0

2
2

2
V

ib
ra

ti
n

g
 S

c
re

e
n

 8
 x

 2
0

3
7

.3
7

4
.6

7
5

%
5

6
.0

2
0

.0
3

9
7

,2
4

5
0

.0
6

S
C

 -
 1

5
0

3
V

ib
ra

ti
n

g
 S

c
re

e
n

 8
 x

 2
0

T
R

 -
 1

5
0

1
1

1
M

a
g

n
e

t 
T

ro
lle

y
 S

y
s
te

m
0

.3
0

.3
7

5
%

0
.2

2
3

.5
1

,8
7

9
0

.0
0

T
R

 -
 1

5
0

2
1

1
M

a
g

n
e

t 
T

ro
lle

y
 S

y
s
te

m
0

.3
0

.3
7

5
%

0
.2

2
3

.5
1

,8
7

9
0

.0
0

W
T

 -
 1

5
0

1
1

1
B

e
lt
 W

e
ig

h
to

m
e

te
r

0
.3

0
.3

7
5

%
0

.2
2

3
.5

1
,8

7
9

0
.0

0

W
T

 -
 1

5
0

2
1

1
B

e
lt
 W

e
ig

h
to

m
e

te
r

0
.3

0
.3

7
5

%
0

.2
2

3
.5

1
,8

7
9

0
.0

0

S
u

b
to

ta
l 

A
re

a
 1

5
 F

in
e

 C
ru

s
h

in
g

2
,4

7
3

.9
1

,8
3

2
.9

1
3

,0
2

8
,1

1
2

1
.8

3

8
/2

6
/2

0
0

5
D

R
A

F
T

Ji
n

sh
an

 P
ro

ce
ss

 O
p

E
x

 C
ru

sh
-R

ev
is

ed
 A

u
g

 1
9

-0
5

-2



P
R

E
L

IM
IN

A
R

Y
 E

Q
U

IP
M

E
N

T
 L

IS
T

C
R

U
S

H
 L

E
A

C
H

 O
P

T
IO

N

N
u

m
b

e
r

In
s

ta
ll

e
d

N
u

m
b

e
r

O
p

e
ra

ti
n

g

D
e

s
c

ri
p

ti
o

n
V

e
n

d
o

r
M

o
to

r 
P

o
w

e
r 

k
W

A
tt

a
c

h
e

d

P
o

w
e

r 
  

k
W

O
p

e
a

rt
in

g

P
o

w
e

r 
  

k
W

H
o

u
rs

/D
a

y

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

L
o

a
d

 F
a

ct
o

r,
 %

k
w

h
/y

ea
r

k
w

h
/t

E
q

u
ip

m
e

n
t

N
u

m
b

e
r

A
re

a
 2

0
 L

e
a

c
h

in
g

P
D

 -
 2

0
0

1
1

1
P

re
g

n
a

n
t 

S
o

lu
ti
o

n
 P

o
n

d
 

P
D

 -
 2

0
0

2
1

1
E

x
c
e

s
s
 S

o
lu

ti
o

n
 P

o
n

d

P
P

 -
 2

0
0

1
3

2
P

re
g

n
a

n
t 

S
o

lu
ti
o

n
 P

u
m

p
s

U
. 

S
. 

5
6

1
6

8
7

5
%

8
4

.0
2

3
.5

7
2

1
,1

2
3

0
.1

0

P
P

 -
 2

0
0

2

P
P

 -
 2

0
0

3

P
P

 -
 2

0
0

4
2

1
E

x
c
e

s
s
 S

o
lu

ti
o

n
 P

u
m

p
s

U
. 

S
. 

4
5

9
0

7
5

%
3

3
.8

2
3

.5
2

8
9

,7
3

7
0

.0
4

P
P

 -
 2

0
0

5

S
u

b
to

ta
l 

A
re

a
 2

0
 L

e
a

c
h

in
g

2
5

8
1

1
7

.8
1

,0
1

0
,8

6
0

0
.1

4

8
/2

6
/2

0
0

5
D

R
A

F
T

Ji
n

sh
an

 P
ro

ce
ss

 O
p

E
x

 C
ru

sh
-R

ev
is

ed
 A

u
g

 1
9

-0
5

-2



P
R

E
L

IM
IN

A
R

Y
 E

Q
U

IP
M

E
N

T
 L

IS
T

C
R

U
S

H
 L

E
A

C
H

 O
P

T
IO

N

N
u

m
b

e
r

In
s

ta
ll

e
d

N
u

m
b

e
r

O
p

e
ra

ti
n

g

D
e

s
c

ri
p

ti
o

n
V

e
n

d
o

r
M

o
to

r 
P

o
w

e
r 

k
W

A
tt

a
c

h
e

d

P
o

w
e

r 
  

k
W

O
p

e
a

rt
in

g

P
o

w
e

r 
  

k
W

H
o

u
rs

/D
a

y

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

L
o

a
d

 F
a

ct
o

r,
 %

k
w

h
/y

ea
r

k
w

h
/t

E
q

u
ip

m
e

n
t

N
u

m
b

e
r

A
re

a
 3

0
 C

IC
 a

n
d

 C
a

rb
o

n
 S

tr
ip

p
in

g

D
R

 -
 3

0
0

1
1

1
R

e
to

rt
, 

E
le

c
tr

ic
, 

2
 c

u
ft

, 
w

/H
g

 T
ra

p
 a

n
d

 C
h

ill
e

r
U

. 
S

. 
5

5
7

5
%

3
.8

2
3

.5
3

2
,1

9
3

0
.0

0
5

E
Q

 -
 3

0
0

0
1

1
M

is
c
e

lla
n

e
o

u
s
 E

q
u

ip
m

e
n

t,
 v

a
u

lt
 d

o
o

r 
G

S
A

 C
la

s
s
 5

, 
E

le
c
tr

o
n

ic
 L

o
c
k
, 

In
c
lu

d
e

s
 

D
a

y
 G

a
te

 &
 W

a
ll 

F
la

n
g

e

U
. 

S
. 

E
W

 -
 3

0
0

1
2

1
E

le
c
tr

o
w

in
n

in
g

 c
e

ll 
7

5
 c

u
b

ic
 f

t 
c
o

m
p

le
te

 w
it
h

 2
1

 a
n

o
d

e
s
, 

2
0

 S
S

 c
a

th
o

d
e

s
 a

n
d

 

b
u

s
s
 b

a
r

U
. 

S
. 

E
W

 -
 3

0
0

2
U

. 
S

. 

F
A

 -
 3

0
0

1
1

1
E

x
h

a
u

s
t 

F
a

n
, 

e
le

c
tr

o
w

in
n

in
g

 a
re

a
, 

5
7

 c
u

b
ic

 m
e

te
rs

 p
e

r 
m

in
u

te
 i
n

c
lu

d
in

g
 

d
u

c
tw

o
rk

U
. 

S
. 

0
.7

5
0

.7
5

7
5

%
0

.6
2

3
.5

4
,8

2
9

0
.0

0

F
L

 -
 3

0
0

1
1

1
E

le
c
tr

o
w

in
n

in
g

 s
lu

d
g

e
 f

ilt
e

r,
 p

la
te

 a
n

d
 f

ra
m

e
U

. 
S

. 

H
E

 -
 3

0
0

1
1

1
S

tr
ip

 s
o

lu
ti
o

n
 r

e
c
o

v
e

ry
 h

e
a

t 
e

x
c
h

a
n

g
e

r
U

. 
S

. 

H
E

 -
 3

0
0

2
1

1
S

tr
ip

 s
o

lu
ti
o

n
 p

ri
m

a
ry

 h
e

a
t 

e
x
c
h

a
n

g
e

r
U

. 
S

. 

H
E

 -
 3

0
0

3
1

1
S

tr
ip

 s
o

lu
ti
o

n
 h

e
a

te
r,

 1
.5

4
/1

.2
3

 M
B

tu
/h

r,
 D

ie
s
e

l 
(N

o
 2

 F
u

e
l 
O

il)
 V

a
lv

e
s
 &

 

In
s
tr

u
m

e
n

ts
, 

E
x
p

a
n

s
io

n
 T

a
n

k
, 

A
ir
 S

e
p

a
ra

to
r

U
. 

S
. 

H
E

 -
 3

0
0

4
1

1
S

tr
ip

 s
o

lu
ti
o

n
 c

o
o

lin
g

 h
e

a
t 

e
x
c
h

a
n

g
e

r
U

. 
S

. 

P
P

 -
 3

0
0

1
3

2
B

a
rr

e
n

 S
o

lu
ti
o

n
 P

u
m

p
 8

5
4

 m
3

 p
e

r 
h

o
u

r 
d

e
s
ig

n
 t

o
ta

l 
fl
o

w
U

. 
S

. 
1

8
6

5
5

8
7

5
%

2
7

9
.0

2
3

.5
2

,3
9

5
,1

5
9

0
.3

4

P
P

 -
 3

0
0

2

P
P

 -
 3

0
0

3

P
P

 -
 3

0
0

4
1

1
C

IC
 C

a
rb

o
n

 t
ra

n
s
fe

r 
p

u
m

p
, 

7
6

 t
o

 5
0

 m
m

, 
h

o
ri
z
o

n
ta

l 
s
c
re

w
 i
m

p
e

lle
r,

 H
id

ro
s
ta

l 

T
y
p

e

U
. 

S
. 

2
.2

2
.2

7
5

%
1

.7
2

3
.5

1
4

,4
1

0
0

.0
0

P
P

 -
 3

0
0

5
1

1
S

tr
ip

p
e

d
 c

a
rb

o
n

 t
ra

n
s
fe

r 
p

u
m

p
, 

7
5

 t
o

 5
0

 m
m

, 
h

o
ri
z
o

n
ta

l 
s
c
re

w
 i
m

p
e

lle
r,

 H
id

ro
s
ta

l 

T
y
p

e

U
. 

S
. 

2
.2

2
.2

7
5

%
1

.7
2

3
.5

1
4

,4
1

0
0

.0
0

P
P

 -
 3

0
0

6
1

1
C

IC
 a

re
a

 s
u

m
p

 p
u

m
p

, 
v
e

rt
ic

a
l 
ru

b
b

e
r 

c
o

v
e

re
d

, 
5

0
 b

y
 1

2
0

0
 m

m
 v

e
rt

ic
a

l
U

. 
S

. 
3

.7
3

.7
7

5
%

2
.8

2
3

.5
2

4
,0

1
6

0
.0

0

P
P

 -
 3

0
0

7
1

1
C

a
rb

o
n

 a
re

a
 s

u
m

p
 p

u
m

p
, 

v
e

rt
ic

a
l 
ru

b
b

e
r 

c
o

v
e

re
d

, 
5

0
 b

y
 1

2
0

0
 m

m
 v

e
rt

ic
a

l
U

. 
S

. 
3

.7
3

.7
7

5
%

2
.8

2
3

.5
2

4
,0

1
6

0
.0

0
3

P
P

 -
 3

0
0

8
2

1
S

tr
ip

 s
o

lu
ti
o

n
 p

u
m

p
, 

h
o

ri
z
o

n
ta

l 
7

0
 g

p
m

U
. 

S
. 

3
.7

7
.5

7
5

%
2

.8
2

3
.5

2
4

,0
1

6
0

.0
0

P
P

 -
 3

0
0

9
U

. 
S

. 

P
P

 -
 3

0
1

0
2

1
H

o
t 

W
a

te
r 

C
ir
c
u

la
ti
o

n
 P

u
m

p
U

. 
S

. 
3

.7
7

.5
7

5
%

2
.8

2
3

.5
2

4
,0

1
6

0
.0

0

P
P

 -
 3

0
1

1
U

. 
S

. 

P
P

 -
 3

0
1

2
1

1
E

le
c
tr

o
w

in
n

in
g

 s
lu

d
g

e
 p

u
m

p
, 

4
0

 g
p

m
U

. 
S

. 
3

.7
3

.7
7

5
%

2
.8

2
3

.5
2

4
,0

1
6

0
.0

0

P
P

 -
 3

0
1

3
2

1
P

ro
c
e

s
s
 W

a
te

r 
P

u
m

p
, 

2
0

0
 g

p
m

U
. 

S
. 

2
0

.0
4

0
.0

7
5

%
1

5
.0

2
3

.5
1

2
8

,7
7

2
0

.0
2

P
P

 -
 3

0
1

4

R
F

 -
 3

0
0

1
2

1
D

C
 R

e
c
ti
fi
e

r,
 S

C
R

, 
0

-1
5

0
0

 A
, 

0
-6

 V
U

. 
S

. 
1

5
.0

3
0

.0
7

5
%

1
1

.3
2

3
.5

9
6

,5
7

9
0

.0
1

R
F

 -
 3

0
0

2

S
A

 -
 3

0
0

1
1

1
P

re
g

n
a

n
t 

s
o

lu
ti
o

n
 s

a
m

p
le

r
C

h
in

a

S
A

 -
 3

0
0

2
1

1
B

a
rr

e
n

 s
o

lu
ti
o

n
 s

a
m

p
le

r
C

h
in

a

S
C

 -
 3

0
0

1
1

1
T

ra
s
h

 s
c
re

e
n

, 
4

 M
e

s
h

C
h

in
a

S
C

 -
 3

0
0

2
1

1
C

a
rb

o
n

 s
a

fe
ty

 s
c
re

e
n

, 
3

5
 M

e
s
h

 s
ie

v
e

 b
e

n
d

 
C

h
in

a

T
K

 -
 3

0
0

1
1

1
C

a
rb

o
n

 A
d

s
o

rp
ti
o

n
 C

o
lu

m
n

 N
o

 1
, 

T
w

o
 T

o
n

/3
5

0
0

 g
p

m
, 

C
S

, 
T

a
n

k
s
 w

/3
0

4
S

S
 

D
ia

p
h

ra
g

m
 I

n
c
lu

d
e

s
 1

0
" 

M
a

g
m

e
te

r 

C
h

in
a

T
K

 -
 3

0
0

2
1

1
C

a
rb

o
n

 A
d

s
o

rp
ti
o

n
 C

o
lu

m
n

 N
o

 2
, 

T
w

o
 T

o
n

/3
5

0
0

 g
p

m
, 

C
S

, 
T

a
n

k
s
 w

/3
0

4
S

S
 

D
ia

p
h

ra
g

m

C
h

in
a

T
K

 -
 3

0
0

3
1

1
C

a
rb

o
n

 A
d

s
o

rp
ti
o

n
 C

o
lu

m
n

 N
o

 3
, 

T
w

o
 T

o
n

/3
5

0
0

 g
p

m
, 

C
S

, 
T

a
n

k
s
 w

/3
0

4
S

S
 

D
ia

p
h

ra
g

m

C
h

in
a

T
K

 -
 3

0
0

4
1

1
C

a
rb

o
n

 A
d

s
o

rp
ti
o

n
 C

o
lu

m
n

 N
o

 4
, 

T
w

o
 T

o
n

/3
5

0
0

 g
p

m
, 

C
S

, 
T

a
n

k
s
 w

/3
0

4
S

S
 

D
ia

p
h

ra
g

m

C
h

in
a

T
K

 -
 3

0
0

5
1

1
C

a
rb

o
n

 A
d

s
o

rp
ti
o

n
 C

o
lu

m
n

 N
o

 5
, 

T
w

o
 T

o
n

/3
5

0
0

 g
p

m
, 

C
S

, 
T

a
n

k
s
 w

/3
0

4
S

S
 

D
ia

p
h

ra
g

m

C
h

in
a

T
K

 -
 3

0
0

6
1

1
B

a
rr

e
n

 S
o

lu
ti
o

n
 S

u
rg

e
 T

a
n

k
, 

In
s
u

la
te

d
, 

8
.2

 M
 D

ia
 x

 9
.2

 M
 H

ig
h

 
C

h
in

a

T
K

 -
 3

0
0

7
1

1
B

a
rr

e
n

 S
o

lu
ti
o

n
 S

u
m

p

T
K

 -
 3

0
0

8
2

2
C

a
rb

o
n

 S
tr

ip
 C

o
lu

m
n

, 
2

 t
o

n
n

e
 c

a
p

a
c
it
y
 C

S
, 

1
0

0
 p

s
i-
3

0
0

 F
 A

S
M

E
 V

II
I,

 I
n

/O
u

t 

M
a

n
if
o

ld
s

U
. 

S
. 

T
K

 -
 3

0
0

9

T
K

 -
 3

0
1

0
1

1
S

tr
ip

 s
o

lu
ti
o

n
 t

a
n

k
, 

C
S

, 
w

/S
ig

h
t 

G
la

s
s

C
h

in
a

T
K

 -
 3

0
1

1
1

1
C

a
th

o
d

e
 w

a
s
h

 t
a

n
k
, 

F
R

P
, 

1
 m

e
te

r 
d

ia
m

e
te

r 
x
 1

 m
e

te
r 

h
ig

h
U

. 
S

. 

S
u

b
to

ta
l 

A
re

a
 3

0
 C

IC
 a

n
d

 C
a

rb
o

n
 S

tr
ip

p
in

g
6

6
4

3
2

7
2

,8
0

6
,4

3
1

.2
1

0
.4

0

8
/2

6
/2

0
0

5
D

R
A

F
T

Ji
n

sh
an

 P
ro

ce
ss

 O
p

E
x

 C
ru

sh
-R

ev
is

ed
 A

u
g

 1
9

-0
5

-2



P
R

E
L

IM
IN

A
R

Y
 E

Q
U

IP
M

E
N

T
 L

IS
T

C
R

U
S

H
 L

E
A

C
H

 O
P

T
IO

N

N
u

m
b

e
r

In
s

ta
ll

e
d

N
u

m
b

e
r

O
p

e
ra

ti
n

g

D
e

s
c

ri
p

ti
o

n
V

e
n

d
o

r
M

o
to

r 
P

o
w

e
r 

k
W

A
tt

a
c

h
e

d

P
o

w
e

r 
  

k
W

O
p

e
a

rt
in

g

P
o

w
e

r 
  

k
W

H
o

u
rs

/D
a

y

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

L
o

a
d

 F
a

ct
o

r,
 %

k
w

h
/y

ea
r

k
w

h
/t

E
q

u
ip

m
e

n
t

N
u

m
b

e
r

A
re

a
 3

5
 R

e
fi

n
in

g

 B
M

 -
 3

5
0

1
1

1
B

a
tc

h
 b

a
ll 

m
ill

U
. 

S
. 

2
.2

2
.2

7
5

%
1

.7
2

3
.5

1
4

,4
1

0
0

.0
0

 F
A

 -
 3

5
0

1
1

1
E

x
h

a
u

s
t 

fa
n

, 
fu

rn
a

c
e

 a
n

d
 r

e
to

rt
 a

re
a

U
. 

S
. 

3
.7

3
.7

7
5

%
2

.8
2

3
.5

2
4

,0
1

6
0

.0
0

 F
R

 -
 3

5
0

1
1

1
In

d
u

c
ti
o

n
 f

u
rn

a
c
e

, 
In

d
u

c
ti
o

n
, 

7
5

 k
W

/0
.7

 c
u

ft
, 

w
/H

y
d

ra
u

lic
s
 &

 C
h

ill
e

r
U

. 
S

. 
7

5
7

5
7

5
%

5
6

.3
2

3
.5

4
8

2
,8

9
5

0
.0

7

 G
R

 -
 3

5
0

1
1

1
G

ra
v
it
y
 C

o
n

c
e

n
tr

a
to

r
U

. 
S

. 
7

5
%

2
3

.5

 S
C

 -
 3

5
0

1
1

1
V

ib
ra

ti
n

g
 s

la
g

 s
c
re

e
n

U
. 

S
. 

0
.7

0
.7

7
5

%
0

.6
2

3
.5

4
,8

0
3

0
.0

0

 Z
M

 -
 3

5
0

1
1

1
S

m
e

lt
in

g
 f

u
rn

a
c
e

 e
q

u
ip

m
e

n
t 

(I
n

c
lu

d
e

s
 c

a
s
c
a

d
e

 m
o

ld
 s

ta
n

d
, 

1
0

0
0

 o
z
 m

o
ld

s
 (

5
),

 

a
n

d
 s

la
g

 p
o

t 
(2

),
 2

5
 c

u
ft

, 
C

e
m

e
n

t 
M

ix
e

r,
 P

E
 D

ru
m

U
. 

S
. 

S
u

b
to

ta
l 

A
re

a
 3

5
 R

e
fi

n
in

g
8

1
.7

6
1

.3
5

2
6

,1
2

3
.7

6
0

.0
7

8
/2

6
/2

0
0

5
D

R
A

F
T

Ji
n

sh
an

 P
ro

ce
ss

 O
p

E
x

 C
ru

sh
-R

ev
is

ed
 A

u
g

 1
9

-0
5

-2



P
R

E
L

IM
IN

A
R

Y
 E

Q
U

IP
M

E
N

T
 L

IS
T

C
R

U
S

H
 L

E
A

C
H

 O
P

T
IO

N

N
u

m
b

e
r

In
s

ta
ll

e
d

N
u

m
b

e
r

O
p

e
ra

ti
n

g

D
e

s
c

ri
p

ti
o

n
V

e
n

d
o

r
M

o
to

r 
P

o
w

e
r 

k
W

A
tt

a
c

h
e

d

P
o

w
e

r 
  

k
W

O
p

e
a

rt
in

g

P
o

w
e

r 
  

k
W

H
o

u
rs

/D
a

y

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

L
o

a
d

 F
a

ct
o

r,
 %

k
w

h
/y

ea
r

k
w

h
/t

E
q

u
ip

m
e

n
t

N
u

m
b

e
r

A
re

a
 4

0
 C

a
rb

o
n

 H
a

n
d

li
n

g

A
G

 -
 4

0
0

1
1

1
A

tt
ri
ti
o

n
 T

a
n

k
 A

g
it
a

to
r

U
. 

S
. 

0
.7

0
.7

7
5

%
0

.6
1

.0
2

0
4

0
.0

0

E
Q

 -
 4

0
0

1
1

S
a

fe
ty

 s
h

o
w

e
r 

a
n

d
 e

y
e

 w
a

s
h

D
V

 -
 4

0
0

1
 

1
1

F
lo

p
 G

a
te

F
A

 -
 4

0
0

1
1

1
E

x
h

a
u

s
t 

fa
n

, 
c
a

rb
o

n
 w

a
s
h

 a
re

a
U

. 
S

. 
0

.7
0

.7
7

5
%

0
.6

2
3

.5
4

,8
0

3
0

.0
0

F
A

 -
 4

0
0

2
1

1
K

iln
 e

x
h

a
u

s
t 

fa
n

U
. 

S
. 

0
.7

0
.7

7
5

%
0

.6
2

3
.5

4
,8

0
3

0
.0

0

F
L

 -
 4

0
0

1
1

1
C

a
rb

o
n

 F
in

e
s
 F

ilt
e

r
U

. 
S

. 

H
O

 -
 4

0
0

1
1

1
K

iln
 f

e
e

d
 h

o
p

p
e

r,
 2

 m
e

te
rs

 d
ia

m
e

te
r 

b
y
 2

 m
e

te
rs

 v
e

rt
ic

a
l 
s
id

e
, 

6
0

 d
e

g
re

e
 c

o
n

e
 

b
o

tt
o

m

U
. 

S
. 

K
N

 -
 4

0
0

1
1

1
R

e
g

e
n

e
ra

ti
o

n
 k

iln
 p

a
c
k
a

g
e

, 
H

o
ri
z
o

n
ta

l,
 E

le
c
tr

ic
 1

2
0

 k
W

 o
r 

D
ie

s
e

l 
(N

o
 2

 F
u

e
l 
O

il)
U

. 
S

. 
1

2
0

1
2

0
7

5
%

9
0

.0
2

3
.5

7
7

2
,6

3
2

0
.1

1

P
P

 -
 4

0
0

1
1

1
C

a
rb

o
n

 w
a

s
h

 p
u

m
p

, 
3

4
 g

p
m

U
. 

S
. 

3
.7

3
.7

7
5

%
2

.8
2

3
.5

2
4

,0
1

6
0

.0
0

P
P

 -
 4

0
0

4
1

1
C

a
rb

o
n

 t
ra

n
s
fe

r 
p

u
m

p
, 

7
5

 b
y
 5

0
 m

m
, 

s
c
re

w
 i
m

p
e

lle
r 

h
id

ro
s
ta

l 
ty

p
e

U
. 

S
. 

3
.7

3
.7

7
5

%
2

.8
2

3
.5

2
4

,0
1

6
0

.0
0

P
P

 -
 4

0
0

6
1

1
S

u
m

p
 p

u
m

p
, 

c
a

rb
o

n
 w

a
s
h

 a
re

a
 2

0
 g

p
m

U
. 

S
. 

3
.7

3
.7

7
5

%
2

.8
2

3
.5

2
4

,0
1

6
0

.0
0

P
P

 -
 4

0
0

7
2

1
C

a
rb

o
n

 F
in

e
s
 P

u
m

p
, 

7
0

 g
p

m
U

. 
S

. 
3

.7
7

.5
7

5
%

2
.8

2
3

.5
2

4
,0

1
6

0
.0

0

P
P

 -
 4

0
0

8
3

.7

S
C

 -
 4

0
0

1
1

1
D

e
w

a
te

ri
n

g
 s

c
re

e
n

, 
S

S
 W

e
d

g
e

w
ir
e

 p
a

n
e

l
U

. 
S

. 
7

5
%

2
3

.5

S
C

 -
 4

0
0

2
1

1
C

a
rb

o
n

 S
iz

in
g

 s
c
re

e
n

, 
3

6
" 

M
id

w
e

s
te

rn
, 

fl
o

p
 g

a
te

 h
ig

h
 s

p
e

e
d

 v
ib

ra
ti
n

g
U

. 
S

. 
1

1
7

5
%

0
.8

2
3

.5
6

,4
3

9
0

.0
0

S
J
 -

 4
0

0
1

1
1

K
iln

 f
e

e
d

 s
c
re

w
 c

o
n

v
e

y
o

r 
S

S
 S

c
re

w
U

. 
S

. 
1

1
7

5
%

0
.8

2
3

.5
6

,4
3

9
0

.0
0

T
K

 -
 4

0
0

1
1

1
A

c
id

 w
a

s
h

 c
o

lu
m

n
, 

F
R

P
, 

2
.0

 T
o

n
, 

In
c
lu

d
e

s
 I

n
le

t/
O

u
tl
e

t 
M

a
n

if
o

ld
s

U
. 

S
. 

T
K

 -
 4

0
0

2
1

1
W

a
s
h

 s
o

lu
ti
o

n
 t

a
n

k
, 

F
R

P
U

. 
S

. 

T
K

 -
 4

0
0

3
1

1
Q

u
e

n
c
h

 t
a

n
k
, 

C
a

rb
o

n
 S

te
e

l,
 2

 m
e

te
rs

 d
ia

m
e

te
r 

b
y
 2

 m
e

te
rs

 v
e

rt
ic

a
l 
s
id

e
, 

6
0

 

d
e

g
re

e
 c

o
n

e
 b

o
tt

o
m

C
h

in
a

T
K

 -
 4

0
0

4
1

1
C

a
rb

o
n

 S
to

ra
g

e
 T

a
n

k
, 

2
 m

e
te

rs
 d

ia
m

e
te

r 
b

y
 2

 m
e

te
rs

 v
e

rt
ic

a
l 
s
id

e
, 

6
0

 d
e

g
re

e
 

c
o

n
e

 b
o

tt
o

m

C
h

in
a

T
K

 -
 4

0
0

5
1

1
C

a
rb

o
n

 A
tt

ri
ti
o

n
 T

a
n

k
, 

2
 m

e
te

rs
 d

ia
m

e
te

r 
b

y
 2

 m
e

te
rs

 v
e

rt
ic

a
l 
s
id

e
, 

6
0

 d
e

g
re

e
 

c
o

n
e

 b
o

tt
o

m

C
h

in
a

T
K

 -
 4

0
0

7
1

1
C

a
rb

o
n

 F
in

e
s
 S

to
ra

g
e

 T
a

n
k
, 

2
 m

e
te

rs
 d

ia
m

e
te

r 
b

y
 2

 m
e

te
rs

 v
e

rt
ic

a
l 
s
id

e
, 

6
0

 

d
e

g
re

e
 c

o
n

e
 b

o
tt

o
m

C
h

in
a

S
u

b
to

ta
l 

A
re

a
 4

0
 C

a
rb

o
n

 H
a

n
d

li
n

g
1

4
2

.1
1

0
3

.8
8

9
1

,3
8

3
.7

2
0

.1
3

8
/2

6
/2

0
0

5
D

R
A

F
T

Ji
n

sh
an

 P
ro

ce
ss

 O
p

E
x

 C
ru

sh
-R

ev
is

ed
 A

u
g

 1
9

-0
5

-2



P
R

E
L

IM
IN

A
R

Y
 E

Q
U

IP
M

E
N

T
 L

IS
T

C
R

U
S

H
 L

E
A

C
H

 O
P

T
IO

N

N
u

m
b

e
r

In
s

ta
ll

e
d

N
u

m
b

e
r

O
p

e
ra

ti
n

g

D
e

s
c

ri
p

ti
o

n
V

e
n

d
o

r
M

o
to

r 
P

o
w

e
r 

k
W

A
tt

a
c

h
e

d

P
o

w
e

r 
  

k
W

O
p

e
a

rt
in

g

P
o

w
e

r 
  

k
W

H
o

u
rs

/D
a

y

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

O
x

id
e

S
u

lf
id

e
R

O
M

L
o

a
d

 F
a

ct
o

r,
 %

k
w

h
/y

ea
r

k
w

h
/t

E
q

u
ip

m
e

n
t

N
u

m
b

e
r

A
re

a
 4

5
 R

e
a

g
e

n
ts

A
G

 -
 4

5
0

2
1

1
A

g
it
a

to
r 

fo
r 

c
y
a

n
id

e
 m

ix
 t

a
n

k
U

. 
S

. 
3

.7
3

.7
7

5
%

2
.8

2
3

.5
2

4
,0

1
6

0
.0

0

B
N

 -
 4

5
0

1
1

1
P

e
b

b
le

 l
im

e
 s

to
ra

g
e

 s
ilo

, 
1

0
0

 t
o

n
n

e
 c

a
p

a
c
it
y
 w

it
h

 b
a

g
 h

o
u

s
e

C
h

in
a

B
V

 -
 4

5
0

1
1

1
B

in
 V

e
n

t
C

h
in

a
0

.7
0

.7
7

5
%

0
.5

2
3

.5
4

,5
0

7
0

.0
0

B
X

 -
 4

5
0

1
1

1
B

in
 A

c
ti
v
a

to
r

C
h

in
a

0
.7

0
.7

7
5

%
0

.5
2

3
.5

4
,5

0
7

0
.0

0

E
Q

 -
 4

5
0

1
1

1
S

a
fe

ty
 s

h
o

w
e

r 
a

n
d

 e
y
e

 w
a

s
h

 s
ta

ti
o

n
U

. 
S

. 

F
A

 -
 4

5
0

1
1

1
E

x
h

a
u

s
t 

fa
n

 c
y
a

n
id

e
 m

ix
in

g
0

.7
0

.7
7

5
%

0
.5

2
3

.5
4

,5
0

7
0

.0
0

F
E

 -
 4

5
0

1
1

1
L

im
e

 f
e

e
d

e
r

U
. 

S
. 

0
.7

0
.7

7
5

%
0

.5
2

3
.5

4
,5

0
7

0
.0

0

H
O

 -
 4

5
0

1
1

1
L

im
e

 F
e

e
d

 H
o

p
p

e
r

U
. 

S
. 

P
P

 -
 4

5
0

1
3

3
S

o
d

iu
m

 h
y
d

ro
x
id

e
 m

e
te

ri
n

g
 p

u
m

p
s

C
h

in
a

0
.7

2
.1

7
5

%
1

.6
2

3
.5

1
3

,5
2

1
0

.0
0

P
P

 -
 4

5
0

2
C

h
in

a
7

5
%

2
3

.5

P
P

 -
 4

5
0

3
C

h
in

a
7

5
%

2
3

.5

P
P

 -
 4

5
0

5
1

1
S

o
d

iu
m

 h
y
d

ro
x
id

e
 m

ix
in

g
/c

ir
c
u

la
ti
n

g
 p

u
m

p
s
 4

.5
 m

3
/h

r,
 7

.6
 m

 t
d

h
U

. 
S

. 
1

.5
1

.5
7

5
%

1
.1

2
3

.5
9

,6
5

8
0

.0
0

P
P

 -
 4

5
0

6
1

1
C

y
a

n
id

e
 T

ra
n

s
fe

r 
p

u
m

p
, 

1
7

 m
3

/h
r,

 1
0

.7
 m

 t
d

h
U

. 
S

. 
1

.5
1

.5
7

5
%

1
.1

2
3

.5
9

,6
5

8
0

.0
0

P
P

 -
 4

5
0

7
2

1
C

y
a

n
id

e
 D

is
tr

ib
u

ti
o

n
 p

u
m

p
, 

9
.1

 m
3

/h
r,

 3
0

.5
 m

 t
d

h
U

. 
S

. 
1

.5
3

7
5

%
1

.1
2

3
.5

9
,6

5
8

0
.0

0

P
P

 -
 4

5
0

8

P
P

 -
 4

5
1

2
2

1
A

n
ti
s
c
a

lin
g

 -
 m

e
te

ri
n

g
 t

y
p

e
C

h
in

a
7

5
%

2
3

.5

P
P

 -
 4

5
1

3
7

5
%

2
3

.5

P
P

 -
 4

5
1

4
1

1
H

y
d

ro
c
h

lo
ri
c
 a

c
id

 p
u

m
p

 -
 b

a
rr

e
l 
ty

p
e

, 
2

0
g

p
m

U
. 

S
. 

0
.7

0
.7

7
5

%
0

.5
2

3
.5

4
,5

0
7

0
.0

0

P
P

 -
 4

5
1

5
1

1
S

u
m

p
 p

u
m

p
, 

re
a

g
e

n
t 

a
re

a
, 

5
0

 b
y
 1

2
0

0
m

m
 v

e
rt

ic
a

l
U

. 
S

. 
3

.7
3

.7
7

5
%

2
.8

2
3

.5
2

4
,0

1
6

0
.0

0

P
P

 -
 4

5
1

9
1

1
F

u
e

l 
p

u
m

p
 -

 t
ra

n
s
fe

r,
 1

.1
 m

3
/h

r,
 3

0
.5

 m
 t

d
h

U
. 

S
. 

0
.7

0
.7

7
5

%
0

.5
2

3
.5

4
,5

0
7

0
.0

0

P
P

 -
 4

5
2

0
1

1
F

u
e

l 
p

u
m

p
 -

 r
e

c
ir
c
u

la
ti
o

n
 1

.1
 m

3
/h

r,
 3

0
.5

 m
 t

d
h

U
. 

S
. 

0
.7

0
.7

7
5

%
0

.5
2

3
.5

4
,5

0
7

0
.0

0

T
K

 -
 4

5
0

1
1

1
C

a
u

s
ti
c
 m

ix
 t

a
n

k
, 

C
S

, 
1

.8
 Ø

 x
 1

.8
 m

, 
w

/2
0

 k
G

 B
a

g
 B

re
a

k
e

r
C

h
in

a

T
K

 -
 4

5
0

2
1

1
C

y
a

n
id

e
 m

ix
 t

a
n

k
, 

C
S

, 
2

.4
 Ø

 x
 2

.4
 m

, 
w

/S
u

p
e

rS
a

c
k
 B

a
g

 B
re

a
k
e

r 
&

 H
o

is
t

C
h

in
a

T
K

 -
 4

5
0

3
1

1
C

y
a

n
id

e
 s

to
ra

g
e

 t
a

n
k
, 

C
S

, 
4

.3
 Ø

 x
 4

.9
 m

 
C

h
in

a

T
K

 -
 4

5
0

6
1

1
F

u
e

l 
s
to

ra
g

e
 t

a
n

k
C

h
in

a

T
K

 -
 4

5
0

7
1

1
F

u
e

l 
d

a
y
 t

a
n

k
C

h
in

a

S
u

b
to

ta
l 

A
re

a
 4

5
 R

e
a

g
e

n
ts

2
0

.4
6

1
4

.2
1

2
2

,0
7

6
0

.0
2

T
O

T
A

L
 A

T
T

A
C

H
E

D
 K

W
4

,0
4

4
T

O
T

A
L

 O
P

E
R

A
T

IN
G

 K
W

2
,7

6
0

2
0

,5
7

7
,3

3
2

2
.9

0

8
/2

6
/2

0
0

5
D

R
A

F
T

Ji
n

sh
an

 P
ro

ce
ss

 O
p

E
x

 C
ru

sh
-R

ev
is

ed
 A

u
g

 1
9

-0
5

-2



Area Unit

Units Oxide Sulfide ROM Costs, RMB Oxide Sulfide ROM

Labour

Process lot 146 4,594,590 0.647

Laboratory lot 31 1,196,910 0.169

SUBTOTAL 177 5,791,500 0.816

Area 10 Primary Crushing

Power kWh/t 0.309 0.30 0.093

Crusher Liner kg/t 0.002 92.1 0.191

Maintenance Supplies lot 0.327

SUBTOTAL 0.611

Area 15 Fine Crushing

Power kWh/t 1.83 0.30 0.550

Crusher Liner kg/t 0.02 54.0 0.896

Dozer (At Stockpile) hrs/day 0.50 260 0.007

Maintenance Supplies lot 0.982

SUBTOTAL 2.435

Stacking

Power kWh/t

Position Conveyors hrs/day 

Dozer (Crushed Ore) hrs/day 8 260 0.104

Dozer (ROM Ore) hrs/day 

Maintenance Supplies lot

SUBTOTAL 0.104

Area 20 Leaching

Power kWh/t 0.14 0.30 0.043

Piping lot 0.243

Maintenance Supplies lot 0.033

SUBTOTAL 0.318

Area 30 CIC and Carbon Stripping

Power kWh/t 0.40 0.30 0.119

Diesel-Boiler kg / strip 504 4.0 0.198

Carbon kg / tonne Carbon 30.0 10.0 0.059

Misc. Operating Supplies lot 0.114

Maintenance Supplies lot 0.068

SUBTOTAL 0.557

Area 35 Refining

Power kWh/t 0.07 0.30 0.022

Misc. Operating Supplies lot 0.034

Maintenance Supplies lot 0.037

SUBTOTAL 0.094

Area 40 Carbon Handling

Power kWh/t 0.13 0.30 0.038

Misc. Operating Supplies lot 0.020

Maintenance Supplies lot 0.065

SUBTOTAL 0.123

Item

Quantity RMB/Tonne

Jinshan Gold Mines Preliminary Operating Costs - Crushed Heap Leach

Jinshan Process OpEx Crush-Revised Aug 19-05-2



Area Unit

Units Oxide Sulfide ROM Costs, RMB Oxide Sulfide ROMItem

Quantity RMB/Tonne

Jinshan Gold Mines Preliminary Operating Costs - Crushed Heap Leach

Area 45 Reagents

Power kWh/t 0.02 0.3 0.005

Cyanide kg/t 0.40 10.0 4.000

Lime - ROM kg/t 2.00 0.25 0.500

Cement kg/t 0

Hydrochloric Acid L/batch 800 0.8 0.063

Sodium Hydroxide kg/batch 70 0.2 0.002

Anti-scalent ppm 6 15 0.072

Fluxes kg/oz 0.15 3 0.011

Maintenance Supplies lot 0.016

SUBTOTAL 4.669

Area 90 Laboratory

Fire Assays Assays / Day 200 20.0 0.200

Solution Assays Assays / Day 133 5.0 0.033

Miscellaneous Supplies lot 0.100

Power kWh/t 0.10 0.30 0.030

SUBTOTAL 0.363

Area 100 Support Services

Buildings - Power kWh/t 0.100 0.30 0.030

Light Vehicles km/day 400 1.2 0.025

Maintenance Trucks km/day 200 1.5 0.015

Bobcat Loader hrs/day 8 40 0.016

Forklift hrs/day 4 32 0.007

Backhoe hrs/day 4 35 0.007

Mobile Crane hrs/day 8 250 0.103

Truck hrs/day 8 70 0.029

SUBTOTAL 0.232

TOTAL 10.322

Original 9.284

Jinshan Process OpEx Crush-Revised Aug 19-05-2



Area Total Annual

Job Title Number Salary Hourly Burdens Total Cost, RMB

PROCESS

Supervision

Process Manager 1 60,000                25,800                  85,800                    85,800                        

Maintenance Superintendent 1 45,000                19,350                  64,350                    64,350                        

Administrative Technician 2 36,000                15,480                  51,480                    102,960                      

Mill General Foreman 4 36,000                15,480                  51,480                    205,920                      

Shift Foreman 8 36,000                15,480                  51,480                    411,840                      

Process Maintenance Foreman 8 36,000                15,480                  51,480                    411,840                      

Crushing

Primary Crusher Operator 18,000                7,740                    25,740                    -                             

Secondary/Tertiary Crusher Operator 18,000                7,740                    25,740                    -                             

Crusher Helper 18,000                7,740                    25,740                    -                             

Heap/ROM Leach

Heap Leach Operator 4 18,000                7,740                    25,740                    102,960                      

Reagent Operator - Heap Leach 18,000                7,740                    25,740                    -                             

Reagent Operator - ROM 4 18,000                7,740                    25,740                    102,960                      

Dozer Operator - ROM & Heap Leach 4 18,000                7,740                    25,740                    102,960                      

Piping Crew - Heap Leach 18,000                7,740                    25,740                    -                             

Piping Crew - ROM Leach 8 18,000                7,740                    25,740                    205,920                      

Day Laborers 16 18,000                7,740                    25,740                    411,840                      

Recovery Plant

Recovery Plant Operator 8 18,000                7,740                    25,740                    205,920                      

Refining Operator 2 18,000                7,740                    25,740                    51,480                        

Shift Laborer 8 18,000                7,740                    25,740                    205,920                      

Process Maintenance

Mechanic 8 18,000                7,740                    25,740                    205,920                      

Mechanic Helper 8 18,000                7,740                    25,740                    205,920                      

Electrician 8 18,000                7,740                    25,740                    205,920                      

Electrician Helper 8 15,000                6,450                    21,450                    171,600                      

Instrumentation Technician 8 36,000                15,480                  51,480                    411,840                      

SUBTOTAL PROCESS 118 3,873,870                   

LABORATORY

Chief Metallurgist 1 45,000                19,350                  64,350                    64,350                        

Chemist 6 36,000                15,480                  51,480                    308,880                      

Lab Technician 8 36,000                15,480                  51,480                    411,840                      

Metallurgical Testing Helper 8 18,000                7,740                    25,740                    205,920                      

Shift Sample Buckers 8 18,000                7,740                    25,740                    205,920                      

SUBTOTAL LABORATORY 31 1,196,910                   

TOTAL 149 5,070,780                   

TOTAL, RMB / T 0.71                           

Jinshan Project Staffing Levels & Salary Schedules

Process & Laboratory - Heap Leach w ROM Only

Annual Base Pay
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Area Unit

Units Oxide Sulfide ROM Costs, RMB Oxide Sulfide ROM

Labour

Process lot 118 3,873,870 0.546

Laboratory lot 31 1,196,910 0.169

SUBTOTAL 149 5,070,780 0.714

Stacking

Power kWh/t

Position Conveyors hrs/day 

Dozer (Crushed Ore) hrs/day 

Dozer (ROM Ore) hrs/day 8 260 0.104

Maintenance Supplies lot

SUBTOTAL 0.104

Area 20 Leaching

Power kWh/t 0.1 0.30 0.043

Piping lot 0.243

Maintenance Supplies lot 0.033

SUBTOTAL 0.318

Area 30 CIC and Carbon Stripping

Power kWh/t 0.40 0.30 0.119

Diesel-Boiler kg / strip 504 4.0 0.217

Carbon g / tonne Carbon 30 10.0 0.065

Misc. Operating Supplies lot 0.114

Maintenance Supplies lot 0.068

SUBTOTAL 0.582

Area 35 Refining

Power kWh/t 0.07 0.30 0.022

Misc. Operating Supplies lot 0.034

Maintenance Supplies lot 0.037

SUBTOTAL 0.094

Area 40 Carbon Handling

Power kWh/t 0.13 0.30 0.038

Misc. Operating Supplies lot 0.022

Maintenance Supplies lot 0.065

SUBTOTAL 0.125

Area 45 Reagents

Power kWh/t 0.02 0.3 0.005

Cyanide kg/t 0.30 10.0 3.000

Lime - ROM kg/t 2 0.25 0.500

Cement kg/t 0

Hydrochloric Acid L/batch 800 0.8 0.069

Sodium Hydroxide kg/batch 70 0.2 0.002

Anti-scalent ppm 6 15 0.071

Fluxes kg/oz 0.15 3 0.012

Maintenance Supplies lot 0.016

SUBTOTAL 3.676

Item

Quantity RMB/Tonne

Jinshan Gold Mines Preliminary Operating Costs - Heap Leach w ROM Only

Jinshan Process OpEx ROM -Revised Aug 19-05-1



Area Unit

Units Oxide Sulfide ROM Costs, RMB Oxide Sulfide ROMItem

Quantity RMB/Tonne

Jinshan Gold Mines Preliminary Operating Costs - Heap Leach w ROM Only

Area 90 Laboratory

Fire Assays Assays / Day 200 20.0 0.200

Solution Assays Assays / Day 133 5.0 0.033

Miscellaneous Supplies lot 0.100

Power kWh/t 0.10 0.3 0.030

SUBTOTAL 0.363

Area 100 Support Services

Buildings - Power kWh/t 0.100 0.30 0.030

Light Vehicles km/day 400 1.2 0.025

Maintenance Trucks km/day 200 1.5 0.015

Bobcat Loader hrs/day 8 40 0.016

Forklift hrs/day 4 32 0.007

Backhoe hrs/day 4 35 0.007

Mobile Crane hrs/day 8 250 0.103

Truck hrs/day 8 70 0.029

SUBTOTAL 0.232

TOTAL 6.208

Original 5.140

Jinshan Process OpEx ROM -Revised Aug 19-05-1
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CAPITAL COST SPREADSHEETS 
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Figure C.1: Interpreted Section 7200 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.2: Interpreted Section 7300 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.3: Interpreted Section 7400 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.4: Interpreted Section 7500 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.5: Interpreted Section 7600 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography.

Figure C.6: Interpreted Section 7700 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography.
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Figure C.7: Interpreted Section 7750 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.8: Interpreted Section 7800 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.9: Interpreted Section 7850 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.10: Interpreted Section 7900 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.11: Interpreted Section 7950 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.12: Interpreted Section 8000 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.13: Interpreted Section 8050 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.14: Interpreted Section 8100 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.15: Interpreted Section 8150 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.16: Interpreted Section 8200 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.17: Interpreted Section 8250 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.18: Interpreted Section 8300 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.19: Interpreted Section 8350 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.20: Interpreted Section 8900 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.21: Interpreted Section 9300 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.22: Interpreted Section 9500 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.23: Interpreted Section 9600 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.24: Interpreted Section 9700 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.25: Interpreted Section 9800 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.26: Interpreted Section 9900 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.27: Interpreted Section 9950 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.28: Interpreted Section 10000 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.29: Interpreted Section 10050 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.30: Interpreted Section 10100 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.31: Interpreted Section 10150 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.32: Interpreted Section 10200 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.33: Interpreted Section 10250 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.34: Interpreted Section 10300 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.35: Interpreted Section 10350 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.36: Interpreted Section 10400 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.37: Interpreted Section 10450 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.38: Interpreted Section 10500 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.39: Interpreted Section 10550 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.40: Interpreted Section 10600 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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Figure C.41: Interpreted Section 10650 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 

Figure C.42: Interpreted Section 10700 showing drill hole data, interpreted 0.20g/t zone,

oxide/sulphide interface, and topography. 
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APPENDIX D

SUMMARY CORRELOGRAMS

AND INDICATOR VARIOGRAM MODELS 

AS REQUIRED BY THE IMOK MODEL, 2m COMPOSITES
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Figure D.1: Summary description of the overall Au correlogram model.
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Figure D.2: Summary description of the relative indicator variogram model, 0.20g/t, NE 

zone.
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Figure D.3: Summary description of the relative indicator variogram model, 0.20g/t, SW 

zone.
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Figure D.4: Summary description of the correlogram model, Au  0.20g/t, NE zone.
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Figure D.5: Summary description of the correlogram model, Au  0.20g/t, SW zone.
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APPENDIX E 

ADDITIONAL PLAN AND CROSS SECTIONAL VIEWS

2005 RESOURCE MODEL 
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Figure E.1: Cross-section, Au estimated grades, NE zone. Orange, red, and magenta represent 

Au  0.50g/t.  Blocks are 12.5 x 12.5 x 6m, and can be used for scale. 

Figure E.2: Cross-section, Au estimated grades, SW zone. Orange, red, and magenta represent 

Au  0.50g/t.  Blocks are 12.5 x 12.5 x 6m, and can be used for scale. 
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Figure E.3: Cross Section, Resource Category, NE zone. Red is measured, green is indicated, 

and blue is inferred. 

Figure E.4: Cross Section, Resource Category, SW zone. Red is measured, green is indicated, 

and blue is inferred. 
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APPENDIX F 

VALIDATION STATISTICS

2005 RESOURCE MODEL 
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Figure F.1: Histogram and Basic Statistics, NE resource model. Au grades shown 

correspond to mineralized proportion of the block, not fully diluted block Au grade. 

Figure F.2: Histogram and Basic Statistics, SW resource model. Au grades shown 

correspond to mineralized proportion of the block, not fully diluted block Au grade. 
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CSH 2005 Resource Model

Au Averages, 100m N-S Slices
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Figure F.3: Drift analysis in the Easting direction, 100m N-S slices, CSH 217 2005 resource 

model.

CSH 2005 Resource Model
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Figure F.4: Drift analysis in the Northing direction, 100m E-W slices, CSH 217 2005 

resource model. 
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CSH 2005 Resource Model

Au Averages, 12m Vertical Slices
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Figure F.5: Drift analysis in the vertical direction, 12m slices, CSH 2005 217 resource 

model.



CSH Gold Project - Mine Engineering and Development Study 

K D Engineering Document No. Q382-02-028.01 19 October 2005 

KDE FORM No. A263a-7/12/99 

APPENDIX 15 

HAZEN RESEARCH WORK INDEX REPORT 





















































































CSH Gold Project - Mine Engineering and Development Study 

K D Engineering Document No. Q382-02-028.01 19 October 2005 

KDE FORM No. A263a-7/12/99 

APPENDIX 16 

MINE PLAN DRAWINGS 
YEARS 1 THROUGH 8 
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MINE BOUNDARY COORDINATES



Point East(x,meter) North (y, meter)

1 352498.8221 4615051.5886

2 352498.8221 4615672.3337

3 353389.6693 4615672.3337

4 353389.6693 4616024.1431

5 354318.7736 4616024.1431

6 354318.7736 4616974.0984

7 354757.0598 4616974.0984

8 354757.0598 4617137.5102

9 355022.6826 4617137.5102

10 355022.6826 4617346.3606

11 355383.9739 4617346.3606

12 355383.9739 4617550.6708

13 356333.7836 4617550.6708

14 356333.7836 4616976.3321

15 357317.3933 4616976.3321

16 357317.3933 4616433.8404

17 357093.1666 4616433.8404

18 357093.1666 4615706.3729

19 356841.7878 4615706.3729

20 356773.8523 4615786.8373

21 356400.4700 4615813.9265

22 356373.3395 4615805.7131

23 356167.1173 4615645.5457

24 355578.8427 4615645.5457

25 355168.9017 4615682.7893

26 355066.8789 4615772.6095

27 354879.4312 4615606.6314

28 355069.6710 4615459.6037

29 355069.6710 4615280.6560

30 354683.5153 4615104.8391

31 354682.8792 4615022.1266

32 354816.4288 4615023.6989

33 354954.4912 4614891.1623

34 355042.1770 4614851.6412

35 355125.8292 4614827.5506

36 355255.5499 4614627.4155

37 355513.1055 4614132.7632

38 355679.9170 4614098.3969

39 355679.9170 4613891.4999

40 355741.8512 4613795.6054

41 355687.1164 4613613.1828

42 355579.9850 4613361.9220

43 355295.6590 4613049.8168

44 355020.1500 4613156.8510

45 354929.9075 4612924.5643

46 354814.2757 4612977.0806

47 354589.7489 4612728.3427

48 353777.0969 4612635.8553

49 353749.9952 4612619.9677

50 353685.2320 4612612.4114

51 353678.0982 4612672.2716

52 353808.9828 4612686.6123

53 353448.7923 4614524.7631

54 354167.8821 4614837.1728

55 354162.7061 4614907.7587

56 354198.4742 4615051.5886

MINE BOUNDARY

POINTS


