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1.  SUMMARY 

 

 

The Al Masane copper-zinc-gold silver deposits are located in southwestern Saudi Arabia, 

approximately 640 km southeast of Jiddah.  While prospecting in 1967, Hatem El-Khalidi, 

Chairman of Arabian Shield Development Company (ASDC), a USA-based corporation 

rediscovered the deposits that had been mined hundreds of years ago.  In 1980, a program of 

3,700 m of underground access and development and 20,000 m of underground diamond 

drilling was completed by Watts, Griffis and McOuat Limited (WGM).  Between 1982 and 

1987, considerable infill diamond drilling was carried out which expanded the reserves. 

 

A 44 km2 mining licence to develop the deposit was granted to ASDC by the Saudi Arabian 

Government in 1993. 

 

In 1993, ASDC retained WGM to update its 1982 feasibility study on the Al Masane deposits.  A 

review of the 1982 equipment selection and process flowsheet indicated that new technology 

developed during the past ten years could be used to reduce the capital costs and improve the 

metallurgical recoveries.  In particular, the use of semi-autogenous grinding (SAG) to reduce the 

capital cost of the grinding section and developments in reagents to improve metal recoveries 

were believed to hold the greatest potential for improving the economics of the project. 

 

The site is approximately 1,600 m above sea level on the Asir plateau in a temperate area of the 

Kingdom.  Rainfall is approximately 102 mm per year but the high evaporation rate causes the 

area to be arid. 

 

The Kingdom of Saudi Arabia has developed very modern infrastructure, including road, air, 

port, power distribution and communications systems.  Since the development boom of the 1970s 

and 1980s, a well-developed construction industry is in place within the country.  This will be 

utilized to the greatest extent possible.  Low power and labour costs and access to an operating 

deep water port enhance the project economics. 
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Three mineralized zones, the Saadah, Al Houra and Moyeath, have been outlined by diamond 

drilling.  The Saadah and Al Houra zones occur in a volcanic sequence that consists of two 

mafic-felsic sequences with interbedded exhalative cherts and metasedimentary rocks.  The 

Moyeath zone was discovered after the completion of underground development in 1980.  It is 

located along an angular unconformity with underlying felsic volcanics and shales.  The principal 

sulphide minerals in all of the zones are pyrite, sphalerite, and chalcopyrite.  The precious metals 

occur chiefly in tetrahedrite and as tellurides and electrum. 

 

Diluted, mineable and proven and probable reserves of 7,212,000 tonnes grading 1.42% Cu, 

5.31% Zn, 1.19 g Au/t and 40.20 g Ag/t have been estimated by WGM.  Also, approximately 

953,000 tonnes of inferred resources grading 1.16% Cu, 8.95% Zn, 1.50 g Au/t and 60.79 g Ag/t 

have been outlined in the Saadah, Al Houra and Moyeath zones.  Infill diamond drilling is 

necessary to upgrade these resources. 

 

A significant feature of the Al Masane deposits is that they tend to have a much greater vertical 

(plunge) extent than strike length.  Thorough surface prospecting in the area by ASDC led to the 

discovery of the Moyeath gossan in 1980.  This zone has a relatively small surface exposure but 

systematic definition drilling has outlined a sizeable orebody.  Similarly, some of the small 

showings outside the immediate area could yield substantial tonnages of ore.  WGM has assumed 

in this report that an ongoing exploration program is part of the project and that this will result in 

extended mine life.  

 

In addition to the immediate potential of the three known zones, exploration of gossans and 

geochemical anomalies in the general area has a high probability of discovering additional 

mineable resources which will increase the life of the operation. 

 

It is presently proposed to bring the deposit into production at a rate of 700,000 tonnes per year.  

Access to the mine is by a 700 m long decline and the two drifts that were driven as part of the 

original mine exploration program completed in 1982. 
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The ore will be mined by trackless mining equipment using either cut and fill or open stoping 

methods depending on the shape and location of each orebody.  Ore will be transported from the 

active mining areas to the underground dump pocket by a system of orepasses and trucks 

specifically designed for the transport of ore underground.  From the dump pocket the ore will be 

fed at a controlled rate into the underground crusher.  The crushed ore will then be transported by 

a conveyor system installed in the decline to a stockpile on surface. 

 

The concentrator will be designed to treat 2,000 tonnes per day of ore on a seven day per week 

schedule and produce a copper concentrate, a zinc concentrate and a dore bullion.  The ore will 

be ground and copper and zinc concentrates recovered by flotation.  The concentrates will be 

dewatered by thickening and filtering and will be loaded into highway haulage trucks for the 350 

km trip to the port of Gizan.  A cyanidation plant is included in the process flowsheet to recover 

the precious metal values from the final tailings and zinc concentrate.  Dore bullion will be 

produced. 

 

Water conservation will be implemented to minimize the water requirement for the process.  The 

tailings from the flotation circuit will be filtered in order to recover the water which will be 

recycled to the flotation process.  The filtered tailings will be transported to the disposal area by 

truck. 

 

Senior operating staff will be European or North American engineers with considerable 

experience in mining operations similar to Al Masane.  A program to hire as many Saudi 

personnel as possible will be undertaken.  Some of the supervisors and operating personnel for 

both underground and in the concentrator will be Filipinos with previous experience in mining.  

The semi-skilled and labourer positions will be filled by other nationalities.  A training program 

will be implemented to upgrade the qualifications of all workers. 

 

All personnel will be housed in a single status camp located in close proximity to the operation.  

The accommodations will be in single and twin bedded rooms with recreation and dining 

facilities provided.  The total operating complement will be 300 personnel.  The construction 

workforce is expected to peak at 225 personnel. 
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Water for the process and potable requirements will be provided by three wells located in the 

wadi downgradient from the mine.  A test program has shown that the total required water supply 

of 40 m3 per hour can be provided from these wells.  Low level surface dams and subsurface 

impermeable dams will be installed above each well to ensure that the aquifer is recharged and 

that a reliable source of water is available.  There is potential for increasing the amount of water 

from the wells should an extra supply of water be required.  Mine water will also be used to 

provide additional water for the operation. 

 

Power will be generated on site using four 3.2 MW diesel generators to meet the site requirement, 

with three units operating and one unit spare. 

 

Concentrates will be shipped in bulk to the deep water port of Gizan on the Red Sea by covered 

trucks.  The concentrates will be stored in an existing shed on the dock which has a capacity for 

10,000 tonnes of copper concentrates and 15,000 tonnes of zinc concentrates.  This shed will be 

leased from the Port Authority.  Concentrates will be shipped in 7,500 to 10,000 tonne lots to 

smelters in North America, Europe and Japan.  Ships will be loaded using a ship loader that will 

be specially constructed for the purpose. 

 

The equipment, methods and systems planned will consist of proven technology that has been 

used in presently existing operations. 

 

Implementation of the project will be undertaken under the direction of the owner's 

personnel.  The mine planning and development will be undertaken directly by ASDC 

personnel and the mine staff will be hired early in the project life.  The engineering, 

procurement and construction management (EPCM) for the concentrator and infrastructure 

will be undertaken by experienced consultants.  The EPCM activities will be directed by 

WGM as Agent for ASDC. 

 

The capital cost for the project is estimated at $81.3 million.  The mine will annually produce 

34,900 tonnes of copper concentrate containing precious metal values and 58,000 tonnes of 
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zinc concentrates.  Concentrates will be sold to smelters for recovery of the metal content.  Dore 

bullion will also be produced. 

 

We have estimated the operating cost for the mine, concentrator, and infrastructure to be 

$36.86 per tonne treated in the concentrator. 

 

We have prepared an economic analysis of the project utilizing cash flow projections.  The 

following assumptions have been used for the base case: 

 

• Mineable Proven and Probable Reserves 7,212,000 

  %Cu 1.42 

  %Zn 5.31 

  Au g/t 1.19 

  Ag g/t 40.20 

 

• Capital costs $81.3 million 

• Operating costs $36.86 per tonne 

• Metal Prices 

  Cu $1.00/lb 

  Zn $0.60/lb 

  Au $400/oz 

  Ag $6.00/oz 

 

The financing for the base case scenario assumes that: 

 

• 50% of the capital required will be borrowed from the Saudi Industrial Development 

Bank with a service charge of 2.5% per year.  This loan will be repaid in equal 

instalments over the life of the project. 

 

• 25% of the capital required will be borrowed from private banks at an interest rate of 5%. 

 This loan will be repaid out of 50% of available cash flow. 
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• 25% of the capital required will be equity invested by new Saudi shareholders. 

 

• An existing $11,000,000 loan will be repaid to the Saudi government in one payment at 

the end of the mine life. 

 

The corporate structure for the base case assumes that a new Saudi company will be formed.  The 

new company will be owned 50% by ASDC and 50% by the new Saudi equity investors. 

 

Cash flows have been calculated and the results are shown from the perspective of: 

 

• the Project; 

• new Saudi investors; and 

• Arabian Shield Development Company. 

 

Cash flows have also been calculated to show the effect of various opportunities and risks 

associated with the project.  The results of this financial analysis are as follows: 

 

 IRR ROR to NCF to NCF to ASDC 
 to Project Saudi Investors Saudi Investors ($millions) 
 (%) (%) ($ million) 
  

Base case 14.0 11.9 26.6 37.0 

Increased metal prices + 10% 21.6 22.1 59.9 62.7 

Ore grade +10% 19.2 19.1 49.2 54.5 

Operating costs -10% 17.3 16.5 40.1 47.5 

Ore reserves +10% 14.9 13.7 35.4 42.7 

Higher metal losses 12.9 10.1 21.8 33.3 

Capital Costs +10% 12.1 11.0 25.2 36.6 

Higher cyanide costs 12.0 8.7 18.3 30.7 

Operating costs +10% 10.6 6.5 12.9 26.5 
  



 Watts, Griffis and McOuat 

 

- 7 - 

The greatest effect on the internal rate of return (IRR) or rate of return (ROR) is caused by 

increases to revenue, while reductions in operating costs and increases in ore grade and ore 

reserves have a lesser but significant impact on the cash flows. 

 

We recommend that ASDC bring the Al Masane mine into production. The timing for such a 

decision is good as copper and zinc prices appear to be increasing from their recessionary price 

troughs. 

 

A financial consultant should be retained immediately to assist in structuring an optimum 

financing plan. 

 

The mine should be dewatered and fresh representative bulk samples taken from the Saadah and 

Al Houra zones to be processed in a pilot plant to confirm concentrate grades and recoveries and 

to optimize the design of the concentrator. 
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2.  INTRODUCTION 

 

 

2.1  BACKGROUND 

 

The Al Masane copper-zinc-gold-silver deposits are located in southwestern Saudi Arabia, 

approximately 640 km southeast of Jiddah.  Mining has been traced back in this area of 

Precambrian rocks for over 1,200 years when small scale copper recovery operations were 

carried out.  

 

While prospecting in 1967, Hatem El-Khalidi rediscovered the deposits which were then 

acquired by Arabian Shield Development Company (ASDC), a USA-based corporation.  In 

1971 an exploration licence was granted to ASDC.  Geophysical and geochemical surveys, 

surface and underground diamond drilling and metallurgical testing culminated in a positive 

feasibility study by Watts, Griffis and McOuat Limited (WGM) in 1982.  During the period 

from 1982 to 1987, further drilling to expand the mineral resources and several studies 

relating to the water supply for the deposits were completed. 

 

A mining licence was issued in 1993. 

 

2.2  TERMS OF REFERENCE 

 

In 1993 ASDC retained WGM to update their 1982 feasibility study on the Al Masane deposits.  

During the eleven years since the original feasibility study, a number of technical advances have 

been achieved that impact favourably on the project and its economics.  The purpose of this 

updated feasibility study has been to consolidate all aspects of the Al Masane project into one 

document which will be used to support financing for the project. 

 

For the feasibility study, WGM prepared a new ore reserve estimate;  carried out additional 

metallurgical tests;  prepared a new mining plan;  reviewed the capital and operating costs;  and 

carried out an economic analysis of the project. 
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2.3  SOURCES OF INFORMATION 

 

A WGM project team consisting of the Project Manager/Metallurgical Engineer, a Mining 

Geologist and a Mining Engineer reviewed copies of reports, plans, sections, drill logs and assay 

results for the drilling completed between 1981 and 1988.  

 

The WGM Project Manager/Metallurgical Engineer and Mining Engineer visited the property 

in January 1994 with engineers from Davy International Canada (Davy) who had been 

retained to carry out the project design and prepare the capital and operating costs.  The team 

examined the existing mine and surface facilities at Al Masane, and the port of Gizan and its 

onload/offload facilities.  They also visited mining operations in Saudi Arabia and discussed 

costs and availability of manpower and material with contractors. 

 

To serve as a basis for this present study, the services of a number of well known professional 

consulting firms were engaged to separately investigate and prepare reports on different aspects 

of the project.  These reports, their conclusions and recommendations form an integral part of this 

report.  These firms include: 

 

Lakefield Research Metallurgical Testwork 

Davy International Canada Capital and Operating Costs for Concentrator and 

 Infrastructure 

Shaheen & Peaker Ltd. Water Supply and Geotechnical Studies 

HBT Agra Limited Environmental Review 

 

A complete list of the materials used in this report is provided under the heading List of Materials 

Available For Review at the end of this report. 

 

2.4  UNITS AND CURRENCY 
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Metric units are used throughout this report.  Gold and silver grades in the reserves are expressed 

as grams per tonne (g Au/t). 

 

All dollar amounts quoted in this report are expressed in United States dollars (US$).  The 

following exchange rate was used in this report. 

 

    US$1.00 = 3.75 Saudi Rials 
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3.  LOCATION, ACCESS AND CLIMATE 

 

 

3.1  LOCATION 

 

The Al Masane property is located in southwestern Saudi Arabia approximately 640 km 

southeast of Jiddah at latitude 18°08' N and longitude 43°51' E (Figure 1).  The elevation is 

approximately 1,620 m above sea level. 

 

Najran is the major town in the area and is serviced by air from Jiddah and Riyadh.  Access from 

the town of Najran to the project site is by a paved road to Sifah which is 130 km by road from 

Najran.  From Sifah, access to the site is by a 20 km gravel road which will be easily upgraded to 

handle the volume of traffic that will be generated by the project. There are scheduled flights 

from Jiddah to Abha and Najran.  

 

From the west, there is a paved road between Abha and Gusap and then a dirt road to the 

property. 

 

3.2  PHYSIOGRAPHY AND CLIMATE 

 

The Al Masane project is located on the eastern side of the Asir Plateau at an elevation of 1,620 

m.  The climate is dry, and daily temperature highs range from 26°C to 42°C throughout the year. 

 

Mean annual precipitation is 102 mm and evaporation rates are high.  Rainfall generally occurs as 

short, heavy downpours over small areas which cause flash floods and rapid runoff during March 

and April. 
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3.3  LOCAL RESOURCES 

 

The Kingdom of Saudi Arabia has modern power, road, port, airline and communications 

systems.  Since the development boom of the 1970s and 1980s, a well-developed construction 

industry has been established within the country.  This will be utilized during the construction 

and operating phases of the Al Masane project. 

 

3.4  PROPERTY DESCRIPTION AND OWNERSHIP 

 

In 1971, the Saudi Arabian Government awarded an exploration licence for the Al Masane 

area to ASDC and National Mining Company (NMC), a Saudi Arabian company.  Each 

company had a 50% interest in the exploration licence until April 1992 when NMC assigned 

its rights and obligations to the exploration licence to ASDC.  To finance the development of 

the Project, ASDC and NMC jointly obtained an interest free loan of $11 million from the 

Saudi Arabian Ministry of Finance and National Economy in 1979.  This loan was to be 

repaid in ten equal annual instalments. 

 

On May 22, 1993 Royal Decree No. 17/M was issued granting ASDC a 44 km2 mining lease for 

the Al Masane project.  The mining lease is valid for a period of 30 years and then can 

be renewed for another period of 20 years, in accordance with Article 20 of the Saudi 

Arabian Mining Code.  An amendment was made in the loan agreement with the Saudi Arabian 

Government which stipulates that when the profitability of the project is demonstrated, a Saudi 

public stock company will be formed in which ASDC will own 50% of the stock.  The other 50% 

will be available for public subscription to Saudi citizens.  The Saudi company will then assume 

ownership of the mining lease. 

 

3.5  SUMMARY OF MINERAL POLICY - SAUDI ARABIA 

 

Exploration in Saudi Arabia is governed by reconnaissance permits, which are preliminary, non-

exclusive documents, and exploration licences which confer exclusive rights and enable more 

detailed work to be undertaken in a specific area. 
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An exploration licence may be very large, up to 10,000 km2, is usually granted for up to five 

years and is renewable for a further four years.  The licensee has the exclusive rights to explore 

within the area and the exclusive right to obtain a mining lease. 

 

Exploitation and processing are governed by mining leases; treatment plant and transportation 

leases; small mine permits; quarry permits (whether raw materials leases or building 

materials permits); and materials permits.  With the exception of materials permits, these 

documents confer exclusive rights to the holder. 

 

A mining lease is restricted to a maximum area of 50 km2 and is issued initially for a period of up 

to 30 years, renewable for a further 20 years.  The licensee has the exclusive right to produce and 

exploit specified minerals in the lease area.  A maximum surface rental of SR 10,000 per square 

kilometre per year is payable, together with income tax or a share of profits. 

 

Non-Saudi companies, such as ASDC, are subject to income tax at progressive rates up to 45%, 

but there is a five year exemption starting from the date of the first sale of products, or from the 

beginning of the fourth year from the issue of the lease.  Alternatively, the document holder may 

enter into an agreement with the Ministry to pay an agreed percentage of net profits.  This may 

vary from 10% to 50%, according to the proportion of Saudi equity in the enterprise. 
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4.  HISTORY 

 

 

Mining has been traced back in this area of Precambrian rocks for over 1,200 years when small 

scale copper recovery operations were carried out.  

 

The gossans and ancient workings at Al Masane were rediscovered by Hatem El Khalidi in 1967. 

 In 1971 an exploration licence was granted to ASDC and NMC, and exploration programs 

including geological mapping, geochemical sampling, geophysical surveys and drilling were 

initiated. 

 

Various regional investigations of the Al Masane area have been carried out by the United 

States Geological Survey (USGS) mission.  The first systematic mapping (1:500,000 scale) 

was by Brown and Jackson who published the Geologic Map of the Asir Quadrangle in 1959 

and Greenwood (1980) carried out reconnaissance (1:100,000 scale) mapping in 1974 of the 

Wadi Malahah quadrangle, which includes Al Masane.  Conway (1984) undertook geologic 

mapping of the area at 1:20,000 scale in 1976. 

 

In 1975, Robertson Research International (RRI) reviewed the exploration programs 

completed by ASDC, prepared a preliminary economic evaluation on the deposit and 

recommended ongoing development.  In 1977, WGM was retained by ASDC to study the 

deposits and an underground development program was recommended to define the tonnage 

and grade of the deposit. 

 

By September 1980, a permanent exploration camp including water supply and power plant 

had been established.  A program of 3,700 m of underground access and development using 

trackless mining equipment and 20,000 m of underground diamond drilling were completed 

by WGM.  Bulk metallurgical samples were taken from underground and pilot plant testwork 

was done at the Colorado School of Mines Research Institute (CSMRI) in United States to 

confirm the laboratory testwork completely previously by Lakefield Research (Lakefield) in 

Canada on the drill core.  The results from this underground program were incorporated into a 
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positive feasibility study issued in 1982 recommending development of the resource.  This 

phase of the exploration program was primarily financed by an $11 million interest-free loan 

from the Saudi Arabian government which was to be repaid in ten equal instalments starting 

December 1984.  ASDC is currently attempting to reschedule payments to begin after the 

commencement of commercial mining activities. 

 

Continued surface prospecting in the immediate area by ASDC led to the discovery of the 

Moyeath zone in late 1980.  Although the surface expression of the gossan was small, 

preliminary diamond drilling indicated a significant massive sulphide deposit at depth. 

 

During the period from 1982 to 1987, infill diamond drilling was carried out on the Al Houra and 

Moyeath deposits which expanded the ore reserves.  A number of studies relating to the water 

supply for the project were completed.  A licence to develop the deposits was issued in May 

1993. 
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5.  GEOLOGY AND MINERALIZATION 

 

 

5.1  REGIONAL GEOLOGY 

 

The Al Masane massive sulphide deposits are located in the southern part of the Arabian Shield.  

They occur within a marginal arc complex of volcanic, sedimentary, and intrusive rocks, 

classified by the USGS as the Malahah Belt, belonging to the Upper Proterozoic Halaban Group 

(Figure 2). 

 

The volcanic rocks consist of andesitic to basaltic tuff, breccia, and pillow lava, and dacitic to 

rhyolitic crystal tuff and porphyritic flows, all of which outcrop in four north-trending belts 

separated by sedimentary sequences.  The sedimentary rocks consist of metamorphosed graphitic 

shales and mudstones, and volcaniclastic greywacke, mudstone, siltstone and conglomerate.  The 

layered rocks trend north-northwest, dip 75-85° west, and are deformed into upright to overturned 

isoclinal folds with shallowly plunging axes.  The region is cut by numerous minor and major 

strike faults, parallel and subparallel to the trend of the layered rocks. 

 

The Precambrian layered and intrusive rocks are unconformably overlain by the Cambro-

Ordovician Wajid Sandstone, which now occurs as mesa-type remnants on the higher mountain 

tops. 

 

5.2  AL MASANE GEOLOGY 

 

Three mineralized zones with mineable reserves, the Saadah, Al Houra and Moyeath, have been 

outlined by diamond drilling (Figure 3).  The main ore deposits, Saadah and Al Houra, occur in a 

volcanic sequence that consists of two mafic-felsic sequences with interbedded exhalative cherts 

and metasedimentary rocks.  Pillow facings, basal conglomerates, and other features indicate that 

the stratigraphic facing is to the east and that the section is overturned. 
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Andesitic tuff and agglomerate underlie the Al Houra zone.  A second, but much thinner mafic 

unit consisting of pillow lava and massive andesite occurs between Al Houra and Saadah 

deposits.  The Saadah deposit is 1,200 m to the north and 150 m stratigraphically above the Al 

Houra zone. 

 

Each of the mafic units is immediately overlain by rhyolite porphyry and cherty rhyolite.  The 

exhalative facies and related mineralization occur in close proximity to the cherty rhyolite, which 

forms at least two domes. 

 

Both mineral deposits have the same association of massive sulphides, chert, lenses of massive 

pale-green talc, chloritite, and dolomite breccia.  Thin beds of black shale and epiclastic 

sandstone are present locally. 

 

Deformation within the volcanic group appears to be limited to local bulging and crenulation in 

the softer schistose horizons, although shales interbedded with the volcanics are very intensely 

folded. 

 

The Moyeath deposit, 700 m east of Al Houra, has a west stratigraphic facing and is located 

along an angular unconformity with underlying felsic volcanics and shales.  The strike, average 

dip and general plunge of the Moyeath mineralization is the same as that of the other two 

deposits.  All zones strike north-northwest, dip approximately 70° to the west and appear to 

plunge at 45°to the northwest. 

 

Diabase sills up to 30 m thick intrude the Houra and Moyeath zones.  East-west trending, Tertiary 

basalt dikes crosscut all of the rock units. 

 

5.3  MINERALIZATION 

 

The Saadah and Al Houra zones were largely defined in the underground drilling program in 

1979-81 and constitute the bulk of the proven and probable ore reserves.  The Moyeath



 Watts, Griffis and McOuat 

 

- 21 - 

deposit was discovered after the completion of underground development in 1980 and has only 

been explored by more widely-spaced surface drilling. 

 

The Saadah zone occurs stratigraphically above and 1,200 m to the north of the Houra zone and 

is made up of three massive sulphide horizons overlying and flanking a dome of cherty rhyolite 

(Figure 4).  The three zones are known as:  New Saadah, Middle Saadah and Old Saadah. 

 

New Saadah is a large lens composed of several massive and semi-massive sulphide layers 

interbedded with talc-carbonate-sulphide layers on the south slope of the rhyolite dome.  The 

Middle Saadah is a small lens of bedded massive sulphides in the tuffs and feldspathic cherts that 

overlies the New Saadah.  The Old Saadah lens overlies the cherty rhyolite dome.  Prominent talc 

and chloritite zones underlie this lens and several altered porphyritic rhyolite flows interfinger 

with the sulphides. 

 

The Al Houra zone consists of two groups of sulphide beds and lenses known as North Al Houra 

and South Al Houra.  North Al Houra consists, for the main part, of one tabular body of bedded 

sulphides, intercalated with black shale and bedded talc (Figure 5).  A thin persistent bed of 

dolomite breccia is the proximal equivalent of the sulphide lens.  Part of the zone has been split 

along strike by a diabase sill.  The South Al Houra is located in the same stratigraphic horizon, 

200 m to the south, and consists of several lenses of ore grade massive sulphides and low grade 

sulphide beds associated with a thick talc unit. 

 

The Moyeath sulphide zone consists of high-grade sulphide beds interlayered with black shale 

and disseminated sulphides in carbonate breccia (Figure 6). 

 

The principal sulphide minerals in all of the zones are pyrite, sphalerite, and chalcopyrite.  Small 

amounts of galena, arsenopyrite, and tetrahedrite are present, and also traces of electrum and the 

tellurides hessite and petzite.  The precious metals occur chiefly in tetrahedrite and as tellurides 

and electrum.  Gangue minerals are talc, chlorite, dolomite, and quartz. 
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If the stratigraphic section is overturned (as observations at the minesite indicate), the Old Saadah 

lens shows the classic zoning of many volcanogenic deposits:  a copper-rich lower portion and a 

zinc-rich top.  Relative to the Saadah deposit, the Houra zone is higher in silver and gold, and the 

Moyeath mineralization is higher in silver and zinc. 
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6.  MINERAL RESOURCES AND ORE RESERVES 

 

 

6.1  GENERAL 

 

After an in-depth assessment of the dilution and extraction rates associated with several mining 

methods, WGM has selected the cut-and-fill methods for the portion of the Saadah zone beneath 

Wadi Saadah and blasthole open stoping methods in all other areas of the mine.  The mineable, 

proved and probable ore reserves at the Al Masane project are summarized in Table 1. 

 

TABLE 1 

SUMMARY OF PROVED AND PROBABLE ORE RESERVES 

AL MASANE PROJECT 

 

  Cu Zn Au Ag 
Zone Tonnes (%) (%) (g/t) (g/t) 

 

Saadah 3,872,400 1.67 4.73 1.00 28.36 

Al Houra 2,465,230 1.22 4.95 1.46 50.06 

Moyeath    874,370 0.88 8.92 1.29 64.85 

Total 7,212,000 1.42 5.31 1.19 40.20 

 
 1. Includes dilution of 5% at zero grade on the Saadah zone and 15% at zero grade on the Al Houra 

and Moyeath zones. 
 
 2. A mining recovery of 80% was used for the Saadah zone and 88% for Al Houra and Moyeath 

zones. 
 

6.2  DEFINITIONS 

 

WGM has used the definitions as outlined in the Australasian Code for Reporting Mineral 

Resources and Reserves.  These definitions are as follows: 
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A Mineral Resource is defined as an identified in-situ mineral occurrence from 
which valuable or useful minerals may be recovered.  Mineral Resources are 
subdivided into: 
 
• Inferred Mineral Resources; 
• Indicated Mineral Resources;  and  
• Measured Mineral Resources. 
 
In defining a Mineral Resource, the ..[Geologist].. will only take into consideration 
geoscientific data.  In reporting a Mineral Resource, there is a clear implication that 
there are reasonable prospects for eventual economic exploitation. 
 
Mineral Resource estimates are not precise calculations, being dependent on the 
interpretation of limited information on the location, shape and continuity of the 
occurrence and on the available sampling results.  Reporting of tonnage/volume 
and grade figures should reflect the order of accuracy of the estimate by rounding 
off to appropriately significant figures and, in the case of Inferred Mineral 
Resources, by qualification with terms such as "approximately". 
 
The term Inferred Mineral Resource means a Mineral Resource inferred from 
geoscientific evidence, drill holes, underground openings or other sampling 
procedures where the lack of data is such that continuity cannot be predicted 
with confidence and where geoscientific data may not be known with a 
reasonable level of confidence. 
 
The term Indicated Mineral Resource means a Mineral Resource sampled by 
drill holes, underground openings or other sampling procedures at locations too 
widely spaced to ensure continuity but close enough to give a reasonable 
indication of continuity and where geoscientific data are known with a 
reasonable level of reliability.  An Indicated Mineral Resource estimate will be 
based on more data, and therefore will be more reliable, than an Inferred 
Mineral Resource estimate. 
 
The term Measured Mineral Resource means a Mineral Resource intersected 
and tested by drill holes, underground openings or other sampling procedures at 
locations which are spaced closely enough to confirm continuity and where 
geoscientific data are reliably known. A Measured Mineral Resource estimate 
will be based on a  substantial amount of reliable data, interpretation and 
evaluation of which allows a clear determination to be made of shapes, sizes, 
densities and grades. 
 
An Ore Reserve is defined as that part of a Measured or Indicated Mineral 
Resource which could be mined, inclusive of dilution, and from which valuable 
or useful minerals could be recovered economically under conditions 
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realistically assumed at the time of reporting.  Ore reserves are subdivided into: 
 
• Probable Ore Reserves;  and 
•  Proved Ore Reserves. 
 
The term Probable Ore Reserves means Ore Reserves stated in terms of 
mineable tonnes or volumes and grades where the corresponding Identified 
Mineral Resource has been defined by drilling, sampling or excavation 
(including extensions beyond actual openings and drill holes), and where the 
geological factors that control the orebody are known with sufficient confidence 
that the Mineral Resource is categorized as "Indicated". 
 
The term Proved Ore Reserves means Ore Reserves stated in terms of mineable 
tonnes or volumes and grades in which the corresponding Identified Mineral 
Resource has been defined in three dimensions by excavation or drilling 
(including minor extensions beyond actual openings and drill holes), and where 
the geological factors that limit the orebody are known with sufficient 
confidence that the Mineral Resource is categorized as "Measured". 

 

6.3  PARAMETERS OF ESTIMATION 

 

6.3.1  DESCRIPTION OF DIAMOND DRILL PATTERNS 
 

The exploration drift in the Saadah area, which was used for underground drilling, is located in 

the hanging wall of the mineralization at a depth of 105 m below the surface outcrop of the zone. 

 Most of the mineralization was drilled from the drift (and crosscuts) in a series of vertical fan 

patterns at 60 m intervals.  Within each fan, the vertical spacing of the ore intercepts was planned 

to be 30 m, but since the orebody comprises several zones and the holes diverge, the average 

vertical intercept interval for each zone (progressively further from the drift) was 27 m for New 

Saadah, 35 m for Middle Saadah and 36 m for Old Saadah.  The zone was drilled to an average 

height of 75 m above and 200 m below the exploration drift level.  Two additional holes were 

drilled from surface to define the upper part of the Old Saadah zone, which could not be reached 

from underground. 
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One crosscut was also driven across the New and Old Saadah Zones.  The crosscut indicated that 

both zones have smooth contacts and generally good mining characteristics with the exception of 

some soft ground conditions due to the presence of talc. 

 

In the Al Houra area, the exploration drift is located in the footwall of the mineralized zone which 

extends to surface, from 170 to 190 m above the drift level.  The zone was drilled at section 

intervals of 60 m and at several intermediate sections in the more geologically complex part at the 

south end of the deposit.  The holes intercepted the zone to an average height of 75 m above the 

drift.  The upper part of the zone between the underground drilling and surface was estimated 

from 35 surface drill holes, 10 of which were drilled during the original exploration phase in the 

1970s and 25 as infill drilling after the completion of underground development.  Two crosscuts 

were driven across the mineralization in the Al Houra zone which confirmed the geological 

interpretation used in this somewhat more complex deposit.  The mineralization is 

stratigraphically controlled and geological continuity is reasonably well assured. 

 

The Moyeath deposit was drilled from surface only.  Because of the rugged topography, which 

limited drill sites and precluded systematic detailing of the zone, the drillholes are more widely 

and irregularly spaced than the underground work in the other two zones. 

 

A total of 264 holes were drilled through and adjacent to the three mineralized zones, 97 from 

surface and 167 from underground.  One hundred and thirty-one holes which met the reserve 

grade and width criteria were used in the reserve estimate: 50 at Saadah, 55 at Al Houra and 17 at 

Moyeath.  A substantial number of the remaining holes were exploratory in nature and were used 

to test the areas between deposits on a regular pattern basis. 

 

All surface drilling was done from the footwall side of the various deposits because of steeply 

rising topography over the hangingwall.  The resultant low angle intercepts were interpreted 

conservatively using background experience gained from the underground program. 
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Approximately 30 of the holes were BQ size (core diameter 36.4 mm) and the balance were of 

AQ size (core diameter 26.9 mm).  Core recovery was excellent.  Hole locations were surveyed, 

and bearings and dips were measured with a Tropari instrument at intervals of approximately 

70 m. 

 

6.3.2  DENSITY DETERMINATIONS AND SAMPLING 

 

All mineralized core was sampled.  Core was split longitudinally using a diamond saw, and 

representative pieces were used to determine specific gravity by weighing specimens and 

measuring their volumes by displacement of water.  Average specific gravities were 3.7 for the 

Saadah zone, 3.5 for the Al Houra zone and 3.2 for the Moyeath zone. 

 

The split core for assay was crushed to minus 6 mm and riffled to obtain a 200 gram sample, 

which was sent for analysis to Lakefield.  The balance of the crushed sample was retained at the 

minesite. 

 

Samples from ore zones, wallrock, and zones of strong mineralization irrespective of location 

were taken in lengths of 2 m (average) and assayed;  copper and zinc contents were determined 

by X-ray fluorescence analysis, and precious metals by fire assay.  Samples of weakly 

mineralized rock from outside defined ore zones were treated as geochemical samples, and were 

cut in 5-m lengths (average), and analyzed by atomic absorption methods. 

 

Assaying was checked routinely by resubmitting 5% of all samples for re-assay.  Two additional 

and more specific tests were run, the first to test that the mine was sending a representative 

sample, and the second to test one laboratory against another.  In the first case, crushed rejects 

stored at the mine and representing 20 individual samples were split a second time, renumbered 

and submitted for re-assay.  Most analyses differed by less than 10%. The averages of the 20 

samples were very close, being 1.99% versus 1.96% for copper and 5.73% versus 5.89% for zinc. 

 

For the second test, the pulps from 31 ore grade samples analyzed by Lakefield were 

re-analyzed by Bondar-Clegg & Company Ltd. (Bondar-Clegg) in Ottawa.  The check 
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analyses by Bondar-Clegg were 7.3% lower in copper, 0.5% higher in zinc and 6.5% higher 

in silver.  The average gold content was the same. 

 

6.4  DEFINITION OF RESOURCE CATEGORIES 

 

The Al Masane resources have been estimated from diamond drill cross sections at intervals of 

60 m except in the South Al Houra where several 30 m intervals were used.  The resource 

outlines were drawn to conform with the geology and the various zones were subdivided into 

blocks determined by the area of influence of each hole.  The minimum block width used for 

resource estimation was 2 m and narrower intersections were averaged with an appropriate 

amount of wallrock to produce a minimum 2 m width. 

 

Resources were considered to be in the measured category where the geology was clearly defined 

by mining and/or drilling and the mineralized lens was intercepted by a minimum of three holes 

on two sections not greater than 60 m apart with hole spacing on section of approximately 30 m 

(60 m x 30 m blocks).  A few larger dip projections were allowed within the interior of the 

Saadah zones where the hole spacing on section exceeded 30 m, but the volumes involved were 

small and detailed subdivision and categorization was not justified. 

 

Along the perimeter of the mineralized zones, where adjacent holes were below cutoff grade or 

too far away to conform with a regular pattern, the area of influence was taken to be half the 

distance to the nearest hole on section or 30 m, whichever was smaller. 

 

The average grade of a drillhole intercept was calculated by weighting the individual assays by 

length and by specific gravity.  A net smelter return of approximately $30 per tonne at recoveries 

and metal prices specified in the economic analysis was used as a cutoff grade.  The tonnage 

represented by a drillhole was determined from the sectional area of each ore block, the section 

spacing, and the average specific gravity calculated from the sample results. 
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Resources in the indicated category differ from measured resources in that the vertical spacing on 

section was increased to 60 m and only two holes were required to define a resource body.  The 

area of influence was 30 m in each direction vertically and 30 m in each direction along strike (60 

m x 60 m block). 

 

On sections where the measured resource was limited to 15 m vertically at the edge of the drilled 

area or between widely spaced holes, the mineralized zones were extended from the 15 m limit to 

30 m or halfway to the next drillhole, whichever was less, and the projected zone was classified 

as indicated. 

 

Resources in the inferred category were estimated by extending the measured and/or indicated 

blocks an additional 30 m where trends indicated potential extensions of mineralization exist.  At 

Moyeath, lateral extensions were increased to 40 m between probable blocks where the trend was 

well defined and the drill pattern was very irregular due to hole deviation.  Single intercepts 

without proven continuity were classified as inferred resources assuming a maximum 30 m 

projection as for an indicated resource block. 

 

6.5  ESTIMATED RESOURCES 

 

6.5.1  MEASURED AND INDICATED RESOURCES 

 

In 1994, WGM reviewed all diamond drilling to date and prepared a resource estimate for the Al 

Masane project (Tables 2 and 3). 
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TABLE 2 

 SUMMARY OF MEASURED AND INDICATED RESOURCES 

AL MASANE PROJECT 

 

  Cu Zn Au Ag 
Zone Tonnes (%) (%) (g/t) (g/t) 

Measured Resources 

Saadah  4,317,000 1.74 4.95 1.05 29.52 

Al Houra  1,881,000 1.48 5.77 1.71 58.56 

Total Measured 6,198,000 1.66 5.20 1.25 38.33 

 

Indicated Resources 
Saadah  293,000 1.84 5.25 1.07 33.69 

Moyeath 864,000 1.01 10.26 1.48 74.58 

Al Houra  555,000 1.12 5.42 1.58 54.21 

Total Indicated 1,712,000 1.19 7.83 1.44 60.98 

 

 

 

TABLE 3 

COMBINED MEASURED AND INDICATED RESOURCES 

AL MASANE PROJECT 

 

 Cu Zn Au Ag 
Zone Tonnes (%) (%) (g/t) (g/t) 
 

Saadah 4,610,000 1.75 4.97 1.05 29.78 

Al Houra 2,436,000 1.40 5.69 1.68 57.57 

Moyeath    764,000 1.01 10.26 1.48 74.58 

All Zones Total 7,910,000 1.56 5.77 1.29 43.23 
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6.5.2  INFERRED RESOURCES 

 

Inferred resources have been estimated only for those areas where the mineralized trends have 

not been fully explored and no major depth projections have been made along the plunge of the 

deposits.  The majority of the resources are adjacent to areas within the mining plan and are 

readily accessible for mining.  A total of 952,560 tonnes has been estimated as shown in Table 4. 

 Maximum projections of 30 m beyond drill holes were used at Saadah and Al Houra and 40 m 

beyond drill holes at Moyeath.  These projections were only made along established trends and 

confirmed to be reasonable by using vertical projections of each zone.  It is believed that the 

majority of the inferred resources will be confirmed by further drilling.  This is particularly true 

of the Moyeath deposit where clusters of drill holes obtained excellent results but the intervening 

ground could not be systematically explored due to hole deviation at depth. 

 

Although all zones are open down plunge, no allowance has been made for this potential in the 

inferred category.  Projections beyond the zones defined by drilling are discussed in a later 

section under Exploration Potential. 

 

TABLE 4 

INFERRED RESOURCES 

AL MASANE PROJECT 

 Cu Zn Au Ag 
Zone Tonnes (%) (%) (g/t) (g/t) 
 

Saadah 157,320 1.34 4.48 0.81 28.42 

Al Houra 136,240 1.25 7.07 2.26 56.14 

Moyeath A 130,000 1.30 10.16 1.40 73.75 

Moyeath B    529,000 1.05 10.47 1.54 76.03 

Total 952,560 1.16 8.95 1.50 60.79 
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6.6  GRADE VARIATIONS 

 

In the Old Saadah zone, high copper values occur at contiguous Sections 5055N and 5110N.  The 

average copper grade there is about 2.9% Cu, or twice the average copper grade for the 

orebodies. 

 

In the Al Houra zone, precious metal values exceeding 3 g Au/t and 100 g Ag/t occur at Sections 

3555N and 3615N.  The high values from these two sections increase the overall gold and silver 

grade of the Houra zone considerably and give this zone the highest precious metal content of the 

three deposits. 

 

The Moyeath zone has the highest zinc content, lower copper and a relatively high gold and silver 

content.  It is most comparable to the Houra deposit. 

 

6.7  DISTRIBUTION OF RESOURCE BODIES 

 

The combined Saadah ore zones extend 700 m along strike from 4485N to 5185N and 

approximately 290 m vertically from surface at 1,620 m to the deepest mineralization, that of the 

New and Middle Saadah, at elevation 1,330 m.  The volume of resources per vertical metre is 

roughly constant throughout the first 190 m from surface to elevation 1,430 m, which is 85 m 

below the current exploration level and also the bottom of the Old Saadah zone. 

 

Approximately 3,971,000 tonnes or 92% of the total measured and indicated Saadah resources 

occur in the surface to 14 m elevation interval.  Within the remaining 100 m of depth between 

elevation 1430 and 1330 m the combined tonnage of New and Middle Saadah in this interval 

there are 350,000 tonnes or 8% of the total. 

 

If the narrower south end of the New Saadah is excluded, 87% of the resources occur within a 

strike length of 360 m and depth of 190 m.  Maximum zone widths are up to 25 m. 
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The grade of the mineralization changes laterally, as explained earlier.  It does not change 

significantly in composition or character with depth.  Given normal operations planning, mine 

production should provide an ore supply of relatively constant composition over the life of the 

operation. 

 

The measured and indicated resources at Al Houra occur along a 900 m strike-length, extending 

from Section 3045N to Section 3945N.  The zone extends vertically for 270 m from the 

unweathered upper extent at elevation 1700 m to the bottom of the zone at about 1430 m.  

Approximately 950,000 tonnes of ore (45% of the zone total) occur as a single block 240 m long 

between Section 3585 and 3825 between surface and the 1430 m elevation.  Widths range from 

2 m to 14.5 m and average about 4.5 m. 

 

The Moyeath zone has a very long plunge extent of 700 m at an angle of 45% to the 1150 m 

elevation.  The strike length averages about 200 m and the maximum thickness of up to 14 m 

occurs near the bottom of the defined part of the zone.  

 

6.8  MINEABLE RESERVES 

 

After a detailed review of the ore zones, dilution and recovery rates based on the selected mining 

methods were applied by WGM to the measured and indicated resources.  WGM's diluted, 

mineable proved and probable ore reserve estimate is shown on Table 5. 

 

In the Saadah zone, where mining will incorporate both cut and fill and open stoping methods, 

we have determined that ore recovery will be 80% of the measured and indicated resources.  Five 

percent dilution at zero grade has been used to reflect the cut and fill mining method used in this 

orebody.  For the Al Houra and Moyeath zones, where open stoping mining methods will be 

used, recovery of the measured and indicated resources will be 88% and a 15% dilution at zero 

grade has been used.  In practice, more ore may be recoverable.  The decision to exploit more 

difficult areas, or to develop narrow mining widths, will be based on local grades, metal prices 

and other aspects of the economics of the operation at that time. 
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TABLE 5 

SUMMARY OF MINEABLE 

PROVED AND PROBABLE ORE RESERVES 

AL MASANE PROJECT 

   Cu Zn Au Ag 
 Zone Tonnes (%) (%) (g/t) (g/t) 
 

 Saadah 3,872,400 1.67 4.73 1.00 28.36 

 Al Houra 2,465,230 1.22 4.95 1.46 50.06 

 Moyeath    874,370 0.88 8.92 1.29 64.85 

 Total 7,212,000 1.42 5.31 1.19 40.20 

 

1. Includes dilution of 5% at zero grade on the Saadah zone and 15% at zero grade on the Al Houra and 
Moyeath zones. 

 
2. A mining recovery of 80% has been used for the Saadah zone and 88% for the Al Houra and Moyeath 

zones. 
 

6.9  EXPLORATION POTENTIAL 

 

The exploration potential can be addressed at two levels: (1) the mine area and the Masane 

volcanic belt;  and (2) areas outside the Masane belt.  The immediate mine area was explored by 

diamond drilling during the underground program.  This work consisted mainly of horizontal 

holes drilled from the drifts and a few deep holes drilled from crosscuts.  Potential for additional 

mineralization was recognized in the Al Houra zone, which still persists at 100 m below the 

exploration level, and to the north (down plunge) of the Saadah zone.  Based on the work to date, 

additional underground development is required before meaningful exploration can be continued 

in either of these areas. 

 

Continued surface prospecting in the immediate mine area by ASDC led to the discovery of the 

Moyeath gossan in late 1980.  The gossan was small, without any ancient mine workings, and not 

easily recognized.  Diamond drilling has since shown this to be a significant massive 
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sulphide deposit which is open down-dip.  Other gossans and geochemical anomalies in the area 

require further investigation. 

 

Gossans showing anomalous values in lead and zinc are reported by the USGS from an area 

south of Wadi Shann which are as yet uninvestigated.  Ancient copper workings and gossans are 

known 5 km north of Al Masane at Bedoua, and 15 km to the south at Rehab.  These occurrences, 

plus the continuation of the favourable geologic setting, indicate that additional exploration on 

the Al Masane belt should result in new discoveries. 

 

The orebodies at Al Masane and the associated volcanic rocks are comparable to the lithologic 

sequences of volcanogenic copper-zinc sulphide districts in other parts of the world.  Such 

districts commonly consist of a number of deposits variably distributed over areas of several 

hundred square kilometres and within stratigraphic intervals of several kilometres of volcanic 

deposition.  By comparison, the Al Masane area - with favourable volcanic sequences over an 

area of 900 km2 - has the dimensions of a mineral district, and is a vast area that as yet has been 

only partially prospected. 

 

A significant feature of the Al Masane ore deposits is that they tend to have a much greater 

vertical (plunge) extent than strike length. A relatively small exposure such as the Moyeath zone 

has been developed into a sizeable orebody by thorough and systematic definition drilling.  

Similarly, some of the small known showings outside the immediate mine area could yield 

substantial tonnages of new ore. 

 

The principal prospects outside the Al Masane belt are a large copper geochemical anomaly 

associated with gold-bearing quartz veins near Jabal Guyan, and a thin massive sulphide horizon 

intercepted by a USGS drillhole at Dhahar.  The most promising area known to date is at Talaa, 

20 km south of Al Masane, where ASDC has intercepted copper-zinc mineralization in three 

exploratory drillholes and the favourable horizon has been traced for at least 6 km by 

geochemical sampling. 
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6.10  EXPLORATION PROGRAM 

 

A surface exploration program will be carried out concurrently with the mining operation.  An 

annual budget of $250,000 has been proposed for the ongoing exploration program and funds 

have been included in the economic analysis.  Additional diamond drilling within the mining 

lease area may possibly locate richer ore that could be used to increase the profitability of the 

existing operation.  Also, the entire volcanic area around Al Masane will be investigated, 

extending from the copper showings at Dahar to the west, to the Hadbah nickel deposit at Wadi 

Qatan to the east.  To be most effective, the exploration group should act as a self-contained unit 

divorced from responsibility for any daily activities at the mine.  Such a unit would consist of a 

field geologist, a geophysical technician, a drill crew, and miscellaneous support staff, all of 

whom would live at work camps in the areas being explored. 

 

The company is now in possession of the most of the necessary drilling equipment, and an assay 

laboratory will be available at the mine to expedite the processing of samples;  therefore, capital 

expenditures would be small.  Emphasis should be placed on geophysics and consideration 

should be given to acquiring additional geophysical equipment, so that more effective or faster 

alternative techniques might be used, as circumstances demand. 
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7.  METALLURGY 

 

 

7.1  GENERAL 

 

Laboratory and pilot plant studies completed by Lakefield and the CSMRI in 1980 and 1981 

established that 82% of the copper and 69% of the zinc at Al Masane could be recovered in 

saleable copper and zinc concentrates. 

 

A review of the 1982 equipment selection and flowsheets by WGM indicated that new 

technology developed during the past ten years could be used to reduce the capital cost and 

improve metallurgical recoveries.  In particular the use of semi-autogenous grinding (SAG) to 

reduce the capital cost of the grinding section and developments in reagents were believed to hold 

the greatest potential for improving the economics of the project. 

 

A detailed laboratory metallurgical testwork program was undertaken at Lakefield in 1994 to 

address these concerns and provide detailed design criteria for the concentrator design.  Results 

from this testwork program showed that copper recovery could be improved by 5.7% and zinc 

recoveries improved by 13% compared to the 1982 results. 

 

7.2  PREVIOUS WORK 

 

Preliminary tests on drill core samples were done by Lakefield in 1980.  The sample used in the 

majority of the testing was from the Saadah zone. 

 

Subsequently individual bulk samples of the Saadah and the Al Houra deposits were shipped to 

CSMRI for bench and pilot plant studies.  A flowsheet consisting of sequential copper and zinc 

flotation followed by cyanidation of the zinc tailings and zinc concentrate was developed to 

optimize the copper and zinc flotation circuits and ensure high recovery of the precious metal 

values. 

 



 Watts, Griffis and McOuat 

 

- 41 - 

7.3  SAMPLE SELECTION 

 

Five new composite samples were prepared for the 1994 testwork program. The drill core and the 

assay pulps from the analysis of the drill core from the program carried out in the 1980s were in 

good condition and did not exhibit signs of oxidation.  Accordingly the remaining half of the 

sawn drill core was divided into two samples for the SAG mill testing program.  The three 

samples used for metallurgical and flotation evaluation were prepared from the crushed pulps 

used for analysis of the drill core. 

 

The composite sample for SAG grinding testing was selected from the "BQ" sized drill core 

available in the core storage at the minesite.  The "AX" core was not used as the core diameter 

was too small to provide the proper size distribution required for the test program.  Drill core 

representative of a total cross section of the orebody including some of the wallrock was selected. 

 Based on these criteria, sufficient drill core to prepare only two composite samples was 

available: 

 

• Sample 1 - Saadah Zone; and 

• Sample 2 - Al Houra and Moyeath zones. 

 

The composite samples for flotation testing were selected from the sample pulps remaining from 

the assaying of the drill core.  This material had been crushed to minus 10 mesh and had been 

stored in double polyethylene bags in steel storage chests.  Based on our interpretation of the 

three zones in the deposit, sample pulps were selected from drill core intersections representative 

of the mineralogy and metal content present in the deposits.  The composite samples used for 

metallurgical testing from the diverse locations across the three zones were assayed by Lakefield 

as follows: 

 

 % Cu % Zn Au g/t Ag g/t 

Saadah Zone  1.11 5.27 0.68 22.9 

Al Houra Zone 1.27 5.81 2.01 71.0 

Moyeath Zone 0.90 8.89 1.62 74.6 
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Although the head assays of the samples are lower than the average grade of the zone, we believe 

that these samples are representative of the zones within the Al Masane deposit. 

 

7.4 GRINDING TESTWORK 

 

Representative samples of drill core from the Saadah and Al Houra/Moyeath zones were sent 

to Hazen Research (Hazen) for standard MacPherson SAG mill grindability testwork.  This 

work is performed in an 18 inch diameter SAG mill and can be related to performance in 

commercial scale plants.  Bond rod and ball mill grindability tests were also performed in 

order to assess the amenability of the Al Masane deposit to SAG milling and to establish 

work indexes.  The results are shown in the following table. 

 

TABLE 6 

WORK INDEX FOR SAMPLES TESTED 

AL MASANE DEPOSITS 

 
 Test Type Saadah Zone Al Houra/Moyeath Zone 
 
 Correlated Autogenous (Kwh/t) 10.2 13.2 

 Rod Mill (Kwh/t) 10.0 12.3 

 Ball Mill (Kwh/t) 9.1 10.6 

 Bond Abrasion Index 0.2375 0.2257 
 
 

A detailed analysis of these results shows that the ore is relatively easy to grind and that a small 

grinding media addition to the autogenous mill will be required for efficient grinding. 

 

The size of the grinding mills has been selected to process 2,000 tonnes per day of the Saadah 

zone which will be the major source of ore for the first four years. 
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7.5  FLOTATION TESTWORK 

 

A flotation testwork program consisting of 28 batch flotation tests was carried out at Lakefield on 

the three composites representing the three zones at Al Masane.  These tests investigated the 

grind size and flotation conditions required to maximize metal recoveries and concentrate grades 

from the various zones. A locked cycle test on each composite from each of the three zones was 

performed to predict plant performance on each type of ore. 

 

The initial grinding and flotation tests showed that a relatively fine grind of 80% passing 34 

micrometres was required to attain satisfactory copper and zinc recoveries.  The initial tests 

confirmed that the talc present in the deposit did float readily in the copper circuit.  Subsequent 

testing showed that it could be depressed using a talc depressant called CMC (carboxy-methyl-

cellulose).  For optimum effect, this reagent was added in stages and the flotation circuit for the 

commercial plant was designed to allow for this staged addition of reagent.  The testwork also 

showed that a regrind of the copper rougher concentrate was necessary together with three 

cleaning stages in order to make acceptable copper grades in the order of 25% Cu. 

 

The zinc circuit was relatively straightforward with only two stages of cleaning being required to 

attain zinc grades in excess of 54% Zn. 

 

Following flotation testwork on each of the individual zones, an overall composite consisting of 

Saadah/Al Houra/Moyeath drill core was prepared in the proportion of 60/30/10 which is the 

proportion of each ore zone in the overall deposit.  Two locked cycle tests were completed on the 

composite and the results were as shown in Table 7. 
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TABLE 7 

 LOCKED CYCLE TESTWORK ON DEPOSIT COMPOSITE 

AL MASANE PROJECT 

 
 Grade  % Distribution 
 % Cu % Zn g Au/t g Ag/t Cu Zn Au Ag 
 
Head 1.15 6.00 1.23 41.31 100.0 100.0 100.0 100.0 

 
Copper 
 Concentrate 25.00 7.63 15.50 511.0 84.8 5.0 46.9 41.7 
 
Zinc 
  Concentrate 0.66 53.80 2.04 113.0 5.3 83.5 14.7 22.0 
 
Tailings 0.13 0.80 0.57 20.0 9.9 11.5 38.4 36.3 
 

 

These results were obtained using the following conditions: 

 

 Grind 80% passing 45 micrometres 

 Talc Depressant CMC 71T 

 pH Modifier Lime 

 Zinc Depressant Sodium bisulphite 

 Collector Aerophine 3418 

 Frother F557 

 Zinc Promoter Copper sulphate 

 Zinc Collector Sodium iso-propyl xanthate 

 

The copper and zinc concentrates produced under these conditions are good grade and are 

relatively clean and free from impurities.  Based on these locked cycle results, the metallurgical 

balance for the diluted, mineable, proved and probable reserves head grade is predicted as shown 

on Table 8. 
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TABLE 8 

METALLURGICAL BALANCE 

AL MASANE PROJECT 

 

 Grade  % Distribution 

 % Cu % Zn g Au/t g Ag/t Cu Zn Au Ag 
 
Head 1.44 5.37 1.20 41.24 100.0 100.0 100.0 100.0 

 
Copper 
  Concentrate 25.00 6.50 11.50 325.0 87.7 6.1 48.6 39.8 
 
Final Zinc 
  Concentrate 0.66 53.00 0.65  35.0 3.8 82.6  4.6  7.1 
 
Total Bullion 28.7 41.5 
 
Final Zinc Tail 0.14 0.70 0.25 5.50 8.4 11.3 18.1 11.5 
 

 

7.6  CYANIDATION TESTWORK 

 

A preliminary test program to evaluate the economics of the cyanidation of the zinc concentrate 

and final tailings in order to improve gold and silver recoveries was carried out at Lakefield.  The 

program consisted of cyanidation of flotation tailings and zinc concentrates produced during the 

flotation testwork program under typical cyanidation conditions.  Gold and silver recoveries 

ranged from 50% to 77%.  Leaching at lower cyanide concentrations on the composite sample 

resulted in lower cyanide consumption and with precious metal recoveries similar to those at 

higher cyanide concentrations.  These lower cyanide consumptions are similar to those obtained 

during the original CSMRI test program. 

 

A summary of the cyanidation results is shown on Table 9. 
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TABLE 9 

SUMMARY - CYANIDATION RESULTS 

AL MASANE PROJECT 

 

 Zone Product % Recovery NaCN Consumption 

   Au Ag kg/t cyanide feed 
 
 Saadah Zinc tail 52 -  3.1 

 Al Houra Zinc tail 65 77 3.7 

  Zinc concentrate 72 69 8.7 

 Moyeath Zinc tail 52 68 1.8 

  Zinc concentrate 77 60 4.9 

 Composite Zinc tail 67 57 1.9 

  Zinc concentrate 67 47 1.9 
 
 

7.7  DISCUSSION 

 

The flotation testwork was carried out on sample pulps that had been stored for ten years.  As 

these samples may have oxidized, flotation testwork on fresh samples could yield higher 

concentrate grades and recoveries for both copper and zinc.  We therefore believe that the results 

obtained on these old samples provide conservative estimates of the results that can be expected 

on fresh ore.  These results are also superior to the results obtained during the original feasibility 

tests which were performed on fresh ore samples.  We expect that there is potential for higher 

concentrate grades and recoveries than those predicted in this study. 

 

The Saadah, Al Houra and Moyeath zones contain considerable quantities of talc which required 

higher additions of the expensive reagent CMC to depress.  An alternative flowsheet was 

investigated which involved pre-floating the talc mineral in order to reduce the CMC 

requirement.  However, initial results showed severe copper and zinc losses.  Following further 

investigations into the operating conditions of the talc flotation, it was determined that 
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mall (2 kg) samples in batch flotation testing did not provide realistic results.  A larger (10 kg) 

test provided very promising results and a 50% reduction in reagent usage was obtained. 

 

An assessment of the actual plant operating results at the Woodlawn mine in Australia and the 

Fox mine in Canada showed that the success of talc flotation would not be predicted by 

laboratory results.  Based on this experience in these operations, we have included a talc prefloat 

in the Al Masane flowsheet with the 50% reduction in CMC addition in the concentrator 

operating costs. 

 

The mineralogy of Al Masane is unusual in that 12% of the gold and 20% of the silver reports to 

the zinc concentrate while a further 40% of the gold and silver reports to the final tailings.  This 

represents a considerable loss of precious metal values as the only payment for gold and silver is 

a credit for the precious metals contained in the copper concentrate. 

 

To overcome this problem, we have introduced a cyanidation circuit in the process flowsheet to 

recover precious metals from the zinc concentrate and final tails.  This makes a positive 

contribution to the economics of the project under the base case conditions assumed for the 

economic valuation.  Further optimization of the cyanidation conditions could improve the 

economics of the precious metals circuit. 

 

We recommend that a pilot plant test be completed on fresh representative samples from the 

Saadah and Al Houra zones.  The objectives of this pilot plant program will be: 

 

• to demonstrate possible improvement of concentrate grades and metal recoveries; 

 

• to determine the operating parameters for the talc prefloat circuit; 

 

• to optimize the concentrator flowsheet design; 

 

• to optimize the equipment selection and sizing;  and 
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•to assess the full economic impact of the cyanidation circuit for precious metals recovery. 

 

It will be necessary to dewater the mine to obtain the bulk samples from the Saadah and Al Houra 

zones.  The cost for the mine dewatering and pilot plant test program has been budgeted in the 

Project Implementation Plan. 
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8.  MINING 

 

 

8.1  GENERAL 

 

Ore within the Saadah, Al Houra and Moyeath zones will be mined by underground trackless 

mining equipment using either cut-and-fill or open stoping methods based on the location and 

width of each orebody. 

 

The main access to the mine will be the 700 m long exploration decline driven as a part of the 

1979 exploration program between surface (at 1,620 m) and the 1515 level.  

 

Access to the Saadah and Al Houra orebodies will be by lateral development along the 1515 

level.  As the Moyeath ore is concentrated at a lower elevation than the other zones, it will be 

accessed by a 875 m decline driven downwards at 20% grade from the 1515 level to the 1340 

level. 

 

Local vertical access to the individual ore zones will be by ramps developed from the 1515 level, 

except for Moyeath which will be developed from the base of the new access decline.  As much 

development as possible will be located in ore. 

 

The mine will be designed to produce 700,000 tonnes per year, on a two shift, five days per week 

basis. 

 

8.1.1  ORE HAULAGE 

 

Ore will be hauled by truck from all three ore zones to a underground crushing facility located at 

the foot of the main access decline.  The trucks will discharge through a grizzly onto a feeder 

feeding a jaw crusher.  The jaw crusher will dump onto a transfer belt which will transfer the 

crushed ore onto the main decline conveyor.  The decline conveyor will transport the ore to the 

surface, where it will be transferred by a surface conveyor to the 
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coarse ore stockpile.  Provision will be made at the transfer point between the decline and surface 

conveyors for the diversion of waste rock. 

 

Above the principal access level (1515 in the Saadah and Al Houra Zones, and 1340 level in the 

Moyeath Zone) ore will be mucked by scooptrams either directly into orepasses where distances 

are relatively short, or into trucks for transport to orepasses where hauls are longer.  The bottom 

of the orepasses will be equipped with chutes for efficient truck loading.  The ore will then be 

transferred to the crusher room by trucks.  Where the ore lies at elevations lower than the 

principal access horizon, the ore will be loaded into trucks and hauled directly to the crusher 

room.  A mobile rockbreaker will service the orepass and crusher room grizzlies throughout the 

mine. 

 

8.1.2  VENTILATION 

 

Each of the ore zones will require an independent ventilation raise.  In the case of the Saadah and 

Al Houra zones, the raises will be installed as a part of the pre-production development program. 

 In the case of the Moyeath Zone, the raises will be installed after the access decline is completed. 

 Each raise will be equipped with exhaust fans which will extract air from the mine.  Air will 

enter the mine through the main decline from surface and will be distributed to each of the three 

zones along the 1515 level.  The air will be distributed to the working levels via the ramps, and 

will finally be exhausted into the ventilation raises through ventilation raise access drives. 

 

8.1.3  MINE DEWATERING 

 

The mine will be pumped by means of portable high head submersible pumps capable of 

pumping mine water without the removal of fine solids.  Locally, headings will be dewatered by 

compressed air and electrical face pumps, feeding to area pumps in each of the ore zones.  The 

area pumps will transfer the water to the main sumps on 1515 elevation where the main 

dewatering pumps will transfer the water to surface.  The existing pump column in the main 

surface decline will be refurbished, and retained for emergency use. 
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Before the underground exploration workings were allowed to flood, reported mine water make 

varied between 7 and 20 l/s.  The inflow was reported to be a maximum when Wadi Saadah was 

in flood, which suggests that there are fissures which connect the mine with the base of the wadi. 

 It is quite possible that water make will increase significantly as more ground is opened beneath 

the wadi, and movements caused by mining close some fissures and open others. 

 

8.1.4  EXISTING EQUIPMENT 

 

Current planning is to incorporate all of the equipment purchased during the 1979 underground 

exploration program into the equipment fleet for production mining.  Significant amongst this 

equipment are two Atlas Copco twin boom development jumbos, two electric five yard 

scooptrams and four Jarco 23.6 tonne trucks.  Amounts of $250,000 have been included in the 

capital estimate for the refurbishment of this equipment. 

 

8.2  THE SAADAH ZONE 

 

8.2.1  GENERAL 

 

The ore in the Saadah zone will be mined as two orebodies, the west (also known as the Middle 

and New Saadah zones) and the east or Old Saadah zone.  Mining methods will incorporate cut 

and fill and open stoping methods.  

 

As the best development of ore in the Saadah zone underlies Wadi Saadah, filled methods are 

required in this zone.  As the wadi is saturated at the interface of the wadi alluvials and for some 

metres into the bedrock, and is prone to periodic flash flooding every year, precautions against 

water inrushes will be taken. 

 

Of the two orebodies which constitute the Saadah zone, the west orebody subcrops directly 

beneath the wadi alluvials (Figure 7).  It will be necessary to leave a substantial crown pillar in 

the west orebody to protect the mine from flooding.  The crown pillar will  be  recovered
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at the very end of mine life.  A full geotechnical program will be carried out in the pre-production 

period to determine the characteristics of the crown pillar   

 

8.2.2  MINING METHODS 

 

Cut and Fill 

 

WGM has selected the mechanised cut and fill method for the portion of the Saadah zone that lies 

beneath the wadi because it will provide good control over dilution and a maximum of safety 

against inrushes from the wadi. 

 

For this area, fill will be provided from a surface quarry, from mill tailings, and from material 

recovered from the wadi alluvials, which ever material is cheapest at the time.  The fill quarrying 

and supply operation will be contracted.  The fill will be transferred to the working places by a 

fill raise located on the banks of Wadi Saadah. 

 

Conventional mechanised cut and fill mining will be employed, entries to the orebody being 

provided from a centrally placed ramp system providing access to the orebody every 15 m.  

Access and sub drifts into the ore will be ramped up and down in the conventional manner to 

provide access to the ore at 5 m intervals.  The north end of the levels will be similarly connected 

by a ramp, but driven on operating cost ahead of the production horizon.  This ramp will also 

provide access to the ventilation and fill raises.  Figure 8 shows the layout at 1515 m elevation 

and a generalized schematic is shown in Figure 9. 

 

The ore will be drilled using uppers, and the back secured from the top of the muckpile 

previously levelled by scooptrams while mucking the "swell".  If it becomes necessary to mine 

the orebody "flatback" a production jumbo fitted with 6 m slides will be used to drill a row of 

trimmers above the holes drilled by a ring drilling machine.  In this way the cheap ring drilling 

will be augmented to provide a trimmed back suitable for local support.  Heavy scaling will be 

accomplished by the mobile rockbreaker. 
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After a section has been blasted and secured in this manner, production mucking will take place, 

after which the section will be filled.  The method is cyclic, and careful planning will be required, 

in conjunction both with the other orebody in the Saadah Zone, and ore being mined from other 

zones. 

 

Blasthole Open Stoping 

 

South of section 4695, the Saadah orebody is not beneath the wadi and therefore open stoping 

methods will be used.  The hanging wall rocks are talcose however, and are not likely to stand for 

long periods without some support.  For this reason residual pillars will be left during the mining 

operation which limit the overall extraction to just over 80%. 

 

The ore will be developed vertically by ramps and laterally by mining rooms at approximately 30 

m intervals driven wherever possible in ore.  The orebodies will be undercut and drawpoints 

developed into the undercut as required.  The ore will be drilled and blasted from the lateral 

drilling rooms leaving pillars as necessary to support weak hanging walls or the extraction of 

muckpile ore lenses where they occur in close proximity.  Ore transfer from the drilling and 

blasting horizons will take place through the stopes to the drawpoint levels.  Where these are 

above the principal access horizons, the muck will be transferred by orepasses and loaded into 

trucks by chutes.  Where coincident with or below the principal access horizon, the muck will be 

loaded into trucks directly.  A generalised longitudinal section is shown in Figure 10. 

 

8.2.3  CROWN PILLAR 

 

As operations approach the crown pillar in the east orebody, a decision point will occur to leave 

the remainder of the crown pillar to be mined at the end of the mine lifetime.  If leakage becomes 

severe it may be necessary to install a water collection system to control water inflow.  It is 

important to recognize that all risk from severe flooding cannot be eliminated.  The use of fill will 

reduce this risk, but will not eliminate it. 
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The method used to remove the pillar will be open stoping. 

 

8.3  AL HOURA ZONE 

 

This zone underlies normal desert terrain, without wadi complications, and open stoping methods 

will be used.  Pillars will be left to support the stope walls and the rocks between two ore zones 

where present.  As in the open stoping sections of the Saadah zone, the design recovery will be 

88%, the remaining ore being left in systematically designed pillars.  These pillars may not be 

recoverable, but actual mining experience may indicate that a more liberal recovery factor is 

possible. 

 

The general strategy will be to ramp up and down from the existing 1515 haulage level.  Open 

stoping will be carried out from drilling rooms driven at appropriate vertical intervals in the ore.  

From these drilling rooms the same longhole drilling machines will be used to drill between 

levels, and the ore will be blasted down to a drawpoint level below.  The extraction of the stopes 

will be by retreating to the access on each level, and mining from the bottom of the stope to the 

top.  Generally speaking, the ore above 1515 level will be mined first, using ore passes to transfer 

the ore to 1515 level when the stope drawpoints are above, and using direct truck haulage from 

below. 

 

8.4  MOYEATH ZONE 

 

The Moyeath zone lies about 600 m to the southeast of the mine decline and at a rather lower 

elevation than the other orebodies.   It will be accessed by a 875 m ramp driven downwards at 

20% grade. 

 

The new access ramp will be driven from the 1515 level to intersect the orebody in the vicinity of 

1340 elevation and from that point to ramp up and down to the drilling levels.  The majority of 

the ore lies between 1280 elevation and 1590 elevation. 
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A 350 m ventilation raise will be installed which will break through to surface in one of the 

tributary valleys to Wadi Saadah.  If future drilling indicates more high grade ore in the Moyeath 

deposit, it may be advantageous to exploit the deposit from an independent access ramp from 

surface. 
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9.  PROCESSING 

 

 

9.1  GENERAL 

 

Based on the results of the testwork, a process flowsheet has been developed for a process plant 

with a capacity of 700,000 tonnes per annum of ore (Figure 11). 

 

9.2  PROCESS DESCRIPTION 

 

The flowsheet consists of the following process areas: 

 

• underground crushing, conveying to surface and stockpile; 

• grinding; 

• aeration and a talc float; 

• copper flotation; 

• zinc flotation; 

• concentrate thickening and filtration; 

• tailings thickening and filtration; 

• cyanidation of final tailings and zinc concentrate; 

• reagent handling;  and 

• utilities. 

 

9.2.1  UNDERGROUND CRUSHING CONVEYING AND STOCKPILE 

 

Run-of-mine ore will be delivered to the underground dump pocket by truck.  Ore will be fed 

from the dump pocket by a reciprocating feeder to the jaw crusher which will crush the ore to 

minus 200 mm.  The crushed ore will fall onto a short belt conveyor which discharges onto a belt 

conveyor which will transport the ore the surface using the existing main decline.
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At the surface, the conveyor will discharge into a diversion chute which in the normal position 

will direct the ore onto a conveyor belt transferring the ore to a 6,000 tonne crushed ore stockpile. 

 In the second position, the diversion chute will direct waste or ore to an emergency stockpile. 

Ore can be reclaimed from the emergency stockpile by front end loader feeding a reclaim 

conveyor.  Waste will be stockpiled and used for backfill underground. 

 

9.2.2  GRINDING 

 

Ore will be withdrawn from the coarse ore stockpile at a rate of approximately 83 tonnes per hour 

by three feeders onto a conveyor belt feeding the SAG mill.  A belt weigh scale will monitor and 

control the feed tonnage by adjusting the speed of the feeders. 

 

The initial stage of grinding will be carried out by a 5.5 m diameter by 2.4 m long SAG mill 

equipped with a 670 Kw motor and operated in closed circuit with a screen.  The screen oversize 

is returned to the SAG mill for further grinding.  The screen undersize is ground to 80% minus 45 

microns in a conventional ball mill-cyclone classification circuit consisting of a 3.7 m diameter 

by 5.5 m long ball mill in closed circuit with five 375 mm cyclones. 

 

9.2.3  COPPER FLOTATION 

 

Cyclone overflow at 80% minus 45 microns will flow by gravity to two conditioning tanks ahead 

of the talc prefloat circuit.  Reagent additions of lime to control the pH and sodium sulphite as a 

zinc depressant will be made to the grinding circuit.  Following conditioning with further 

additives of lime and sodium sulphite, the pulp is aerated and the talc recovered in a flotation 

concentrate in a bank of six 8.5 m3 cells.  The talc concentrate is sent directly to final tailing. 

 

The tailing from talc flotation is conditioned with Aerophine 3418 as copper collector and CMC 

7LT as talc depressant before copper rougher flotation in twelve 8.5 m3 flotation cells.  These 

cells are in three banks of four cells in order to allow for the staged addition of CMC 7LT to 

depress the remaining talc. 
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The copper rougher concentrate is reground to 80% minus 25 microns in a 2.1 m diameter by 2.7 

m long ball mill operated in closed circuit with cyclones.  Cyclone overflow is cleaned in three 

stages to produce a 25% copper concentrate.  The first cleaner tailing is scavenged in a bank of 

six 4.5 m3 flotation cells prior to being combined with the copper rougher tailing and pumped to 

the zinc flotation circuit. 

 

The copper concentrate will be pumped to a 9.1 m diameter thickener and thickened to 55% 

solids.  The thickened concentrate will be pumped to a Larox pressure filter where it is dewatered 

to 8% moisture.  Filter cake is discharged onto a conveyor which transports into the loadout area 

from where it is loaded into trucks for shipment to the port of Gizan. 

 

9.2.4  ZINC FLOTATION 

 

The tailings from the copper circuit are conditioned in two stages of conditioning before flotation 

in twelve 8.5 m3 flotation cells with a retention time of 15 minutes for zinc recovery.  The 

reagents used are lime to control the pH and copper sulphate and sodium iso-propyl xanthate to 

activate and collect the zinc minerals. 

 

The zinc rougher concentrate is cleaned in two counter current stages to produce a 53% Zn  

concentrate.  The zinc concentrate will be pumped to a 9.1 m diameter thickener and thickened to 

60% solids.  Thickened zinc concentrate is pumped to the pre-aeration and cyanidation leach 

circuits for the recovery of precious metals from the concentrate. 

 

9.2.5  CYANIDATION CIRCUIT 

 

The cyanidation circuit will consist of leach circuits for both the zinc concentrate and zinc 

rougher tailing and recovery of the precious metal values by the Merrill Crowe process.  The 

Merrill Crowe process has been selected in order to maximize recovery of the silver content of 

the ore which contributes up to 40% of the revenues from the cyanidation circuit. 
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In order to minimize the requirements for fresh water makeup, the flotation tailings will be 

thickened and filtered and the water recycled to the flotation circuit. 

 

The rougher tailing from the zinc flotation circuit will be pumped to a 22.9 m diameter tailings 

thickener, and after thickening to 55% solids, will be dewatered on two 2.7 m diameter by 10 

disc, disc filters.  The filter cake will be repulped with barren solution from the cyanide circuit to 

50% solids before pre-aerating and cyanidation in four mechanically agitated leach tanks.  

Following a 24-hour leach time, the slurry will be pumped to the tailings belt filters for recovery 

of the precious metals content from the solution. 

 

The zinc concentrate from the zinc concentrate thickener at 60% solids will be diluted to 50% 

solids prior to the pre-aeration and cyanidation leach circuits.  Following a 24-hour leach time, 

the zinc concentrate will be pumped to the holding tank preceding the pressure filter.  The 

pregnant solution from the filter will be combined with the solution from the zinc rougher tailing 

belt filter prior to precious metals recovery. 

 

Gold and silver is precipitated from the de-aerated pregnant solution using zinc dust using a 

system called the Merrill Crowe process.  The precipitate is collected in a filter press and is 

mixed with fluxes and smelted in an induction furnace to produce dore bullion for shipment.  The 

barren solution following recovery of the precious metals content is used to repulp the zinc 

rougher tailing prior to cyanidation circuit leach. 

 

9.2.6  CONCENTRATE HANDLING 

 

Each of the copper and zinc concentrates will be pumped to one of two Larox pressure filters.  

The concentrate at 8% moisture will be discharged by conveyor into a loadout area.  It will be 

loaded into trucks using a front end loader for shipment to the port of Gizan.  A truck scale is 

provided for weighing outgoing shipments.  From Gizan, concentrates will travel by ship to 

copper and zinc smelters in Europe and Japan.   
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9.2.7  TAILINGS DISPOSAL 

 

The zinc flotation tailings will be filtered on two 80 m2 belt filters operating in parallel.  The 

filters have been designed to allow for a two-stage countercurrent wash needed to obtain high 

pregnant solution recovery, and minimize the cyanide content of the final tailing prior to disposal. 

 The filter cake containing approximately 22% moisture is conveyed to the surge pile prior to be 

loading into trucks for shipment to the tailings disposal area. 

 

The filtered tailings will be impounded in an area east of the concentrator.  The area is sufficient 

size for the foreseeable life of the project.  Tailings will be systematically dumped from the 

higher ground progressing downstream towards the proposed final dam structure.  During normal 

operation the earth works will consist of internal dams and dykes to contain any seepage and 

divert any uncontaminated water from spring storms away from the active disposal areas.  These 

active areas will change as the plant production requires. 

 

Final reclamation of the area will require the placing of local material over the tailings to prevent 

erosion.  

 

9.2.8  REAGENTS 

 

Reagents used in the concentrator will be purchased and received in bulk wherever possible.  

Lime will be received in bulk and slaked prior to be being fed to the flotation circuit in a 

pressurized loop.  Carboxy methyl cellulose (CMC), the talc depressant, will be fed to the 

flotation circuits from a pressurized loop. 

 

Copper sulphate and sodium bisulphite will be delivered in 1,000 kg bulk bags and metered to the 

circuits following mixing in an agitated tank.  Aerophine 3418A and frother will be metered as 

concentrated solutions while the sodium iso-propyl xanthate will be mixed and fed to the circuit 

using metering pumps. 
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9.2.9  PROCESS CONTROL 

 

The plant will incorporate the necessary instrumentation and control systems to provide control 

of the plant.  An on-stream analyzer will be provided to monitor and control the flotation 

operation. 

 

9.2.10 UTILITIES 

 

Plant and pressure filter air will be supplied by rotary screw compressors.  A separate system will 

be used to provide dry, oil free air for instrumentation.  
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 10.  INFRASTRUCTURE 

 

10.1  GENERAL 

 

The mining and processing operations will be supported by an Administration and a Maintenance 

Services department.  The Administration department will be responsible for human resources, 

accounting, purchasing, warehouse, site security, safety and training aspects of the operation.  

The Maintenance Services department will administer the operation and maintenance of a 300 

man on site camp facility including the power generation plant and water supply. 

 

10.2  ACCESS ROAD 

 

The site is readily accessible by a 20 km gravel road from the Sifah-Najran paved highway. This 

access road will require upgrading to enable daily traffic both for construction materials and 

concentrate shipments to the port city of Gizan.  Road straightening, ditching and base 

reconstruction will be required, particularly for the last half of the road into the mine site.  

Materials for road construction are available locally. 

 

Secondary access to the project site is via an unimproved gravel road along the wadi from Thar.  

The road through the wadi is subject to considerable washouts and rebuilding during flood 

periods and will only be used as a secondary access route.  

 

Gates and gatehouses will be located at project boundaries from the north and south accesses.  

 

10.3  CAMP FACILITIES 

 

A 300-man single status camp will be constructed, using trailer modules for sleeping 

accommodation, wash facilities, recreation and  kitchen (Figure 12).  Separate facilities will be 

provided for expatriate and Saudi employees and for other staff.  An on-site medical facility will 

be provided and will be staffed by a doctor and provide 24-hour nursing care. 
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10.4  SERVICE BUILDING 
 

A centrally-located services building will serve both the mine and the process plant. The mine dry 

will have a capacity for 200 men.  The warehouse will have space for surface and underground 

equipment.  Shops will include machine, welding, electrical and carpenter shops. This facility 

will also include five equipment repair bays. 

 

10.5  POWER SUPPLY 

 

The project power requirements will be met by diesel generated power.  The four generators will 

be of 3.2 MW capacity, with three operating at one time.  The power distribution within the 

project boundaries will be 15-Kv pole mounted power lines. 

 

The three existing generators (3 x 900 Kw) will be refurbished and utilized for the camp, related 

infrastructure and emergency purposes. 

 

10.6  FUEL STORAGE 

 

Three 600,000 litre diesel storage tanks will be provided as well as diesel and gasoline storage.  

The fenced and bermed area will have fire extinguishing equipment installed.  

 

10.7  WATER DISTRIBUTION 

 

Water will be supplied from a system of wells as described in the following chapter.  An 

interconnected distribution system will be installed which includes electric pumps located at each 

well head and fed from a 15-Kv power line and step down transformer.  A surge tank will be 

located near the well head closest to the plant.  A 100-mm pipeline from each well head will 

carry water into the surge tank.  Pumps will operate as independent supply sources and will have 

the ability to operate either solely or simultaneously depending on water availability and levels 

within the surge tank.  A pumping station at the surge tank will supply 
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water 6 km up the wadi via a 150-mm pipeline to the fresh/fire water reservoir located at the 

minesite.  A backup diesel powered pump would supply water in an emergency situation. 

 

10.8  SEWAGE TREATMENT 

 

Sewage from the construction/operations camps, the service complex, concentrator and mine will 

discharge via pipelines and lift stations into a package sewage treatment plant. The clean outflow 

will recycle into the process makeup water and will also be used for general outdoor purposes. 

 

10.9  ASSAY LABORATORY 

 

The assay laboratory will be located in three 3-m wide portable trailers units.  Equipment will be 

installed for sample preparation, assaying for base metals and fire assaying for precious metals. 

 

10.10  PORT FACILITIES 

 

Copper and zinc concentrate will be transported by covered dump trucks to the Port of Gizan on 

the Red Sea.  The concentrate will be dumped within an existing 40 m wide by 100 m long 

storage building leased by ASDC from the Port Authority.  The concentrate will be stored until 

the arrival of a regularly scheduled bulk carrier.  Approximately 10,000 tonnes of zinc and 15,000 

tonnes of copper could be stored within this area.  

 

Facilities at the port will consist of a front-end loader to move concentrate within the shed after 

truck unloading, and to load concentrate onto the ship loading conveyor system during 

concentrate shipment.  The conveying system provided by ASDC will consist of a hopper 

conveyor loaded by the front-end loader, a transfer belt and a ship loader, all of which are mobile. 

 Approximately 20 truck loads per 24 hour day will be required to transport the concentrates to 

the port. 
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11.  WATER SUPPLY 

 

 

11.1  GENERAL 

 

An assured supply of water is critical to the successful implementation of a mining operation at 

the Al Masane site.  The current projections indicate that 40 m3/h of water are needed to process 

2,000 tonnes of ore per day and also to supply the domestic requirement for the mining camp.  

The major requirement for water is in the processing of the ore and water conservation and 

recycling will be incorporated into all phases of the operation.  

 

Since 1980, the Bureau de Recherches Geologiques et Minieres (BRGM) on behalf of the 

Saudi Arabian government has conducted a number of investigations of the water supply for 

the Al Masane project.  Three subsurface areas were identified within the Wadi Saadah-Wadi 

Hizmah valley system, downstream from the mine area, that have the potential to supply the 

water requirements.  These sites were further investigated by drilling test wells, installing 

piezometers and performing pumping tests to assess the potential of the groundwater aquifer.  

This work was followed by an assessment of the surface and groundwater resources for 

ASDC by Gentle Geophysics Limited (GGL) in 1984 and an appraisal of the surface 

potential and storage reservoir feasibility by Aqua Data Systems Limited (ADS) in 1986.  

Both studies investigated the possibility of the construction of a dam in Wadi Saadah.  One of 

the major concerns was the variable nature of the rainfall and whether the water supply 

impounded by the dam could be replenished on an annual basis particularly in years of below 

average annual rainfall. 

 

In 1994, Shaheen & Peaker Limited (S&P) was retained by ASDC to assess the groundwater 

resources potential and hydrogeological characteristics of the underground reservoirs in areas 

identified in previous studies and the potential water supplies from surface/subsurface storage 

facilities and dams.  
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The mean annual precipitation is 102 mm, ranging from 26 mm to 260 mm.  Most of the 

precipitation occurs during the months of March and April.  Precipitation during the remaining 

months is quite variable and unreliable for water supply.  Evaporation rates are high.  A mean 

annual pan evaporation of 3,000 mm/year has been used by S&P for this study. 

 

11.2  SUBSURFACE WATER 

 

11.2.1  GROUNDWATER PUMPING 

 

The S&P investigations indicate that the groundwater reservoir in the fractured/weathered 

bedrock can provide the required amount of groundwater downgradient of the project site.  

Groundwater was found at the top of the rock about 5 m below ground surface in most wells, 

although perennial water was noted in several locations within Wadi Saadah.  Well yields were 

reported to be highest in the metasedimentary rocks followed by wells drilled in gabbro.  Low 

water yields were found in the granite and diabase rocks. 

 

Pumping tests conducted on the existing exploration wells in January 1994 indicated that 

pumping rates of 15 m3/h are feasible.  Therefore three well fields will be able to meet the 

40 m3/h water requirement of the operation.  Proposed production well locations are: 

 

• existing well MAS 19W about 2 km downgradient of the mine site; 

• new production well at the confluence of the Wadi Saadah-Hizmah and Wadi Wazagh 

(3 km downgradient of the mine site);  and  

• existing well MAS 14W (4 km downgradient of the mine site). 

 

Additional step-drawdown and well performance testing should be undertaken to establish and 

monitor optimum well yield for each well field.  The existing well MAS 4W, approximately 

7.5 km downgradient of the mine site, could be used as a backup production well, if required. 
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The mine could also provide an additional source of water.  During the 1979 underground 

exploration program, reported mine water production varied between 7 and 20 l/s (0.4 to 1.2 

m3/hr) with maximum inflow during the flooding of Wadi Saadah.  Although it is not possible to 

predict the inflow into the mine, it is expected that there will be some water available from this 

source. 

 

11.2.2  WATER RETENTION BARRIERS 
 

Additional reserves of water can be obtained with groundwater recharge and the use of the 

alluvium as a subsurface storage reservoir for flood waters.  Low level (4 m high) water retention 

barriers will be constructed above each production well field to recharge the groundwater system. 

 The barriers would spread the flood waters across the width of the flood plain.  The water 

forming ponds behind the barrier could then rapidly infiltrate the alluvium.  These low level 

barriers would be constructed using local materials and be reinforced to minimize maintenance 

(Figure 13). 

 

An impermeable core for each barrier is necessary to prevent downgradient flow in the alluvium 

and maximize recharge to the bedrock.  The existing wadi flow would be diverted above the 

barrier so the impact of flood water is reduced when it reaches the barrier.  It is anticipated that 

approximately 200,000 m3 or about one-half of the annual water requirement for the mine site 

could be captured behind each barrier during the flood season.  The installation of these barriers 

recommended by S&P should therefore ensure a continued supply of water for the project. 

 

11.3  SURFACE WATER 

 

11.3.1  SURFACE WATER RESERVOIR 

 

After evaluating the various hydrological parameters such as water availability, process water 

required, evaporation, exfiltration and sedimentation, S&P determined that the construction of a 

40 m high dam above the mine site would create  a  suitable  size  reservoir  for  the Al
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Masane operation.  The reservoir reach would be approximately 3 km long.  There appears to be 

sufficient rainfall to fill the reservoir assuming an average precipitation of 100 millimetres per 

annum.  However over the past ten years there has been wide variances in annual precipitation 

amounts at Al Masane and lower than average precipitation rates have been experienced for up to 

three years.  Evaporation losses are severe. 

 

11.4  POTABLE WATER 

 

Water from the wells is of good quality and will be used to supply the potable water requirement. 

 Potable water will be treated by a packaged water treatment facility.  A buried distribution 

system from a potable water treatment plant will supply water around the project site. 

 

11.5  DISCUSSION 

 

Based on the information to date, we believe that a sustainable yield of 40 m3/h can be obtained 

from pumping the groundwater system at about 15 m3/h in each of the three areas at 2, 3, and 4 

km downgradient of Al Masane.  A new production well field is recommended to be drilled at the 

confluence of the Wadi Saadah-Hizmah and the Wadi Wazagh and Saadah about 3 km 

downgradient of Al Masane.  The three well fields should be evaluated to establish optimum 

pumping rates and also to monitor impacts on local bedouin wells prior to implementing full 

scale production.  We recommend that low level water retention barriers  be installed above each 

production well field to recharge the alluvium. 

 

We do not believe that the costs can be justified for importing water or constructing a dam to 

supplement or provide the mine site with water at this time. 
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12.  ENVIRONMENTAL PROGRAM 

 

 

Environmental regulations for the mining industry in the Kingdom of Saudi Arabia are presently 

being prepared.  It is expected that the regulations will follow those presently implemented in 

North America.  Therefore, the mine, concentrator and infrastructure have been designed to meet 

these North American standards. 

 

The total area to be disturbed by all the surface facilities, excluding the water supply system but 

including the tailings area is 57.6 hectares.  The underground mining operation will be accessed 

by an existing decline which will result in minimal surface disturbance.  Only non-acid producing 

waste rock will be used for surface construction activities.  Any acid-producing waste rock 

produced during mining operations will be used as underground fill.  Any excess water from the 

mine will be pumped to the concentrator and used as process water. 

 

The processing plant has been designed to recover water from the tailings by filtration in order to 

minimize water requirements.  Reagents required in the process will be stored in a contained area 

and mixed as required by the operator. 

 

The filtered tailings will be drained in a stockpile area prior to being impounded in a designated 

area east of the concentrator.  This filtered deposition of tailings will reduce the possibility of acid 

production since water availability is a requirement for oxidation of the sulphide content of the 

tailings.  Tailings dumping procedures will be designed to maximize evaporation of excess 

moisture from the tailings in order to minimize any seepage of tailings water into the alluvium 

and possibly into the groundwater.  A series of temporary internal dams and ditches will be used 

to collect and divert water flows away from the active disposal area during the infrequent 

rainstorms.  A monitoring program will be implemented to monitor the effect of the tailings 

disposal on groundwater. 
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Appropriate areas have been allocated for maintenance activities and used oil and other 

consumables will be collected and disposed in an environmentally acceptable manner.  The 

storage areas for oil, gasoline and reagents will be lined and bermed and enclosed within a 

security fence. 

 

The water supply for the project will be supplied from wells located in the wadi downstream from 

the mine.  The proposed water supply scheme will ensure that the subsurface aquifers are 

recharged as completely as possible during the annual wadi flood which will result in a minimum 

impact on the existing bedouin local wells.  

 

The camp will be provided with a treated source of potable water.  A sewage treatment plant will 

be provided and the water reused within the camp for irrigation or reused in the process.  An 

incinerator will be provided for the disposal of other waste materials. 

 

A baseline environmental audit will be performed prior to start of the operation and a continuing 

environmental monitoring program will be implemented to monitor water quality, tailings 

management and the in-plant environment throughout the mine life. 

 

At the end of the mine life the site will be reclaimed.  The mine accesses will be sealed, the camp 

will be removed, the buildings demolished and the equipment sold.  The site will be graded and 

returned as closely as possible to its natural state.  The tailings area will be stabilized by placing 

wadi sand and boulders over the area in order to reduce the possibility of the tailings being blown 

or eroded away.  A dam will be constructed which will prevent any future migration of the 

tailings down the wadi and this will be assessed based on the operating experience in the tailings 

area. 

 

Further information on environmental studies can be found in the report prepared by HBT Agra. 
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13.  MARKETING 

 

 

13.1  PRODUCTS TO BE SOLD 

 

Al Masane will produce three products, zinc concentrate, copper concentrate and dore bullion.  

The copper concentrate will contain valuable amounts of gold and silver. 

 

Zinc accounts for about 47% of the net smelter return, followed by copper (30%), gold (15%) and 

silver (8%). 

 

Smelters and refineries process concentrates into metals that approach 100% purity.  In general, 

smelters do not buy concentrates but rather they charge a processing fee and either return the 

metal to the concentrate producer or sell the metal for the producer's account on the open market. 

 These processing fees usually consist of a fixed amount per tonne of concentrate plus 

adjustments the current metal prices, a recovery factor for each metal and any penalties for 

deleterious metals in the concentrate. 

 

These concentrates do not contain any deleterious elements from a smelting standpoint and 

smelters should not charge any penalties when the concentrates are processed.  The high precious 

metal content of the copper concentrate makes it particularly desirable as a smelter feed.  The 

zinc concentrate grade is in the upper range for zinc concentrates and there will be willing buyers 

on the world market. 
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The most recent Lakefield analysis of the two concentrates is shown below. 

 

 Copper Concentrate Zinc Concentrate 

 

 Copper (%) 25.5 1.22 
 Zinc (%) 6.56 54.0 
 Gold (g/t) 17 0.40 
 Silver (g/t) 537 40.00 
 Iron (%) 27.8 5.4 
 Arsenic (%) 0.032 0.020 
 Mercury (%) 0.00076 0.0043 
 Chlorine (g/t) <10 <10 
 Sulphur (%) 35.3 32.4 
 Bismuth (%) 0.005 0.007 
 CaO (%) 0.27 0.67 
 MgO (%) 0.38 0.61 
 Silica (SiO2) (%) 0.84 1.31 
 Barium (%) 0.004 0.015 
 Beryllium (%) 0.001 <0.001 
 Calcium (%) 0.22 0.50 
 Cadmium (%) 0.021 0.15 
 Cobalt (%) 0.0026 0.0009 
 Chromium (%) <0.0005 0.0007 
 Lanthanum (%) <0.001 <0.001 
 Magnesium (%) 0.22 0.38 
 Molybdenum (%) 0.055 0.23 
 Sodium (%) 0.0090 0.013 
 Neodymium (%) <0.005 <0.005 
 Nickel (%) 0.0011 0.0011 
 Phosphorus (%) 0.012 0.058 
 Lead (%) 1.2 2.3 
 Antimony (%) <0.01 <0.001 
 Selenium (%) <0.02 <0.03 
 Tin (%) <0.002 <0.002 
 Tellurium (%) <0.07 <0.001 
 Yttrium (%) <0.001 <0.001 
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13.2  COPPER 

 

Copper and gold were the first metals discovered and used by man.  They are often found in the 

native state and are easily worked.  Artifacts of hammered copper that date back to 4500 BC have 

been found among Chaldean remains. 

 

From antiquity to the 19th century, copper's main value was related to its malleability and ease of 

working, its durability and corrosion resistance and its availability.  The first uses were utensils, 

tools and weapons.  Since the end of the 19th century, the greatest use is in the generation and 

transmission of electricity for light, power and heat and in computer data communications.  

Currently the electrical/electronic industries account for about 46% of copper consumption.  The 

remainder is divided among construction (17%), general engineering (17%), transport (11%) and 

consumer and general (9%). 

 

Current Western World production of refined copper is about 9.1 million tonnes annually of 

which the major producers are the United States (25%), Western Europe (18%), Chile (14%) and 

Japan (13%).  This was produced from 7.7 million tonnes (contained copper) of concentrate with 

the remainder coming from recycled material.  The major producers of copper concentrate are 

Chile (27%), the United States (23.5%) and  Canada (9%). 

 

WGM retained Brook Hunt & Associates Limited (Brook Hunt) to prepare a forecast of 

copper and zinc prices as well as smelter treatment charges over the period 1996 to 2005.  

Their comments have been included in the following discussion.  Historical and projected 

copper, zinc, gold and silver prices are shown in Figures 14, 15, 16 and 17. 

 

Brook Hunt base their forecasts on the basic industrial economic cycle and the resulting 

imbalances in supply and demand.  They estimate that economic activity in the Western World 

will record a cyclical peak between 1996 and 2001 with a decline in the early years of the 21st 

century.  They believe Western World copper consumption will reach 11.1 million tonnes with an 

annual growth rate of 1.6%.  Brook Hunt calculate that demand will exceed supply from 1997 to 

2000 with a price cycle peak in 1999-2000. 
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Brook Hunt believes that copper prices will average $0.93 per pound (in 1993 dollars) over the 

period 1996 to 2005.   

 

Brook Hunt has also prepared an estimate of treatment and refining charges.  Treatment charges 

while related to the availability of concentrate, also move proportionally with changes in metal 

price.  Brook Hunt has estimated a total treatment and refining charge per pound of payable 

copper of 22.3¢ per pound of copper. 

 

13.3  ZINC 

 

Unlike copper and gold, zinc never occurs in the native state.  Although zinc has been used since 

ancient times (the alloy brass is formed from copper and zinc) it was only recognized as a 

separate element in 1721.  Zinc's outstanding chemical property is its electropositive character.  

This is the basis for the use of zinc in galvanizing or coating steel products. The coating of zinc is 

corroded preferentially, in this way protecting steel from corrosion. 

 

Zinc is sold in six standard grades varying from 98.3% zinc (Prime Western) to 99.99% zinc 

(Special High Grade).  The major uses today are galvanizing (49%), brass (19%) and die casting 

(14%).  It is estimated that 80% of future growth in zinc consumption will come from  

galvanizing.  Galvanized sheet steel shipments for auto skins have grown from 1.0 million tonnes 

in 1980 to 4.6 million tonnes in 1992 and now accounts for 90% of sheet steel used in North 

American cars. 

 

Current Western World production of refined zinc is about 5.4 million tonnes of which the major 

producers are Europe (40%), Japan (13%) and Canada (12%).  In 1993, zinc concentrate 

production in the Western World was 5.1 million tonnes and came primarily from mines in 

Canada (20%), Australia (19%), Europe (13%), Peru (12%) and the United States (10%). The 

difference in refined zinc and concentrate zinc came from the smelter's concentrate inventories 

which have now been depleted.  Zinc metal prices are currently quite depressed ($.44/lb), and 

zinc concentrate production fell 10% world wide in 1993.  Refined 
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zinc production did not fall however, and current LME stockpiles of refined zinc are in excess of 

1 million tonnes.   

 

According to the Brook Hunt forecast, total Western World consumption of zinc will reach 

6.5 million tonnes by 2005 which is equivalent to an annual growth rate of 1%.  By the turn of the 

century, 2.5 million tonnes of additional mine capacity will be required as well as 800,000 tonnes 

of refined zinc capacity.  Between 1996 and 1998 the Western World zinc market is forecast to be 

in deficit with a peak zinc price in 1999 and average zinc price of $0.58 (1993 dollars) between 

1996 and 2005.  Brook Hunt forecasts an average smelter treatment charge of $206 over the 

period 1996-2005. 

 

13.4  GOLD 

 

Gold will account for approximately 15% of net revenue for Al Masane.  During 1993, the 

average price of gold rose to $360 from $344 in 1992 and during June 1994 was trading in the 

$380 to $390 per ounce range.  During the last three years, gold consumption 

(fabrication, jewellery and industry) has exceeded mine production by 20%. This would indicate 

that gold should be able to maintain its current price.  It should be noted that forward sales of Al 

Masane gold could add to its gold revenue. 

 

13.5  SILVER 

 

Silver accounts for about 8% of forecast net revenue from Al Masane.  As with gold, silver 

consumption continues to exceed new mine production.  In 1993 the shortfall was estimated at 

156 million ounces or 27% of mine production.  Silver consumption is being driven by increased 

consumption in developing countries, particularly India, Thailand and Mexico.  In those three 

countries, consumption apparently increased by 34% in 1993 over 1992. 
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13.6  MARKETING CONCENTRATE 

 

WGM contacted several smelters and trading houses on a confidential basis to gauge the interest 

of the industry to a project that would begin producing copper and zinc concentrates in the final 

quarter of 1996.  They were provided with a copy of the most recent concentrate analyses as 

estimated by Lakefield and asked for their comments about the suitability of the concentrates and 

their future requirements.  

 

The response was very enthusiastic and indicated that the demand for zinc concentrate would be 

high by late 1996 and that based on the current analyses, the zinc concentrate would incur no 

penalties.  High zinc metal inventories dominate the current zinc market.  This has produced a 

low metal price and the closure of several zinc mines.  Smelters have continued to produce zinc 

from concentrate stockpiles but these are now depleted.  This will force smelters to curtail 

production which will ultimately lead to a reduction in metal stockpiles and a rise in the price of 

zinc.  For instance, due to a lack of concentrate feed, Asturiana in Spain cut production in 

November and December of 1993 by 10,000 tonnes per month and is expected to produce only 

200,000 tonnes in 1994 although it has a capacity of 325,000 tonnes. 

 

The inclusion of precious metals makes the copper concentrate a very attractive product.  As with 

the zinc concentrate, the copper concentrate is very clean and should not incur any penalties.  

Copper has fared better than the other base metals in the early 1990s.  Copper demand has been 

more robust due to the expansion of the New Industrialized Countries, the dramatic expansion of 

the Chinese economy and the rebuilding of the infrastructure in the former East Germany. 

 

Dore will be produced from the gold plant and sent to the refinery.  This is a readily saleable 

commodity. 
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13.7  RECOMMENDATIONS 

 

• Once a production decision has been made, all prospective smelters should be 
contacted.  The smelters will require samples of the product and assurance of project 
financing before they will seriously negotiate a smelter contract. 

 

• Our financial analysis assumes that major funding will be from the Saudi Industrial 
Development Fund.  Serious consideration should be given to financing the capital 
equipment purchases through long term concentrate sales contracts with Japanese or 
other trading houses.  WGM has already spoken with one Japanese firm that has 
expressed considerable interest in providing equipment in return for long term 
concentrate contracts. 

 

• In order to reduce working capital requirements, smelters should be asked, as part of 
the negotiations, to provide partial payments as soon as the concentrate has been loaded 
on board freighters at Gizan.  Smelters will often pay as much as 90% of the final 
estimated payment as soon as the concentrate is loaded on board. 
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14.  PROJECT IMPLEMENTATION AND SCHEDULE 

 

 

14.1  GENERAL 

 

Following a favourable decision to proceed with the construction and the availability of 

financing, a project team will be assembled to implement the Al Masane project.  This team will 

have to address two major aspects: 

 

• Project Management which involves the people and systems required to design 
and construct the mine and plant facilities;  and 

 

• Operations Management which involves the people and systems needed to 
operate the mine, processing and infrastructure facilities after the facilities have 
been constructed. 

 

We have assessed these requirements for the project and also taken into consideration the unique 

characteristics of the project such as the location and infrastructure that is presently available both 

at the site and in Saudi Arabia.  We have also assessed the capabilities and present availability of 

skilled personnel for implementing this size of project and we believe that the proposed 

implementation plan will provide the most expeditious and economical method of bringing the Al 

Masane project to commercial production. 

 

The implementation plan calls for the appointment of a General Manager to direct both the 

Project Management and Operations Management aspects of the project.  The General 

Manager will directly supervise the Operations Group which will initially be responsible for 

the design and development of the underground mining operation.  Staff and personnel will be 

hired to develop the mine and bring it into operation.  As the construction of the concentrator 

and infrastructure is completed, the Group will assume the responsibility for commissioning 

and start-up of these facilities. 
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It is proposed that WGM be appointed Project Manager reporting to the General Manager to 

provide the services associated with the construction of the concentrator and infrastructure.  

WGM would assemble a team of specialists to supervise the Engineering Design, Procurement 

and Construction Management (EPCM) for this purpose.  It is presently anticipated that EPCM 

would be contracted to a firm or firms located in Toronto where their activities can be closely 

supervised by WGM. 

 

14.2  APPOINTMENT OF GENERAL MANAGER 

 

In order to implement the proposed plan, the first priority would be to appoint a General 

Manager.  This person would be responsible for the overall direction of the project including 

Project Management and Operations Management (Figure 18).  The qualifications for this person 

would include mine operations and project management experience in order that he 

can effectively direct both of the major management requirements of the project.  This position 

would report directly to the President of the ASDC. 

 

The General Manger would be located at the project site and would be required to travel 

extensively to monitor the various activities of the project both in Saudi Arabia and abroad.  He 

would be supported in the mine operations side by the nucleus of his permanent operating staff 

and on the project construction side by experienced technical and construction personnel from the 

Project Manager. 

 

14.3  OPERATIONS MANAGEMENT 

 

The General Manager would be supported on the Operations side by hiring the personnel that 

will become the nucleus of the operating group. 

 

The mine development would be undertaken by direct hire personnel under the direction of 

ASDC supervisors.  This will allow the mine staff to be hired and the required standards of 

productivity and safety to be implemented for the initiation of the project.  The mine 

superintendent would be hired who would then be responsible for hiring the personnel for
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bringing the mine into production.  Mine staff and miners would be hired in order to provide an 

experienced base staff from which the operation can be expanded to full capacity.  From our 

discussions with the existing operations and recruitment personnel in Saudi Arabia we believe 

that the required experienced mine supervision and miners are available and that this approach 

will be successful in establishing a well motivated and safe operating crew. 

 

The administration superintendent and support staff would be hired early in the project to provide 

accounting and logistical support for the Operations Group and to monitor the data provided by 

the construction activity. 

 

It is planned to hire the mill superintendent and maintenance superintendent during the latter 

stages of construction phase of the project.  These personnel will then be able to provide 

input into the project at the appropriate time, become familiar with the project and hire their 

department personnel prior to the start of production. 

 

14.4  ENGINEERING, PROCUREMENT, CONSTRUCTION MANAGEMENT 

 

Following the completion of the project financing, the construction will move to the detailed 

engineering design, procurement and construction phase.  This work involves: 

 

• detailed engineering of the mine, mill and infrastructure facilities; 
 

• specifying, purchasing and expediting of equipment, plant and buildings; 
 

• selection and supervision of contractors to carry out the designated work; and 
 

• the provision of management information such as costs and progress of construction 
which are used to monitor and control project costs. 

 

It is proposed that WGM as Project Manager will provide a group to supervise the EPCM 

activities.  This will ensure the continuity of experience and technical input from the 
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Feasibility Study Phase is carried through into the detailed engineering phase.  The group will be 

headed by a WGM Project Manager who will report to the ASDC General Manager.  The WGM 

Project Manager will be based in Toronto and will be responsible for overseeing the engineering 

and procurement activities in Toronto and will also provide any additional construction 

management services that may be required at the project site. 

 

The EPCM activities can be undertaken in a number of ways.  This can range from hiring a 

contractor to perform all the services to WGM acting as manager and undertaking each of the 

individual EPCM services for the complete project.  After carefully considering the various 

options and considering the size and duration of this project there appears to be no advantage 

to WGM undertaking any of the EPCM function directly.  To do so they would have to 

assemble a project team whereas an EPCM organization already has the systems and 

personnel in place. It would be more advantageous to WGM to closely supervise and monitor 

the work of the EPCM contractor. 

 

Another alternative is to award contracts for detailed design/procurement activities and 

construction management activities to different firms.  However, this alternative requires that 

WGM closely coordinate the two activities to ensure cooperation between the two firms. 

 

The EPCM contractor may be chosen on a competitive bid basis or could be selected by 

negotiation based on WGM's experience of Toronto based contractors.  It is proposed that 

WGM approach a short list of three EPCM firms to negotiate the terms of a contract for 

EPCM for the project.  This contract could be negotiated on a turnkey basis in which case 

the EPCM company would deliver a plant on a fixed cost basis.  The contract could also be 

negotiated on a target-price basis which provides an incentive for the EPCM company to 

build the project at the lowest possible cost.  A third alternative is that the contract be 

negotiated on direct cost reimbursable basis with close control of costs being implemented by 

ASDC/WGM.  Each of these alternatives will be examined within the project concept for the 

best approach to the EPCM contractor. 
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14.5  PROJECT SCHEDULE 

 

A construction schedule of 18 months is envisaged for the Al Masane project.  Based on present 

delivery schedules, the SAG mill, ball mill and diesel generators appear to be the long delivery 

items and will have to be ordered as soon as possible in order to meet this schedule.  Should 

refurbished equipment be available then the overall schedule may be shortened. 

 

The schedule shown on Figure 19 outlines the major activities in the engineering procurement 

and construction of the project based on presently envisaged plans. 

 

In the Metallurgy section, we recommended that a pilot plant be completed to confirm certain 

aspects of the metallurgy and plant design.  This will require the mining of fresh representative 

samples of the Saadah and Al Houra zones.  As this may extend the construction schedule it is 

imperative that the mine is dewatered and the sample obtained as soon as possible after a 

production decision is made.  It is possible that certain aspects of the detailed engineering can be 

started prior to obtaining this information so the EPCM contractor should also be selected as soon 

as possible after financing is arranged. 

 

The mine preproduction will be phased in over a one year period prior to the startup of the 

concentrator.  The mine planning will start in early 1995 coincidental with mill engineering 

which will allow sufficient time to order the mine equipment and develop the mine. 

 

WGM believes that a three month commissioning period will be required to bring the plant to 

design capacity. 
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15.  CAPITAL COSTS 

 

 

15.1  INTRODUCTION 

 

The capital cost to bring the Al Masane project into production is estimated at $81.3 million.  

This cost includes the pre-production development in the mine, the construction of a 2,000 tonne 

per day concentrator, infrastructure with a 300 man camp facility and the installation of a 

cyanidation plant to increase the recovery of precious metals from the deposit.  A summary of the 

capital costs is as follows: 

 

TABLE 10 

SUMMARY OF CAPITAL COSTS 

AL MASANE PROJECT 

 

 Area Cost 
  ($ millions) 
 
 Mine 16.0 

 Concentrator 14.7 

 Infrastructure 18.9 

 Port Facilities  1.1 

 Water Supply  1.8 

 Project Implementation  4.5 

 Cyanidation Plant   4.4 

 Direct Costs  61.4 

 Indirect Costs 11.3 

 Contingency   8.6 

 Total Capital Cost 81.3 
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Capital costs allowances have been made for direct and indirect costs for construction of the 

facilities and allowances for contingency and start up costs.  No allowance is made for head 

office costs incurred by ASDC during construction or operation of the mine.  No allowance has 

been made for inflation in these costs.  WGM's project management costs are included. 

 

The mine design and associated capital costs were prepared by WGM.  The capital cost for the 

concentrator and infrastructure was prepared by Davy under the technical direction of WGM.  

The water supply alternatives and costs have been prepared by S&P.  WGM has estimated the 

Project Implementation Cost.  A common cost base for labour and materials was used throughout 

the capital cost estimates. 

 

15.2  BASIS OF ESTIMATE 

 

The cost estimate is based on the mine plans, flowsheets, equipment lists, drawings and level 

plans, sketches, specifications and topographic drawings prepared during the studies and 

observations made during the site visits. 

 

Equipment costs are based on written quotations for major equipment obtained from equipment 

suppliers.  Concrete, steel, piping and earthwork costs are based on the drawings and costs 

developed by Davy and their associated companies in Saudi Arabia and based on discussions 

with supply companies during a visit to Saudi Arabia. 

 

Labour costs are based on discussions held with Saudi mining company personnel, labour brokers 

and Davy Saudi experience in similar construction situations.  These labour costs have been 

factored to reflect productivity levels experienced in Saudi Arabia both for underground, surface 

and construction labour.  Costs for on-site room and board are included in the labour costs, both 

for construction and permanent operating personnel at the site. 

 

The cost estimates have been prepared in a manner and in sufficient detail so that the estimates 

have an assessed accuracy of ±15%. 
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15.3  MINE CAPITAL COST 

 

The WGM mine plan details the sources of ore for the first five years of production with a more 

generalized approach for the remaining years of the mine life.  While this plan extracts higher 

grade ores as early in the life of the mine as possible, it is not considered an optimized plan.  This 

optimization work will be prepared in conjunction with a more detailed diamond drilling program 

during the Project Implementation Phase. 

 

The cost estimate includes the rehabilitation of the existing workings, pre-production 

development for the establishment of production facilities in the Al Houra, Saadah and Moyeath 

Zones, the installation of one ventilation raise in each zone, a fill raise in the Saadah zone only, 

and development of an underground crusher room and related facilities.  Costs are also included 

for the establishment of surface facilities at the various raise collars, and road construction to 

permit access to them. 

 

The estimate includes costs for mining equipment required to mine the ore at a rate of 2,800 

tonnes per day, five days per week.  The existing equipment has been incorporated into the total 

mine equipment fleet, and funds have been included for its refurbishment.  Major items of new 

equipment include the provision of one drill jumbo, two 8 yard production scoops, three 

hydraulic ring drills, two trucks, and a variety of new utility equipment.  Funds have also been 

included for ventilation and pumping equipment underground and electrical distribution. 

 

Moyeath development will be initiated in 1997 and will incur a total capital cost of $4 million for 

development and additional equipment for the longer ore haul to the crushing plant. 

 

The breakdown of the capital costs for the mine is shown on Table 11. 

 

Management and technical supervision costs associated with these activities are included in 

the Project Implementation costs. 



 Watts, Griffis and McOuat 

 

- 99 - 

TABLE 11 

BREAKDOWN OF MINE CAPITAL COSTS 

AL MASANE PROJECT 

 

 Area Cost 
  ($ millions) 
 
 Surface roads and raises 2.0 

 Crusher excavation 0.5 

 Saadah development 2.5 

 Al Houra development 0.6 

 Moyeath development 4.0 

 Diamond Drilling 0.2 

 Mobile equipment 4.9 

 Other equipment   1.3 

 Total mine preproduction costs 16.0 

 

 

15.4  CONCENTRATOR AND INFRASTRUCTURE 

 

The capital cost estimate for the concentrator and infrastructure has been produced from the 

flowsheets, equipment lists and general arrangement drawings prepared by Davy and presented in 

their study. The capital cost for these facilities is estimated at $33.6 million.  An additional $4.4 

million is required for the construction of a cyanidation plant for the recovery of the precious 

metal content of the ore not recovered into the copper concentrate. 

 

The capital cost includes the construction of a 2,000 tonne per day concentrator for the  

production of copper and zinc concentrates for sale to smelters.  Infrastructure costs include 

a camp site to house 300 employees and 12.8 MW power plant.  The direct costs presented 

in Table 10 include all equipment, materials, labour and construction costs.  The indirect costs 

include the EPCM costs, capital spares, freight and commissioning costs. 
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15.5  WATER SUPPLY 

 

Potable and process water for the project will be obtained from wells located in Wadi Saadah 

up to 6 km downstream of the mine.  The cost for drilling extra wells and for the 

construction of water retention barriers in the wadi that will recharge the floods into the 

bedrock has been estimated by S&P to be $2.0 million.  These costs include well drilling 

supervision and the installation of the sub-surface dams.  The cost of well pumps, electrical 

supply, security fencing, pipeline and water collection and distribution system throughout the 

site is included in the cost of the concentrator and infrastructure prepared by Davy. 

 

15.6  PROJECT IMPLEMENTATION COST 

 

The cost for Project Implementation is based on the scope of work described in Chapter 14.  A 

team will be hired to implement the project including a General Manager.  The General Manager 

will supervise development of the underground mine and the construction of the concentrator and 

infrastructure.  This phase will require the services of a number of specialists including 

geological, mining, processing and construction personnel.  These personnel will act on behalf of 

the Owner to ensure that the project is implemented in a practical and economical manner.  The 

cost of the Project Implementation is estimated at $4.5 million.  These costs are shown in Table 

12. 

 

The services and costs outlined in the Project Implementation plan are those required to provide 

the necessary data and infrastructure to service the site and complete the detailed engineering for 

the project.  The services will provide the management information systems required to monitor 

and control the project and that the project is coordinated to include the technical detail is 

implemented to ensure that the project will be a success. 
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15.7  DISCUSSION 
 

The use of good quality refurbished equipment should be considered.  We recommend that only 

major equipment items such as the crusher, grinding mills, belt filters, camp accommodation 

units and diesel generators be considered in this instance as the quality of this refurbished 

equipment can be carefully monitored. Davy has estimated that a possible savings of $2.5 million 

could be realized from the use of refurbished equipment.  The actual amount of the savings will 

be determined when firm prices are obtained from suppliers prior to placing the order for the 

equipment. 
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16.  OPERATING COSTS 

 

 

16.1  INTRODUCTION 

 

The operating costs for the Al Masane project at a production rate of 700,000 tonnes per year is 

estimated at an average of $36.86 per tonne over the life of the mine.  A breakdown of the 

operating costs is shown on Table 13. 

 

TABLE 13 

OPERATING COST SUMMARY 

AL MASANE PROJECT 

 

 Area Cost 
  ($/tonne) 
 
 

 Mining 16.82 

 Concentrator 11.22 

 Cyanidation Plant 3.73 

 Maintenance Services 3.49 

 Administration 1.60 

 Total 36.86 
 
 

The operating cost for the mine at full production rate varies from $20.00 per tonne in the Saadah 

zone to approximately $13.00 in the Al Houra zone.  The average cost for mining is $16.82 per 

tonne. 

 

Operating costs in the concentrator are estimated at $11.22 per tonne of ore milled and $3.73 per 

tonne milled in the cyanidation plant.  This cost was prepared by Davy from a detailed forecast of 

staffing levels, reagents, consumables and maintenance materials.  Tailings 
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disposal has been estimated based on filtration of the total tailings and being trucked to the 

disposal site east of the concentrator at a cost of $0.27 per tonne treated. 

 

Maintenance required to support the underground and concentrator operations and maintain and 

service the infrastructure is estimated to be $3.49 per tonne. 

 

Administration costs of $1.60 per tonne include the management and administration of the site.  

These costs are for the General Manager, accounting and warehouse services, and human 

relations functions such as hiring, safety, training and camp administration. 

 

Power to the site will be provided by an on-site diesel generation plant.  The cost of power has 

been allotted to each of the departments on the basis of the estimated operating load for each 

department.  The cost of power has been estimated at $0.04 per kilowatt hour generated. 

 

16.2  BASIS OF ESTIMATE 

 

16.2.1  LABOUR 

 

Senior staff on the project will be European or North American expatriates with considerable 

experience in mining operations similar to that at Al Masane.  While a program to hire as many 

Saudi personnel as possible will be undertaken, the supervisors and operating personnel both 

underground and in the concentrator will be Filipinos with previous mining experience.  The 

semi-skilled and labourer positions will be filled by other nationalities.  A training program will 

be implemented to upgrade the qualifications of all workers. 

 

The labour costs used will include an allowance for overtime, social services required by Saudi 

law, travel and hiring costs, food and accommodation costs, as well as the direct labour cost 

component. 

 

Allowance has been made in the labour costs for the provision of on-site medical services.  The 

labour costs also include the provision of security services for the site. 
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In accordance with company policy of upgrading employee qualifications and ensuring a safety-

oriented workplace, a training department of four employees has been included in the labour 

staffing. 

 

16.2.2  MAINTENANCE AND OPERATING SUPPLIES 

 

Costs of maintenance supplies and consumables have been based on quotations obtained from 

potential suppliers.  Where actual costs are not available, costs have been based on installed 

equipment cost or on a cost per operating hour. 

 

16.3  MINE OPERATING COSTS 

 

The mine operating costs have been estimated to average $16.82 per tonne over the life of the 

mine.  The variability in costs depends on the method of mining used and includes the cost of 

backfill if required.   

 

Mine operating costs in the Saadah and Al Houra zones have been estimated to be an average of 

$16.82 per tonne.  Operating costs in the Moyeath zone are anticipated to be very similar. 

 

The operating costs have been based on the achievement of productivity rates similar to those 

found in other underground mines in Saudi Arabia.  Typically one round per shift will be 

expected from single heading development crews, 100 m per shift from the ring drills, and that 

six men can fulfil the production blasting function. 

 

Unit operating costs have been developed and used to estimate the operating cost per tonne.  

Typical unit operating costs are: 

 

 Single heading ramp development $716/m 
 Unserviced single heading development $615/m 
 Multiple Heading SLC development 
  (unserviced, independent mucking) $412/m 
 Drilling and Blasting ore $1.90/t ore 
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 Mucking $1.00/t ore 
 Trucking varies 
 Supervision $1.04/t ore 
 Services, Construction and Power $1.86/t ore 
 Maintenance Labour $0.57/t ore 
 Fill $3.00/t ore 
 

Typical equipment operating costs (excluding operation and maintenance labour) per hour are: 

 

 5 yd electric scoop $35.16 
 8 yd Diesel scoop $45.07 

 Jumbo (excluding drilling cons.) $14.43 

 Ring Drill (excl. drilling con.) $11.30 
 Carrier utility vehicle $ 3.15 
 

Operating costs vary considerably throughout the mine.  The variable elements of the operating 

costs include the method used to mine the ore, the amount of access development required, 

transport elements, and the use of fill.  Operating cost estimates vary between about $20 in cut 

and fill areas of the Saadah zone to a low of about $13 in certain parts of the open stoped areas. 

 

16.4  CONCENTRATOR OPERATING COSTS 

 

The operating costs in the concentrator are estimated at $13.63 per tonne milled.  A breakdown of 

these cost is as follows: 

 

     Area    Cost per tonne 

 Labour $2.58 

 Reagents 5.37 

 Maintenance  Supplies 1.39 

 Power    1.88 

 Total $11.22 
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16.4.1  LABOUR 

 

The labour cost of $2.58 reflects the cost of the 73 staff and operating personnel required to 

operate the concentrator on a 24 hour per day basis.  The details of labour rates and staffing levels 

are presented in the Davy report.  Labour costs include the social services required under Saudi 

law and accommodation and food costs. 

 

16.4.2  REAGENTS 

 

Reagent consumptions are based on the Lakefield testwork.  Costs are based on current 

quotations obtained from Saudi trading houses where possible or from an offshore supplier with 

freight allowed to site.  The Lakefield testwork program has shown that appreciable operating 

cost savings in the order of $2.42 per tonne can be realized with the use of a talc prefloat on the 

ore and this has been incorporated in our costs.  However, a full scale pilot plant is necessary to 

verify this result. 

 

16.4.3  MAINTENANCE SUPPLIES 

 

The cost of maintenance supplies has been estimated at 5% of the purchased equipment cost. 

 

16.4.4  POWER 

 

The electrical costs have been estimated on the basis of installed load and factored by load and 

operating factors to arrive at an actual power demand.  The cost for the concentrator is estimated 

at $1.88 per tonne milled. 

 

16.5  MAINTENANCE SERVICES 

 

The maintenance service group has a complement of 68 supervisors, clerical personnel, 

mechanics and tradesmen.  They will provide the maintenance services throughout the site 
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including the camp.  The group will also provide shop facilities for the underground and surface 

operations and assistance in major maintenance work in the concentrator. 

 

The cost of these services is estimated at $3.49 per tonne. 

 

16.6  ADMINISTRATION 

 

The operation will be managed and administered by a team of specialists consisting of 45 people. 

 This group include the General Manager, Manager of Administration, Chief Accountant, Human 

Resources Supervisor and a Purchasing/Warehouse Manager.  A doctor and 24 hour nursing 

services will also be provided. 

 

The Administration Department will also be responsible for the overall training and safety 

aspects of the operation and will provide the necessary expertise for the orientation of newly 

hired personnel.  The security of the site will also be administered by this Department.  The cost 

of these services has been estimated by Davy at $1.60 per tonne of ore processed. 

 

16.7  PORT FACILITY 

 

The port facility will be staffed on a 24 hour per day basis to ensure the efficient unloading and 

stockpiling of copper and zinc concentrates that are trucked from the minesite.  Trucks arriving 

from the minesite will be dumped into the storage shed at the dockside and will be moved into the 

appropriate stockpile using a front end loader.  Approximately 20 truckloads per day will be 

received at the port each day.  The shed has the capacity of storing approximately 25,000 tonnes 

of concentrate. 

 

A shiploading conveying system will be provided to load the ships at a rate of 500 tonnes per 

hour. The shiploader will be fed by a front end loader using the same crew that unloads and 

stockpiles the concentrates delivered by truck.  Operating costs of the port facility is estimated at 

$0.72 per tonne processed and is included in the concentrate shipping cost. 
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16.8  CYANIDATION PLANT 

 

The operating cost of the cyanidation plant to recover gold and silver values form the zinc 

concentrate and plant tailings has been estimated at $3.73 per tonne of ore milled.  The cost 

breakdown is shown below: 

 

     Area      Cost Per tonne 

 Labour $0.71 

 Reagents 2.58 

 Maintenance Supplies 0.18 

 Power   0.26 

 Total $3.73 

 

The major reagent cost is the cost of the cyanide consumed in the process. 

 

Recent cyanidation testwork by Lakefield has shown that the reductions in cyanide consumption 

could be realized by lowering the cyanide concentration in the leaching process.  WGM has 

incorporated this operating cost savings of $2.25 per tonne into our base case financial scenario. 

 

16.9  DISCUSSION 

 

Potential savings in operating costs can be made by obtaining electric power from the Saudi 

Electric Power Company.  Operating cost savings of $2.14 per tonne could be realized by the use 

of less expensive electric power from the Saudi Electric Power Company and would enhance the 

economics of the project. 
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17.  ECONOMIC ANALYSIS 

 

 

17.1  GENERAL 

 

The economics of the Al Masane project have been studied utilizing cash flow analysis.  A Base 

Case is described that includes those project elements which we believe are most likely to be 

achieved.  We have then examined further opportunities to improve the project, as well as those 

elements which represent project risks.  The cash flow projections are included in Appendix 1. 

 

17.2  BASE CASE ASSUMPTIONS 

 

• Mineable diluted proven and 7,212,000 tonnes 

 probable reserves 

 

• Grade of mill feed Zinc  5.31% 

  Copper  1.42% 

  Gold  1.19 g/t 

  Silver  40.20 g/t 

 

• Production rate 700,000 tonnes per year of ore to produce 
34,900 tonnes of copper concentrate and 
58,000 tonnes of zinc concentrate 

 

• Concentrator flowsheet Process flowsheet includes talc prefloat, 
flotation of copper and zinc minerals and 
cyanide circuits for precious metals 
recovery from zinc concentrate and zinc 
flotation tailings 

 



 Watts, Griffis and McOuat 

 

- 111 - 

• Metal recovery to zinc concentrate Zinc  82.2% 

 

• Metal recoveries to copper concentrate Copper 87.7% 

  Gold 48.6% 

  Silver 39.8% 

 

• Recoveries to bullion from Gold 28.7% 

 cyanide circuit Silver 41.5% 

 

• Zinc concentrate grade Zinc 53% 

 

• Copper concentrate grades Copper 25% 

 

• Smelter terms for zinc concentrates Pay for 85% of zinc content with a 
minimum deduction of 8 units 

  Treatment charge-$200/tonne concentrate 

 

• Smelter terms for copper concentrate Copper  Deduct one unit, pay for 
100% of remainder 

   
  Gold Pay for 93% with a 

minimum deduction of 1 
gram 

   
  Silver Pay for 90% with a 

minimum deduction of 31 
grams 

 

  Treatment Charge $87/tonne 
    concentrate 
   
  Refining Charges Copper $0.0875/lb 
    Gold $5.00/oz 
    Silver $0.50/oz 
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• Base case metal prices Zinc  $0.60/lb 

  Copper  $1.00/lb 

  Gold  $400/oz 

  Silver  $6.00/oz 

 

• Capital costs $81.3 million 

 

• Operating Costs  

 Mining $16.82/tonne  

 Milling $14.95/tonne 

 General and administration $ 5.09/tonne 

 Total $36.86/tonne 

 

• Trucking costs to Gizan $17.50/tonne concentrate 

 

• Ocean shipping and handling $30.00/tonne concentrate 

 

• Exploration $250,000 per year 

 

• Working capital 25% of Annual Net Smelter Return 
 

• Corporate structure 50% ASDC and 50% Saudi ownership of 
New Company (Figure 20) 

 

• Distribution of profit Dividends of 50% of cash flow to ASDC 
and 50% to new Saudi investors 

 

• Zakat Responsibility of Saudi investors 
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• Income tax Five year tax free period.  Corporate 

income tax payable by non-Saudi 

shareholders 

      

  Tax Rates on taxable income are: 

   first 100,000 SR 25% 

   next 400,000 SR 35% 

   next 500,000 SR 40% 

   over 1,000,000 SR 45% 

 

• Exchange rate US$1.00 = SR 3.75  

 

• Depreciation Based on Units of Production over the life 
of the ore reserves 

 

• Financial structure of New Company ASDC will earn 50% of the equity of the 
new company by contributing the mining 
lease, ore reserves and associated assets. 
New Saudi shareholders will purchase 
50% of the equity of the new company for 
$20.4 million cash through a public 
offering 

  New debt funding will be arranged for 
$61.3 million (75% of total new capital) 

 

• Source of Funds Saudi Shareholders      $20.4 million 

  SIDF Loan       $40.9 million 

  Commercial Bank Loan   $20.4 million 

 

• Inflation Not included 
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• Terms of SIDF loan Amount $40.9 million 

  Service charge 2.5% per annum 

  Repayment - one year grace after mine 
start-up;  equal instalments over initial 
mine life 

 

• Terms of bank loan Amount $20.4 million 

  Service charge 5% per annum (based on 
inflation free environment) 

  Repayment out of 50% of free cash flow 

 

• Project cash flow Net Smelter Return less Cash Operating 
Costs less Capital Investment less Working 
Capital less Exploration Expenditures.  
Does not include financing or loan 
repayment 

 

• Cash flow to New Company  Project Cash Flow plus funds from Saudi 
investors plus SIDF loan plus bank loans 
less repayment of government advances, 
SIDF loan, and bank loans less service 
charges less interest expense less 
capitalized interest 

 

• Cash flow to Saudi shareholders Dividends from New Company less initial 
investment 

 

• Cash flow to ASDC Dividends from New Company 
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• Dividends from New Company Net cash flow in New Company is 
distributed to Saudi investors and ASDC 
according to percentage ownership 

 

• Discounting All cash flows have been discounted at 
5%, 10% and 15% assuming mid-year 
discounting 

 

• Repayment of existing $11 million One payment at end of mine life 

 advance from Saudi Government 

 

17.3  DISCUSSION OF CASH FLOW STATEMENTS 

 

When reviewing the cash flow projections, it is important to keep in mind that no inflationary 

increases are included.  This means that the calculated internal rate of return for the Base Case 

(14%) would, in an inflationary environment of 4%, say, increase to about 18%. 

 

There are several components of the project which provide opportunities to increase cash flow.  

As well, several other elements of the project represent potential risks. 

 

We have calculated cash flows to examine several financial improvements: 

 

• Increased ore reserves; 

 

• Reduced operating costs; 

 

• Higher ore grades; 

 

• Increased metal prices; 

 

• Forgiveness of outstanding advance of $11 million from Saudi government. 
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We have also calculated cash flows to show the effect of several risks: 

 

• No tax-free period for initial payment of income tax; 

 

• Metal losses in talc pre-float circuit; 

 

• Higher cyanide consumption in the precious metals recovery plant; 

 

• Higher than estimated capital costs; 

 

• Earlier repayment of outstanding advance of $11 million from Saudi government;  and 

 

• Increased operating costs. 

 

Cash flows have been calculated to show the results from the perspective of: 

 

1. the project; 

2. the new Saudi investors;  and 

3. Arabian Shield Development Company. 

 

The resulting rates of return from these investors are shown in Figures 21 to 24. 

 

 Figure 21  Project internal rate of return 

 Figure 22  Rate of return to new Saudi investors 

 Figure 23  Net cash flow to new Saudi investors 

 Figure 24  Net cash flow to ASDC 
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17.3.1 PROJECT INTERNAL RATE OF RETURN 

 

We have selected internal rate of return as the best way to show project returns.  Internal rate 

of return (IRR) for our base case is 14.0%.  It comes as no surprise that the greatest effect on 

IRR is caused by increases to revenue.  An increase of 10% in metal prices results in a boost 

to IRR from 14.0% (base case) to 21.6%.  Ten percent higher ore grades result in a 

19.2% IRR.  Better ore grades could be achieved by better control of waste dilution during 

mining or from more high grade ore than postulated. 

 

Reduced operating costs (by 10%) gave an increase in IRR to 17.3%.  One good opportunity 

to reduce operating costs is found underground where better productivities by mining 

personnel could well be achieved. 

 

Increased ore reserves are highly likely as described in Section 6.9.  An increase of 10% 

increases project IRR to 14.9%. 

 

Further metallurgical test work is required to achieve greater confidence in the percentage of 

metal recoveries to be expected as a result of introducing a talc pre-float section into the 

process flowsheet.  A reduction of copper and zinc recoveries by 1 percentage point and 

precious metals recoveries by 5 percentage points is believed to be the worst case and would 

cause a reduction in project IRR to 12.9% from 14.0%. 

 
Capital cost increases of 10% result in project IRR of 12.1%.  Such increases could be caused 

by renewed inflation in equipment manufacturing countries or cost overruns from 

unanticipated construction problems. 

 
Another area of the process flowsheet which requires further testwork is the cyanide section 

for precious metals recovery.  The risk here is that consumption of cyanide might be higher 

than indicated by limited testwork to date.  This increase (which might add $2.25 per tonne to 

operating costs) would result in a project IRR of 12.0% (base case 14.0%). 

 
Increased operating costs (up 10%) would reduce project IRR to 10.6%. 
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17.3.2  NET CASH FLOW TO NEW COMPANY 
 

The undiscounted net cash flow to the new Company is $94.0 million for the Base Case.  This is 

distributed as dividends on the basis of ownership of the company of 50% to ASDC and 50% to 

Saudi investors. 

 

17.3.3  RATE OF RETURN AND NET CASH FLOW TO SAUDI INVESTORS 

 

The rate of return for Saudi investors is 11.9% using the Base Case criteria.  These criteria will be 

subject to the sensitivities as discussed in Section 17.3.1.  The results are illustrated in Figure 22, 

which shows the rate of return projected for the new Saudi investors, while Figure 23 shows the 

Net Cash Flow to Saudi investors, after repayment of their initial investment of $20.4 million. 

 

17.3.4  NET CASH FLOW TO ASDC 

 

The net cash flow to ASDC is illustrated in Figure 24.  This is $37.0 million using the Base Case 

assumptions.  These criteria will be subject to the same sensitivities as discussed previously and 

are also shown in Figure 24.  These range from $26.5 million (in the case where operating costs 

are increased by 10%) up to $62.7 million (in the case where metal prices were increased by 

10%.  In all cases, the net cash flow is after payment of corporate taxes in Saudi Arabia. 
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17.4  SUMMARY 

 

In summary, we believe that our financial analysis shows that a viable project can be anticipated 

at Al Masane.  While there are several areas where technical or cost risks can be identified, we 

believe these are outweighed by the opportunities to improve financial returns. 

As outlined on page 34, inferred resources of almost one million tonnes have been calculated.  

We believe these will be readily confirmed.  Further, no allowance has been made for additional 

potential immediately down plunge beneath the identified reserves. 

 

In addition, we feel that the Al Masane area has the dimensions of a mineral district which has 

only been partially prospected to date.  As described on page 38, some of the small mineralized 

showings outside the immediate mine area could yield substantial tonnages of new ore. 

 

Reduced mining costs are deemed possible, especially if improved mining productivities can be 

achieved as we feel may well be the case. 

 

Another financial factor is the existing loan of $11 million originally borrowed to finance the 

underground investigation program.  We have shown repayment of this loan at the end of the 

mine life.  There is a reasonable prospect that the government can be persuaded to forgive this 

debt. 

 

Finally, no one can control metal prices.  However, careful planning which employs such 

techniques as forward selling, hedging and innovative smelter contracts can produce higher 

income. 

 

On balance, we feel that these positive factors provide good upside potential for financial returns 

from a long-life mine at Al Masane. 
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18.  CONCLUSIONS AND RECOMMENDATIONS 

 

 

18.1  CONCLUSIONS 

 

1. Diluted, mineable, proven and probable reserves are 7,212,000 tonnes grading 1.42% Cu, 

5.31% Zn, 1.19 g Au/t and 40.20 g Ag/t.  An additional 953,000 tonnes grading 1.16% 

Cu, 8.95% Zn, 1.50 g Au/t and 60.79 g Ag/t can be classified as Inferred Resources. 

 

2. There is considerable potential to expand the reserves defined to date both within the 

presently defined Saadah, Al Houra and Moyeath zones and within the mining lease. 

 

3. Reserves are sufficient to sustain the operation at a production rate of 700,000 tonnes per 

year for a period of approximately ten years. 

 

4. The capital cost to bring the Al Masane project into production at a rate of 700,000 tonnes 

per year has been estimated at $81.3 million. 

 

5. The average operating cost over the life of the mine has been estimated at $36.86 per 

tonne. 

 

6. Our economic analysis of the project shows that the project will realize an internal rate of 

return of 14.0% to the project, a rate of return of 11.9% and a net cash flow of 

$26.6 million to new Saudi investors, and a net cash flow to ASDC of $37.0 million using 

the Base Case assumptions.  We believe that there is good potential for improving these 

rates of return as further ore reserves are developed, as operating costs are firmed up and 

as detailed financial planning is carried out. 
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18.2  RECOMMENDATIONS 

 

We recommend that ASDC make a decision to bring the Al Masane mine into production. 

 

The timing for such a decision is presently good as copper and zinc prices appear to be increasing 

from their recessionary price troughs. 

 

A financial consultant should be retained to assist in structuring an optimum financing plan.  

Such a plan will likely include loans from the Saudi Industrial Development Fund and from Saudi 

commercial banks as well as new equity from Saudi investors as shown in our base case.  Other 

sources of funding could include equipment leasing, smelter prepayments or metal loans. 

 

The mine should be dewatered and fresh representative bulk samples taken from the Saadah and 

Al Houra zones to be processed in a pilot plant to confirm concentrate grades and recoveries and 

to optimize the design of the concentrator. 
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APPENDIX 1 

 

CASH FLOW CALCULATIONS 

NET SMELTER RETURN CALCULATIONS - PAGE 4 & 5 




























































