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EXECUTIVE SUMMARY

Introduction

This report details the activities of Anglo American plc (Minorco) at the Zarshuran Gold Project in Iran over a period of 6 years (1995 – 2001). The evaluation of the Zarshuran Gold Project has involved technical study, culminating in the estimation of an Inferred Resource:
	Classification
	Tonnes
	Gold Grade
	Ounces (troy)
	Cut-off

	
	millions
	g/t
	millions
	g/t

	Inferred
	11.3
	7.9
	2.9
	1.0


The results of the technical evaluation of Zarshuran, combined with the legal and fiscal difficulties encountered by Anglo American plc (Minorco) in Iran have lead to the decision to cease operations in Iran in late 2001.

Summary

The "mineral" wealth of the current Iranian economy is based almost entirely upon its vast reserves of petroleum and natural gas that occur predominantly in the south. However the country has extensive and historic workings for iron ore, copper, lead, zinc, gold, silver, chromite and coal, and is host to world class zinc-lead (Angouran) and copper porphyry                         (Sar Cheshmeh) mineralisation.

With this background Anglo American plc (as Minorco) identified Iran as a potentially significant exploration environment and commenced target selection in 1994. Work has concentrated principally in NW Iran with the identification of Angouran (Zn) and Zarshuran (Au-As) as significant targets, the discovery of Chichaklu as a potential zinc target, and an evaluation of the Central Iranian volcano-plutonic belt for potentially significant Cu-Au porphyry systems.

The company decided to initially focus its interest in the Takab area of NW Iran, and to undertake remote sensing and ground follow-up regional exploration in central and eastern Iran. Since 1995 this strategy has led the company to undertake, with a special exploration contract with the Ministry of Mines and Metals:
1. Remote sensing studies and field evaluation in parts of central and eastern Iran. –Ongoing.

2. Regional exploration leading to target identification in the Takab area. – Reported by Rushton 1998.

3. Definition of a drill target and evaluation of this target at Zarshuran. –'This Report.

4. An expressed interest in a joint venture at Angouran, to involve exploration, resource definition, mining and if possible downstream operations. – Reported by Daniels 1998 but unsuccessful to date.

After the signing of the MOU between MINEX and MINORCO in 1995, detailed work began to evaluate the 40km2 Zarshuran lease.

The main sediment hosted gold mineralisation at Zarshuran is apparently controlled primarily by the zone of overthrusting and associated structures. The shallow, south dipping mineralised body cuts down through the stratigraphic section with the thrusting from south to north. Mineralisation is mainly found where fault gouges cross cut the Chaldagh Marble but also in tectonised contact with the overlying Miocene Oligocene and the underlying Greenschist. High gold grades are associated with thick fault gouge zones, brecciated hanging wall rocks immediately above thick gouge zones and at the intersection of steep faults, possibly tear faults and buttress faults, with the shallow dipping thrusts.

The main geological package is an overthrust belt approximately 600m wide and at least three kilometres long. The belt strikes east-west and dips gently to the south carrying a thrust plate of Chaldagh Marble to the north on the south dipping limb of the Iman Khan Anticline. The overthrust plate probably decols into the upper part of the Greenschist-Amphibole unit, and thrusting is seen in this unit in the north of the area. The main part of the overthrust belt comprises a suite of thrust faults which are closely spaced (10m) in the northeast and central portion of the belt, while elsewhere in the belt the spacing is approximately 100m and to the southwest the thrust belt is hidden below cover sequences.

Four major drilling programs were carried out in 1996, 1998, 1999 and 2000 with a total of 5,402 metres being drilled and achieving an overall core recovery of 91.2%. In each of the major drilling campaigns, significant delays occurred clue to difficulties with importation of drilling equipment, drilling chemicals and spare parts. Delays were also experienced on the export of core samples to OMAC Laboratories in Ireland due to excessive Customs clearance formalities.

Significant intersections were recorded, some of the best being:
	Hole Number
	From

(m)
	To

(m)
	interval

(m)
	Grade

(Au g/t)

	ZB96-1
	171.40
	190.60
	19.20
	17.10

	ZB96-2
	80.60
	121.50
	40.90
	8.30

	TA98D003
	69.07
	85.36
	16.29
	11.00

	TA98D005
	118.45
	140.25
	21.80
	7.67

	TA99D009
	194.60
	203.20
	8.60
	17.78

	TA99D011
	49.85
	72.60
	22.75
	28.79

	TA00D016
	4.95
	12.30
	7.35
	16.38

	TA00D019
	196.35
	203.9
	7.55
	15.96

	TA00D022
	235.00
	250.10
	15.10
	7.92


Following the 2000 drill program, a resouree estimation exercise was undertaken and the estimated resources for the gold mineralization at Zarshuran are:
Resources as of October 1, 2001

	Classification
	Tonnes
	Gold Grade
	Ounces (troy)
	Cut-off

	
	millions
	g/t
	millions
	g/t

	Inferred
	11.3
	7.9
	2.9
	1.0


The estimate is based on 19 diamond drill holes with 39 intersections above a 1.0 g/t Au cut off which was used to define the mineralized 'envelope'. The drilling grid is approximately 100m along a strike length of some 1250 m by 80m down dip to a depth of up to 300m below surfaee. Surface trench information and detailed geological mapping were used, where available, to provide surface control of drill hole interseetions. The estimate is based on a three-dimensional block model created in DATAMINE within the 1.0 g/t Au "envelope" from the data available.

The 2001 resource estimate for Zarshuran is in compliance with the Australasian Code for Reporting of Mineral Resources and Ore Reserves (the JORC Code). Specifically, the definition of "Inferred Resources" as applied to the Zarshuran project, are "the part of the Mineral Resource for which tonnage, grade and mineral content can be estimated with a low level of confidence. It is inferred from geological evidence and assumed but not verified geological and / or grade continuity. It is based on information gathered through appropriate techniques from locations such as outcrops, trenches, pits, workings and drill holes which may be limited or of uncertain quality and reliability."

Apart from using a cut-off grade to define the mineralized envelope, no economic or mining parameters were applied.
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1.0 INTRODUCTION AND BACKGROUND

1.1
Introduction (based on Carlon 2001)
The historic region of Persia became Iran in the 1930's and the Islamic Republic of Iran following the 1979 Revolution.

The Islamic Republic of Iran covers an area of 1,648,000kms2 (636,296miles2), in a strategic position between the Caspian Sea to the north and the Persian Gulf-Straits of Hormuz-Gulf of Oman to the south. Iran has land borders with Armenia, Azerbaijan and Turkmenistan to the north, Afghanistan and Pakistan to the east and Turkey and Iraq to the west (Figure 1).

The "mineral" wealth of the current Iranian economy is based almost entirely upon its vast reserves of petroleum and natural gas that occur predominantly in the south. However the country has extensive and historic workings for iron ore, copper, lead, zinc, gold, silver, chromite and coal, and is host to world class zinc-lead (Angouran) and copper porphyry (Sac Cheshmeh) mineralisation.

Since 1979 there has been little exploration for new mineral deposits and the country has effectively never had a modern program of mineral exploration. However, the Iranian Geological Survey, which began operation in 1962, has completed the 1:250,000 scale mapping of the country in 121 maps. The 1:100,000 scale mapping is also well advanced and in addition a series of tectonic, seismotectonic, metamorphic and metallogenic maps are available. The Survey has also produced aeromagnetic maps at 1:250,000 for the entire country, based on surveys completed prior to 1979 with the help of several foreign agencies.

The regional geophysical exploration, and other assistance to the Geological Survey, was undertaken in the 1960's during the time of Shah Muhammad Reza Pahlavi. During this period Rio Tinto were active and operated the Kushk zinc mine, while Selection Trust were instrumental in the discovery and exploration of the Sar Cheshmeh copper porphyry in 1966-69.

Exploration methodology in Iran has concentrated mainly on re-discovering ancient mine workings as a guide to mineralisation, a technique that has proved cost effective and successful, but has generally not opened up new areas nor led to intense exploration.

With this background Anglo American plc (as Minorco) identified Iran as a potentially significant exploration environment and commenced target selection in 1994. Work has concentrated principally in NW Iran with the identification of Angouran (Zn) and Zarshuran (Au-As) as significant targets, the discovery of Chichaklu as a potential zinc target, and an evaluation of the Central Iranian volcano-plutonic belt for potentially significant Cu-Au porphyry systems.

1.2
Background (based on Carlon 2000)
The exploration strategy since 1995 has been to apply a fairly standard approach to its exploration in the Islamic Republic of Iran, targeting gold and base metals and seeking:

· More advanced targets or operations

· Potential drill targets for further exploration 

· Prospect areas to commence regional exploration evaluation

The company decided to initially focus its interest in the Takab area of NW Iran, and to undertake remote sensing and ground follow-up regional exploration in central and eastern Iran. Since 1995 this strategy has led the company to undertake, with a special exploration contract with the Ministry of Mines and Metals:

1. Remote sensing studies and field evaluation in parts of central and eastern Iran. –Ongoing.
2. Regional exploration leading to target identification in the Takab area. – Reported by Rushton 1998.

3. Definition of a drill target and evaluation of this target at Zarshuran. – This Report.

4. An expressed interest in a joint venture at Angouran, to involve exploration, resource definition, mining and if possible downstream operations. – Reported by Daniels 1998 but unsuccessful to date.
The following report details the exploration and evaluation work carried out at Zarshuran between 1996 and 2000 and specifically comments on the 4 drilling campaigns undertaken in 1996, 1998, 1999 and 2000.
1.3
Location and Access
The Zarshuran prospect is located approximately 35 kilometres by road from the town of Takab and 550 kilometres northwest of Tehran in West Azerbayjan province, Islamic Republic of Iran (Figure 1 and Figure 2).

In addition to Zarshuran, there are two other notable mineral occurrences in the Takab region; the Angouran Zn-Pb deposit approximately 45 kilometres away to the east and Agh Darreh, some 25 kilometres to the west (Figure 3). Currently, the Agh Darreh gold prospect is apparently subjeet to an exploration agreement with a Canadian junior, Zarcan Resources International (ZRI: CDNX) of Vancouver. There has been limited exploration activity in 1998, 1999 and 2000 by Zarcan and the status of their agreement is unknown.

Access to the Zarshuran site is provided by a 35 kilometer paved highway from Takab to the village of Zarshuran and a six kilometer dirt road to the mine site. The trip from Takab to the site is approximately 40 minutes by four-wheel drive vehicle. However, the road is suitable for most passenger cars during dry weather. The road from Takab to

Tehran consists of a four-lane divided toll motorway from Tehran to Zanjan (approximately 373 kilometres) and a double lane, paved highway to Takab (approximately 260 kilometres).
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The journey from Tehran to Takab takes approximately 6-7 hours by passenger car.

On site access to drill sites and the main camp area are provided by bulldozed dirt roads that were upgraded and maintained during the three major drilling programs. Minorco / Anglo has continued to maintain these roads during the life of the project. However, during the area's infrequent rainstorms, on site roads can become slippery and hazardous for the inexperienced driver.

Prior to commencing the 1999 exploration program, site roads east of the main drill target area towards Malderesi, were widened and straightened to provide better access for the large RC drill rig that was be used on the eastern extensional drilling. The completed topographic survey plans that show all of the access roads and drill pads are appended to this report in Appendix 18 on CD-ROM.

1.4 Project History — Zarshuran Gold Target

1.4.1 Pre Minorco Work

Placer gold has been mined in the area from workings that are believed to date from Roman times. In contrast, the presence of "hard-rock" gold at Zarshuran has only been known for several decades.

[image: image3.jpg]Photo 1: Hand mined orpiment from old anenic mine at Zarshuran (1998)




The Zarshuran arsenic mine had been operating sporadically for the last 30 or 40 years before its' closure in 2000. Orpiment (As2S3) occurs as coarse crystalline masses within black fault gouge. The mine produeed approximately 300 tonnes per year of hand-mined and sorted orpiment sold for use in the chemicals industry, or as pigment in cosmetics.

Mining was labour intensive in poorly supported workings lacking any systematic mapping or surveying. Strong reliance was plaeed on the foreman's knowledge of old workings. The host rock was soft enough to be mined without explosives and high-grade orpiment was extracted by drill and crowbar and clumped on small stockpiles at the main tunnel entrance. The black clay gouge host rock to the orpiment, which constitutes the primary mine target historically for orpiment and more recently for gold, is highly anomalous (up to 76g/t Au), but has been historically discarded as waste.

Geological mapping, soil and rock chip sampling, bulldozer trenching, tunnelling (about 650 m of development) and diamond drilling (about 3000 in in 13 vertical holes) were carried out under the auspices of the Calcimine Company, owned by the Iranian Ministry of Mines and Metals through its agency MINEX (Mineral Export Company). Calcimine personnel carried out extensive underground sampling for both gold and orpiment, but some of the adits sampled during Calcimine's work are now no longer accessible. Sample analyses were performed in China by the Northwest Research Institute of CNCC as part of a technical co-operation agreement between Iran and China.

Exploration for hardrock gold at Zarshuran commenced in the early 1990's and geologists from BI IP Utah visited the property in 1992. Their evaluation work included detailed sampling (and presumably mapping) of the main Zarshuran zone, and a regional BLEG sampling programme over an area of approximately 5,000 square kilometres. Unfortunately, the results of this work are not now available, and the joint venture negotiations between BHP and the Ministry of Mines and Metals regarding Zarshuran subsequently broke down.

The diamond drilling program drilled vertical drill holes but the extremely poor ground conditions led to poor core recoveries, probably less than 50% in the gold-bearing zones. Despite these problems, engineers working for MIN EX completed an open-pit design for the area around tunnel 8 and trial mining work commenced during August 1995.

Faraweri Company, another MINEX-owned subsidiary, carried out metallurgical test work on composite samples of the original rock, soil and diamond drill core material. More recently Faraweri have embarked on a bulk sampling programme, stage one of which involved the collection of 3,000 tonnes of dump material from the orpiment mine: the dump material is gold-bearing fault gouge with the massive orpiment removed. This material was shipped to a small scale test plant at the Angouran processing plant at Dandi, but the results from those tests have not yet been made available to Minorco personnel for technical evaluation.

1.4.2 1995 Initial Investigations

After the signing of the MOU between MINEX and MINORCO in 1995, detailed work began to evaluate the 40km2 Zarshuran lease. Initial reconnaissance work was carried out over a large 1200km2 exploration area (Figure 4) and included:

· Assessment of the 40km2 lease area by geological mapping and geochemical sampling (stream, rockchip);

· Definition of the main mineralised zone by surface and underground mapping and sampling;

· Examination of existing drill core from13 holes drilled earlier by Iranian drilling contractors;

· Design of a "first pass" drill program of approximately 1,000 metres to test the
subsurface grades and widths over 2km strike length and to 300m down clip;

· Evaluation of the ground between Zarshuran and Agh Darreh;

· Ground truthing of areas of potential alteration highlighted by Lanclsat TM imagery;

· Regional stream sediment sampling programme (BLED & 200g split of -80# for multi-element) covering an area of 1200km2 in conjunction with prospect visits;

· Environmental base line study undertaken by Dames and Moore on behalf of Minorco (Anglo).

In summary, the most significant results of this 1995 program were:

· Extension of the known strike length of the mineralisation from 1,200m to 2,000m, defined by >0.5g/t Au in soil or rock chip surface geochemical values.

· Sampling of underground exposures, mostly along the strike of the black gouge, returned (among other intersections) 27m @ 26.0 g/t Au, and 12m @ 29.8 g/t Au in Tunnel 8.

· Significant intercepts from surface rock chip sampling (1 g/t Au cut off) included 10m at 57.96 g/t Au on section 10400mE

14m at 9.63 g/t Au on section 10400mE 
4m at 8.70 g/t Au on section 10700mE

·  Dames and Moore documented pre-Anglo environmental pollution resulting from the existing As mine.

1.4.3 1996 – 1997 Program

In late 1996, Minorco completed a 7 hole (1,015m) diamond drilling program. A local Iranian contractor -Country Exploration Services Co. (CESCO) - was used for the work, supervised on behalf of Minorco by an Australian drilling consultant. Two Minorco staff members and a local Iranian geologist provided geological supervision and the program was completed in two and a half months between the start of September and mid-November when it was halted by the onset of winter conditions.

In 1996 highly anomalous gold mineralisation was intersected in drill holes over a strike length of 1400m, and over true thicknesses in excess of 30m. The best intersections were in ZB96-2 and =96-1. ZB96-2 intersected two mineralised zones: an upper zone which returned 11.7m at 9.9 g/t Au, and a second deeper zone, which gave a composite average of 41m at 8.3 g/t Au. ZB96-1 intersected 19.2m at 17.1 g/t Au, although recoveries over the section were less than 40%. Elevated base metal, As and Sb values, accompanied locally by fluorite, confirmed that the ore was likely to be metallurgically complex.

The mineralisation intersected on the 00 line in ZB96-2 was the most promising target. Combining underground grab and drill core samples, Anglo American's Mineral Resource Evaluation Department (MinRed) estimated a grade of 16.99 g/t Au for this zone.

Based on this average grade of 16.99 g/t Au, over an estimated strike length of 400​500m, down dip extent of 300m, a true thickness of 30m, and an SG of 2.9, there was potential for 150-200 tonnes (5.0 – 6.5 million ounces) of contained gold in the "main' zone at Zarshuran. This caleulation took only the main mineralized zone into aecount.

Neither the upper mineralized zone in ZB96-2, nor the lower mineralized marble section in ZB96-1 was included.
The Chaldagh Marble near the arsenic mine was thought to have considerable potential as a lower grade, but higher tonnage resource. The results of the early Iranian drilling were in broad agreement with the 1996 drill program and suggested a potential grade of >1 g/t Au over marble intersections up to 90-100m thick.

In 1997, no work was done on the Zarshuran project due to ongoing negotiation difficulties with the Ministry of Mines and Metals. Work in 1997 eoncentrated on the regional targets in the Takab area.

1.4.4 1998 Program

The 1998 Zarshuran drilling project began on October 13, 1998, approximately 5 months behind schedule after serious delays with Iranian Customs clearance and the import of drill rigs from Pakistan due to Nuclear Testing in the Baluchistan Province, western Pakistan.

In 1998 the initial objective was to drill 2,000 metres of PQTT core throughout the Zarshuran Main Zone to confirm the initial results of the 1996 Minorco drilling, to test for extensions to the Main Zone mineralization and to test the viability of Reverse Circulation drilling at the Zarshuran deposit. This objective was only 50% achieved due to problems beyond Minorco's control such as the Nuclear Testing in Pakistan, Customs delays on drill rig import and early onset of winter weather conditions.

A total of six PQTT diamond drill holes and three RC drill holes were completed by the 9th of December 1998 when the drill program was suspended due to deteriorating winter weather conditions and freezing temperatures. A total of 1,188.63 metres of core drilling were completed in the six diamond drill holes, generating a total of 1,048 samples and 228 metres of RC drilling were completed in the three holes. Average core recovery was 89.6% for the PQTT drilling (93.2% if hole TA98D001 is excluded) due to bad ground conditions and drill fluid mixing trials.

In addition to the drilling program in 1998, a 1:1,000 topographic survey was completed over the main mineralised zone for more accurate control of geological mapping and cross seetion construction.

1.4.5 1999 Program

In 1999, the start of the drill program was again delayed this time for a period of two months due to problems with the contractor Radial Drilling, mobilizing the necessary drill crews. Drilling at Zarshuran commenced on June 20, 1999 and during the season nine (9) holes were completed on three sections for a total of 1,319.8 metres. Sec Figure 5 for drill hole locations.

The 1999 program was then designed to continue where the 1998 program left off and complete the 2,000 metres of NTT drilling in the Main Zone. Again, the program failed to achieve its objective due to problems beyond Minorco's control such as Customs delays on drill chemical importation, drill contractor (Radial Drilling) mobilization delays, drill contractor incompetence and the early onset of winter.

Geological mapping was extended to encompass the entire Zarshuran lieense area at a scale of 1:5000 and the soil geochemical sampling grid was also extended. Soil geochemistry sampling indicated that the gold anomaly was essentially confined to the south side of the anticline and to specific structural domains within differing stratigraphy. These results are discussed in later sections of the report.

1.4.6 2000 Program

Of the three recent drilling programs, the 2000 program was the most successful in terms of achieving specific objectives set out at the beginning of the season. The single most significant difference was the change in drill contractors from Radial Drilling of Australia to Spektra Drilling of Ankara, Turkey. In stark contrast to the two previous programs, the 2000 program completed its objectives. Approximately 2,000 metres of drilling were planned and completed, the drill contractor (Spekrra) performed well and with professionalism. The final drilling costs of the program were in the order of 50% less than in each of the previous years.
The results of the 1998, 1999 and 2000 campaigns are discussed in more detail in later sections of this report.

2.0 GEOLOGY OF THE ZARSHURAN DEPOSIT

2.1 Introduction

The Zarshuran deposit is located within the central part of the Takab — Shahin Dez quadrangle (Geological Survey of Iran Map Sheet).

The Zarshuran mineralization is dominated by arsenic mineralization and has been the site of a small orpiment mine for the past 30 or 40 years. However, little or no effort has been directed towards identifying a gold resource following the recognition of gold mineralization as early as 1962 by Bariand. Only recently have Asadi (2000) and Mehrabi (1997) completed research on the Zarshuran deposit and serious gold exploration and evaluation began in earnest in 1996 with the Minorco/Anglo drilling campaigns.

2.2 Lithostratigraphy

The main geological features of the Zarshuran area are a late Precambrian basement high unconformably overlain by Oligo-Miocene red beds, carbonates and acid to intermediate volcanics through which the Precambrian inliers are exposed. Locally, shallow dipping Quaternary travertine overlies the entire sequence. The general stratigraphy of the Zarshuran area is detailed in Figure 6 and is fully expanded in the legend of the 1:10,000 geology map of the Zarshuran area attached to this report (Map 1).

The present lithostratigraphic scheme employed at Zarshuran was based on the Ethological core logging and field observation. This stratigraphy is highly complex but, in the light of the degree of structural repetition present in the area, has been greatly simplified into five basic formations. The general stratigraphy in the project area is as follows:

• The Precambrian Grcenschist -Amphibolite unit (part of the Iman Khan complex described in next section) characterised by a quartz-chlorite-amphibole schist -with a penetrative, ductile crenulation cleavage. The schist is cut by short metamorphogenic quartz veins and by attenuated, marbleised calcite veins near to the contact with the overlying Chaldagh Marble. The Greenschist occurs at the lowest stratigraphic and structural level, forming the core of the Zarshuran anticline. They are moderately to well foliated chloride and serpentinitic schists, with minor carbonate alteration producing a slight reaction with acid. The schists are probably overthickened by thrust duplication (Fitzpatrick, 1999).
Petrographic work by Anglo American research Laboratory (AARL) and LRI of Sofia, Bulgaria found that the greenschist is comprised mainly of actinolite and clinozoisite. Fine grained chlorite, accompanied by minor amounts of sericite occur along fracture planes and late quartz-carbonate veins and stringers cut the rock, confirming the suspected carbonate alteration.
• The Precambrian Chaldagh Marble (part of the Iman Khan complex described in next section). The marble is characterised by tan dolomitic and grey marble units, which arc finely banded by a transposed foliation banding. The marbles are folded into a series of mesoscopic scale, tight isoclinal folds, with stretched and attenuated fold limbs and disrupted hinges. A fine penetrative pressure solution cleavage is present throughout the unit and is probably responsible for a large carbonate volume loss from and decarbonization (sanding) of the marbles. The Chaldagh Marble overlies the schists and is in structural contact with them, as a uniform sequence of finely bedded grey limestones/marbles. The marble varies in thickness from a few 10's of metres to +100 metres and is probably structurally overthickened by thrusting in the vicinity of the mine. The Chaldagh Marble is 'sanded' almost throughout, although the intensity of 'sanding' is highly variable. Frequent karst cavities coupled with intense local 'sanding' make drilling conditions extremely difficult in the Chaldagh Marble, with lost core, broken bits, ground caving, stuck drill rods and no fluid return being some of the problems encountered.
A combination of oxidation, karstic weathering and 'sanding' have imparted a highly variable appearance to what is thought to be the Chaldagh Marble in the central part of the license area (10400mE line). Large sections of marble in almost all of the drill holes display rapidly changing textures ranging from hard, competent unaltered zones to brown, oxidised soily material over distances of a few tens of centimetres.
The structural contact between the underlying greenschists and the Chaldagh Marble may be one of the primary controlling strictures on mineralisation at Zarshuran: subsidiary synthetic and antithetic ramp fractures coming off this basal decollement may have acted as fluid pathways during mineralisation.
• The Precambrian to Palaeozoic age unit (contains a tectonized melange of all units described from the Ghareh Dash Formation up to the Mila Formation in the next section), formerly described as the Zarshuran Unit, comprises quartz, mica, carbonaceous schists, tectonites, mylonites with distinctive "snowball" porphyroblasts of quartz and feldspar. This unit contains a similar penetrative crenulation cleavage to that seen in the greenschists unit below, and comprises a lower grey schist and an upper black schist. The schist units may have been tectonically derived during early ductile shearing of the argillaceous top of the Chaldagh Marble. The hangingwall to the mineralisation contains a variable package of light grey to black schists (tectonites) and mylonites with local lenses of dolomite and marble. A distinctive black, pyritic tectonite followed by a grey-green mylonite forms the immediate hanging wall to much of the mineralisation, and in most drill holes can be used as a marker unit. Where brecciated and sheared, it is similar in appearance to the mineralised gouge but can be distinguished by the presence of micaceous schist and argillite clasts.
Light grey to blue-grey `schists' (mylonite), containing minor garnet-bearing quartzo​feldspathic pegmatites and local pyritic stringers, were cored in several holes. Grey to light grey in colour and locally brecciated, they have a weak phyllitic fabric and pervasive smectite(?) alteration. The light grey `schists' which arc slightly kaolinized, are comprised mainly of quartz and muscovite with dolomite, pyrite, arsenopyrite and ruffle introduced as both disseminations and veinlets.

This tectonized unit contains the bulk of what is described as the Upper Mineralized Zone, which is described in more detail in later sections of this report.
· The Oligo-Miocene (Qom and Upper Red Formations) elastics comprising red marls, sandstone and volcaniclastics. This unit has been tilted and partly folded but does not contain a crenulation cleavage. The contact with the underlying Precambrian units is unconformable and tectonised but clasts of the underlying marbles are generally absent. A variable package of clay altered conglomerates and grits (quartz wacke), tuffs, dolomites, and limestones overlie the schists. The light grey conglomerates frequently have a kaolinised matrix accompanied by 1-2% disseminated pyrite. The package is most likely Oligo-Miocene in age. Most of the holes drilled during 1996 were collared below this unit directly into black schists.

In thin section, the rock appears to be predominantly quartz detritus enclosed in a sericite-dolomite matrix that is locally clay altered. Pyrite occurs in veinlets and disseminated throughout the unit.
· Pleistocene age travertine deposits are found throughout the region forming carbonate sinter and ledges on and adjacent to active faults. The travertines dip regionally 10° to 15° to the south.
· Jasperoids and silicified fault breccias cut all stratigraphic units except the Pleistocene travertines. These jasperoids, which replace fault breccias, are probably post mineral in age and may be related to extensional stockworks, residual silica bodies and siliceous gossans.
The contacts between the different rock units arc invariably tectonised to a greater or lesser amount and many tectonites have previously been described as stratigraphic units and facies variants in the project areas. The Precambrian units have all undergone greenschist to possibly lower amphibolite facies metamorphism accompanied by ductile polyphase deformation including both pure and simple shear. The post Precambrian units are essentially unmetamorphosed and do not contain penetrative cleavages. The Precambrian and Tertiary units have undergone multiple phases of brittle deformation, especially large-scale, northward-directed, thrust faulting and late, post-mineral reverse and strike-slip faulting. Regional block rotation and minor extensional faulting followed in the Quaternary.
The simplification of the stratigraphy, coupled with recognition of tectonic/strain fabrics and the use of thrust models allow a coherent approach to the mapping and interpretation of the project areas. A more detailed description of the stratigraphy is discussed in the next section.

2.3 Detailed Lithostratigraphy

Mapping at 1:250,000 scale by the Geological Survey of Iran over the Takab quadrangle indicates that the Zarshuran area is located within a graben, bounded to the east by the main Takab thrust zone and to the west by a north-south trending fault system within the Cambrian-Precambrian sequence. The Takab thrust extends from near the Babouneh region in the north to the Arab-Shah deposit area in the south, forming a 50km long NNW-SSE trending zone. The direction of thrusting is from east to west moving the Precambrian over younger. Tertiary units. The graben has a maximum width of about 30km, unknown depth and is marked by Tertiary and Quaternary volcano-sedimentary inf.-ill with tuffs, travertine, intrusive and sub volcanic units.
Four distinct areas can be recognized within the graben. These are tectonic windows where cover areas of basement doming and uplift and erosion of younger rocks has exposed basement windows of Cambrian-Precambrian units. These areas from north to south are:
· Babouneh area

· Iman Khan anticline (Zarshuran area)

· Agh Darrel) and Shakh- Shakh dome

· Arab shah-Chichaklu area in the South.
The Zarshuran deposit and associated mineralization arc located on the southeast flank of the Tman Khan pericline, a major basement dome flanked by Tertiary cover rocks. The Iman Khan pericline has a strike length of about 7kms in a NW-SE direction and a width of more than 3km. A brief description of the stratigraphic units exposed with structure is as follows:

Iman Khan Complex (unit code as per legend – Figure 6)

Pgs: is the oldest rock unit (Upper Precambrian) in the area, and includes amphibole -serpentine schist, locally known as the "Green Schist". This unit forms the core of the Iman Khan anticline and locally contains lenses of marble measuring less than 1cm to several meters in thickness in the upper part of this unit, as well as scattered lenses and veins of quartz. In some places magnetite and chromite minerals, up to several millimetres in size, can he found.

Gos: comprises a brown gossanous zone (silica with iron oxide), located at the contact of the Green Schist (Pgs) and overlying Chaldagh Marble (Pmb) units. The stratigraphic position and mineralization within this zone are similar and most probably analogous to those at Angouran.

Pmb: is a banded gray marble (Chaldagh Marble) with abundant mica in the lower part of the unit and lensoid schist intercalations in the upper part. It is the primary host-rock for both precious and base metal mineralization in Zarshuran.

Pbs: is composed of black quartz-feldspar mica schist or tectonite with occasional graphite, and forms the 'schist' hanging wall of the shallow dipping mineralized zone, where it is highly sericitized and brecciated at the contact. This unit. is completely tectonized and appears to have been the focus for many and repeated structural events. The unit outcrops from the 12800mE section toward the northwest. Lenses of marble from several centimetres to more than 10 meters in thickness can be found in this unit (see Map 1 Pm code).

bg-J: is a highly silicified and decalcified black 'gouge' and jasperoid unit and is the main steeply dipping mineralized zone in the Zarshuran deposit, with jasperoid predominating near the surface replaced by black gouge at depth. Due to post mineralization tectonic activity, this mineralized zone is brecciated and, in such cases, the black gouge forms the matrix of the breccia. Although the relative stratigraphic position of bg-J has been described, its age has not been determined, however based on field observations, it is probably late Miocene-Pliocene age

Pss: is light green-gray sericite schist with lenses of marble "Pm". This unit overlies the metamorphosed marble sequence and outcrops from section 12500mE to the northwest.

Ghareh Dash Formation (Upper Precambrian)

Pqs: is slightly altered, light green, shale and sandy tuff, with small outcrops occurring around 12800mE-10700mN.

Pqt: is mainly tuffaceous, with the upper part being dark colored lithic tuff, which weathers to a light gray. The unit is highly fractured, exhibiting boxwork texture, with iron oxides filling the fractures. The unit extends from sections 12000mE to 13300mE.

Pqc: is slightly tuffaceous conglomerate and sandstone exhibiting boxwork texture with iron oxide filling of the fractures. The thickness of unit is several tens of meters and it outcrops between sections 12000mE and 13300mE.

Pqz: is gray-blue tuffaceous sandstone and quartzite, slightly altered and micaceous. The unit outcrops extensively in the mine area.

Soltanieh Formation (Upper Precambrian-Cambrian)

This formation unconformably overlies the older Precambrian rock units.

PCs: describes two black micaceous shale units of the Soltanieh Formation, which intercalate with the thin-bedded dolomite of the formation. One unit is partly cream‑green and is located in the lower part of the Soltanieh Formation, the other is a green-buff calcareous unit that is located in the middle part of the formation. PCs does not outcrop extensively in this area.

PCd: is cream-buff dolomite with white-gray chert lenses. The chert lenses vary in thickness from less than 1m to several meters. Phosphate nodules can be seen in this unit (13000E profile).

Barot Formation (Cambrian)

Cb: is a mainly light green, purple and gray shale with intercalations of well-bedded cream-gray cherty dolomite and limestone.

Zaigun Formation (Cambrian)

Cz: is micaceous purple shale and siltstone. The top of the unit is more areanaceous with thin cream dolomite beds intercalated.

Lalun Formation (Cambrian)

CI: is an arkosic, pink sandstone, with a white quartzite unit at the top contact, locally called the 'Top Quartzite'.

Mila Formation (Cambrian-Ordovician)

Cm: is massive to thin bedded gray-black dolomite with shale intercalations. A chert lens with a maximum thickness of 2 meters is located in the lower part of the unit. Indications of copper mineralization in the form of malachite and azurite occur in a brecciated zone (13400E-9600N). The unit outcrops between profiles 13000E and 14500E.

Qom Formation (Oligo-Mioccne)

The following Oligo-Miocene rock units arc identified in the Zarshuran area:

OMc: is a conglomerate, with up to 20cm clasts of quartz porphyry, granitoid, green schist, marble, volcanic rocks, etc., which vary in content from place to place. The contact of this unit and underlying older rock units (Precambrian-Cambrian) is an angular unconformity.

OMs: is a green, cream and purple, slightly tuffaceous sandstone and shale unit. This outcrops mainly in the northern part of the arca, and interfingers with the Tertiary basal conglomerate OMc.

OMt: is a white rhyolitic lithic tuff, locally agglomeratic, with clay minerals and muscovite.

OMa: is a green-purple andesitic lithic tuff and agglomerate.

OMcs: is a green-gray sandstone-shale and siltstone unit, with well-bedded conglomerate intercalations. A thin mineralized silica zone, extending some 500m with a thickness of less than
is located at the contact of the conglomerate and tuffaceous sandstone. Wherever this zone is cut by a steep fault, mineralization such as stibnite, realgar and occasionally getchellite are found. Several short adits have been dug into this fault zone. The zone is geochemically anomalous in lead, silver and copper.

OMI: is a reefal limestone, which is intercalated in OMcs. This unit is the host-rock for gold mineralization at the Agh Darreh deposit.

Upper Red Formation (Upper Miocene)

The lower part of this formation outcrops in the Zarshuran area.
Ma: is a violet conglomerate-agglomerate with a soft weathering surface and clasts up to 10cm in size.

Ms: is a purple, red, cream slightly tuffaceous, well-bedded shale, siltstone, sandstone and conglomerate.

2.4 Structural Geology (based on Fitzpatrick 1999)

The structural setting and main structural features of the Zarshuran deposit are set out in the following sections.

2.4.1 Ductile Structures
The ductile deformation of the Precambrian units in the Zarshuran project area pre-dates the mineralisation. The importance of these structures and fabrics is that they act as "stress guides" for the subsequent syn-mineralisation brittle deformation.

As was noted above, the Precambrian units have undergone intense, penetrative, polyphase, ductile deformation accompanied by regional Barrovian metamorphism. The principal feature of this deformation is the west-northwest trending Zarshuran Antiform. The antiform is periclinal, gently plunging to the west-northwest and to the cast-southeast. The fold is open and upright and is cored by the Greenschist-Amphibolite unit with the Chaldagh Marbles and Zarshuran units exposed on the limbs. The Tertiary cover rocks lap unconformably onto the dome but were not involved in the folding. The dome is probably an attenuated Type 1 interference pattern (basin and dome) and is likely to he an F2 or F3 feature. This non-coaxially refolded fold is marked by a strong penetrative foliation seen in all Precambrian lithologies as a crenulation cleavage in the schists and as a pressure solution cleavage in the carbonates. This strong foliation has completely transposed the bedding into an S3 or S., banding in the carbonates through pressure solution, fold limb attenuation and diffusion transfer and is the "banding" seen throughout the carbonates (marbles) in the region. True, sedimentary bedding, was not recognised by Fitzpatrick at any location. In the Malderesi Valley and in the main valley near the orpiment mine an S2/S3 intersection lineation is locally parallel to the axis of the antiform. There the axis plunges 5° to west-northwest.

The presence of pressure solution cleavage, along with later stylolite formation implies large scale, and probably inhornogeneous, volume loss from the marble units. This, coupled with non-plane strain (strike-slip faulting) makes balancing the cross-sections through the area a practical impossibility.

Small-scale, F4, recumbent, isoclinal folds are present in the lower part of the Chaldagh Marble unit where they are well seen in folded early quartz veins and in the remnants of folded S3, foliations. These folds are the typically irregular, disharmonic, ptygmatic and similar folds which are common in marbles. The fold limbs are extremely attenuated and hinge excision and rounding is common. Within the black schist unit at the top of the marble, rotated porphyroblasts form tails within an essentially mylonitic texture. These features combine to indicate the development of an early compressional or transpressive ductile shear zone on the southern limb of the Zarshuran antiform.

Quartz and carbonate developed at an early stage as tectonic and metamorphogenic veins. These veins are isoclinally folded, boudinaged and rotated and occasionally carry pyrite and chalcopyrite.

The development of the ductile foliations or schistosities, although predating the mineralisation at Zarshuran, play an important role in the development and orientation of later mineralising / mineralised structures acting as suitable anisotopies for guiding the development of later brittle faults.

2.4.2 Brittle Structures

The brittle deformation at Zarshuran falls into the four main categories of thrust, extensional, strike-slip and reverse faults. The brittle deformation affects all of the lithologies present except for the travertine that is affected by late extensional faulting and regional tilting only.

1 Thrusts

Apart from the main periclinal antiform at Zarshuran, an overthrust belt forms the main structural element of the area. This belt encompasses the bulk of the southern limb of the antiform, a volume of rock at least 2km X 1.5km X 200m. The overthrusting is characterised by the following features:

· The thrusting is mainly northward verging but zones of southward verging  backthrusts are also seen, especially in the north of the area.
· The overthrust belt comprises closely spaced brittle thrust faults (one thrust every two metres on average) with a marked flat-ramp topography. Ramping is principally confined within and at the margins of the carbonate units while flats are mainly restricted to the more fissile shale, schists and previous fault gouges. The flat—ramp topography is also seen on a larger scale in the contact for the Greenschist and Chaldagh Marble units.
· The deformation style is plastic within the gouge and shale units and elastic-brittle within the more competent elastic and carbonate units.
· Multiple phases of pre, syn and post mineral thrusting arc present and clasts of fault gouge are present in jasperoid while jasperoid clasts are present also in post-mineralisation gouges.
· The overthrust package gradually cuts clown stratigraphy from south to north. In the south of the area the thrusting places units of the Chaldagh Marble over the Tertiary volcaniclastics. In the north of the Greenschist units arc thrust over the Chaldagh Marble.
· The youngest thrusts (below and to the north) carry the older, more southern thrust units northwards in a piggy-hack fashion.
· The dip of the older (southern) thrusts is greater than the dip of the younger thrusts. This is due to heaving of the older surfaces by the younger thrusts below.
· The overall clip of the overthrust package is 200-30° to the south. Individual ramps can dip up to as much as 50° while many of the flats are less than 20° in dip.

· Fault bend and fault propagation folds are common in the north of the area, around the orpiment mine and adjacent to steep buttress faults. These are low amplitude antiforms, 10 to 20m in wavelength, with periclinal geometries related to differential displacement.
· Zones of opposing dip direction are associated with the folds. These zones are seen as back-thrust zones and as imbricated and interfingered triangle zones.
· Small-scale asymmetric folds, found within the schist units, generally verge to the north.
· Foliations associated with thrusting are found mainly within the gouge zones and include fault cleavages, anastomosing foliations with augcn clasts in the fault breccias and s-c fabrics formed by high incremental strains.
· Fault gouges and fault breccias comprise lithologies derived from the hanging and foot wall units and so tend to be calcareous in the marble formations.
· Clasts in the fault breccias are often stretched and imbricated along the long axis and within the "flow" lines of the gouge. Clast abrasion and comminution is common in reactivated, high-strain gouges.
· Gouges are occasionally oxidised with a strong limonitic development. This is probably indicative of ground-water percolation within the fault breccia. The tectonised contact between the Greenschist and Chaldagh Marble is often oxidised.
· The overthrust belt is in the form of three or four separate thrust sheets separated by tear faults. The vergence orientation of the individual sheets appears to be controlled by local pre-thrust anisotropies, especially the presence of pre-existing ductile foliations and schistose units.
· The thrust sheets are separated by tear faults, which act as strike-slip transforms between the thrust blocks and allow for differential displacements between the blocks.

· Pre-thrust steep faults and reverse faults together with facies variations, may act as mechanical buttresses inducing local folding and south verging back-thrusting.
· Horst blocks, rock bodies bounded by faults, are seen to develop along with duplexes especially close to the contact between the Greenschist and the Chaldagh Marble.
· The thrusting has resulted in local thickening of the lithological sequences by as much as 1000%. The original thickness of units such as the Chaldagh Marble may have been less than 20m.

· The bulk of the thrusting probably took place in the Tertiary — probably syn to post Oligo-Miocene and has resulted in regional uplift, unconformities and a steep dip in the Oligo-Miocene units. The Pleistocene travertines have not been affected by the thrusting, placing an upper limit on the age of the thrust events.
· Many of the fine grained foliated lithologies, such as calcareous shales and schists, can be interpreted as being of a tectonic origin.
· The overthrust package probably feeds into a shallow-dipping decollement located within the upper part of the Greenschist unit.
Steeply dipping reverse faulting is also common throughout the region. These faults generally strike east-west, are among the youngest structures, cutting all foliations, folding and thrusting, and are associated with a set of shallow-dipping, east-west, calcite veins. The reverse faults appear to cut the mineralisation displacing it upwards and to the north and are probably related to the north-south directed Zagros Orogeny. They are often seen as original features and occasionally as reactivated sinistral transpressional faults.
2
Strike-slip faults
Steep to vertical dipping strike-slip faults occur throughout the area, probably related to a pre-thrust phase that has given rise to a number of buttress structures within the overthrust package. 'These faults are valley forming features striking mainly northeast, and while not exposed do have a strong association with attenuation of the thrust structures on either side of the fault.

North-northwest striking tear faults separate the thrust sheets comprising the overthrust belt. These tear faults are strike-slip structures which act as transform faults, are steeply dipping and penetrate to the base of the thrust package. The faults are synchronous with movement on the thrusts and are important as potential steep feeder faults to the mineralisation. At. least two of these faults have been mapped on surface more are interpreted from the aerial photographs, and from dip/strike domains in the overthrust belt. Displacements vary but are in the order of 150-200m where mapped.

Post mineral, northeast striking dextral and northwest striking sinistral faults are related to the Zagros Orogeny. These faults are seen on the ground as steeply dipping fracture zones 2 to 3 metres wide, commonly exhibiting argillaceous altered wallrocks and scorodite staining.

The Takab Fault appears to have a long and complex history and is a principal fault system in the region. This northwest striking fault probably had a dextral transpressive motion during mineralisation at Zarshuran, Angouran and Chichaklu. Both Zarshuran and Angouran are located in Precambrian basement blocks uplifted along compressional splays of the Takab Fault.

3 Extensional Faults.

Small scale extensional faults and steep dipping extension veins are present throughout the area. These faults are generally orthogonal to the thrust faults, oriented north-south and are principally post mineral, post thrust features. One important north-south extensional fault is shown on the map, characterised by steep dips to the east, argillic alteration and excision of about 100m of stratigraphy.
2.5 Mineralisation and Structure

To date, four distinct but related types of mineralisation have been identified at Zarshuran and these can be broadly categorised into two forms: flat lying and steeply clipping. Much of the mineralisation appears to have been localised within and at the upper contact of the Chaldagh Marbles which appears to have acted as the (brittle?/permeable) structural host for formation of the black gouge zones that cross cut stratigraphv and the thick sequences of low grade marble mineralization. The four styles (split into the two forms) of mineralisation are:
Steeply Dipping Mineralization (70 degree dip or greater)

· Black gouge with orpiment and jasperoid clasts;

· jasperoid and massive orpiment;

Flat Lying Mineralization (45 degree dip or flatter)

· Mineralised breccias and tectonites;

· Sanded Chaldagh Marble.

Representative samples of each type were submitted to AARL for petrographic analysis and the results are noted in this section.
Black gouge 
[image: image4.jpg]Photo 2: Drill hole TA9SD003 - thick black gouge interscetion




Generally occurring within or cross cutting the Chaldagh Marble, the black gouge is the main mineralised target at Zarshuran. Up to 32m in true thickness, this decalcified fault gouge is a quartz-muscovite (sericite)-graphite rock accompanied by lesser amounts of orpiment, pyrite, and sphalerite. Polished section studies suggest that some of the sphalerite mineralisation is late stage and post-dates the orpiment: sphalerite and stibnite are also seen as reaction rims (?) around orpiment.
[image: image5.jpg]Photo 31 Black fault gouge containing arpiment (yellow) and getchellite (orange).




The black gouge also locally contains boulder-sized clasts of orpiment and jasperoid. In addition to the primary minerals listed above, mineralogical examination by AARL identified minor amounts of galena, Bi-Sb-lead sulphides, Bi-Sb sulphides, fluorite, graphite and barite. According to AARL's work, much of what was originally identified in hand-specimen in 1996 as realgar within the gouge was actually getchellite.

The gouge has extremely high gold values, locally up to 70 g/t as well as arsenic (up to 27%) and Zn / PI) up to multiple percent levels. Although initially thought to be localised between the Chaldagh Marble and the overlying tectonites and volcanics, the gouge (or similar gouge zones) may actually bisect the Chaldagh Marble locally, possibly along thrust-related structures.
Jasperoids

Abundant jasperoids and silicified limestones can be seen at surface across the mine area and are often the only visible sign of mineralization along the steeply dipping structures. These appear to occur along the steeply dipping fault structures above and/or below the gouge zone, but also occur as boulders within the gouge suggesting early formation relative to the gouge zone or reactivation of the gouge zone after jasperoid formation. Jasperoids also occur along cross structures, for example in Malderesi, where these occur within the Chaldagh Marble on the hillsides northeast of the grid. Gold grades arc patchy, but values up to 182 g/t Au over 2m were returned for jasperoids on surface in the central part of the area, around the 10400mE line.

[image: image6.jpg]Photo 4: Jasperoid clasts in massive orpiment mineralization




Texturally, the jasperoids range from boxwork texture siliceous material with abundant cavities to massive black silica after marble. Barite has been seen in hand specimen and during petrographic work on silicified marbles.
Although common in surface outcrops, very little jasperoid was cored during the 1996 drilling program probably because a large percentage of the jasperoids occur along steep structures and were missed by the vertical holes drilled in 1996. Angle holes drilled in 1998, 1999 and 2000 confirmed that the vertical drilling missed much of the steep structure and subsequently the jasperoids.
Mineralised Carbonaceous Marble Breccias

Mineralised carbonaceous marble breccias and tectonites were intersected in much of the drilling. The breccias are poorly sorted, with angular clasts of marble, silicified marble, black schists, and also calcite, tuff and fluorite. This unit constitutes the upper mineralized or "flat lying" zone at Zarshuran. From drill hole intersections and surface exposure, the unit appears to dip at about 40 — 45 degrees to the southeast. Up to 1-2% and locally 10% disseminated arsenian pyrite occurs throughout. Clots/clasts of purple fluorite up to 2cm across are locally sheared. The matrix appears to be crushed schists/marbles and pyrite, occasionally with a gouge component. The matrix is locally sericitic and contains patchy disseminated sphalerite. Up to 5% stibnite is also noted locally.
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Although the breccias look quite spectacular in core, and despite base metal values of up to 2% Zn, 1% Pb, and 0.6% Sb, gold is only moderately anomalous. The position of the brecciated sections at the top of the Chaldagh Marble and at the base of the schists / mylonites suggests that this unit has undergone substantial and multiple phases of movement and reactivation.
[image: image8.jpg]Photo 6: Sheared and brecciated marble / tectonite
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Sanded Chaldagh Marble

Pre 1995 exploration had previously identified anomalous gold mineralisation in the Chaldagh Marble: reporting a section of 74m grading 3.96 g/t Au apparently within sanded Chaldagh Marble (approximately 50m south of the 10000mE line). Anglo's drilling identified substantial anomalous sections within the same unit. (ZB96-1 and TA98D004 See Drill Section!: in Appendix 12 on the CD-ROM attached to this report).
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The exact nature and controls of the mineralisation within the sanded marble are uncertain but, as suggested by Fitzpatrick, 1999, gold mineralization may be related to (steep?) minor zones of silicification and/or jasperoid within sanded units that have acted as feeders to the upper mineralized unit. The fact that the thicker sections of mineralized sanded marble occur immediately below the upper mineralized breccia is possible evidence for this. 

Alternatively, there may be pervasive low level mineralisation, associated with sanding and the introduction of disseminated sphalerite, throughout certain sections of the Chaldagh Marble. Whatever the control, based on Minorco's results, the sanded marble represents a significant low grade - high tonnage resource.

Massive Orpiment

Although massive orpiment occurs as boulders/clasts within the black gouge, it has also been cored as a distinct style of mineralisation within the Chaldagh Marble. The orpiment is bright orange-yellow in appearance with a distinctive "fleshy" texture, and associated drusy quartz dustings along some surfaces. Pre 1995 drilling near the 10800mE line intersected up to 20m of massive orpiment in one hole and photographs of this intersection, made at a depth of 200m in the Chaldagh Marble, were shown to Minorco by the CESCO drillers. The assay results from 1996, demonstrate that this material can grade up to 60g/t Au albeit wrth up to 35% As.

[image: image10.jpg]Photo 8: Massive orpiment within black fault gouge.




The geometry of the massive orpiment indicates that it is localised along steeper(?) fault structures within the black gouge unit and along pre existing structures within the marble.

2.6 Alteration

The host units to the main Zarshuran mineralisation display a number of hydrothermal alteration assemblages characteristic of sediment-hosted gold mineralisation. These include decalcification, sanding, and silicification; these are all visible in drill core and hand specimen.
1 Decalcification

The highest grade mineralised zones are invariably decalcified, with few exceptions. The transition to calcic material generally corresponds to a sharp drop off in Au grade. The main exception to this is the sanded Chaldagh Marble section (see below) drilled in ZB96-1 and TA98D004 which yielded highly anomalous Au levels over tens of metres in calcic units.

2 'Sanding' (decarbonization)

`Sanding' or decarbonization (described by Hunt, 1999 below), the most obvious form of alteration, occurs as an alteration halo extending into the hanging wall and footwall carbonate sequences. The intensity of 'sanding' generally decreases away from the mineralisation but is locally so intense that the host marble has been converted to a friable material, which resembles icing sugar. Further away, the intensity of 'sanding' decreases and may be just a dusty brown appearance on weathered surfaces.

Minor linear zones of 'sanded' material and local jasperoid can be seen on surface well into the Chaldagh Marble. These zones probably represent minor "leakage" of hydrothermal fluids along faults in the footwall sequence. They are most easily seen along the main ridge immediately north-east of the mine where a series of linear caves and sinkholes has developed along the structures.

3 Silicification

Silicifrcation occurs within limestone/marble units and is usually accompanied by decalcification. The intensity ranges from partial silicification to total induration and jasperoid formation. Brecciated silicified material locally contains veinlets of base metal sulphide mineralisation.

2.6.1 Alteration Mapping - PIMA (based on Hunt 1999)

In 1999 G. Hunt of Hunt Spectral Consultancy carried out a detailed study of the alteration patterns and assemblages found in the Zarshuran drill core using a Portable Infrared Mineral Analyser (PIMA). A brief discussion of the major findings of that report is as follows and the complete report is included as Appendix 11 on the CD-ROM attached to this report.

2.6.1.1 Summary and Major Findings

1) A proximal to distal alteration pattern in the wall rock samples around the ore horizons is recognised by PIMA spectral analysis of samples from both drill hole sections.

2) Hydrothermal alteration styles recognised are argillisation, decalcification, decarbonitisation and silicification. These styles are typical of what has been described in other Carlin-type deposits.

3) The mineralised and hangingwall samples are pervasively argillised and partly silicified, and show a proximal to distal progression from alumina-rich: K-rich micas (paragonite : muscovite) to alumina-poor, (Fe-rich) illite and phengite mica, respectively. This progression has been observed in hangingwall samples at least 50 metres away from mineralisation.

4) However, unlike many of the Carlin-type deposits the dominant argillic minerals identified in Zarshuran drill core are micas (instead of illite). In addition, no advanced argillic assemblage of kaolin / dickite was identified in the proximal samples to mineralisation.

5) The distal footwall carbonates are calcitic but change composition to dolomites as decalcification increases with proximity to mineralisation. However, the decalcification effect — a change from calcite to dolomite - is very restricted, being detectable in footwall samples that are only several metres away from mineralisation.

6) Several carbonate protolith mineralised samples show the effect of decarbonitisation, i.e., the complete removal of the carbonate minerals to leave an argillic ± silica assemblage. However, the majority of carbonate protolith samples taken from mineralised horizons are decalcified, i.e., have a dolomite ± calcite assemblage.

7) The lack of decarbonitised and advanced argillic altered samples in the mineralised zones, suggests that the intensity of alteration is not as great as that observed in many of the Carlin-type deposits. However, this may be a reflection of the possible lack of reactive minerals in the protolith, rather than a weakly developed hydrothermal alteration system.

2.6.1.2 Discussion

The pervasiveness and intensity of alteration varies both within and between many of the Carlin-type deposits, and depends on the magnitude of the system, the reactiveness (composition) of the host rock and density of structural conduits. Typically they have a central core of silicification close to mineralisation, a peripheral argillic alteration and decarbonation (sanding) of carbonate rocks1.

This generalised sequence can also be seen in the Zarshuran drill holes. 'However, the best developed Carlin style of alteration is the peripheral argillic alteration, which shows a good zonation in and above the ore zone - at least from evidence of the two drillholes studied.
1- The Carlin deposit itself shows a distinct alteration pattern in the unoxidised calcareous siltstoncs. The relatively unaltered limestones (calcite dominated) change to dolomite ± calcite illite ± kaolinite during weak to moderate decalcification. More proximal zones show strong decalcification (dolomite + quartz + illite ± kaolinite) and finally total decarbonation (also described as sanding) in the mineralised zone, with quartz + the advanced argillic assemblage of kaolinite/dickite.

The most distal minerals arc muscovite ± Mite ± low crystalline kaolins. The latter forms in slightly acidic conditions – 150°c, whereas illite and muscovite form in more neutral pH conditions but at higher temperatures >200° and >230°, respectively. The proximal to mineralization argillic minerals are the short wavelength muscovite and paragonite assemblages which form at slightly higher temperatures > 260° and near neutral conditions2. Thus a distinct temperature and possible pH zonation can be recognised through spectral recognition of the mica assemblages.
Although the proximal argillic signature of paragonite and short wavelength muscovite can be seen in samples up to 50m away from mineralisation, the peripheral argillic envelope extends the entire length of both I IW drill sections to surface. What was nor resolved from this limited study is whether the more distal (longer wavelength) micas arc the furthest expression of mineralisation and hydrothermal alteration, or are representative of unaltered (metamorphic?) background samples. If the former is true then – significantly from an exploration point of view – the argillic alteration envelope can be extended by hundreds of metres. Analysis of spectra from background (unmineralised) samples would clarify this issue.
2 The chemical environment for the formation of the muscovite micas are typical high K and CI rich-fluids. The presence of paragonite indicate Al or tea enrichment relative to K.

The change from calcite to dolomite in the footwall limestones is a good mineralogical indication of increasing decalcification and proximity to mineralisation. However, this alteration is not as pervasive as the HW argillic alteration. Samples dominated by dolomite extend only several metres away from the mineralised horizons.
Moreover, it would appear that the intensity of decalcification does not reach the complete decarbonitisation stage documented in many of the Carlin-type deposits. Dolomite ± calcite absorption features can still be identified in the samples taken from the mineralised zones. However, a few limestone protolith examples do show the effects of decarbonitisation in the mineralised zone, i.e., complete removal of both calcite and dolomite, to leave paragonite ± silica.
The lack of both decarbonitised and advanced argillic³ altered samples in both holes suggests that the hydrothermal alteration system at Zarshuran has not reached the same intensity as that observed in many of the Carlin-type deposits. This may be a function of the host-rock composition, i.e., lacking reactive silicates and feldspars, and or a different chemical regime developing before or during mineralisation, i.e., more neutral pH conditions. 
The possibility of late-stage overprinting should also not be ruled out, although it is very difficult to identify the mineral paragenesis solely from spectral observations.

2.7 Discussion and Conclusions

The main sediment hosted gold mineralisation at Zarshuran is apparently controlled primarily by the zone of overthrusting and associated structures. The shallow, south dipping mineralised body cuts down through the stratigraphic section with the thrusting from south to north. Mineralisation is mainly found where fault gouges cross cut the Chaldagh Marble but also in tectonised contact with the overlying Miocene Oligocene and the underlying Greenschist. 
3Argillic to advanced argillic alteration accompanies carbonate dissolution and is particularly well developed within deposits hosted in silty limestone or calc-silicate protoliths.

High gold grades are associated with thick fault gouge zones, brecciated hanging wall rocks immediately above thick gouge zones and at the intersection of steep faults, possibly tear faults and buttress faults, with the shallow dipping thrusts. The thrusting appears to be pre, syn and post mineral thus giving rise to local structural traps in the form of periclinal domes and thickened ore in zones of intense imbrication. The thicker gouge zones are probably due to fault reactivation and mechanical thickening in zones of duplex development and mechanical buttressing. The thrust sheets and gouge zones undergo rapid changes in thickness, both down dip and along strike, and may be reflected in the shape of the ore body. Steeper ore zones are probably associated with feeder faults and pre-mineral buttress faults. Such tear structures are important feeders in, for example, mesothermal gold systems.
The source of the mineralising fluids is probably to the south or southeast in the Takab Fault zone and the overall mineralising system is possibly part of a large regional percolation network, which includes the mineralisation at Angouran, and the zinc anomalies of the Takab valley. Widely circulating carbonate rich mineralising fluids could migrate over long distances in carbonate and calcareous rocks. The age of mineralisation is bracketed by the Precambrian and Tertiary rocks and is probably Middle to Upper Tertiary in age as it cuts Oligo-Miocene rocks.

The mineralisation style has been compared to that of the Getchell Trend, Nevada, but there arc several important differences. At Getchell, Pinson and Prebble, the principal structure is an anastomosing, transtensional strike-slip shear zone with buttresses of granodiorite, and the deposits are located in "pressure shadows" associated with these pre-mineral granodiorites. At Zarshuran the mineralisation is associated with an overthrust complex with thick mineralisation in duplex and fault bend fold environments. The host rocks are also quite different as the principal hosts in the Getchell Trend are finely laminated calcareous silts and shales, while carbonate rich tectonites host the Zarshuran mineralization.
Post mineralisation structure is dominated by progressive and reactivated thrusting with the younger north and deep thrusts reactivating the older thrusts to the south and above. Zagros-age, large scale reverse faults are also apparent in the field and in section, displacing the southern hanging wall over the northern footwall.
Above the present orpiment mine, some "ancient workings" have been excavated along east-southeast striking fault zones. These workings have concentrated on dextral transtensional conjugate faults with silica stockworks and are associated with quartz, barite, calcite multiphase veins. The veins have a "low sulphidation" epithermal texture and may have had coarse grained free gold. If this is the case, then it may explain the alluvial gold to the south in the Malderasi stream system and the geochemical anomaly in the hill above the orpiment mine.
As was noted above, the jasperoid silica bodies partially or totally replace a variety of shallow and steep dipping fault breccias, associated with thrust, reverse, extensional and strike-slip faults. The regional silicification seen in the jasperoids, siliceous gossans and quartz veins may be part of a post mineral event or second "low sulphidation" epithermal event which has focussed on reactivated structural elements especially east-west striking steep faults.
The main geological package is an overthrust belt approximately 600m wide and at least three kilometres long. The belt strikes east-west and dips gently to the south carrying a thrust plate of Chaldagh Marble to the north on the south dipping limb of the Zarshuran anticline. The overthrust plate probably decols into the upper part of the Greenschist​Amphibole unit, and thrusting is seen in this unit in the north of the area. The main part of the overthrust belt comprises a suite of thrust faults which are closely spaced (10m) in the northeast and central portion of the belt, while elsewhere in the belt the spacing is approximately 100m and to the southwest the thrust belt is hidden below cover sequences.

Differential shortening in the belt is accommodated by at least three northeast striking, steeply dipping transfer faults acting as strike-slip transform or tear faults with displacements in the order of 100 to 200 metres. The sense of displacement can be either sinistral or dextral on parallel faults depending on the relative shortening/velocity between the overthrust plate segments. These tear faults were probably active during thrusting and could have acted as steeply dipping/plunging fluid conduits from beneath and into the overlying thrust sheets.
The north-south striking extensional faults and the northeast sinistral faults are probably post mineral in age and appear to relate to late stage thrusting.
Fault-bend and fault-propagation folds are present in the central portion of the belt where they appear to be strongly associated with steep-dipping, northeast to east-west striking, syn to post-mineral reverse faults located to the northwest and north of the folds. The crestal areas range from 70 x 25 metres to 160 x 40 metres. A swing in the strike of the fold axes from east-west to more north-south in the central part of the overthrust belt may be due to lateral ramping in the vicinity of individual plate margins. Lateral ramps imply a degree of basement control in the trajectory of individual thrust faults and may be a primary control on the path of mineralisation. Pre-mineralisation folding may have trapped mineralisation while post mineralisation folding and imbrication may have thickened the mineralisation.

3.0 DRILLING CAMPAIGNS
Summary
A brief technical summary of the Minorco/Anglo drilling campaigns is presented in Table 1 and is discussed in detail in the following sections of this report.

TABLE 1
Summary of Minorco/Anglo Drilling Campaigns
	Campaign
	1996
	1998
	1999
	2000

	DD H Metres
	1,015.35m
	1,188.65m
	1,319.80m
	1,878.20m

	RC Metres
	0
	228
	0
	0

	Avg. Recovery
	74.4%
	89.6%
	89.9%
	88.3%

	Total Drill Shifts
	195
	200
	233
	160

	Rate of Advance
	4.60m / shift
	5.95m / shift
	5.66m / shift
	11 .74m / shift

	Number of Samples
	966
	1,048
	1,133
	1,819

	Avg. Cost per metre
	$115.00USD
	$220.89 USD
	$289.68 USD
	$120.00 USD


Three different drill contractors were used in the four drilling campaigns; CESCO, an Iranian company in 1996, Radial Drilling of Australia in 1998 and 1999 and Spektra Geotek of Ankara, Turkey in 2000.

3.1     1996 Minorco Drilling Program – General

3.1.1 Introduction

In 1995, Minorco carried out mapping and sampling work at the Zarshuran gold prospect and in late 1996, completed a 7 hole, 1015m diamond drilling program. A local Iranian contractor -Country Exploration Services Co. (CESCO) - was used for the work, supervised on behalf of Minorco by an Australian drilling consultant, David Stevens. Two Minorco staff members and a local Iranian geologist provided geological supervision. The program was completed in two and a half months between the start of September and mid-November 1996 when the onset of winter conditions halted drilling.

3.1.2 Water Supply
[image: image11.jpg]



Adequate water existed at Zarshuran for a limited diamond drilling campaign utilising two or three machines. The 1996 work involved two machines, a DB1200 and a DB85O, operating two continuous shifts. At the northwest end of the lease area, water was taken from the main stream that drains past the mine site; some 200-300m from the drill pads. A small dam was constructed creating a pool with a sufficient head of water to keep a 10,000-litre tank full at all times. To avoid contamination from mine drainage, the water was drawn off above the mine site.
At the south eastern end of the lease, water was taken from Malderesi, roughly 600m from the drill sites. Again, a small dam provided a reasonable head of water, and the natural incline of the road towards the drill sites avoided the need for a pump. Although smaller than the mine stream, Malderesi did provide sufficient water for both machines each with a tank, albeit with occasional delays: only one tank could be refilled at any given time due to a lack of serviceable pumps and plastic piping.

When drilling moved to the centre of the area on the 10400mE line, the pumping distance involved (over 600m from the mine stream with considerable topographic variation) required an intermediate tank with pump. Drilling delays were encountered when the weather became so cold that the 1-inch pipes froze solid over night.
3.1.3 Local Labour
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Following the 1996 drilling project, a few of the local men at Zarshuran Village had become relatively experienced drilling assistants. Although their work was limited to manual labour, they were enthusiastic workers and every effort was made to employ them again during the following stages of drilling in 1998, 1999 and 2000.
3.1.4 1996 Minorco Drilling Program - Technical

1 Country Exploration Services (CESCO – Iranian Drill Contractor)

Technical Capabilities

CESCO's technical capabilities were first assessed in June 1996 during a visit by Minorco staff to a civil engineering construction site near Shiraz in west central Iran where CESCO were awarded a contract to drill 90,000m of grouting holes in river gravels to stabilise the area for earth-fill dam foundations. On the basis of the visit, it was thought that CESCO had sufficient equipment available to carry out the proposed Zarshuran program, although their technical proficiency was less clear. Minorco was also concerned by the apparent poorly maintained state of the rigs at the Shiraz site and it was only after the first month of the 1996 drilling that Minorco discovered that much of the equipment at the Shiraz site – (which it was led to believe would be available for the Zarshuran project)- was held on site by the Army Corp. of Engineers who were unsatisfied with CESCO's progress. 
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CESCO were unable to complete the Army contract and subcontracted at least 20,000m of drilling to a Chinese contractor. In summary, CESCO's main failings were:

· A lack of competent management who were sufficiently versed in the technical side of drilling.

· A chronic lack of equipment caused by a lack of hard currency with which to buy foreign spare parts (triple tube liners, bits etc.).

· A lack of any form of proficient technical training for junior and senior staff, and

· An overestimation of their own technical abilities including their incorrect impression that they were competitive in their costs and charges – they were not.
CESCO mobilised three rigs to Zarshuran; one DB1200 and two DB850 rigs; one of the latter to act as a spare. The rigs were delivered to site in a poor condition, very disappointing, particularly in view of the recommendations of a report previously submitted to CESCO by Minorco that identified numerous mechanical and/or maintenance problems to be solved by CESCO prior to starting the contract.

Drilling Rate: Metres per Shift

The rate of progress was extremely slow caused by frequent break downs. A total of 195 shifts were actually spent drilling between September 1st and the middle of November 1996, when a total meterage of 1,015m was attained (a total of 5.2m per machine, per shift). Factoring the number of days spent moving machines, conservatively 4 shifts per move, added another 24 shifts, and reduced the total drilled per shift to 4.6m.

Drilling: Cost per Metre Drilled

The actual cost in US dollars for the full 1015m was $116,770, or $115 per metre drilled (this figure was only what was actually paid to CESCO and did not include logistical, accommodation, legal costs etc.). This contrasted favourably with CESCO's quotation of IR532,500, or roughly USS177 per metre, contained in the original contract. The difference is almost entirely due to a contractual recovery clause in the drilling agreement.

3.1.5 Ground Conditions

Rock conditions at Zarshuran are highly variable but generally, very poor with intensely fractured and unstable rocks. The hanging wall sequence, predominantly the tectonized carbonates and volcani-clastics, gave good recoveries, likewise the footwall greenschists. However, major problems were encountered in the mineralised zones and sanded (Chaldagh) marble sequence. A drilling consultant brought to Iran in 1996 by Minorco, reported that conditions in the sanded Chaldagh Marble were some of the worst he had encountered in 40 years of drilling. The loss of drill fluid circulation caused by rock decomposition was compounded by the presence of numerous karstic cavities. Caving was common. Numerous holes in the four drilling programs were ultimately abandoned as a result of equipment loss or dangerous drilling conditions as a direct result of caving, ground collapse and hole failure.
3.1.6 1996 Drill Hole Locations

Seven vertical holes were drilled during late1996 and given the limited time available before winter, the drill sites were selected to maximise the information on the known strike extent of mineralisation and confirm encouraging results obtained from the 1995 surface sampling program. Two holes were drilled on the 10000mE line to test the dip extent of what was thought to be the main mineralised zone and to confirm the existence of probable duplication of the zone noted in 1995. A single hole was drilled on the 9600mE line, and two each on the 10400mE and 11000mE lines. Significant gaps remained following the 1996 program: 600m between the 10400mE and 11000mE lines, and 400m between the 10400mE, 9600mE, and 10000mE lines. See Figure 9 for drill hole locations and Appendix 2 for drill hole collar coordinates.

3.1.7 Conclusions and Recommendations of the 1996 Drill Program

1 Geological

The results of the 1996 drilling at Zarshuran were encouraging. Anomalous gold mineralisation had been intersected in drill holes over a strike length of 1400m, and over what was believed to be true thicknesses in excess of 30m.

Four distinct but interrelated styles of mineralisation had been identified:

· Black gouge, with orpiment and jasperoid,

· Mineralised breccias and tectonites,

· Jasperoids and massive orpiment,

· Sanded Chaldagh Marbles.

The black gouge was identified as the most promising target. The true thickness of the zone was indicated to be up to 30-32m and its dip extent had been tested to approximately 250m down dip.
No major jasperoid intersections were made in any of the holes, despite the abundance of jasperoid at surface, indicating that the jasperoids occurred along steep structures, which were missed by the vertical holes. Angle holes would be required in future programs to test the possibility of gold grade being contained in the jasperoids at depth.
In addition to the higher grade gouge zone, the sanded Chaldagh Marble appeared to have considerable potential as a lower grade, higher tonnage resource. A number of intersections in this unit returned anomalous gold grades over widths of up to tens of metres. The results of Minorco's program were in broad agreement with the results of the earlier Iranian drilling, indicating a potential grade in the mine area of >1 g/t Au for sanded marble intersections up to 90-100m thick in places. These intersections are indicated on drill sections included in Appendix 13 on the CD-ROM with this report and in Figures 10 - 21.
However, significant gaps remained in Minorco's existing subsurface information, particularly between the 10400mE and 11000mE lines. What little was known about the existing earlier results of the Iranian drilling indicated considerable potential for additional mineralisation between existing drill holes, especially in view of the fact that the Iranian drilling intersected 15​20m of massive orpiment at about 200m depth around the 10600mE section.
Elevated base metal, As and Sb values, accompanied locally by fluorine, confirmed that the mineralization was likely to be metallurgically complex. The similarities in the structural / stratigraphic setting of Zarshuran and the Angouran Zn-Pb replacement body some 40 kilometres to the cast, and the elevated base metal results from some Zarshuran samples, suggested that the Zarshuran pericline could also be considered as prospective for Angouran​style base metal mineralisation.

2 Technical

Ground conditions for diamond drilling at Zarshuran are extremely bad. Alteration of the marbles is pervasive and locally so intense that they are reduced to the consistency of sugar. This sanding problem is compounded by the presence of abundant karst cavities.

The slow pace of drilling experienced in 1996, combined with CESCO's lack of technical expertise and serviceable drilling equipment, argued against using an Iranian contractor for further drilling at Zarshuran. An outside contractor, possibly Australian or Canadian, would be sought for the second and subsequent phases of drilling.

A second stage drill program would, as a first priority, need to test the strike and dip extent of the main mineralised zone picked up on line 10000mE. Additional holes, ideally on section lines spaced at 100m, would be drilled between the 10000mE and 10400mE lines, and between the 10000 and 9600mE lines. Angle holes, at 45 or 60 degrees from horizontal, were recommended to:

· Test the true thickness of the main mineralised zone.

· Test the possibility that the jasperoids occur along steep (vertical?) structures and,

· Test the potential of the sanded Chaldagh Marble to host a large, low grade resource.

All holes would be drilled to the greenschist basement to test the full thickness of marbles.

Additional in-fill drilling was required between the 10400mE and 11000mE lines where a 600m long gap existed in Minorco's information. A minimum of 2-3 holes per section line was recommended.

The problems encountered during the 1996 diamond drilling, suggested that a faster method, which maximised recovery, was required. It was recommended that the second stage should use a multipurpose rig, with both Reverse Circulation (RC) and rock coring capability, track mounted with compressor and booster compressor. Although there are obvious problems with RC versus diamond core drilling, for example the destruction of much useful geological information, the benefits in this case were considered to outweigh the disadvantages. The primary advantage of an RC program would be speed of progress. A proposed 10,000m program could be finished within 2 months if the RC method proved satisfactory and there would be the added benefrt of being able to "pre-collar" deep diamond drill holes through the hanging wall sequence to increase the rate of advance; a critical issue given the short drilling season in the Zarshuran area.

If available, a multipurpose rig would also allow Minorco to core where required - for example through extensive zones of gouge or jasperoid and would allow additional exploration holes to be drilled as required, if time was available.

3 Other Issues

The gridded area needed to be surveyed as a prerequisite to any second stage drill program. A 1:1000 scale topographic map existed but the original survey on which it was based was carried out for MINEX, the government organisation, and was unavailable to Minorco. Also, the survey was obsolete as a number of new roads and excavations existed on the property. The minimum area to be surveyed would be 2-3km2, covering the existing limits of the Minorco grid with some overlap. The grid also needed to be re-established over the mineralized zone and tied into the UTM or Lat/Long real world co-ordinate system.
Following completion of a new topographic map, the property needed to be geologically re-mapped and the drill sections revised prior to drilling.
AARL and MinTek carried out preliminary laboratory metallurgical testwork in late 1994/early 1995. This involved identification and characterisation of mineral phases, flotation, pressure leaching and bacterial oxidation tests performed on samples of gouge weighing only a few kilograms. No further work has been carried out since 1995, however as part of the second phase at Zarshuran, additional metallurgical test work was necessary and it was recommended that:
• A several tonne bulk sample of black gouge should be taken from the underground mine for more comprehensive test work at AARL,
· Preliminary mineralogical and metallurgical test work be carried out on samples (composited from core?) of sanded marble to determine the optimum treatment route for the potential low grade resource,
· Preliminary test work should be carried out on samples of high grade jasperoid from the central part of the grid (10400mE line).

It should be noted that none of these were ever undertaken.
In the 18 months since Dames and Moore had completed the first stage of the environmental baseline study at Zarshuran, there had been substantial additional road construction. In addition to excavations related to Minorco's drilling, the abortive Iranian attempt to begin arsenic mine trial mining in late 1995 resulted in new mining "benches" and access roads, as well as a waste dump. Consequently, prior to the second stage drilling, Dames and Moore needed to be recalled to the site to update their study and document the state of the property. Although there was believed to be little or no new contamination of the site as a result of Minorco's drill program, an independent assessment needed to be obtained before proceeding to the second phase of drilling.

3.2
1998 and 1999 Minorco Drill Programs
The objective of the second phase of drilling was to:

· Test the true thickness of the main mineralised zone.

· Test the possibility that the jasperoids occur along steep (vertical?) structures and,

· Test the potential of the sanded Chaldagh Marble to host a large, low grade resource.

For these objectives to be completed, a 10,000 metre program was designed that included 2,000 metres of PQTT diamond drilling and 8,000 metres of, yet untested, reverse circulation drilling. The original plan was to begin drilling in May 1998 and finish when winter weather set in, probably in late November 1998. These objectives would actually take three years to complete.
3.2.1 General
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'The primary equipment used for the 1998 and 1999 PQ Triple Tube drill program were a LY38 (left) and an RD1500 (below) multipurpose (Diamond/RC/Air core) drill rig operated by Radial Drilling of Australia.
In 1996, Dave Stevens of Technidrill Consulting Services recommended that the next phase (1998) of drilling be completed using Air Core (AC) methods. The justification for the recommendation was that AC would penetrate the gouge zone and sanded marble units without blocking. However, he conceded that AC would not be able to cut through the jasperoid or other very hard units so a combination of both RC / AC would be required in most holes. During 1998 and 1999 AC was not available from Radial Drilling and has not been evaluated as an effective drilling method at Zarshuran.
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In both the 1998 and 1999 drilling programs, the core was sectioned using a diamond saw and specific gravity                         measurements were taken on the half-core prior to shipment for assay. In all, approximately 3,500 samples were cut and measured for specific gravity during the two

drilling seasons at Zarshuran. The remaining half-core was stored in secure and weather proof facilities at the Zarshuran site for future reference. 
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Following the logging, sampling and specific gravity measurements, the core was bagged, tagged and transported to Tehran where it was placed in secure wooded boxes and shipped by British Airways to OMAC Laboratories in Galway, Ireland. The slowest and often the most onerous part of the core processing procedure was the time waiting in Tehran for clearance from the necessary Customs agency for permission to ship the core samples out of Iran. At one point in 1998, 90% of the core from the drilling program was in storage in Tehran awaiting permission to be exported. This delayed the evaluation of the results for about three months while assays were being received.
In both drilling programs during 1998 and 1999, water was a critical issue. In 1998, the water supply for the drill season was adequate given that the program commenced five months later than expected and achieved only about 25% of the target meterage. Had the program commenced on time and meterage been greater, water would have been at a premium late in the year even though the snowfall during the previous winter was above normal at the Zarshuran site. In 1999, the winter snowfall was less than half the normal amount and access to the Zarshuran site was only cut off for a period of 3-4 weeks in late January early February 1999.
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Early in 1999, the supply of water was identified as a critical issue for the 1999 drill program as there would be two drill rigs in operation and remedial actions were taken to manage water supplies to both drill sites and to the field camp. The most important change to the water management was the construction of a large dam in the main mine stream to supplement that built in 1998 to supply the Zarshuran camp and drill sites.
The challenge was to retain water behind the dam while maintaining sufficient flow in the main stream to continue supply to Zarshuran village approximately 6 kilometres down stream.
Another critical issue in both the 1998 and 1999 drilling programs was the supply and importation of drilling consumables such as chemicals, drill bits and rig spare parts. This issue caused the most problems and delays in both programs. In 1998, the consumable supply was shipped directly from Australia from the Australian Mud Company (AMC) in two sea containers. The shipment arrived in Bandar Abbas approximately 2 weeks after departing Australia however, the shipment took 3 months to clear Iranian Customs. Since the drill rigs were also experiencing the same delays and bureaucracy, the delay with the consumables was not a critical issue however, had the rigs been able to pass through Customs quickly, the program still would have been delayed waiting for the chemicals and lubricants. Also during the 1998 program, Radial Drilling dispatched a downhole camera by airfreight from Australia to Iran for use in surveying the drill holes. This camera was impounded in Customs at Tehran Airport in October 1998 and was not released until late September 1999 after considerable pressure had been placed on Customs by the Ministry of Mines.
In 1999 drilling consumables were purchased from a South African supplier, SAMCHEM in the hopes of reducing the shipping time to Iran and to take advantage of the Iran – South Africa Mining Initiative that was intended to promote the exchange of knowledge and expertise between the mining industry in Iran and that in South Africa. The initial shipping time to Iran was reduced to about 7 days (Durban – Bandar Abbas) however the Customs clearance procedures were still lengthy. The chemicals sat on the dockside in Bandar Abbas for approximately 2 months awaiting import clearance into Iran. During those 2 months, alternative supplies were sought in Iran for critical chemicals. The chemicals sourced in Iran were of insufficient quantity and quality to be of any use in the drilling program and subsequently, the program was suspended for the month of September pending the release of the imported chemicals from South Africa. Some of the chemicals supplied to Anglo from Iran during this period were subsequently found to have been stolen and/or counterfeit as local suppliers realized the importance of these items to the drilling program. Further use of chemicals sourced in Iran for drilling programs should not be considered and is not recommended.
[image: image16.jpg]Photo 15 : Chemical shipm.





3.2.2 1998 Minorco Drilling Program

The 1998 Zarshuran drilling project began on October 13, 1998, approximately 5 months behind schedule.
A total of six PQTT diamond drill holes and three RC drill holes were completed by December 09, 1998 when the drill program was suspended due to deteriorating weather conditions and freezing temperatures. A total of 1,188.65 metres of core drilling were completed in the six holes, generating a total of 1,048 samples and 228 metres of RC drilling in the three holes. Overall core recovery was 89.6% for the PQTT drilling however this increases to 93.2% if hole TA98D001 is excluded: (due to bad ground conditions and drill fluid mixing trials).
Drill hole locations for the 1998 program are included in Appendix 2 and are plotted on Figure 9.
With the exception of hole TA98D001, all the 1998 PQTT holes successfully cored and recovered the main mineralised zones within the ore body however, three of them were prevented from reaching the proposed final depth or greenschist contact by bad ground conditions and insurmountable technical difficulties caused by such ground conditions.
Observations from the 1998 drilling program indicated that the main mineralised sections of the Zarshuran ore body were thinning (<3m) to the west (line 9900mE) and thickening (>25m) to the east (line 10200mE). Holes ZB96-1 and ZB96-2, drilled in 1996 by Minorco on line 10000mE, encountered mineralization in the order of 19.2m @ 17.10 g/t Au and 40.9m @ 8.30 g/t Au respectively in mineralised black gouge material however, these holes were vertical and did not achieve the same level of recovery as did the 1998 drilling. This mineralised black gouge zone was cut in all 1998 holes, with the exception of TA98D001, which was abandoned in the mineralization due to bad ground conditions. At the end of the 1998 program the mineralization remained open to the east of line 10200mE and down dip to the south of holes TA98D002, D004 and D005.

3.2.2.1 Reverse Circulation Drilling

During the 1998 drill program, there were three attempts to drill RC holes within the Main Zone. For a number of reasons these attempts proved unsuccessful because:

· Hole TA98R001 was stopped prematurely at 70 metres because the only RC driller on site was forced to travel to Urumiyeh for a VISA re-application. During the resulting 24 hour stoppage the hole collapsed. Subsequent re-entry proved impossible.

· Hole TA98R002 - a second attempt collared 5 metres south of hole R001- was abandoned 83 metres into the black schist hanging wall unit due to a combination of high water and air pressure and highly fractured ground conditions. These resulted in hole R002 breaking into hole R001 causing lost sample return and air circulation.

· Hole TA98R003 reached a depth of 75 metres before being stopped when the hole collapsed and water inflow caused the DTH hammer to plug and sample return to be lost. A PQTT diamond hole (TA98D003) was collared 5 metres south of 8003 and twinned the same top 75 metres. A comparison of analytical results for the duplication is included in the full report of the 1998 drill program. A summary graph of gold assays versus depth for the two holes is included in Figure 22.
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before holes 8001 and 8002 were stopped, the RC drilling method was achieving almost 100% sample recovery in the hanging wall sequence.
The limited RC program in 1998 did not provide a realistic evaluation of the method due to several factors including the lack of experienced RC drillers, the short time frame available for the actual drilling (following five months delay) and the necessity of obtaining the maximum information from the much reduced program. As a consequence, Anglo was also not able to confirm any bias in either the diamond or the reverse circulation drilling methods.

3.2.2.2 Metallurgy, Mineralogy and Petrology

During the 1998 drilling program, five metallurgical samples were taken from 3 drill holes; TA98D003, TA98D004 and TA98D005 and sent to Lakefield research in Canada for testing. The test work was under the direct supervision of Mr. Paul Dempsey from the Minorco London office. These samples represented the main mineralization types as well as hanging wall and footwall lithologies. A brief description of each of the five samples is as follows in Table 2 while the more detailed Lakefield description is given in Appendix 3 and 5.
TABLE 2
Summary Description of Lakefield Metallurgical Samples
	Hole Number
	Sample Numbers
	Depth From
	Depth To
	Comments

	TA98D005
	TA000674 - 688
	117.3m
	130.9m
	Jasperoid and silicified marble

breccia

	TA98D003
	TA000288 - 304
	71.07m
	87.36m
	Mineralized marble breccia

with orpiment

	TA98D003
	TA000337 - 359
	118.15m
	140.10m
	Mineralized black gouge

	TA98D004
	TA000534 — 344
	159.25m
	170.03m
	Unmineralized footwall marble

	Combination

Sample
	
	
	
	Homogenized sample of

mineralization and footwall

marble


Thirteen petrological samples were collected from the 1998 drillcore and sent to the Anglo American Research Laboratories in South Africa for analysis and interpretation.

A variety of rock types, many of which are dynamically deformed, arc present in the thirteen samples taken from boreholes TA98D001, D002, D003 and D005 at Zarshuran. These are as follows
· TA98 D001: The sample taken from a depth of 24.5m in borehole was made up predominantly of secondary silica, is classified as jasperoid. Typically the jasperoid contains numerous quartz - lined vugs some of which arc filled with orpiment.
· TA98D002: The specimen taken From a depth of 13.3m represents an extensively silicified and sericitised granitoid. Relict quartz occurs in a mass of secondary silica, sericite and clay within which the paucity of identifiable feldspar pseudomorphs precludes further classification. The sample taken at 22.5m is brecciated and made up of rotated fragments of foliated scricite and clay containing small grains of quartz. Concentrations of exceedingly fine pyrite occur within the foliation and also along fragment boundaries. Brecciated dolomite occurs at depths of 34.4 and 70.3m in borehole D002. Bedding is evident in fragments of the former sample that is traversed by a fine network of poorly crystalline carbon. Very fine pyrite occurs along bedding planes and also is associated with the carbon stringers. No carbon occurs in the dolomitic breccia found at a depth of 70.3m, but fine-grained pyrite is located in the granulated zones. The sample taken at 38.5m may have also originally been fine-grained dolomite that was extensively silicified or quartz – veined and then dolomitised prior to brecciation. Carboniferous fault gouge was intersected at 51.6m. This material is made up of carbon, dolomite and clay-and encloses clasts of vein quartz and scricite. Narrow veinlets and stringers of pyrite accompanied by traces of arsenopyritc and chalcopyrite cut earlier quartz veining. The affects of dynamic deformation continue at depth with a mylonite being described at 84.7m and the mineralised sample at 95m contains relics of a granulated precursor. The mylonite is made up of fragments of quartz, dolomite and sericitic schist enclosed in a foliated sericite – clay matrix, and also contains some late – stage pyrite. The mineralised sample may represent a granulated sediment which has been subjected to multi — episodic mineralising events, viz. early replacement by quartz and pyrite followed by the introduction of massive sphalerite and quartz and lastly quartz — fluorite — galena mineralisation.
· TA98D003: The sample taken at a depth of 12.8m is augen schist whilst the other, at 27.8m, is a protomylonite derived from quartz feldspar porphyry. The schist comprises a mass of sericite, quartz and carbon that encloses porphyroclasts of vein quartz and it has been subjected to later dolomite veining and pyrite mineralisation. A fine network of pyrite stringers traverses the protomylonite.
· TA98D005: Both samples appear to have been derived from quartz feldspar porphyry. The sample from 18m has been extensively sericitised and also contains pyrite — and arsenopyrite — bearing stringers. At 23m the porphyry is slightly brecciated and extensively sericitised, clay altered and dolomitised. A network of quartz traverses it —carbonate veins with which small amounts of pyrite and chalcopyrite arc associated.

In keeping with the previously reported petrographic and mineralogical work undertaken on Zarshuran material (M/96/5092, 562394 and M/98/5013, S82844), the main rock types encountered in this study are dynamically deformed dolomitic sediments, jasperoid (replaced carbonate) and schists. Importantly, however, intrusive quartz feldspar porphyry was encountered in horeholes D003 and D005 and possible altered granitoid described from the upper part of borehole D002. This apparently supports the proposal that the Zarshuran deposit is an intrusive related epithermal sediment —hosted, disseminated, precious metal deposit.

In general, the rocks have been extensively fragmented, altered and subjected to late — stage vein —type mineralisation. The main alteration types include silicification, dolomitisation, sericitisation and carbonisation. Late —stage pyrite mineralisation occurs throughout the different rock types and it may be accompanied by traces of arsenopyrite and chalcopyrite. Massive orpiment is described from jasperoid in borehole D001 and massive sphalerite, galena and pyrite occur at depth in borehole D002. Visible gold has not been encountered in any of the samples examined.

3.2.2.3 Other Completed Work

In follow up to the recommendations made at the end of the 1996 drilling program at Zarshuran, the following work was also completed in 1998.

· Topographic Survey – detailed topographic work at 1:1000 scale over the central or "main zone" centered at 10000mE. Maps are included in Appendix 18 on the CD-ROM with this report.

· Geological Mapping – detailed geological mapping at 1:1000 scale over the central or "main zone", again centered at 10000mE. Maps are included in Appendix 15 on CD-ROM with this report.

· Environmental Monitoring – Dames and Moore of London, UK completed an updated environmental assessment and monitoring report of Anglo American plc's activities prior to commencing the 1998 program.

· Geochemical Sampling – detailed, infill and exploration geochemical sampling was completed over the southern limb of the Iman Khan anticline. Approximately 1000 geochemical samples were collected at Zarshuran in 1998. See Appendix 17 on the CD-ROM with this report for sample locations and geochemical results.
3.2.2.4 Conclusions and Recommendations of the 1998 Drill Program

1 Geological

The 1998 drilling results were also encouraging despite the lengthy delay in commencing the program. Combined with the 1996 drilling, anomalous gold mineralisation had been intersected in the "main mineralised zone" over a strike length of 800m, and over what was now believed to be true thicknesses in excess of 20m.
The four distinct but interrelated styles of mineralisation as identified in 1996 were confirmed.

The black gouge was still recognized as the most promising target. The true thickness of the zone was indicated to be up to 20m and its dip extent had again been tested to approximately 250m down dip. One major jasperoid intersection was made in hole TA98D001 near the surface and indicated that the gold grade within the jasperoids was more erratic then previously thought. I Iowever, it was only a single intersection and the gold distribution in the jasperoids was still not fully understood.

In addition to the higher grade gouge zone, the sanded Chaldagh Marble was confirmed to have considerable potential as a lower grade, higher tonnage resource: a number of intersections returned anomalous gold grades over widths of up to tens of metres. The results of the earlier Iranian and Minorco drilling were in general agreement with the results of the 1998 program. I However, significant gaps still existed in Minorco's subsurface information and the significance of steeply dipping structures was not fully understood.

Elevated base metals, As and Sb values, accompanied locally by fluorite and arsenian pyrite encountered in both the 1996 and 1998 drilling had indicated that the mineralization was likely to be metallurgically complex. This was confirmed in the Lakefield Research Metallurgical testwork on the 1998 core. These results are summarised in a later section of this report and are reported in full in Appendix 4.

2 Technical

Ground conditions for diamond drilling at Zarshuran continued to be extremely had causing loss of drilling equipment, drilling delays and excessive drill fluid consumption.

Radial Drilling of Australia proved themselves to be competent and skilled drillers in maximizing core recovery and reducing the overall downtime experienced in the 1996 program. However, progress continued very slowly due to extremely poor ground conditions.

A third stage drill program, in essence a continuation of the 1998 program was determined to he necessary following the late start in 1998. A first priority was the need to extend the strike and dip extent of the main mineralised zone both west of section 9900mE, and east of section 10200mE. Only 20% of the total planned 1998 drill program and only 45% of the planned PQTT drilling had been completed before winter conditions forced the suspension of drilling in 1998 making it necessary to continue into 1999. It was recommended to continue using Radial Drilling as they were competent and their equipment was suited to the difficult ground conditions at Zarshuran and moreover, they were already onsite.

3 Other

It was recommended to extend the 1:1000 topographic survey completed in 1998 to cover the areas further to the cast and west of the "main mineralised zone" to keep pace with the step out drilling and detailed geological mapping.
Following completion of this new topographic map, the detailed geological mapping could continue to expand coverage at 1:1000 scale over the entire southern limb of the Imam Khan pericline.
Prior to the second stage drilling, Dames and Moore was again to be recalled to the site to update their environmental impact study and document the state of the property. Although there was believed to be little or no new contamination of the site as a result of Minorco's drill program, an independent assessment needed to be obtained before proceeding to the third phase of drilling.

3.2.3 1999 Minorco Drill Program

3.2.3.1 Diamond Drilling

In 1999, the start of the drill program was again delayed for a period of two months due to problems with Radial Drilling mobilizing the necessary drill crews. Drilling at Zarshuran commenced on June 20, 1999 and during the season nine (9) holes were completed on three sections; TA99D007 on 10400mE, TA99D008, TA99D009 and TA99D010 on 10000mE, TA99D011 and TA99D013 on 9900mE TA99D012 on 9800mE and TA99D014 and TA99D015 on 10300mE. Drill hole locations are plotted on Figure 9 and tabulated in Appendix 2.
3.2.3.2 Conclusions and Recommendations of the 1999 Drill Program

1 Geological

The gold grades obtained during the 1999 drilling at Zarshuran continued to be encouraging but were lower than previously encountered and the thickness of the mineralization continued to decrease. Combined with the 1996 and 1998 drilling, anomalous gold mineralisation had continued to be intersected in the "main mineralised zone" in drill holes over a strike length of 800m, and over a true thickness now believed to be in the 10-15m range. A first pass resource estimate was completed using the basic cross sectional polygon method to attempt to gain some basis for the next stage of drilling in 2000. This estimate is discussed in later sections of this report along with the most recent estimate completed following the 2000 drilling campaign.
Additional geological and structural mapping indicated that Zarshuran was a more structurally complex, thrust fault system with dislocated mineralised zones and in areas, multiple stacked mineralised lenses than was previously believed. These observations were not necessarily negative observations of the ore body however, they had to he recognised in any subsequent geological modelling.

The detailed core logging, mapping and geological modelling indicated that the high grade sections of black gouge, originally interpreted as shallow dipping zones were in fact steeply dipping reactivated fault zones or high grade feeder structures. The implication of this was that the high grade portions of the ore body were thinner and less continuous than were originally interpreted in 1996 and 1998. This was illustrated by hole ZB96-2 (vertical hole – 1996) where an intersection of 40.95m @ 8.34 g/t Au was crossed by hole TA99D008 (angle hole – 1999) wherein, an intersection of 11.35m @ 1.09 g/t Au was obtained in the same location. The original 1996 hole drilled down a steeply dipping black gouge zone whereas the 1999 hole crossed the zone at almost right angles. See Figure 9 for hole locations and Figure 22 for a schematic cross section of 10000mE.
The bulk of the mineralization (approximately 60% of the volume) occurs within the carbon rich marble and the sanded marble units, and 40% occurs in the black gouge zones. The marble zones were interpreted as shallow dipping (approximately 45 degrees southwest), low grade zones (as indicated in Drill Sections in Appendix 13 on the CD- ROM) up to 46 metres true thickness.
The highest grade portions of the mineralization appeared to occur where the steeply dipping black gouge zones (fault zones) intersected the mineralised, shallow dipping sanded or carbon rich marble. The high grade zones have an unknown strike length and down dip extent given the wide grid spacing of the drilling (100m – strike X 80m – dip).
In the three drilling programs to date, 1996, 1998 and 1999, no visible gold was seen in drill core or field sampling and only one sample was reported by OMAC to have high grade gold in the coarse sample fraction. Gold appeared to be sub microscopic, as described by I Lakefield Research in the 1998 metallurgical testing, and enclosed within sulphides – there was little or no free gold in the deposit so far drilled.
The main area of mineralization was centred at sections 10000mE and 10100mE. In this area, mineralised zones were the thickest (up to 46 metres true thickness), thinning both to the east and west and down dip, as was suspected from initial interpretations in 1996 and 1998.
2 Technical

Ground conditions for diamond drilling at Zarshuran continued to be extremely bad, worse than experienced in any of the two previous programs. On several occasions, drill rods were left down the hole and many shifts were lost attempting to free and retrieve stuck drill rods. A proposed fourth stage drill program or, more precisely the second stage completion of the initially planned 1998 program was determined to be necessary following the late starts in 1998 and 1999. As a first priority the drill program needed to extend the strike and dip extent of the main mineralised zone both west of section 9900mE and east of section 10400mE drilled in 1998. In 1998 and 1999, only 25% of the total planned original drill program had been completed, making it necessary to continue into 2000. A new contractor, Spektra Geotek of Ankara Turkey was selected as the drilling contractor for the drilling program due to commence in mid June 2000. The planned 2000 program was to consist of approximately 2,000m of PQTT drilling in 10 holes.

3 Other

The detailed topographic survey, begun in 1998, vas extended to cover the area further to the cast and west of the "main mineralised zone". Following completion of the topographic map, the detailed geological mapping continued to expand coverage at 1:1000 scale over the entire southern limb of the Imam Khan pericline and a 1:5000 scale regional mapping program was commenced over the northern limb of the anticline.
Prior to the third stage drilling, Dames and Moore was again recalled to the site to update their environmental impact study and document the state of the property. Dr. David Williamson of Dames and Moore visited the Zarshuran site in June 1999 and updated the initial environmental baseline study prepared in 1996.
Following Dr. Williamsons visit to the Zarshuran site, the company that took over the old MINEX mining license for the orpiment mine; Tehran Kanarah began stripping black gouge material from the area immediately above the old mine workings. The "mining" operation consisted of a bulldozer, front-end loader and approximately 12 —15 tonne trucks that were in various states of repair. The objective of Tehran Kanarah, as was discovered later, was to mine the black gouge material and transport it to a site near the village of Zarshuran so that it could be treated at a future date and the gold removed. The fatal flaw in the Tehran Kanarah plan was that they had no understanding of the complex nature of the deposit or of the metallurgy. Tehran Kanarah believed that they could effectively treat the black gouge material using conventional gold extraction techniques not realizing that most of the gold was tied up in complex sulphide and arsenic assemblages. The estimate of material removed from the site was in the order of 15,000 to 20,000 tonnes of material, interestingly that upon inspection by Anglo of the ore and waste dump sites, it was discovered that Tehran Kanarah had mixed the two material types and what was supposed to have been high grade ore was in fact unmineralized tectonite and volcaniclastics.
Tehran Kanarah succeeded in causing a significant amount of inconvenience and aggravation to Anglo in 1999 both by running over and breaking water lines and generating large amounts of dust from their trucking operations and creating a large amount of environmental impact that Anglo all along sought to avoid.
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3.3
2000 Anglo Drill Program
Following the 1999 program and prior to commencing drilling in 2000, the entire Zarshuran evaluation plan was reviewed. It was decided that in 2000, 2,000 metres of specifically targeted diamond drilling would be sufficient to obtain enough information for Anglo to make a decision about the Zarshuran project. The completion of these metres was crucial, as a program, originally planned to take 7 months, had taken 3 years to complete.

3.3.1 Diamond Drilling

In marked contrast to the two previous drill programs of 1998 and 1999, the 2000 program was successful in completing the objectives set out at the beginning of the program; which were:

· To step out both east and west along strike and down dip of the three previous drilling campaigns to attempt to increase tonnage of the resource,

· To understand the nature and controls of both the flat lying and steeply dipping mineralization and attempt to model the grade distribution within each,

· To provide sufficient information to update the preliminary 1999 resource estimate in DATAMINE to allow Anglo to make a decision on whether the project met the Company's minimum target criteria.

The drilling contractor chosen to complete the 2000 program \vas Spektra Geotcch of Ankara, Turkey; a well known-to-Anglo drilling company with professional staff and modern drilling equipment. Moreover, Spektra were located in Turkey, employed Turkish drillers and could be mobilized relatively quickly. The decision to terminate the contract with Radial Drilling of Australia was taken in response to their poor drilling performance in 1999, their poor "cultural attitude" towards Iranian nationals and their overall general lack of professionalism.
Drilling commenced on September 15th, 2000 after only 15 days of combined mobilization / Customs formalities and finished on December 05th, 2000 when the planned meterage was completed and winter weather descended on the Zarshuran area. In total 9 holes; TA00D016 through TA00D024 (inclusive) were completed with a total of 1,878.2 metres of the 2,000 metre planned program. The discrepancy in metres relates directly to variations in final hole depths from those planned.
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The drill rig supplied by Spektra for the 2000 program was perfectly suited to the steep and difficult terrain at Zarshuran. The machine was a crawler-mounted Atlas Copco Mustang multipurpose rig capable of drilling PQ, HQ, and NQ diamond core along with the added ability to drill reverse circulation (RC) if necessary.
Drill hole collar locations and traces are plotted on Figure 9 and tabulated in Appendix 2.

3.3.2 Conclusions and Recommendations of the 2000 Drill Program

1 Geological

The gold grades obtained during the 2000 drilling at Zarshuran were disappointing and were lower than previously encountered in 1996, 1998 and 1999 and the thicknesses of the mineralization continued to decrease away from the core of the mineralization. Combined with the 1996, 1998 and 1999 drilling, anomalous gold mineralisation had continued to be intersected in the "main mineralised zone" in drill holes over a strike length of 1,200m, and over a true thickness now in the 10-15m range. An updated resource estimate was completed using a basic manual cross sectional polygon method and, as a detailed check, a Datamine cross sectional polygon / block model estimate to provide Anglo with enough information to make a decision on whether to proceed with the project or not. These estimates are discussed in later sections of this report.

Intensive geological and structural mapping again indicated that Zarshuran was a structurally complex; thrust fault system with dislocated mineralised zones and in areas, multiple stacked mineralised lenses. These observations were used in the subsequent geological modelling and resource estimation.

2 Technical

Ground conditions for diamond drilling at Zarshuran continued to be extremely bad however, the professionalism and competence of the Spektra drill crew, combined with the knowledge of the South African "mud" engineer proved that even these difficult conditions could be overcome and higher core recoveries could be obtained. The 2000 drilling program was completed on time and under budget, making it the most successful of all of the Minorco (Anglo) drilling campaigns at Zarshuran.

3 Other

Dames and Moore again visited Zarshuran in late 2000, but before the drilling program began to assess the damage caused by Tehran Kanarah to both the environment and water supply. The report provided to Anglo in 2000 fully documents the impact that Tehran Kanarah caused at the Zarshuran site. The 2000 Dames and Moore report is on file in the Anglo American plc, London office.
3.4
Discussion of Drilling Programs and Procedures
3.4.1 Drilling Chemicals and Additives

A critical part of any drill program in difficult ground conditions is the correct use of drilling additives by experienced drilling personnel. By using the correct chemical mixture, core that may be considered "unrecoverable" by the inexperienced becomes almost routine drilling by the experienced. The Zarshuran drilling programs were a example of how, with the use of proper chemicals and drillers, very difficult ground conditions could be overcome.

The proper drilling additives can:

· Reduce equipment wear and damage by providing internal lubrication,

· Reduce the chances of lost down hole equipment by external lubrication and cooling,

· Increase core recovery by providing a binding agent or means of increasing fluid density in permeable conditions.

During the initial drilling in 1996, Minorco (Anglo) relied heavily on the advice of the local drilling contractor who had little or no experience with modern drilling additives. The contractor referred to all additives as "SUPER MIX" and, as Anglo was later to learn in subsequent programs, described a whole range of chemicals from powdered polymers to potato starch. The core recovery throughout the entire 1996 program invariably suffered due to the use (non use) of proper drilling additives and, combined with the conventional drilling technique used by CESCO on vertical drill holes, caused the core recovery to drop below acceptable standards.
In 1998, Minorco (Anglo) recognised the necessity to have a sufficient supply of drilling chemicals available for the next stage of evaluation drilling. In early 1998, the Australian Mud Company (AMC) was contracted to design a "mud program" based on the specifications supplied by Minorco (Anglo). Approximately $50,000 USD was spent in 1998 on the supply and import of 20 tonnes of various drilling additives and lubricants into Iran. Initially, there was a 2 month waiting period in Customs for clearance of the chemicals while Iranian officials tested the material for authenticity. This waiting period corresponded to the same 2 month Customs delay of the drilling rigs and did not further delay the start of the 1998 program which was already 5 months behind schedule.
In both 1998 and 1999, Radial drilling employed generally accepted practices for mixing and using down hole additives, however as less experienced drillers became more widely used by Radial, their practices deteriorated and core recovery suffered. At one point in 1999, Racial was given written warning of their excessive core loss and poor drilling practices. During the 1998 and half way through the 1999 program, the initial 20 tonnes of drilling additives was essential used up and a further shipment was required. The decision was taken to use a South African supplier for the new shipment in 1999 for several reasons:
· The distance to ship from Durban, South Africa to Bandar Abass Iran was much less (only ten days transit time),

· The South African — Iranian Mining Initiative program that encouraged technical exchanges between the two countries could be used to help facilitate the expected Customs clearance delays,

· The supplier would, at no charge to Minorco (Anglo), supply a qualified mud engineer to the program to train the drillers and geologists in the proper use and mixing of drilling additives.

The South African Mud and Chemical Company (SAMCHEM) shipped approximately 18 tonnes to Zarshuran in late 1999 and an engineer arrived shortly there after. The most noticeable effect of having a mud engineer on site was the immediate drop in chemical consumption and the immediate increase in core recovery. The old adage "more is better" does not apply to drilling fluids. The engineer was onsite for approximately 10 days in both 1999 and 2000 to train both the Radial Drilling and Spektra crews and was generally well received.
The most noticeable difference in the proper use of drilling additives was the improvement in the core recovery within the sanded marbles. By using proper fluid mix, recovery within the sanded marble units could be increased to almost 100% however improper mixtures caused the recovery to drop to nil as the marble was completely washed out.
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Following the difference in fluid and additive consumption and the core recovery experienced from the proper training of drill crews and geologists, it was subsequently recommended that on further drill programs throughout the group where difficult ground conditions are expected and drill crews inexperienced, an engineer be used in the initial drilling phases. The increase in core recovery and drilling performance combined with the decrease in chemical consumption far exceeds the cost of the engineers' time. It is also important to note that all chemicals used by Minorco (Anglo) in all drill programs, excluding 1996, were biodegradable and harmless to humans or livestock — an important point given the local land use in the Zarshuran area.

3.4.2 Core Logging and Handling

Prior to the 1998 drilling program, a complete set of core logging, sampling and core handling manuals were written for the Zarshuran project incorporating the experience and recommendations of several experienced geologists in the Minorco Budapest office. The core logging and handling procedures remained relatively unchanged for the life of the project, however as more knowledge of the deposit was gained, the geological legend and rock coding was revised accordingly. The original core handling and logging manuals are included as Appendix 16 on the CD-ROM attached to this report.
In summary, geologists experienced in the geology of the deposit carried out the core logging. A separate core logging building was constructed to protect both the geologists and the core from inclement weather and provide a secure area for sampling and geotechnical work.
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The geological legend used for core logging was a combination of that used by passed programs (1996) and a more complete lithological description as determined by the detailed surface geological mapping. The legend evolved and became more complete as the project progressed and, in 1999, resulted in a complete relogging of all old drill cores from the 1996 and 1998 programs. The complete lithological code used in the Zarshuran core logging is included in Appendix 12 on the CD – ROM attached to this report. Also included in Appendix 12 are the complete drill logs from 1996, 1998, 1999 and 2000.
3.4.3 Sample Preparation, Analysis and Core Cutting

Core samples for analysis at OMAC Laboratories in Ireland were prepared for shipment on site at Zarshuran using internationally accepted practices. In summary the procedure was as follows:
1. Geotechnical and geological logging.

2. Marking of core into sample intervals based on lithology and mineralisation.

3. Core cutting – either half-core or quarter-core, depending on lithology. In the upper hangingwall sequence core was quartered and throughout the mineralization and marble sequence, the core was halved.

4. All samples had their specific gravity measured (discussed in next section).

5. Samples were sealed firstly into plastic sample bags and then into cloth bags with vinyl "cable ties" to prevent unauthorized opening.

6. Bunches of samples (usually 10 – 12) were placed into larger cloth bags for shipment to Tehran by pickup truck.

7. Once in Tehran, 5 large bags were placed in a sealed wooden crate for shipment to OMAC.
The analytical work done on the samples at Zarshuran were consistent throughout the 4 drilling campaigns. The OMAC "code" and description of each is as follows:
1. Sample preparation – all core samples - Code "P5". Original 1.5 – 2kg samples were dried (for 24hrs), jaw and cone crushed total sample to <2 mm, riffle split 1 Kg and pulverise to 100 micron.

2. Sample analysis - hangingwall samples (1/4 core) – Code "Au6". This procedure involves Wet Assay (Aqua Regia Sample Digestion with Atomic Absorption) of 30 grams with 10% Fire Assay checks.

3. Sample Analysis – mineralization and marble sequence (1/2 core) – Code "Au4 + BM1/A ± Sulphur by LECO Furnace". This procedure used Fire Assay on 30 grams with an Atomic Absorption finish and low grade base metals (BM) screening using Aqua Regia Digest and Atomic Absorption for Ag, As, Cu, Sb, Pb, Zn and a Sulphur analysis using the generally standard method of a LECO furnace.
3.4.4 Downhole Survey Procedures

Downhole directional surveying of drill holes is an important aspect to an evaluation drill program. The downhole survey of drill holes ensures that the position of all drill holes is known relative to each other in three dimensions. Standard procedures for downhole surveying include acid etching, traparis (gyro), downhole cameras and more sophisticated electronic equipment such as the light log.
The Iranian drill program in 1984 and the 1996 program by Minorco (Anglo) did not employ any downhole survey technique. It can be assumed that, since Minorco (Anglo) used the same type of drilling equipment in 1996 as used in the 1984 Iranian program, the downhole surveying was a near impossible task due to the nature of the old conventional drilling techniques employed by the Iranian contractors and the lack of any suitable survey equipment available in Iran.

In 1998, Minorco (Anglo) insisted on downhole surveying and the supply of suitable equipment was included in the drilling contract with Radial Drilling of Australia. Radial Drilling brought with them to Iran an Eastman Single Shot downhole camera that takes a "picture" on a film disk of a small compass and clinometer placed in front of it down the hole. Unfortunately, the camera equipment was seized in Iranian Customs in September 1998 and held for almost one full year (to the day) before being released. As a result of this, the holes drilled in 1998 could not be surveyed until late in 1999 following the 1999 drilling program.

The standard procedure adopted in 1999 for downhole survey was for measurements to be taken 6 metres down the hole, just below any magnetic steel casing and then every subsequent 30 metres. In this manner all the 1999 drill holes were surveyed and, following the 1999 program, attempts were made to re-enter the 1998 and some of the 1996 drill holes. All of the attempts to re enter 1998 holes were unsuccessful as they had collapsed somewhere down the hole.

In 2000, the change of drilling contractors from Radial Drilling to Spektra Geotech meant a change in downhole survey methodology, as Spektra did not own a downhole camera. The method used for the 2000 program was the trapari gyro; a method that employs a small gyro scope that moves freely until a certain period of time has passed and then locks in place recording the direction (azimuth) and dip (inclination) of the drill hole at that point. All of the 2000 drill holes were surveyed using this method and at the same downhole interval (30 metres) as in previous programs. Table 4 summarizes the completion of downhole survey on a program-by​program basis.

In addition to downhole surveying, qualified land surveyors surveyed all of the drill hole collar locations from all programs.

TABLE 4: Downhole Survey Status by Drill Program

Drill Program
Number of Holes Drilled   Number of Holes Surveyed
Old Iranian Holes
13
0

1996 – Minorco
7
0
1998– Minorco
6
0
1999 – Minorco
9
8

2000 – Anglo
9
9
Totals
44
17
3.4.5 Topographic Surveying and Surface Gridding

Topographic and spatial control on the drilling and geochemical sampling at Zarshuran was an important aspect of the exploration programs from the beginning of Minorco's (Anglo's) involvement. In 1996, prior to the first significant drilling at Zarshuran, a basic surface grid was established over the central part of the deposit using a local Tehran survey contractor that had worked in the Zarshuran area for many years with the Ministry of Mines and Metals. The orientation of the local grid baseline was parallel to the strike of the surface mineralization at 130 degrees magnetic which translated into 090 degrees local. The difference between grid north and magnetic north was 040 degrees. The original surface grid was laid out with an origin at the "OmE, OmN" point which resulted in increasing values to the east (100m, 200m, 300m, etc) and decreasing or negative values to the west (-100m, -200m, -300m, etc). Before the drilling program of 1998, 10,000 was added to the grid coordinates to prevent the use of negative values; a problem when detailed computer modelling is required at a later date. The new origin (in its original position) now had the coordinates "10000mE, 10000mN".
In 1998, the surface grid was extended eastward to the far eastern edge of the Iman Khan Anticline to cover newly discovered surface mineralization immediately east of the 'main' mineralized area and to provide a base for extension of the surface soil geochemistry sampling. The grid was again extended using qualified land surveyors and tied in to local bench marks for proper 'real world' orientation. During the extension of the grid, the surveyors completed a detailed topographic survey over the main mineralized area where the first stage of the evaluation drilling was to be completed. At the end of the 1998 program, the surveyors were again called to the site to tie in the new diamond drill collars to the local grid.
Again in 1999 the surface soil geochemistry grid was extended, this time to encompass the entire Iman Khan Anticline. The topographic survey was also extended both to the east and west of the previously surveyed areas. At the completion of the 1999 survey, full topographic coverage existed over the entire gold target. The results of the survey would form the basis for all geological mapping, cross section construction and resource estimation. See Appendix 18 on the CD-ROM of this report for the extents of the detailed topographic survey and Appendix 17 on the CD-ROM for the extent of the surface soil geochemistry grid. Table 5 is the relationship of the Zarshuran local grid to real world (UTM) coordinates.
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TABLE 5: Relationship of Real World Coordinates to Local Grid Coordinates

Local X             Local Y
          UTM X
              UTM Y
0mE                       0mN
       691121.377
           4066151.215
Note: Northwest Iran falls in UTM Zone 38 North and Coordinates are given using WGS84 Map Datum.

The following conversion script was used in Geosoft to convert local coordinates measured in the field to real world (UTM) coordinates based on the above origin of the Zarshuran local grid.
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4.0 RESOURCE ESTIMATION

4.1
Summary
Following the 2000 drill program, a resource estimation exercise was undertaken and the estimated resources for the gold mineralization at Zarshuran arc:
TABLE 7
Resources as of October 1, 2001

	Classification
	Tonnes
	Gold Grade
	Ounces (troy)
	Cut-off

	
	millions
	g/t
	millions
	g/t

	Inferred
	11.343
	7.86
	2.866
	1.0


The estimate is based on 19 diamond drill holes with 39 intersections above a 1.0 g/t Au cut off which was used to define the mineralized 'envelope'. The drilling grid is approximately 100m along a strike length of some 1250 m by 80m down dip to a depth of up to 300m below surface. Surface trench information and detailed geological mapping were used, where available, to provide surface control of drill hole intersections. The estimate is based on a three-dimensional block model created in DATAMINE within the 1.0 g/t Au "envelope" from the data available.

The 2001 resource estimate for Zarshuran is in compliance with the Australasian Code for Reporting of Mineral Resources and Ore Reserves (the JORC Code). Specifically, the definition of "Inferred Resources" as applied to the Zarshuran project, are "the part of the Mineral Resource for which tonnage, grade and mineral content can be estimated with a low level of confidence. It is inferred from geological evidence and assumed but not verified geological and / or grade continuity. It is based on information gathered through appropriate techniques from locations such as outcrops, trenches, pits, workings and drill holes which may be limited or of uncertain quality and reliability."

Apart from using a cut-off grade to define the mineralized envelope, no economic or mining parameters were applied to the stated resource.

This section describes the sampling and assay issues that are relevant for the estimation of resources as well as the geological modelling and resource estimation procedures themselves.

4.2
Sampling Related Issues

4.2.1 Core Recoveries

1 Overall Averages

The recoveries for the four drill programs arc summarised below. The weighted average recovery over the full 5402 metres in four programs was approximately 90%. Bearing in mind the very bad ground conditions and the lack of trained drill personnel in the earlier programs, these recoveries are therefore surprisingly good.

2 Recovery through Mineralised Zones

In general, recoveries were acceptable with most falling in the range of 70% to 90%. However there were extremely poor recoveries through the deeper mineralisation in early drilling in hole ZB96-1. Recoveries for individual zones ranged from 35% to 100%, while average recoveries over all of the main zones was approximately 85%.

Recoveries were worst through the sanded marble section and lower mineralised zones in almost all cases. The effects of poor recoveries on gold grades within the powdery-sanded marble were unclear in 1996, although the possibility of "up grading" through concentration was considered likely. In later programs it was determined that this upgrading or concentration of gold due to poor recoveries in the sanded marble was insignificant as recoveries increased through the use of proper drilling additives.

TABLE 8
Summary Core Recoveries - Zarshuran Drilling Programs

         Hole
Final Depth
Recovery to Depth

       ZB96-1
200.45
60


ZB96-2
142.10
72


ZB96-3
76.20
78


ZB96-4
183.20
89


ZB96-5
144.10
59


ZB96-6
107.95
89


ZB96-7
161.35
80


TA98D001
92.35
71.4


TA98D002
191.60
97.4


TA98D003
181.20
90.9


TA98D004
226.95
92.5


TA98D003
285.40
92.2


TA98D006
211.65
93.9


TA99D007
227.40
87.1


TA99D008
171.10
92.4


TA99D009
222.60
90.0


TA99D010
104.90
85.5


TA99D011
90.70
91.1


TA99D012
80.00
83.0


TA99D013
151.20
86.0


TA99D014
72.50
82.3


TA99D015
199.50
93.8


TA00D016
236.90
90.5


TA00D017
206.90
86.6


TA00D018
210.20
88.3


TA00D019
214.85
85.6


TA00D020
178.00
82.3


TA00D021
263.20
93.1

Hole             Final Depth
Recovery to Depth

TA00D022
254.40
90.7

TA00D023
166.75
89.1

TA00D024
147.00
86.3


5402.00m
Avg. = 91.2%
4.2.2 Sample QA / QC and Check Analysis

1. Procedures and Discussion
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The standard operating procedure for all drilling programs from 1998 to 2000 was, to incorporate into the sample batches sent to the lab, a complete set of Standards and Blanks. The initial Standard material was collected from the old arsenic mine dumps and sent to Rock Labs in Perth, Western Australia for homogenizing and certifying. Four standards were created; STA 001 — STA 004 ranging in grade from the 100% concentrate of 8.50 g/t. Au to a 20% concentrate of 1.70 g/t Au and a "blank" sample of quartz / granite with a grade of 1.5 ppb Au.
During the drill programs, the control standards and the quartz blank sample were randomised and inserted into the sample batches every 20th sample or any sample ending in 00, 20, 40, 60 or 80. In addition, in areas where high grade mineralization was visibly indicated in the core, the quartz blank sample was inserted to test the QA / QC of the sample preparation procedure at OMAC. The reason for this was that the quartz blank sample was a coarse sample, requiring crushing whereas the 4 standard samples were pulps, only requiring analysis. This procedure allowed the control standards to make up approximately 5% of the entire sample database throughout the 1998, 1999 and 2000 drilling campaigns. The results of the QA / QC work with OMAC are plotted in the following graphs which show the variation in the standards with tune plotted with the expected grade of the standard and 5% upper and lower tolerance Limits.
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The analysis of the QA / QC graphs indicates several important issues:

· The standards indicate a possible problem with OMAC labs in late 1998 (standards 3 and 4 fall outside the tolerance limits) and a possible problem in early 2000 (standards 2 and 3 fall outside the tolerance limits). This could have been caused by possible instrument drift, cross contamination or incomplete digest in the analytical stage.

· The quartz blank sample graph indicates a cross contamination of samples in 1998 probably during the sample preparation stage.
It is not possible to comment exactly on the cause of the problems with the control standards without going back into all of the OMAC internal laboratory standards and checks done at the same period in time as Anglo problem samples. Anglo will, in the near future, ask for all of OMAC's internal control data during that period to try to ascertain the reasons for the Anglo standards falling outside the accepted range. The problem with cross contamination of samples during the sample preparation stage was identified by Anglo and OMAC in the 1998 drilling program through the use of the blank samples. The reasons for the cross contamination was the high percentage of the arsenic mineral, orpiment in the drill core. The association of higher grade gold values with higher percentages of orpiment was the source of the contamination. The behaviour of orpiment during the crushing stage of sample prep causes it to plate on the jaws of the primary crusher and, the standard operating procedure of air blasting the crusher jaws between samples did not dislodge the plated orpiment. Immediately following the identification of the problem, Anglo and OMAC introduced the standard operating procedure of "granite washing" between samples that Anglo identified as containing high percentages of orpiment. Following the introduction of the wash procedure, the blank sample returned to within acceptable limits.
Further to the ongoing QA / QC program that was in place during the drilling program and following the 1998 drill program, approximately 125 sample pulps or 5% of the total amount of samples analysed during 1998 were selected for reassay at Chemex Labs in Mississauga, Ontario to compare with results obtained at OMAC. The samples chosen for the reassay,, represented all samples greater than the high grade standard sample; STA001, that assayed 8.5g/t Au plus a random selection of samples from various grade ranges to the very bottom end of the grade scale. Samples were reassayed for Au, Ag, As, Pb, Zn, and Sb using similar analytical techniques to OMAC so that a direct comparison of the results could be made. Figure X shows the comparison of gold assays from both Chemex and OMAC and as is illustrated, the two labs generally compare favourably however, interesting to note is that the OMAC results are in almost all cases, higher than that of Chemex. Sample statistics on both sets of data also indicate the difference — approximately 5% higher for OMAC.
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The OMAC samples were analysed over a period of several months whereas the Chemex samples were analysed in one day as they were chosen as the "check" lab.'There appears to be a general correlation in the analysis between Chemex and OMAC in samples that were analysed early in the 1998 program but in later samples the difference in analytical results becomes more pronounced. There could be two reasons for this difference:
· There may he a difference in the sample digestion method of the prill following Fire Assay. Either OMAC or Chemex may use a slightly different technique for sample digestion or dilution, although this seems highly unlikely or one of the labs did not completely digest the samples following Fire Assay.
· There may have been a problem at ON AC near the end of 1998. This is also indicated by the standard graphs where there is a steep decline in the graph lines for standards 1, 3 and 4 late in the program.

Therefore there is some uncertainty regarding the reliability of the assays taken over this period.
4.2.3 Data Validation and Sample Database

The Zarshuran sample database consists of some 4621 assay records for some 47 diamond drill holes; 34 of which have been drilled by Anglo (Minorco) in 4 drilling campaigns. The other 13 holes were drilled during various campaigns by the Iranian government dating back to 1984 (?). The quality of the early, pre Anglo drill core is poor; core has been disposed of in efforts to scavenge wooden core boxes, data is incomplete and often non existent and sample records have either been "stolen" or lost. The quality of the core that has been seen and retrieved by Anglo is also in poor condition, however some broad comments about the early drilling can be made:
1. All drilling was vertical as the equipment used was not capable of drilling angled / inclined drill holes.

2. Core recovery was extremely poor due to a combination of bad drilling practices, the necessity to use conventional drilling methods (puffing of rods to pull core barrel) as

3. the equipment was not wire line equipped and the lack of proper drilling additives to help compensate for the poor ground conditions.

4. Drill hole locations were not recorded accurately.

5. Rock units were misinterpreted and incorrectly logged.

Given the numerous problems with the old drilling data and the lack of data validation, this information was not used in the current resource estimate.

The first Anglo (Minorco) drilling campaign of in 1996 drilled 7 holes using a local Iranian contractor with similar equipment to that used in the early Iranian drilling. As a consequence, the quality of the core recovered from the 1996 drilling suffered however, with the introduction of better drilling practices than in previous years and the supervision by an experienced drill foreman, the program generated acceptable and valid information. All holes were properly logged, locations were recorded and surveyed, samples were taken and entered into a database and data was archived such that the drill data was used (where appropriate) in the current resource estimate.

The 1998, 1999 and 2000 drilling campaigns all used a foreign drill contractor who employed generally accepted practices and thus increased the quality of the data generated. In particular, all drill holes were clown hole surveyed, all holes were angle holes using triple tube wireline equipment to increase core recovery, all holes used proper drilling additives to assist in hole stabilization and core recovery and all hole collars were surveyed. The resultant data was entered into a database, combined with older drill data, and stored both onsite and externally for security purposes. This data makes up the bulk of the information used in the 2001 resource estimate.

4.2.4 Specific Gravity Measurements

Early in 1998 it was recognised that the goal of the entire Zarshuran drilling evaluation was to allow Anglo to be able to place a preliminary resource estimate on the gold zone and to make a decision on whether to proceed to a prefeasibility stage of the project. It was also recognised that a common source of error in a resource estimate is the lack of a representative database of specific gravity measurements for the various rock types on the project.
The procedure adopted at a very early stage in the evaluation of the project was to measure the specific gravity (S.C.) of every sample sent to the lab for analysis. The end result would be a comprehensive database of S.G. measurements that could be correlated against rock type and analytical results. The database would also be used in the subsequent resource modelling that was to follow the 2000 program.

The basic formula for the calculation of S.G. is:

Weight of the Sample in Air

Weight of the Sample in Air — Weight of the Sample in Water

To do this sample weights in air and water must be measured. At Zarshuran the equipment used to measure the specific gravity of each sample was a basic three arm balance with an "specific gravity attachment". The attachment was a metal basket suspended beneath the main balance plate into a container of water. See photo below.
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Three representative pieces of core were taken from each sample interval and their weights measured and a specific gravity calculated. The samples were not dried prior to weight measurement. The three specific gravities were then averaged to give an average S.G. for a particular sample. In cases where samples were overly porous, for example the black gouge material and the sanded marble, the samples were wrapped and scaled in plastic film to prevent material loss either on the balance plate or in the basket suspended in water.

Problems inherent in the method of specific gravity calculation used arc that samples of high moisture (the black gouge or the sanded marble) content may have their S.G. overstated. In quantitative terms, the overstatement of the specific gravity could be as high as +20%. This variation could impact the final resource figure by overstating the metal content by a similar amount. Detailed specific gravity statistics and plots of samples used in the resource estimation are included as Appendix 9 of this report. A summary cumulative frequency plot of all mineralization types are in Figure 25 below.
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Figure 25 illustrates the variability in the specific gravity measurements obtained during the drilling campaigns. In particular, the black gouge (102) and the jasperoid (103) show the highest variation in measurements. Unfortunately as samples were not dried prior to measurement, the densities in these two important mineralization zones could be biased high by up to 20%.

4.2.5 Geological Modelling

The most important factor influencing the resource estimate, whether it is manual or computerized is the geological model and interpretation. Considerable time was spent with geologists from varying backgrounds and fields of expertise to attempt to get the best reasonable interpretation of what the Zarshuran orebody actually looks like. The results of this arc the interpreted mineralized outlines that form the basis for both the manual and computer resource estimates. The interpreted mineralized envelopes have been constrained within different lithologies and calculated accordingly as it was recognized in early grade distribution studies that the different rock types had different gold distribution characteristics. The four mineralization types modeled in both resource estimates arc (DATAMINE mineralization codes listed not geological legend codes):
5
M — sanded Chaldagh Marble (Code 101)
6
BG — black carbonaceous gouge material (Code 102)
7
JASP — jasperoid (Code 103)
8
BC — black carbon rich tectonitc / marble (Code 104)
Sample statistics for each mineralization type are presented later in this section and detailed statistics are included as Appendix 9.

4.2.6 Sample Top Cutting and Compositing

Cutting of high grade samples was done in the sample database only as a comparative tool to estimate the amount of gold associated with high grade samples. The general principle and justification for high grade cutting has traditionally been to serve as a safety factor against the low reproducibility of high values and the nugget effect of individual samples. The resource estimate presents both cut and uncut values. Cut values should be viewed with caution as they are for comparative purposes only as there is no statistical support for their widespread use. The procedure for cutting of high grade samples was that all samples present in the database greater than one ounce (> 31.1 g/t) were cut back to that value. Sample compositing to a length of 3m was also undertaken to reflect a possible mining bench height. The composited values were used for comparison to the uncomposited values and arc presented later in this section. The following table lists all samples that were cut in the sample database.
[image: image41.jpg]BHID
TAQ0ODO16
TAO0DO16
TAO0DO19
TAO0DO19
TA00D022
TA98D003
TA98D004
TA98D005
TA98D006
TA99D007
TA99D009
TA99D010
TA99D011
TA99D011
TA99D011
TA99D011
TA99D011
TA99D011
TA99DO11
TA99DO11
TA99DO11
TA99DO11
ZB96-1

FROM
8.27
10.27
200.75
201.8
240.8
80.07
76.78
131.9
130.2
191.4
196.7
80.6
558
58.6
59.6
60.6
616
626
63.6
64.6
65.6
676
181

TO
9.27
11.27
2018
202.2
2418
81.07
77.78
132.9
130.65
192
197.7
816
56.6
59.6
60.6
616
626
636
646
656
66.6
68.6
184.4

LENGTH
1
1
1.05
0.40

AU
32.96
41.28
41.96
59.29
42.44
33.76
48.64
31.36

35.325
855
73.75
100
66.88
31.68
49.28
35.84
432
9.5
85.12
116.25
76.8
3376
713

Total Number of Samples in Database: 4621
Total Number of Samples > 31.1 g/t Au: 23

AUC

31
31
31
31
31
31
31
31

31.
31,

31

31.

31

31.

31

31,

31
31
31
31

31,

31
31

108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108




Sample compositing was done using the DATAMINE downhole compositing process as a comparison to the uncomposited resource estimate.

4.2.7 Sample Statistics (See Appendix 9)
[image: image42.jpg]427 Sample Statistics (See Appendix 9)
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Figure 26 above illustrates the cumulative distribution in the various mineralization types. It should be noted that the black gouge (103) and the jasperoid (103) show the highest degrees of variability and, combined with the highly variable specific gravity, the estimate of the resources associated with those mineralization types should be viewed with caution as it may be overstated.

4.3
Resource Estimation
4.3.1 Resource Methodologies and Parameters

The method used to complete the 2001 Zarshuran resource estimate was a three dimensional block model created in DATAMINE. A manual cross sectional polygonal method followed as a check to the DATAMINE resource estimate. Comparison of the results of the two methods is presented later in this section.

The methodology for completing a three dimensional computerised block model and resource estimate is as follows:
1. Complete manual geological interpretation on drill sections

2. Within geology — draw "mineralization" envelope — 1g/t Au

3. Digitise into DATAMINE

4. Create a "Block Model" — block representation of the orebody inside the mineralization envelope

5. Interpolate grade, specific gravity and other parameters into each block using various methods — kriging, inverse distance weighting, nearest neighbour — Inverse Distance Squared (ID2) was used for Zarshuran

6. Evaluate the model inside the outlines for tonnes, grade and metal content.

Following the geological interpretation on 1:500 scale cross sections and the creation of the >1.0 g/t Au mineralization "envelopes" on similar sections, the outlines were digitised into DATAMINE in preparation for the creation of the grade block model. Usually, a three dimensional wireframe model of the mineralization precedes the block model creation however the complexities in the geology and continuity of mineralization at Zarshuran did not allow this to be done. instead, the mineralization envelopes were extended to intermediate sections, half way to the previous and following section, similar in methodology to a manual cross sectional polygonal resource estimate. An example cross section of the 1 g/t Au "envelope" is presented in Figure 27 and the eomplete set of resource cross sections is included in Appendix 13 on the CD-ROM with this report.
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Section 10000mE showing 1g/t Au “envelope” and resultant block model.





The limitation of this procedure is that it tends not to take into account small variations in the orebody shape from section to section but since the information was gathered on wide spaced sections and cross structural displacement of the orebody occurred on a spacing smaller than the drill spacing, it was logical to use this method. The following table illustrates the section influences used for both the polygonal and block model resource estimate and Figure 28 illustrates the effects of extending mineralization envelopes half way to the preceding and following cross section.
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[image: image46.jpg]Figure 28 Mineralization cnvelopes extended between sections





The block model created for Zarshuran used parent block cells of 10m(X) x 25m(Y) x 10m(Z) and allowed for block splitting / subcelling of 10(X), 5(Y) and 10(Z) that would have a final block model resolution of 1m (X) x 5m(Y) x 1m(Z). The rationale behind the detailed resolution was that the orebody was potentially complex in the cross strike and vertical dimensions but retained relatively good continuity in the along strike direction. The following are the initial block model parameter:

Block prototype details
Xmin 9450, Xmax 11200 Xblock 10m No. X Blocks =175
Ymin 9550, Ymax 10350 Yblock 25m No. Y Blocks = 32
Zmin   2050 ,  Zmax    2650     Zblock   10m   No.  Zblocks =   60

Subcell splitting is used as follows
X= 10 splits, Y=5 splits, Z=10 splits.

Grade interpolation into the block model took into account the variations in dip of the four different mineralization types and as such, used two major controls: mineralization type (Codes 101-104inc) and orcbody dip (shallow or steep). The procedure used for grade interpolation was as follows:

Use two Controlling Fields in Block Model:
· MCODE- The mineralization code 101- 104 inc

· OBDIP- Mineralisation dip shallow / Steep, 34 and 72 degrees respectively.
10 searches used - 5 each for the shallow and steeply dipping mineralization.
· Two different search parameter files, one for uncomposited samples anti one for 3m composited samples.

Estimation is conducted for each combination of OBDIP and MCODE

· Two input fields are estimated using Inverse Distance Weighting (IDW) for AU and S_GRAV.

A calculation is undertaken for 5 different searches for each mineralization code.

· MCODE, dip OBDIP using the following gold grade types.

Uncut raw gold samples
AU
Raw cut samples to 31.188g/t
AUC
Uncut 3m composite samples
AU3
Cut 3m composite samples
AU3C
The two different mineralization orientations can be best illustrated by the two "search ellipses" used for the various interpolations.
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4.3.2 Estimation Checks

The DATAMINE block modelled resource estimate was cross checked using a manual cross sectional polygonal method. The basic procedure for this method is as follows:

1. Complete manual geological interpretation on drill sections

2. Within geology — draw "mineralization" envelope — 1g/t Au

3. Digitise into AUTOCAD

4. Calculate block areas using the computer

5. Apply block influences (from Table X)

6. Calculate block volumes using a Spreadsheet (block area x block influence)

7. Calculate length weighted block gold grades and specific gravity

8. Calculate block tonnes (block volume x block specific gravity)

9. Apply block grades to block tonnes and tabulate
The results of the estimation check are presented in Table 9.
[image: image48.jpg]Table 9

Comparison of Results of Different Resource Estimation Methods

Method Tonnes | Gold Grade Oun%‘e% (troy)
millions g/t millions
DATAMINE Block
Model - Uncomposited i e b
DATAMINE Block
Model — 3m Composites 11.343 8.21 2.994 1.0
Manual Cross Sectional 11,042 772 2740 10

Polygons





The tonnage results obtained in all methods compares favorably as all methods used the same geological and mineralization envelope interpretation. Grade variations can be accounted for in the different methods in which grade were interpolated into blocks. Again, it is important to note that these estimates could be overstated by up to 20% due to the variabilities and uncertainty in the specific gravity in the different mineralization types.

4.3.3 Grade and Tonnage Curves

Figure 30 illustrates the various grade and tonnage characteristics of the resource estimate when different gold grades and compositing methods arc used. The heavy green line on both the tonnage and grade curve indicate the values used in the 2001 resource estimate; those are the DATAMINE block model using uncut and uncomposited gold grades. As illustrated in Figure 30, compositing of grades has very little effect on the overall tonnage / grade characteristics of the orebody however, top cutting of high grade assays lowers both the tonnage and grade.
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4.3.4 Resource Classification

The 2001 resource estimate for Zarshuran is in compliance with the Australasian Code for Reporting of Mineral Resources and Ore Reserves (the JORC Code). Specifically, the definition of "Inferred Resources" as applied to the Zarshuran project, are "the part of the Mineral Resource for which tonnage, grade and mineral content can be estimated with a low level of confidence. It is inferred from geological evidence and assumed but not verified geological and / or grade continuity. It is based on information gathered through appropriate techniques from locations such as outcrops, trenches, pits, workings and drill holes which may be limited or of uncertain quality and reliability."
Resources as of October 1, 2001

	Classification
	Tonnes
	Gold Grade
	Ounces (troy)
	Cut-off

	
	millions
	g/t
	millions
	g/t

	Inferred
	11
	7.86
	2.8
	1.0


The estimate is based on 19 diamond drill holes with 39 intersections above a 1.0 g/t Au cut off which was used to define the mineralized 'envelope'. The drilling grid is approximately 100m along a strike length of some 1250 in by 80m over a depth of up to 300m below surface. Surface trench information and detailed geological mapping were used, where available, to provide surface control of drill hole intersections. This estimate is based on a three-dimensional block model created in DATAMINE within the 1.0 g/t Au "envelope".

5.0 ENVIRONMENTAL CONSIDERATIONS

The following section is a summary of the Final Environmental Close Out Audit Report prepared for Anglo by Marsh Risk Consulting of London, UK in October 2001 following a comprehensive review of previous year's environmental monitoring and procedures. A site visit was conducted in July 2001 by Dr. David Williamson of Marsh (formerly of Dames and Moore) to collect up-to-date samples and review the state of the project prior to final hand over to the Ministry of Mines and Industry. The complete text of Environmental Close Out Report is included as Appendix 14 on the CD-ROM attached to this report.

5.1
Summary and Recommendations (based on Williamson, 2001)
Mining operations at Zarshuran in the West   Azerbaijan Province in the Islamic Republic of Iran have a long and complex history. An Iranian company, MINEX (Mineral Export Company), managed the operations for a significant period, until 1999, when Tehran Kanarah took over responsibility for extraction operations. Anglo American became involved in the prospect through a predecessor company in 1994 when preliminary reconnaissance works were carried out. This involvement has been solely related to exploration activities and no extraction has been carried out by Anglo. Exploration activities ceased in 2001.

Prior to the commencement of the exploration work in 1995, Anglo commissioned the environmental consultant Dames & Moore to undertake the preliminary investigations to set baseline levels for environmental conditions. Audits were also undertaken in 1997, 1999, 2000 and 2001 to monitor any changes in conditions. The final audit performed in 2001 established the conditions at project close-out. The audits consisted of an assessment of the following issues:
· Water quality

· Soil quality
· Air quality

· Flora and fauna

· Socio-economics

· Regulatory compliance

The close-out audit was undertaken to establish the level of impact of Anglo's operations at the prospect and to determine any residual impacts and requirements for restorative works.

As stated previously, Anglo's involvement in the mining prospect has consisted mainly of exploratory work, focusing on:
·  Surface soil sampling for laboratory analysis

· Trenching for more detailed sampling

· Drilling of exploratory holes

In addition, Anglo has been responsible for the construction of: a mine camp for storage, accommodation and administrative purposes; and minor access roads within the main road network. The work involved in this construction has been minor, and the associated environmental impacts have also been limited. The mine camp and associated ancillary facilities consists of the following:
· Mine Camp buildings, including accommodation units, a kitchen, canteen, workshop and cold stores, permanent breeze block houses, an office, generators, water treatment station

· Small diesel tank farm

· Small dam over a watercourse up-gradient of the main camp

· Separate storage and workshop facilities have also been constructed for the drilling contractor

The infrastructure, constructed by the Iranian companies involved in exploitation activities, consists of small huts (many now semi-derelict); an uncontained fuel tank; numerous roads and waste tips; and mined areas. The construction of such infrastructure has involved major earthmoving activities that have caused significant changes to the local landscape and exerted major impacts on he environment. Slope instability, impacts on water quality and the creation of large amounts of mine waste have resulted from such activity. It should be stressed that Anglo does not have responsibility for any of these activities nor their consequences.

The main findings of the 1995 baseline survey with regards to potential environmental impacts can be summarised as:
· Elevated concentrations of metals in stream and minewater, including arsenic and antimony. Sulphate levels were also found to be elevated. This is likely to be related both to historic mining activity and to the natural impact of water flowing through the mineralised zone.

· Metallic concentrations found in the soil profile were elevated above Dutch Intervention Levels. This likely to be caused mainly by the natural levels associated with the mineralised zone.

· Soil erosion clue to road construction.

· Dust generated by vehicular movements.

Following the 1995 baseline survey, an environmental management plan, was set up to minimise and mitigate environmental impacts arising from Anglo's activities during their exploration activities at Zarshuran. This was monitored and upgraded during each subsequent visit.
At close-out, the audit demonstrated that there was no reduction in water quality when compared with the results generated in 1995. Further, although metallic concentrations in the soil were found to be significant, they were considered to be naturally occurring, background levels given the nature of the environment. Natural revegetation was addressing potential erosion issues at the Anglo drill sites; little drilling debris was left in place and waste pits were noted to be backfilled. It is noted that the cessation of Anglo's exploration activity will result in stopping the generation of dust by vehicular movements. In light of the above, it may be assumed that Anglo's activities had little impact on the environmental conditions noted above and that negative residual impacts are minor.

Following close-out, Dames & Moore and Marsh Risk Consulting made a series of recommendations as to restorative requirements. These are intended to ensure that Anglo reduces or removes the potential for residual impact on the environment cause by its activities. These are summarised below.
· All infrastructure and buildings that comprise the mine camp remain intact for possible future use. All materials should he removed from the storage facility to reduce waste and impacts from potential leakage.

· Ensure that the tank farm is made safe and secure and maintained at the site for future use. However, to ensure there is no residual impact, all diesel fluids should be removed and tanks fully cleaned and flushed out.

· The wastewater plant at the site is also a valuable resource for future mining/exploration operations. To ensure there are no residual impacts from this plant, the amount of solid waste in the system should be minimised and the system fully cleaned and flushed.

· All waste that may be associated with the drill pads should also he removed and disposed of.

· The dam should remain intact for further operations. Any residual impact can be removed by ensuring through valves remain open and free of silt/blockages.

By taking such actions, Anglo can act to minimise any residual impacts on the environment at the site.

Author's Note:

With reference to each of the points raised in the final environmental close our report, the following remedial actions have been taken:
· The non permanent camp infrastructure and buildings were removed from the site in November 2001 and the foundations of these buildings cleaned up.

· All diesel fuel was drained from the tanks and the tank farm was turned over to the Ministry of Industry and Mines.

· The waste water system was pumped clean in October 2001 and the system remains intact for future use.

· All drill pads were checked prior to Anglo's departure from the site in October 2001 and no residual material remains at the pads other than permanent concrete hole location markers.

· The water dam outflow pipe was disconnected from the main water dam to allow for the mine stream to regenerate its original flow to Zarshuran village. The structure remains intact for future usage.
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Appendix 1

Regional Geology of the Islamic Republic of Iran
(based on Carlon 2001)

1.0 Regional Geology of the Islamic Republic of Iran (based on Carlon 2001)

1.1 Introduction

Iran comprises a 1,400km long section of the Alpine-Himalayan Orogenic Belt, stretching from the NW to the SE, with largely hidden basement and extensive cover sequences to the SW (Arabian Platform) and NE (Turan Platform). Large scale structural, tectonic and palaeogeographic studies of the Iranian bedrock have been reported by, among others, Stocklin (1968), Dewey et al (1973), Berberian and King (1981) and Sengor (1990).

The geological and structural divisions of the region within the boundaries of Iran are largely mirrored by the surface expressions of the various lithotectonic zones. These comprise a triangular plateau in the central and eastern parts of the country, and mountainous terrains to the N, W, SW and S. (Figure 1). This dominant topographic form defines three major geomorphological terrains; high mountain chains to the N, joining a second range of mountains in the NW part of the country which trend SE across southern Iran and define a central plateau area.

The Central Iranian Plateau, a sparsely populated, high desert region, has a mean elevation of 1,220m. It comprises depressions, undulating topography, isolated mountain chains, alluvial fans, dune fields and playas. It locates Iran's two major deserts, the saline, mud flat dominated Dashti-i-Kavir (Great Kavir Depression) and the sandy, yardang dune dominated and rocky Dashti-i-Lut to the SE (Figure X. The region also contains mountainous tracts defining a series of discrete lithotectonic blocks (`micro-plates') sandwiched between a series of fold mountain belts with Mesozoic to Recent volcanic edifices.

To the north the Alborz (Elburz) Mountains form an E-W belt rising to a height of 5,604m (18,386feet) in Mt. Damavand, Iran's highest peak, while to the W and S run the Zagros Mountains with peaks rising to between 3,000-4,300m.

Mirroring the topography and relief, the mountains of northern, south-western and southern Iran, and the central plateau together constitute a series of discrete lithotectonic terrains welded together and defined by major suture zones of oceanic character, marked by major faults and often including dismembered ophiolite sequences (Figures X).

In the south the Persian Gulf is a shallow epicontinental sea covering a submerged section of the Arabian shelf platform. Iran's larger offshore islands are the crests of anticlines in the Zagros Alpine orogenic belt (e.g. Kish and Queshm) while many of the smaller islands are salt domes of the Infracambrian Hormuz Formation fringed by Neogene elastics and Recent reefs.

The main lithotectonic terranes of Iran are shown in Figure X.

1.2 Stratigraphy and Tectonic Development

A number of authors, principally Stocklin (1968), Berberian and King (1981) Sengor (1990) and Davoudzadeh (1996) give descriptions of Iranian stratigraphy and lithotectonic terrains. Modern Iranian territory covers a section of lithosphere that preserves evidence of the formation and closure of two major oceanic basins during the Palaeozoic and Mesozoic (Palaeo- and Neo-Tethys) and the development of two major orogens, the Hercynian and Alpine. Lithotectonic terranes identify- oceanic sutures with dismembered ophiolites; thick carbonate and clastic platform and oceanic sedimentation; major plutonic and volcanic activity; extensional, compressive and transpressional, ductile and brittle deformation (Figure X).

The following is a summery of the main features and tectonic development as currently understood.

Precambrian (Late Proterozoic — 1,000-600Ma) basement rocks are very poorly exposed in E. NE. and SW Iran, and are largely overlain by variably deformed platform cover sequences. Basement rocks comprise fine grained clastic sediments of flysch type, metamorphosed to greenschist facies and intruded by granitoids, having suffered a Late Precambrian 850-570Ma Hijaz or Pan-African' orogeny with associated acid to basic alkaline volcanics.

Fragments of the basement are preserved in Central Iran, but the main basement terrains lie to the SW in the Arabian Shield and remnants arc preserved to the NE in the largely buried Turan Block.

This cratonised basement, was deformed, uplifted and eroded prior to the deposition of Upper Precambrian – Cambrian evaporites (the Hormuz Salt), red clastics and carbonates. These mark the start of sedimentation on the northern passive margin of a large continent, passing northwards to oceanic crust and an oceanic area separating what is now southern Iran (`Gondwana') from northern Iran – the edge of 'Laurasia'.

Through the Paleozoic and Mesozoic present Iran formed a zone of sedimentation, volcanicity and lithospheric plate suturing as the 'Palaeo-Tethysides', between 'Laurasia' to the north and 'Gondwana' to the south. The principal boundary between the two terranes is the North Iran Fault corresponding to the Kopeh Dagh-South Caspian-Minor Caucasus-North Anatolian ophiolite belt. This suture marks the (Paleozoic-Triassic) plate boundary between the Scytho-Turanian (Laurasian) Plate to the north, and the Iran (Gondwana) Plate to the south.

To the north of this suture Paleozoic strata are represented by much thicker sequences of basic calc-alkaline volcanics, shales and coarse elastics (sandstones and greywackes). These were subject to syn-depositional deformation and show completely different characteristics from the main sequences to the south.

South of the suture two terranes are present; a dominantly Carboniferous sequence marked by calc-alkaline volcanism and Hercynian deformation, and a Late-Precambrian to Middle Triassic platform sequence lacking Hercynian deformation. This distinction remains until the early Jurassic when the whole region was incorporated into new tectonic units.

Late Precambrian sandy continental facies sediments are overlain by phosphatic, dolomitic and stromatolitic carbonates marking a series of marine transgressions which continued through the Paleozoic with marine sandstones, shales, dolomites, limestones and calcareous elastics over 2kms thick in Central Iran. These strata were deposited on a relatively stable continental platform, lacking major volcanic episodes or deformation.

The shelf sequences were deposited along the platform and platform edges of the Palaeo​Tethyan ocean with a major facies change occurring in N. Iran.

From the Late Paleozoic (Carboniferous – 330Ma) to the Middle Triassic (ca.220Ma) the area now forming Iran was subjected to prolonged deformation, magmatism and metamorphism during the `Hercynian Orogeny'. This appears to have resulted from the subduction of a northerly moving lithospheric plate, the closure of the Palaeo-Tethyan or `Hercynian' ocean, and the northerly movement of the southern continental edge as a series of continental fragments. Late Paleozoic ophiolites were emplaced as these fragments collided with the Asian continent to the north.

Middle Triassic rocks include linear metamorphic belts in SW Iran (the Sanandaj-Sirjan Belt), compressional fold patterns and orogenic features probably indicative of the initiation of subduction along the southern margin of a lithospheric plate, which then lay across Central Iran. This was possibly due to the 'docking' of the continental blocks to the north and the termination of subduction along the northern edge of this north belt.

Behind and to the south of these continental fragments new oceanic crust opened up, subducting northwards, forming a younger, Neo-Tethyan or 'High Zagros Alpine Ocean' (Berberian and King 1981), separating the Iranian sequences from Arabia. On the continent immediately north of the inferred subduction zone, Middle Triassic andesitic​basaltic volcanism and granitic intrusives formed above the northerly dipping subduction zone. As the Tethyan (High Zagros) southern ocean gradually closed, Late Jurassic acid plutonic bodies were emplaced into the Sanandaj-Sirjan Belt, a Cordilleran-type belt, with intrusion and deformation continuing into the Late Cretaceous as subduction progressed and the oceanic basin closed (Figures X and X).
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Two separate and distinct environments existed in Iran during the Mesozoic, the tectonic and lithostratigraphic-palaeogeographic evolution being controlled by the Eurasian continental margin and the Tethyan oceanic belt running through present day Iran.

Over central and northern Iran, attached to Asia, narrow oceanic basins developed between older continental fragments and 'exotic' docking terrains, (now marked by narrow ophiolite belts) while to the south thick, shallow marine sediments developed, passing southwards into oceanic sediments. Immediately prior to the main Alpine orogenic movements the whole of modern Iran was below sea level and subject to marine sedimentation.

In the late Cretaceous around 75-65Ma ophiolites and melanges were emplaced into the Zagros and Central Iran as the younger Tethyan Ocean or High Zagros-Alpine Ocean closed and oceanic crust disappeared between Asia and Arabia. This early Alpine orogenic convergence has continued to the present day, with progressive crustal shortening, crustal thickening, thrusting, reverse faulting, volcanism and tectonism characterising Middle to Late Alpine events from the late Cretaceous (65-Ma) to the mid Miocene (ca.20Ma) and the more recent Pliocene-Pleistocence tectonism. These have created the main structural features of modern Iran.

Closure of the oceanic basin and orogenic uplift generated a major flvsch basin in E. SE and SW Central Iran, and in the early Eocene during a relatively short 5My period (47- 42Ma) extensive, multi-compositional volcanics (ignimbrites, rhyolites, dacites, andesites and basalts) were deposited. These are thought to relate to crustal shortening and/or dextral shearing.

1.3 Major lithotectonic terrains

As a result of the above tectonic development, modern Iranian territory overlies a number of discrete continental fragments welded together along orogenic sutures and major boundary faults.

Eleven major divisions can be recognised in Iran (Figure X):
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The lithotectonic belts of SW Iran


1.
The Shatt-al-Arab or Khozestan Plain

This platform area comprises undeformed Paleozoic to Tertiary cover sequences overlying a segment of the Precambrian Arabian Shield.
2.       The Zagros Fold Belt

Also known as the Zagros Simply Folded Belt, this zone forms the NE margin of the Arabian Shield overlain by Late Precambrian-Lower Cambrian (Infracambrian) to Middle Triassic platform sediments, and Late Triassic to Neogene marine sediments which together total a 8-10km thick sequence.

From the late-Precambrian to the Pliocene the sequence was effectively undisturbed with the exception of salt diapirism. The units were uplifted to form open, cylindrically folded, NW-SE trending, parallel anticlines and synclines during the late Alpine Orogeny principally in the Plio-Pleistocene period. Fold amplitudes decrease progressively from NE to SW away from the Zagros Thrust Belt. A Neogene-Quaternary foredeep transitional between the unfolded foreland to the SW and the marginal fold zone to the NE occurs along the SW edge of the Zagros Fold Belt.

North of the Zagros Fold Belt the regional geology of Iran is quite different, and highly variable, representing several orogenic episodes, cycles of uplift and erosion marked by angular unconformities and disconformities, rapid variation in sedimentary facies, and widespread periodic plutono-volcanic activity.

3.
The Zagros Thrust Zone

Running parallel to and immediately NE of the Zagros Fold Belt is a sequence of Liassic to Eocene, principally Upper Cretaceous ophiolites and radiolarites, with marine sediments up to 5.3kms thick, deposited in the deepest part of the Neo-Tethys or Zagros Trough. Now 10-70kms wide the zone is intensely structurally deformed and disrupted into mega-shear slices. These represent MX/ thrusted slices of deep oceanic crust and cover sediments, with the main bounding Zagros Thrust to the NE being considered the surface expression of the suture zone between the Iranian and Arabian Platforms. Older Mesozoic and Palaeozoic platform sediments to the NE are thrust SW over Palaeozoic, Mesozoic and Tertiary rocks of the Simply Folded Belt and the Arabian Platform. Ophiolite sutures, coloured melange and thick Eocene flysch mark the apparent SE extension of the Zagros into the Makran Zone. This is separated from the Zagros by a structural divide, the Oman High, the Makran sequences strongly folded by post Eocene tectonism that still continues.
4. The Sanandaj-Sirjan Zone (Sedimentary - Metamorphic Bch)

Also referred to as the Rezaiye-Esfandagheh orogenic belt (Takin 1972), this is a Palaeozoic-Mesozoic intracratonic mobile belt and platform sequence immediately NE of the main Zagros Thrust, which became an active continental margin during the late Mesozoic. It separates the main Zagros Thrust Zone to the SW from the Urumiyeh-Bazman (Central Iranian) Volcanic Belt to the NE.

The zone runs NW where it joins the Taurus Orogenic Belt in Turkey, and displays Zagros structural trends. However, the sedimentary units of the Sanandaj-Sirjan Zone contain similar Mesozoic unconformities, incipient Mesozoic metamorphism and granodioritic intrusives typical of Central Iran but with an overprinted Zagros (Alpine) structural pattern. Tertiary strata are poorly developed and Tertiary volcanics are almost totally lacking, the Zone being dominated by Mesozoic, predominantly Cretaceous, carbonate units which form a spectacular relief of steep sided, fold mountains.
5. Central1 Iran

Comprising the whole of Iran between the northern and southern Alpine mountains, (Alborz Mountains to the N, Sanandaj-Sirjan Zone to the SW) this was a stable Palaeozoic platform, but in the late Triassic block faulting created a series of horst and graben structures. Precambrian crystalline basement overlain by Infracambrian to Triassic platform sediments (as in the Shatt-al-Arab Plain) is preserved in the horsts, while the grabens are infilled with thick Jurassic-Cretaceous strata. These are affected by Zagros-Alborz style faulting, thrusting and folding, the zone lying between the Zagros and Alborz active Alpine fold belts. To the NW the Central Iranian Plateau passes into the Transcaucasus Hercynian terraines, while to the east the zone divides sweeping SW and NE with faulted contacts and ophiolite sutures around the Central-East Iran massif.

6. The Central-East Iran 'Micro Plate' Massif

This is bordered to the NW by the Great Kavir Fault, to the W and SW by the Nain​Bafq Fault and to the E by the Harirud Fault. Described by Stocklin (1968) as 'the true median mass of Iran' this is an exotic docked terrain, surrounded by Upper Cretaceous to Lower Eocene ophiolites and ophiolite melanges. The massif can be internally separated into discrete structural components as follows:

The Lut Block - A stable Precambrian block overlain by Infracambrian and sub horizontal, effectively unfolded Mesozoic sediments, and in the western part in turn by Tertiary volcano-plutonic rocks.

The Kerman-Tabas Block forming a section of the Tertiary Urumiyeh-Bazman (Central Iranian) Volcanic Belt.

The Yazd and Anarak-Khur Blocks in the west comprising Palaeozoic platform and basinal sequences with superimposed Alpine folding.
7. East Iranian Ranges — the Zabol-Baluch Zone

North-south trending thick Jurassic to Lower Cretaceous shales, Upper Cretaceous marine sediments, ophiolites and radiolarites, overlain by up to 5,000m of Eocene flysch, all intensely folded, form the northerly trending continuation of the Makran Zone in the Zabol-Baluch Flysch —ophiolite zone east of the Lut Block in eastern Iran.
8. Central Iranian Volcanic Belt

Tertiary volcano-plutonic sequences form the Urumiyeh-Bazman (Central Iranian) Volcanic Belt from jaz Murian to Azerbaijan (forming part of the Carpathian-Balkan​Pontide belt), and also occur in the Alborz Volcanic Belt in Northern Iran, the Sabzevar Zone in NE Iran and on parts of the Lut Block and adjacent areas.

As pointed out by Bavinton and Hall (1994) the total area of these volcanics exceeds that of similar terranes in Slovakia, Hungary, Romania, Bulgaria and Turkey combined, all of which are mineralised.

9. Alborz Mountain Belt

A branch of the Alpine-Himalayan chain containing Iran's highest peaks, this E-W zone is stratigraphically and structurally related to Central Iran with Alpine deformation and Tertiary plutono-volcanic units.

The Alborz Ranges extend NW into the Little Caucasus and Turkey, while to the east they pass into the Hindu Kush and Karakorum of Afghanistan and northern Pakistan. Parallel anticlinal and synclinal structures run E-W along the southern border of the Caspian Basin, and form three distinct structural-stratigraphic zones from W to E as the Alborz-Azarbaijan, Central Alborz and East Alborz-Kopeh Dagh.
10. Kopeh Dagh

Lying NE and on the continuation of the Alborz Mountains, the Kopeh Dagh is a marginal active fold mountain belt along the northern edge of the Central Iranian plateau. The zone is formed on the metamorphosed Hercynian Basement along the SW margin of the Turan Platform and comprises a 10km thick sequence of Mesozoie and Tertiary sediments folded, like the Zagros, into NW-SE trending folds in the Pliocene-Pleistocene late Alpine Orogeny. Along its NE edge is the Kopeh Dagh Foredeep, forming the transition zone between the fold mountains and the NE platform.
11. Turan Plate

Lying mainly beyond Iran's borders in Turkmenistan, Precambrian-Palaeozoic basement forms this Hercynian terrain, largely overlain by platform sediments.

1.4 Major Structural Zones

Modern Iran is the site of at least two major oceanic basins, which progressively accumulated sediments, were subducted and generated several orogens, including the `docking' of several exotic terrains and the closure of oceanic rifts and obduction of oceanic lithosphere. Such tectonic activity, the last episode of which comprised the late Alpine orogeny, which still continues, has inevitably produced major structural breaks and sutures within and between lithotectonic terranes.
Major faults, thrusts, shears and complex tectonic sutures frequently separate discrete lithotectonic blocks within Iran. These major structures are shown in Figure X. and where appropriate, noted in the following descriptions.

1.5 Known Mineralisation and Distribution

Iran is well known as a major world supplier of petroleum (some 150-170 million tonnes of crude oil annually), from production wells principally in the Zagros Simply Folded belt along the Persian Gulf and southern Iran. However, little has been done to build up a `hard minerals' industry even though substantial tonnages of copper, zinc, lead and chromite have been produced. Nationalization in the 1970's and the 1979 Islamic Revolution effectively stopped foreign investment in this sector of Iran's economy, and only in the past 3 years has any foreign interest been shown in exploring for minerals, principally gold, copper and zinc-lead resources.

Mineralisation is well documented in Iran, principally through the many ancient surface workings for gold, copper, lead, zinc and silver. These are the main mineral commodities known, but their full distribution is only partly known with potential for further diseoveries around mine and in known mineralised districts. Substantial resources of Fe, Mn and Cr are also known, though not currently of interest to foreign investors.

Principal metallogenic associations comprise:
1. Precambrian, Paleozoic and Mesozoic Platform carbonates:

Low temperature; carbonate hosted Zn-Pb and high temperature carbonate replacements Sedimentary Mn and phosphates
2. Paleozoic Basinal clastics: Sediment hosted Zn-Pb-Fe-Mn mineralisation

3. Paleozoic ultrabasics: 
Disseminated and layered chromite
4. Mesozoic-Tertiary Volcano-Plutonic arcs:

VHM base metal and pyritic sulphides, Porphyry Cu-Au and Cu-Mo systems, base metal skarns; meso-epithermal gold; magmatic iron oxides
5. Alpine Ophiolites: 
Podiform ehromite deposits

The principal mined commodities in Iran are:
· Copper and molybdenum from the 450Mt, 1.13%Cu, 0.03% Sar Cheshmeh porphyry system identified and developed in the 1960's. Numerous 'copper-porphyry' systems occur within the Eocene-Oligocene plutono-volcanic rocks of the Urumieh-Dokhtar Volcanic Belt of Central Iran, which passes northwards into the Lut Block.

· Zinc and lead from the 16.5Mt, 26%Zn, 5%Pb oxide deposit at the Angouran carbonate Zn-Pb deposit, and similar sulphide-oxide Zn-Pb resources at Irankuh and Emarat.

· Iron ore from the magmatic-hydrothermaP magnetite-apatite deposits at the Tchogart Mine, Bafq.

· Gold from auriferous disseminated and veinlet pyrite in greywackes metasedimentary schists and gneisses at Muteh.

· In the late 1960's and 1970's major chromite resources were mined in the Abdasht and Faryab districts, SE Iran.

Potential exists for additional Cu, Mo, Au, iron ore and chromite, in addition to a range of industrial minerals. (Figure X)
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Appendix 2

Drill Hole Collar Locations from Drilling Campaigns

Year

1984 (?)
1984 (7)
1984 (?)
1984 (?)
1984 ()
1984 (7)
1984 ()
1984 (?)
1984 (?)
1984 (7)
1984 (?)
1984 (?)
1984 (7)
1998
1998
1998
1998
1998
1998
1998
1998
1998
1996
1996
1996
1996
1996
1996
1996
1999
1999
1999
1999
1999
1999
1999
1999
1999
2000
2000
2000
2000
2000
2000
2000
2000
2000

Easting

10085.00
10197.00
10130.00
10252.00
9896.00
10810.00
11118.00
10339.00
10600.00
10247.00
10500.00
10600.00
10389.00
9901.00
9904.59
10101.80
10102.50
10186.80
10199.30
9997.62
9997.56
10103.80
10002.30
10000.40
9590.59
11000.50
11000.00
10400.20
10401.80
10404.60
10003.70
10000.80
10000.00
9898.98
9806.60
9908.34
10294.60
10305.00
10294.40
10402.60
10500.50
10602.70
10804.30
10099.30
10500.80
9805.16
9600.00

Northing

9875.00
9853.00
9860.00
9823.00
9895.00
10000.00
10009.00
9939.00
10000.00
9818.00
9890.00
9910.00
9890.00
9878.64
9783.65
9876.59
9807.37
9773.24
9872.00
9827.21
9824.10
9878.88
9879.96
9959.75
9922.63
9999.99
10080.00
9994.40
9918.15
9929.97
9880.37
9787.26
9980.00
9935.24
9889.11
9686.81
10005.10
9895.48
10000.40
9994.08
9987.88
9891.04
9964.61
9729.25
9840.54
9698.16
9800.00

Elevation

2450.00
2437.52
2419.82
2440.42
2379.33
2445.00
2390.00
2482.00
2439.19
2450.00
2465.00
2433.70
2450.00
2378.73
2395.64
2422.20
2404.83
244539
2437.87
2415.05
2415.05
2422.20
2410.80
2399.32
2376.16
2439.90
2454.40
2497.61
2476.98
2476.63
2410.35
2401.71
2400.00
2374.91
2339.74
2367.03
2498.11
2486.32
2497.84
2497.26
2488.31
243051
2419.69
2398.86
2432.98
2353.60
2369.97

EOH Depth

96.65
279.90
251.00
207.50
138.00
196.60
126.75
209.45
207.00
151.55
269.00
217.45
324.00
92.35
191.60
181.20
226.95
285.40
211.65
70.00
83.00
75.00
200.45
147.55
76.10
183.20
146.00
107.95
161.35
227.40
171.10
222,60
104.90
90.70
80.00
151.20
72.50
199.50
236.90
206.90
210.20
214.85
178.00
263.20
254.40
166.75
147.00

Collar Azimuth
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Collar Dip

-90
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-90
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-90
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-60
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Note: Coordinates are in Local Grid Easting / Northing and Azimuth is given as a Grid Azimuth
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Sample Descriptions of Metallurgical Samples — 1998
Sent to Lakefield Research, Canada
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Hole TA98D005 — Met Sample 98-1

Sample Intetval from 117.3m to 130.9m

Total Weight 38.4kg, made up of 14 individually bagged samples.

TA000674 Hanging wall light grey schist. Trace getchellite and orpiment, with dissem
pyrite <1%. Moderate argillic (clay) alteration.

TA000675 to 687 Mineralised section. Predominantly jasperoid breccias and brecciated
silicified marbles. Orpiment occurs within matrix of breccia, associated with
trace getchellite and minor sphalerite. Total sulphide in the 1-10% range
over mineralised section. Moderate carbon alteration throughout section
Matrix of breccia contains trace to low % levels of Py throughout. Trace
flourite in 686 and 687. Roughly 50cm of massive orpiment at start of
section.

TA000688 1m interval of intensely sanded mineralised marble footwall. Moderate
carbon alteration. 1% orpiment with trace getchellite.





Hole TA98D003 - Met Sample 98-2

Sample Interval from 71.07m to 87.36m

Total Weight 60.3kg, made up of 16 individually bagged samples.

The mineralised section is locally contaminated with As from recirculated drill mud. In places, core is coated with yellow bentonite mud.
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Sample Interval from 71.07m to 87.36m

Total Weight 60.3kg, made up of 16 individually bagged samples.

The mineralised section is locally contaminated with As from recirculated drill mud.

In places, core is coated with yellow bentonite mud.

TA000288 to 289 Brecciated mineralised marble with disem orpiment in matrix. Locally
intense carbon alteration and sanding. Unoxidised.
TA000290 to 302 Mineralised section: marble breccias with local intervals of massive

orpiment (defined as >50% orpiment over any given section).
Approximately 1.4m of massive orpiment in total through section. Moderate
sanding of marbles throughout section suggesting some matrix removal
during mineralisation. Locally intense decalcification, in places no reaction
at all with acid. Intense carbon alteration: mineralised zone locally black in
colour. Total sulphide content highly variable from <1 to >50% sulphide,
dependent mainly on proportion of orpiment present. Orpiment occurs both
disseminated and as breccia matrix. Minor getchellite noted locally (<1%).
No stibnite seen. Minor sphalerite noted (<1% disem). Base of
mineralisation at 85.36m: transition to brecciated marbles (see below).

Unoxidised.

TA000303 and 304

Footwall samples from the base of the mineralisation included for dilution.
2m of sanded marble with minor pyrite mineralisation. Matrix of the marble
has been partially removed by hydrothermal alteration resulting in the soft
sanded texture. Some minor carbon alteration noted in 303. This may be

hydrothermally introduced rather than sedimentary organic. Unoxidised.





Hole TA98D003 - Met Sample 98-3

Sample Interval from 118.15m to 140.1m

Total Weight 55.2kg, made up of 23 individually bagged samples.
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Sample Interval from 118.15m to 140.1m

Total Weight 55.2kg, made up of 23 individually bagged samples.

TA000337 Hangingwall marble: brown, oxidised sanded marble, unmineralised.

TA000338 to 358 Mineralised section: dark grey to black, intensely carbon altered and
decalcified mineralised gouge. Disemminated orpiment mineralisation in the
1-2% range throughout section. Some jasperoid and silicified marble clasts
locally up to 50% of the unit. Trace getchellite, stibnite, sphalerite and pyrite

throughout.

TA000359 Footwall marble: Im sample of oxidised, intensely sanded and partially

decalcified marble. No obvious mineralisation.





Hole TA98D004 - Met Sample 98-4

Sample Interval from 159.25m to 170.05m

Total Weight 34.64, made up of 10 individually bagged samples.
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Sample Interval from 159.25m to 170.05m

Total Weight 34.6kg, made up of 10 individually bagged samples.

TA000534 to 544

Unmineralised footwall marble. Brown to greenish grey in colour.
Moderately to intensely sanded marble, partly oxidised in places, with
moderate to intense carbon alteration. Trace orpiment locally over intervals

ofa few cm.
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ABSTRACT

Four ore composites prepared from 62 ore samples from the Zarshuran gold deposit in Iran were tested. Three of the ore composites represented gold ore, the fourth sample represented the footwall of the deposit, a major source of ore dilution.

Systematic gold particle identification (gold scan) were performed on the polished sections using ore microscopy. Visible gold-bearing minerals were not observed in the 4 composites tested.

Diagnostic leaches indicated that only a small (2 - 8%) portion of the gold was occluded within silicate minerals. Between 5 - 19% of the gold could be recovered by cyanidation by direct (without pre-oxidation) attack of sulpho-arsenide minerals (realgar and orpiment). The remainder of the gold was occluded within sulphides and sulpho-arsenide minerals.

Preliminary pressure oxidation tests of the 3 main ore composites recovered between 85 and 98% of the gold; further optimisation will likely improve these results.

Preliminary roasting tests were not successful, with gold recoveries ranging from 19 - 49%. Problems are believed to be related to the particular mineral association of the arsenic in the samples. A much more detailed investigation is required to possibly improve these results.
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INTRODUCTION
At the request of Ralph Rushton and Paul Dempsey, Minorco, selected samples from the Zarshuran deposit in Iran were tested at Lakefield.

The objectives of this phase of the test programme were to conduct a mineralogical examination, a diagnostic leach procedure and scoping pressure oxidation and roasting tests on 4 composites prepared from the samples received.

All test results have been provided to Mr. Paul Dempsey as soon as they were available.

LAKEFIELD RESEARCH

C. J. Ferron, Ph. D.
Manager - Hydrometallurgy

Kc Stogran, P. Eng.
 Hydrometallurgist

Experimental testwork: M. Elliott, C. Silva, D. Toole Report preparation: Kc Stogran

SUMMARY OF RESULTS

1. Sample Preparation.

1.1
Inventory
The 62 Zarshuran ore samples were received in separate canvas bags, each identified by a given number. The bagged charges were shipped in four sealed pails, each representing a composite sample of a given drill hole interval. The hole composites were numbered 98-1, 98-2, 98-3 and 98-4.

A visual inspection upon receipt of the samples revealed that they were damp, so each charge was spread out on lined metal trays to air dry before the samples were prepared. After the charges were completely dried, they were inventoried and weighed before being crushed to 100% -10 mesh. The sample inventory is summarised in Table 1.1.

[image: image58.jpg]Table 1.1 - Sample inventory

Batch |Sample Interval Length ~ Weight | Batch  Sample Interval Length | Weight
Number From To (m) (kg) Number From To (m) | (kq)

98-1 [TA0D0B74| 117.3 | 118.45 1.15 2.451 98-3  TA000337| 11815 | 119.25 110 2.097
|TAO00B7S| 11845 | 119.45 1.00 2.497 TA000338| 11925 | 120.25 1.00 2.106
TAO00676| 119.45 120.45 1.00 | 2727 TA000339| 120.25 | 121.25 1.00 1.709
TAD00677| 120.45 121.45 100 | 2.904 |TA000341| 12125 | 12225 1.00 2275
|TAO00678| 121.45 | 122.45 1.00 ‘ 2324 |TAD00342| 122.25 123.25 1.00 3.109
|TAO00679| 12245 | 123.45 100 | 1569 !TAOUOSAJ 123.25 124.25 1.00 3.103
TA000881| 123.45 | 124.45 1.00 ‘ 2512 |TAG00344| 124.25 125.25 1.00 3.073
TA000682| 12445 | 12545 100 | 1993 1TA000345 12525 12625 1.00 2.581
TAQ00683| 12545 | 126.45 100 | 2476 |TAO00346| 12625 = 127.1 0.85 2.764
TA000884| 12645 | 127.45 1.00 2748 |TAD00347| 1271 1286 150 3.196
TA000885| 127.45 | 128.45 1.00 1652 TA000348| 1286 130.1 1.50 1.829
TA000686| 12845 | 129.45 1.00 2.392 TA000349|  130.1 130.8 0.70 0.707
|TA0D0BB7| 12945 | 1299 0.45 1690 TA000350| 130.8 | 1328 2.00 1.481
|TAO00BBS| 1299 130.9 1.00 3.129 TA000351| 132.8 1331 030 | 1726
| TA000352| 133.1 | 133.8 0.70 1782

98-2 iTADODZSB 71.07 72.07 1.00 2.616 TA000353| 1338 | 136.1 230 1615
|TA000289|  72.07 73.07 1.00 3.590 TA000354| 136.1 136.7 0.60 1.545
| TA00290|  73.07 74.07 1.00 4072 TA000355| 1367 137.6 0.90 1824
| TA00291|  74.07 75.07 1.00 3574 TA000356| 137.6 138 0.40 0.980
TA000292| 75.07 76.07 100 | 2798 |TAO00357| 138 1386 0.60 5.584
|TAD00293| 76.07 | 77.07 1.00 { 3.176 |TA000358| 1386 139.1 0.50 2.345
TA000294| 77.07 | 7807 1.00 ‘ 2.740 |TAD00359| 1391 140.1 1.00 2.265
TA000295| 7807 | 79.07 1.00 | 3.477 98-4 |TA000534| 159.25 = 16025 100 | 2367
TA000296| 79.07 | 80.07 100 | 2935 iTAOOOSSS 160.25 161.6 135 | 3261
TA000297| 80.07 | 81.07 1.00 2.506 TA000536| 1616 | 163.05 145 | 2377
TA000298| 81.07 82.07 1.00 3475 TAQ00537| 163.05 | 164.05 100 | 3327
TAo00298| - 8207 83.07 1.00 3.884 TA000538| 164.05 | 165.05 100 | 2218
|TAO00301| 83.07 84.07 1.00 3.204 TA000539| 165.05 | 166.05 1.00 3.102
TA000302| 84.07 85.36 1.29 3437 TA000541| 166.05 | 167.05 1.00 2,902
|TAC0D303|  85.36 86.36 100 | 2.89% TA000542| 167.06 & 168.05 1.00 2871
|TAO0D304| 86.35 | 87.36 100 | 3245 TA000543| 168.05 = 169.05 1.00 2.782
| | | | TA000544| 169.05 170.05 1.00 4.023






After crushing, half of each charge was re-bagged and stored in the event that future test work on the individual hole intervals may be required. According to the sample inventory received with the ore shipment, the remaining half charges were combined to produce 4 hole composites (98-1, 98-2, 98-3 and 98-4).

The 4 hole composites were well mixed, then riffled into 500 gram test charges. Samples of each hole composite were sent for head analyses and mineralogical examination.

1.2
Head Analyses
Samples of each hole composite were assayed for Au, Ag, As, Fe, STotal, Ssolphide, STotal Graphite, and an ICP2 metals scan (acid/fusion ICP-OES metallurgical pulp scan).. The head analyses are summarised in Table 1.2 and Table 1.3.
[image: image59.jpg]Table 1.2 - Hole composite head analyses

Au Ag As Fe S S= c(n) Clg)
alt alt % % % % % %
Comp 98-1 488 380 430 141 419 116 123 010
Comp 982 944 246 106 209 832 172 533 047
Comp 98-3 224 410 241 354 596 475 139  0.80
Comp 98-4 039 <05 0051 034 031 0090 115 041





The carbonate (SO3) content of the ore is indicated by the difference in the total carbon (CT) and graphitic carbon (Cg). Similarly, sulphate (SO4) and elemental sulphur (S°) content of the ore is approximated by the difference in total sulphur (ST) and sulphide (S) (Equation 1 and Equation 2).
Equation I -Carbonate content compared to total and graphitic carbon
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Equation 2 - Total sulphur/sulphide compared to elemental sulphur and sulphate
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It was noted that the difference (Sr- S-) is fairly high for composite 98-1 (3.03%) and 98-2 (6.6%). The presence of soluble sulphate salts (Zn, Fe) has been mentioned in the documents provided and would explain the high SO4 content of the composites 98-1 and 98-2.

[image: image62.jpg]Table 1.3 - Hole composite ICP2 results

Al Ba Be Ca Cd Co Cr Cu re K La Mg
alt alt gt alt alt alt alt alt alt gt ait alt
[Comp 98-1 19000 94.0 <20 21000 19.0 7.0 78.0 84.0 14000 8500 <50 12000
[Comp 98-2 20000 800 <20 100000 21.0 7.90 49.0 170 22000 8000 <50 35000
Comp 98-3 49000 1400 <20 19000 140 320 200 54.0 32000 19000 <50 2300
Comp 98-4 2600 20.0 <2.0 360000 <50 <50 16.0 <50 3700 1100 <50 11000
Mn Mo Na Ni * Pb Sb Se Sn Te Y Zn
glt at alt git alt gt g/t alt gt g/t alt alt
Comp 98-1 69.0 <10 260 17.0 140 320 2200 <50 <20 <60 7.30 2800
(Comp 98-2 1400 <10 310 56.0 <10 400 2300 <50 <20 <60 8.80 2300
[Comp 98-3 98.0 30.0 840 180 390 1400 1300 <50 <20 <60 16.0 23000
Comp 98-4 930 <10 140 55.0 16.0 41.0 <20 <50 <20 <60 <50 260





Samples 98-1, 98-2 and 98-3 are ore samples. The description of composite 98-4 as a sample of footwall and a source of ore dilution is consistent with the relatively low metals and high carbonate content.
1.3
Grind Tests
Prior to any test work, 3 test charges of each hole composite were ground in a steel laboratory ball mill for 2, 4 and 8 min/kg to determine grind curves. The grind curves generated by the test grinds were used to determine the grind time required to produce a leach feed approximately 80% -75 µm.

After each grind curve was determined, a fourth grind was performed and the product was filtered and split. Half of the grind product was sent for size analysis, the other half was repulped to 20% solids for pressure oxidation (POX). Although the leach feed size of 80% -75µm  was not achieved for samples 98-1, 98-2 and 98-3, test work proceeded because a visual inspection of the ground ore revealed that a large portion of the oversized grind product were laminae of orpiment.

The sample grind curves and grind curve data are summarised in the appendices. The grind curves of each ground ore are reproduced in Figure 1.1. The grind curves are similar for each ore sample, though 98-4 is finer throughout the size range. The fact that less orpiment was noticed in 98-4 during preparation is likely the cause of the finer grind.
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Figure 1.1 - Grind curves
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2. Ore Characterisation

2.1
Pressure Oxidation - Cyanidation
The first series of tests conducted on the Zarshuran samples were a series of pressure oxidation (POX) leaches followed by carbon-in-leach (CIL) cyanidation leaches. The typical purpose of POX treatment of refractory Au ores is to oxidise sulphide and arsenide minerals that are insoluble under normal conditions to liberate Au which may be locked within their assemblages. The subsequent CIL leach dissolves the exposed Au, which is adsorbed from solution onto the activated carbon.

For each test, the leach feed was pulped to 20% solids in a 2 L titanium autoclave vessel. With constant agitation, concentrated sulphuric acid (H2SO4) was added until the pH of the pulp reached 1.5. The pulp was maintained below pH 1.5 for 1 hour prior to the autoclave test to ensure that the neutralising minerals in the ore (e.g. CaCO3) were destroyed so that the POX environment remained acidic.

Following the acidic preconditioning, the autoclave vessel was sealed and the agitator was engaged. The temperature of the autoclave was increased to 225° C, while a constant overpressure of 100 psi over steam pressure was maintained with oxygen. The oxygen overpressure prevents the formation of insoluble elemental sulphur during the heat-up in an oxygen-starved (reducing) atmosphere.
Once the autoclave reached 225° C, the pressure was adjusted to 115 psi oxygen overpressure (460 psig total) and maintained for 2 hours. After completion, the vessel was opened and the pH and cmf of the POX pulp were measured and recorded. The POX pulp was filtered, washed and a sample was removed for moisture and metals analyses. The bulk of the residue was repulped and neutralised for a CIL test. The residue sample was assayed for Au, Ag, As, Fe, Stotal, Ssuiphide and CTotal The POX pregnant solution was assayed for Au, Ag, As, Fe and STotal

The leach conditions and results are summarised in Table 2.1 and Table 2.2. Table 2.2 describes the metals dissolution in the POX, summarising the % metal reporting to the POX solution in each leach. The % metals distribution can be deceptive, considering the amount of each metal in the POX feed. For example, the Au in solution ranges from < 0.2 - < 6.7% of the Au in the leach, since the Au in solution was beneath the detection limits.
[image: image64.jpg]Table 2.1 - POX conditions and results

H,SO, Pressure Oxidation
Addition Pulp pH Pulp emf (mV*) S° Oxidation
(kaft) Initial Final Initial Final (%)
POX 1(98-1) 45 1.44 1.33 432 522 72.0
POX 2 (98-2) 451 1.48 0.82 371 634 99.4
POX 3 (98-3) 76 1.44 0.99 - 597 94.3
POX 4 (98-4) 902 1.37 7.98 463 | 104 -

Table 2.2 - Metals distribution in POX solution

Metals Distribution in POX Solution
Sample Au Ag As Fe Sr
o 1o | oo | oo | on
98-1 <0.9 1.7 42.0 0.8 68.6
98-2 <0.2 4.7 93.3 4.5 52.7
98-3 <1.0 22 5.9 71 68.8
98-4 <6.7 24 3.2 0.1 1.7





The acid addition during the preconditioning was directly related to the carbon assayed in the feed (predominantly carbonates). The largest acid consumer by far was sample 98-4. 98-4 is a sample of the unmineralised footwall of the mine and represents the major source of ore dilution, otherwise it would likely benefit from an alkaline POX due to its carbonate content (evidenced by the difference between the low graphitic and high total carbon head assays).

Sample 98-2 is the highest grade of the 4 samples, and consumed more than five times the acid required by 98-1 or 98-3 during preconditioning, due to its higher carbonate content. Increased concentrations of 98-2 and 98-4 in the POX feed will cause higher acid consumptions.

Following the POX treatment, the POX residue was filtered and well washed before being transferred to a 2L bottle for a standard CIL cyanidation bottle roll. The residue was pulped to approximately 33% solids with water. The pH of the pulp was first adjusted to pH 10.5 - 11.0 with dry lime, then 10 g/L activated carbon was added prior to cyanide addition. The final reagent added to the leach before the leach commenced was 1 g/L NaCN. Pulp pH was maintained throughout the leach with lime additions. The NaCN concentration was maintained to at least 1.0 g/L throughout the leach with NaCN additions.

The CIL reagent consumptions and Au extractions are summarised in Table 2.3.

[image: image65.jpg]Table 2.3 - POX/CIL results

Reagent Consumption Au Calculated Head Actual

NaCN CaO Extraction| Residue POX CIL Head

(ka/t) (kalt) (%) /tAu) | (g/t Au) (g/t Au (a/t Au)
POX/CIL (98-1) 6.32 29 84.9 0.89 4.51 4.72 4.11
POX/CIL (98-2) 0.62 27 98.0 0.28 9.86 9.77 11.5
POX/CIL (98-3) 0.86 26 94.4 0.14 1.85 2.47 1.89
POX/CIL (98-4) 2.04 19 82.2 0.08 0.53 0.39 0.27





The lower sulphide oxidation (72% compared to >94%, see Table 2.1)achieved in the POX treatment of 98-1 was the likely cause of the lower Au extraction achieved during the resulting CIL.

2.2
Roast - Cyanidation
The second series of tests, roasts followed by cyanidation leaches, were conducted on samples 98-1, 98-2 and 98-3 only. The primary purpose of the roast, as with the POX leach, was to oxidise the sulphides present in the ore that may either contain or encapsulate gold or otherwise prevent it from leaching in a standard cyanidation. The roast procedure also volatilises the arsenic present in the ore, which dissolves in alkaline solutions to form compounds in solution (e.g. thioarsenites). These compounds reduce Au dissolution by reducing available oxygen in the leach solution, and by forming arsenical films on the surface of the gold.

The arsenic roast was conducted in two, one-hour stages. The first stage was conducted at lower temperature (-480° C) in a reducing atmosphere to volatilise the arsenic compounds in the ore. The second stage was conducted at higher temperatures (700° C) in an oxidising atmosphere to oxidise the remaining sulphides in the ore.

An iron boat was placed in the muffle furnace and heated to –480° C. A pyrometer probe was affixed to the bottom of the boat to measure the temperature of the boat and later, the temperature of the ore sample. The boat was removed, the ground ore sample was poured into the boat and the boat was returned to the furnace. The doors to the furnace were almost fully closed to reduce air flow into the furnace and promote an oxygen-poor, reducing atmosphere. The doors were open wide enough to permit constant rabbling of the ore sample.

Once the samples were placed into the hot furnace, all of them produced a blue flame that released a thick white smoke. This description is consistent with the volatilisation of As. After approximately 20 minutes, the flames and smoke ceased, indicating the completion of the As volatilisation. Regardless of the completion of the As volatilisation, the first stage would be continued for 1 hour after the sample reached 480° C.

After the completion of the first stage, the temperature of the furnace was increased to 700°C. Once the temperature was reached, the doors were opened to permit airflow (oxygen, and oxidising atmosphere) and the second stage was commenced for 1 hour. The sample was rabbled throughout the test.
Once the second stage was completed, the boat and sample were removed from the furnace and allowed to cool. The entire sample was repulped to 33% solids in a 2L bottle for a standard 24 hour cyanidation test. The pH of the calcine pulp was –12.6, so 1 g/L NaCN was added to the leach pulp without lime addition.
The pulp was agitated on bottle rolls for 24 hours. Cyanide was maintained with periodic additions, and pulp pH was monitored throughout the leach. After 24 hours, the pulp was filtered and washed with water. The residue and combined pregnant and wash solution were assayed for Au, Ag, As, Fe and S to determine the effect of roast. The residue was also assayed for sulphide sulphur.

The results of the cyanidation tests are summarised in Table 2.4.
[image: image66.jpg]Table 2.4 - Roast/Cyanidation results

Reagent Consumption Au Head
NaCN Ca0 Extraction | Residue |Calculated| Actual
(ka/t) (ka/t) (%) _(alt Au) ka/t Au) | (kg/t Au)
Roast/CN (98-1) 0.40 0 349 3.33 4.38 4.88
Roast/CN (98-2) 0.75 0 18.7 9.37 8.55 9.44
Roast/CN (98-3) 1.12 0 489 111 1.82 2.24





Table 2.5 - Roast/Cyanidation metals deportment
[image: image67.jpg]Product Amount Assay (mglL, g/t, %) Distribution (%)
(ml.g) | Au ? S S Au_| Ag | As | Fe s

98-1 Preg + Wash 1820 | 0.42 [<0.03 2.0 <0 ,05 339 349 04 [ 02 [ 00 | 275
98-1 Residue 4279 | 333 | 155 | 038 | 187 | 038 | 005 | 651 | 996 | 99.8 | 100.0| 725
Calculated Head 500 | 438 | 1332 | 0.33 | 1.60 | 045 | 0.04 | 100.0 | 100.0 | 100.0 [ 100.0 [ 100.0
|Assayed Head 500 | 488 | 380 | 430 | 141 ] 419
08-2Preg + Wash | 1775 | 045 |<0.03| <1 | <0.05 420 187 02 00 00 | 293
98-2 Residue 3712 | 037 | 477 059 31 047 | <0.01| 813 998 1000 1000 | 701
Calculated Head 500 | 855 3547 044 230 | 050 | <0.01[ 100.0 1000 100.0 | 1000 | 100.0
Assayed Head 500 | 944 | 216 | 106 209 832 | |
98-3Preg+Wash | 1935 | 0.23 | 023 | 2 |<0.05 620 489 | 137 | 01 | 00 | 254
98-3 Residue. 4188 | 141 | 67 | 137 | 412 | 084 | <001] 511 | 863 | 999 1000 746
Calculated Head 500 | 182 | 650 | 1.15 ‘ 345 | 0.94 | <001 100.0 | 100.0 | 100.0 100.0 1000
|Assaved Head 500 | 224 | 410 | 241 | 354 | 596 |





Samples were not cut from the roast calcine prior to cyanidation, so a complete metallurgical balance was prepared for the cyanidation tests to determine the efficiency of the roasts. The degree of arsenic volatilisation and sulphide oxidation was determined by comparing the final calculated heads and the initial head analyses. The roast results are summarised in Table 2.6.

[image: image68.jpg]Table 2.6 - Arsenic and sulphide losses in roast

As Analyses S Analyses Metals Losses

Head Calcine Head Calcine As s

1 (%) (%) (%) (%) (%) (%)

Roast/CN (98-1) 4.30 0.45 1.16 0.040 89.5 96.6
Roast/CN (98-2) 10.6 0.50 1.72 <0.01 95.3 99.7
Roast/CN (98-3) 241 094 475 <0.01 61.0 99.9





No attempt was made to optimise the roast conditions to increase the Au extraction during the cyanidation. Despite the fact that the roast tests achieved 61 - 95% As removal and 97 - 100% S" oxidation, the cyanidations achieved only 19 - 49% Au extraction.

The relatively poor Au extraction during the cyanidation could be a result of soluble base metals in the calcine, or it may be a function of the relative porosity of the oxides in which the Au is locked. Soluble base metals may consume cyanide or oxygen during the subsequent cyanide leach and prevent the dissolution of Au. To determine whether the cyanidations were affected by base metals in the calcine, one of the cyanidation residues was subjected to a mild acid leach to remove labile base metals and a second cyanidation. The standard roast procedures were conducted on a test charge, then the roast calcine was subjected to a one hour leach at pH 1.0 maintained with H2SO4.

Following the acid leach, the residue assayed 0.19% As and 2.65% Fe. The cyanidation residue assayed 0.20% As and 2.68% Fe, while the pregnant cyanide solution assayed <1% As and 0.08% Fe. These results all indicate that any cyanide leachable As or Fe available in the

roast calcine was removed by the acid leach and did not affect the cyanidation. The metallurgical balance for the cyanidation following acid leach (Table 2.7) indicates that Au extraction was only 76%.
[image: image69.jpg]Table 2.7 - Au, Ag deportment for 2B cyanidation (acid leached calcine)

Product Amount |Assays, mg/L, g/t| % Distribution

mL. g A Ag Au Ag

NaCN Preg + Wash 2410 1.75 6.90 76.3 52.5
Residue 456 2.88 33.0 23.7 47.5
Head (Calc) 530 10.4 59.7 100.0 100.0





The calcine porosity can be affected by roast temperature. In general, if the temperature of a roast is rapidly increased, the porosity of the oxide minerals within the calcine can exhibit less porosity than if the roast temperature is increased gradually. If the Au in the sample is locked within sulphide minerals, the purpose of the roast is to expose the Au by converting the insoluble sulphides to porous oxides. If the oxides produced by the roast are not porous, the Au remains locked within the mineral assemblage and will not be leached in the subsequent cyanidation.

The results of the roast/cyanidations could likely be improved by adjusting the roast parameters.

Silver balances were poor, with calculated heads significantly higher than the direct-heads following both POX and roast tests. After verification of the chemical analyses, it was determined that the most likely cause of the high calculated Ag head was contamination.

2.3
Diagnostic Leach
The final series of tests completed on ores 98-1, 98-2 and 98-3 were diagnostic cyanidation leaches. Each diagnostic leach was conducted in four stages designed to selectively leach specific mineral classes in the ore, then the gold associated with the dissolved minerals. Each consecutive leach was conducted on the entire residue of the previous leach. No analytical pulp grab samples were taken during the diagnostic leach series. For each leach, the feed weight was assumed to be the same, and no adjustment was made to compensate for weight loss until the end of the test.

The first stage of each diagnostic was a rigorous cyanidation to extract any liberated Au in the sample. The cyanidations were initially conducted for 24 hours with 4 g/L NaCN. After these initial tests were filtered and titrated for cyanide, the residues were repulped with the pregnant solution and leached for an additional 24 hours when it was discovered that they were still consuming cyanide.

Dissolved metals (likely As) caused interference with the cyanide titration with AgNO3, making cyanide concentration in the leach solution difficult to determine. Whenever a titration was in doubt, NaCN was added to ensure that there was more than sufficient NaCN in solution to leach any available Au. Final solutions were analysed by SKALAR to confirm the NaCN concentrations. All solutions in the diagnostic series were analysed for Au, Ag, As, Fe and S.

The second leach in each diagnostic test was a hot caustic (NaOH) leach to attack arsenides (mineral containing arsenic and another metal ion, typically sulphides with substituted As for S - arsenopyrite is not attacked by the caustic leach), followed by cyanidation to leach any Au liberated by the caustic.

The caustic leach was conducted at approximately 25% solids with a leach solution of 10 g/L NaOH. The leach was carried out at 95° C for 2 hours with constant agitation. Following the 2 hour retention time, the pulp was filtered and washed well with hot water. The solution was analysed for Au, Ag, As, Fe and S. The entire residue was prepared for cyanide leach.

Every cyanidation in the diagnostic series was conducted with 4 g/L NaCN to ensure that . all Au in the feed was leached. The purpose of this leach was to extract any Au liberated by the NaOH leach. Similar to the first cyanidation in the series, the retention time of this second cyanidation was extended to 48 hours due to the cyanide consumption throughout the leach. Again, chemical interference with the cyanidation titration made the determination of the end​point difficult. Following cyanidation, the residue was filtered and well washed. The leach solution was sampled for analysis, the residue was prepared for HCl leach.

The third leach of the diagnostic series was a hot HCl leach to liberate Au associated with labile sulphides (e.g. ZnS, PbS), carbonates and iron oxides. The cyanidation residue was pulped to 25% solids (assuming 500 g feed) of 25% HCl solution. The pulp was heated to 80° C and maintained for 2 hours. The pulp was agitated during the heat-up and leach phase. After the 2 hour retention time, the pulp was filtered and well washed. A sample of the solution was sent for analysis, while the entire residue was prepared for cyanidation.

The HCl leach residue was pulped to 1500 grams with 4 g/L NaCN solution. Leach retention time was reduced to 24 hours since the bulk of the cyanide consumption occurred in the first hour of the leach. At the conclusion of the leach, the pulp was filtered and well washed. The solution was sampled for analysis, while the residue was prepared for the hot HNO3 leach. The purpose of this cyanidation was to extract Au associated with labile sulphides, carbonates and iron oxides

The washed CN leach residue was pulped to 2000 grams (maximum 22% solids) with 33% HNO3 solution. The pulp was agitated while the temperature was increased to 80° C. Pulp temperature and agitation were maintained for 2 hours. After 2 hours, the pulp was filtered and well washed. The solution was sampled for analysis, the residue was prepared for cyanidation. The purpose of the HNO3 leach was to dissolve any remaining sulphides in the residue.

The HNO3 leach residue was pulped to 1500 grains with 4 g/L NaCN solution and was agitated for 24 hours. Leach pH was monitored and NaCN concentration was maintained. The purpose of this leach was to extract any Au liberated by the HNO3 leach, likely liberated from sulphide minerals.
The metal deportment in the three diagnostic leaches are summarised in Table 2.8 - Table 2.10.

[image: image70.jpg]Table 2.8 - Metals deportment in 98-1 diagnostic leach

Au Product ‘Amount Assay (mglL.gh %) Distribution (%)
Test Association i | Au | ag | as T Fe | s | av | Ag [ as [ Fe | s
N1 [Free [CN Preg + Wash 1970 [ 024 | 012 | 2610 | 151 | a0 | 152 | 117 | 255 | 35 [
INaOH [Associated with arsenides NeOH Preg « wash | 2536 | 0.16 | <003 3440 | 263 | 2721 | 130 |18 a2 | o1 | 3t
onz CN Preg + Wash 1560 | 023 | 059 | 243 | 208 ‘ o0 | 115 | 457 | 19 | 39 | 122
HCI  [Associated with oxides, carbonates,  |HCIPreg + Wash | 3070 [<0.01| 005 | 1840 ‘ 314 | 12 | 05 | 76 280 | 115 | 02
CN3  labile suiphides (e.g. ZnS, PbS) (CN Preg + Wash 1700 | 047 | 040 | 19 | 124 | 172 | &3 | 84 02 03 | 14
| | |
HNOs [Associated with sulphides HNO; Preg + Wash | 1860 | 003 | 0.08 | &5 | 3230 | deso | 18 | 74 08 | 714 | 339
CNe  [(e.q. pyrite, chalcopyrite, arsenopyrite) |CN Preg + Wash 1680 | 083 | 015 | <10 | 062 | 136 | 448 125 00 | 00 | 11
| |
Final Silica Residue Silica Residue 5792 | 031 | <05 |0027| 021 | 0ta| 38 | 47 05 95 25
Calculated Head 500 | 622 | 4.03 | 404 | 168 | 433 | 100.0 | 100.0 | 100.0 | 1000 | 1000
|Assayed Head 500 | 488 | 380 | 43 | 141 | 419
Table 2.9 - Metals deportment in 98-2 diagnostic leach
Au Product ‘Amount Assay (mglL. gt %) Distrioution (%)
[Test Assaciation (mig) | Au | Ag | As [ Fe | s | Au | A9 As | Fe | s
CN1 - |Free [CN Preg + Wash 1950 [ 0.51 | 0.11 >5ao‘ 202 | 3270 [ 190 | 133 234 | 56 | 177
| |
INaOH [Associated with arsenides NaoriPreg wissn | 1540 | 061 | <003 10800 871 | 11852 180 | 14 | 387 | o | 505
cn2 CN Preg + Wash 1580 | 048 <uua 659 | 669 | 1550 | 139 | 15 | 23 | 10 | 68
HOI  associated with oxides, carbonates,  [HCIPreg + Wash [ 2540 | 027 | 020 | 6880 s00 | 15 | 131 314 32 | 223 | o1
[CN3  |iabile sulphides (e.g. ZnS, PbS) CN Preg + Wash 2020 | 036 | 0.31 \ 14 | 144 | 193 | 139 | 387 | 01 | 0.3 } 11
HNOs [Associated with sulphides HNO; Preg + Wash | 1700 | 015 | 009 | o7 ‘ 4020 | 4800 | 49 | us | o4 | eos | 226
CNe  [(e.q. pyrite, chalcopyrite, arsenopyrite) |CN Preg + Wash 1910 | 042 [<0.03| <10 | 041 | 115 | 153 | 18 | 00 | 00 | 08
| | |
|
Final Silica Residue Silica Residue 1592 | 06 | <05 0005 026 | 014 | 18 | 25 00 | 40 08
Calculated Head 500 | 1045 | 3.23 | 915 | 205 | 7.22 | 100.0| 100.0| 100.0 | 100.0 | 1000
|Assaved Head 500 | 044 | 216 | 106 | 200 | 832
Table 2.10 Metals deportment in 98-3 diagnostic leach
AU Product Amount ‘Assay (malL, git, %) Distibution (%] |
Test Association (g | Au |l ag | as | Fe | s | Aau | ag | as [ Fe | s
Nt [Free [CN Preg + Wash 1640 | 0.15 | 0.060 | 1860 | 787 | 7170 | 172 ‘ 29 | 278 | 07 | 290
[NaOH |Associated with arsenides NaOH Preg + Wash | 2444 | 0.10 | 0.080 | 2360 | 16.9 ‘ 2620 | 17.1 | 43 | 526 | 02 | 158
onz [N Preg + Wash 165 [ 011 | 024 | 116 | 255‘ 80 | 112 108 | 15 | 02 | 14
| |
HCI  [Associated with oxides, carbonates,  [HCI Preg + Wash a760 | 0040|0080 | 100 | 1100 | 141 [ 105 | &8 | 03 | 222 | a1
(N [iabile suiphides (e.. ZnS, PbS) [CN Preg + Wash 1600 | 0.070 | 022 384 | 574 | 1230 | 7.8 | 103 | 66 | 00 | 49
[HNO; [Associated with sulphides HNO; Preg + Wash | 2008 1| 0.020 [ 0070 | 595 | 6470 | 8540 [ 29 | 43 ; 442
[CN4  |(e.g. pyrite, chalcopyrite, arsenopyrite) |CN Preg + Wash 1740 | 020 | 033 050 373 | 387 | 243 | 168 JSoof| oo J 17
Final Siica Residue Silica Residue 368 | 032 | 300 0020 o018 | 032 | 82 | 410 Noz J|se \ 20
Calculated Head G0 288 | 885 [ 218 [ 372 | 810 1000 | 100.0 i oo bt 1000
|Assayed Head 500 | 224 | 410 | 241 | 354 | 596





2.4
     Mineralogical Examination
The four samples were submitted for mineralogical examination. The main objective of the examination was to determine the nature and characteristics of the gold-bearing minerals. Gold scans were performed on the polished sections using ore microscopy.

Detailed results are appended.

No visible gold-bearing minerals were identified in any of the 4 composite samples.

3. Conclusions and Recommendations

3.1
Characterisation
Results from the mineralogical examination (gold scan) and the diagnostic leaches indicate that there is only a small amount of free gold (15-19%); however, this free gold must be extremely finely divided since it was not observed with our standard gold scan. The likely explanation is that the gold is present in cyanide-soluble sulpho-arsenic compound, such as orpiment and realgar since there is 24-28% of the arsenic, and 17-29% of the sulphur solubilised during cyanidation.

It is well known that orpiment and realgar are quite reactive in aerated alkaline solutions and generate various arsenic and sulphur soluble species.

Diagnostic leaches also indicate that little gold is occluded within the silicate structure (2​8%). Overall, the gold is mostly included in sulphides, arsenides and sulpho-arsenides. The procedure used is not selective enough to allow the distinction between the gold associated with the sulphides the arsenides and the sulpho-arsenides. Some of the gold could also be associated with carbonates in composite 98-2.

Results also indicated that the gold was cyanide-soluble provided that the sulpho-arsenide matrix was destroyed, i.e. there was little or no preg-robbing effect, since none of the procedure used during the diagnostic leaches are known to passivate the preg-robbers.

3.2 Recovery of Gold

Scoping pressure oxidation and roasting tests have been conducted on the 4 composites.

3.2.1. POX Results

Cyanidation (CIL) extractions for all 4 composites ranged from 82 to 98% after one single test. Taking into account that composite 98-4 was low grade (0.4-0.5 g/t, Au extraction82%) and that sulphide oxidation was not complete (only 72%), 85% gold extraction), it is fair to conclude that further optimisation would allow higher extractions, for composite 98-1 in particular.

3.2.2. Roasting

Cyanidation (CIL) extractions for the 3 ore composites were very low and ranged from 19 to 49% Au extraction.

Roasting has been fairly successful for arsenopyrite ores (Giant Yellowknife, Red Lake and many others), and the roasting conditions used in this preliminary test programme were derived from that practice.

However, the arsenic-bearing minerals in these composites are quite different than arsenopyrite. In particular, sulpho-arsenides are known to melt at relatively low temperatures and might have encapsulated the gold phase, limiting its subsequent extraction. It is also well known that under certain conditions, phases like FeAsO4 can form on the gold surface during roasting and strongly inhibit cyanidation.

In conclusion, not enough work has been conducted to fully assess the potential of roasting to process Zarshuran ores.

3.2.3. Metallurgical Comparison of Roasting and POX

Pressure autoclave has been successful in the past to treat orpiment/realgar gold ores. Preliminary results at Lakefield have confirmed that the process should be applicable to Zarshuran ores. In addition to having already been practised at the industrial scale, POX has the important advantage of being the best demonstrated technology to precipitate arsenic from solutions as a stable compound scorodite, under proper conditions.

It is possible that further testwork will delineate conditions to improve roasting results. However, even if that is possible, there will remain the problem associated with handling roaster gases containing arsenic and SO2, and unless there is a local market in Iran for arsenic trioxide, this could constitute a major hurdle.

No intention was made in this document to compare the processes from an engineering point of view (capital + operating costs).

3.3 Recommendations

It is recommended to optimise the POX/CIL process. Parameters still requiring optimisation are

· temperature, retention time, obviously but also

· effect of pulp density

· effect of acidity (acid versus alkaline POX)

· effect of separation of carbonates/sulphides by flotation prior to POX (in the case of acid POX)

· revisit the concentrate production by flotation in the view of new reagents and new processes (N2-float) having been developed for gold ores. Unless much more work had been conducted in this area that what was provided to us, we believe there might be room for improvement on previous results.

4. Sample Inventory
   **

Test Details
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1.0 SUMMARY

Four composite samples, identified as Composite 98-1, Composite 98-2, Composite 98-3, and Composite 98-4, were submitted for mineralogical examination. The principal objective of this study was to determine the nature and characteristics of gold-bearing minerals in the composite samples.

Systematic gold particle identifications (gold scan) were performed on polished sections using ore microscopy. Visible gold-bearing minerals were not observed in the four composite samples. These samples are mainly composed of non-opaque gangue minerals
78 vol% to 98 vol%) and subordinate to minor amounts of orpiment/ realgar, pyrite and sphalerite. Arsenopyrite, galena, stibnite, chalcopyrite and all a suite of Sb, As, Pb sulphosalts occur in very minor to trace amounts.

The lack of visible gold particles and the occurrence of sulphides minerals rich in arsenic and antimony suggests that a large fraction of the gold in the submitted samples occurs as "invisible" solid solution gold in sulphide minerals, and particularly in the As- and Sb- rich sulphide phases, including the As-rich pyrite grains.

Trace concentrations of gold in sulphide grains can be detected by micro analytical techniques such as electron microprobe but more likely by ion microprobe analyses.
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2.0 INTRODUCTION

Four composite samples (Table 1) were submitted for mineralogical examination. The principal objective of this study was to determine the nature and characteristics of gold-bearing minerals occurring in the composite samples.
[image: image71.jpg]Table 1. List of Examined Samples

Sample

Polished Section Number

Polished Thin Section Number

Composite 98-1
Composite 98-2
Composite 98-3
Composite 98-4

PS8765, PS8783, PS8784
PS8801, PS8815
PS8766, PS8785, PS8786
PS8767, PS8787, PS8788

PTS5231
PTS5265, PTS5273
PTS5232
PTS5233





3.0 METHODOLOGY

Gold and silver analyses by fire assay (FA) were performed on each "head" sample (Table 2 and Appendix 1). One polished section and one polished thin section were prepared from a portion of each "head" sample and examined with reflected and transmitted light microscopy.

Systematic gold particle identification (gold scan) was performed on the polished sections using ore microscopy at 200X magnification. Samples that contained less than 5g/t were subjected to heavy liquid separation (@ SG of 3.1) to pre-concentrate gold into a "Sink" fraction. The samples subjected to heavy liquid separation were first crushed to a nominal size passing 48 mesh (300µm). A portion of each of the "Sink" and "Float" fraction was submitted for gold and silver assays (Table 2 and Appendix I).

Following the completion of gold scans for all the "head" samples "Sink" and "Float" fractions, a series of quality control gold scans were performed on several samples at a magnification of 500X. Selected sulphide grains were analyzed with a Scanning Electron Microscope (SEM). Photomicrographs of characteristic mineral textures are presented in Appendix II.

[image: image72.jpg]Table 2. Assay Results

Sample Au (g/t) Ag (g/t)

Head 4.75 313

Composite 98-1 Sink 8.29 11.1

Float 4.47 2.9

Composite 98-2* Head 9.18 1.4
Sink 13.8 -

Head 2.11 3.1

Composite 98-3 Sink 441 153

Float 1.93 13

| Composite 98-4#* Head 0.40 <0.5

| Float 0.32 <05

* “Float” not analyzed; ** insufficient Composite 98-4 “Sink” weight, sample not analyzed






4.0 MINERALOGICAL OBSERVATIONS

4.1 Composite 98-1

A gold material balance for Composite 98-1 is presented in Table 3. 
[image: image73.jpg]Table 3. Composite 98-1 Gold Material Balance

‘Weight Au by FA
Fraction g % distribution _git l % distribution
Head 364.6 100 4.75 100
Sink 25.8 7.1 8.29 12.4
Float 3388 929 4.47 87.6
Head (calculated) 364.6 100 4.74 100





Systematic gold scans, at 200X magnification, were performed on the "head", "Sink", and "Float" fractions and quality control gold scans, at 500X magnification, was performed on the "head" and "Sink" fraction samples. Visible gold-bearing minerals were not observed during any of the scans.

A visually estimated semi-quantitative mineral assemblage for Composite 98-1 is presented in Table 4. 
[image: image74.jpg]Table 4. Composite 98-1 Mineral Assemblage

Mineral Estimated Volume %
As-bearing Minerals
orpiment/realgar 8%
arsenopyrite <0.2%
tennantite <0.2%
Other Sulphide Minerals

pyrite 3.0%
sphalerite <0.2%
galena <0.2%
chalcopyrite <0.2%
pyrrhotite <0.2%

Non-opaque Minerals
non-opaque minerals 88.5%





4.2 Composite 98-2

A gold material balance for Composite 98-2 is presented in Table 5. 
[image: image75.jpg]Table 5. Composite 98-2 Gold Material Balance

Weight Au by FA
Fraction g % distribution g/t % distribution
Head 394.6 100 9.18 100
Sink 47.6 12.1 138 18.1
Float (calculated) 347.0 87.9 8.55 81.9





Entrapped fine-grained particles of sulphides is the most probable cause for the high distribution of gold in the "Float" fraction.

A systematic gold scans, at 200X magnification and quality control gold scan, at 500X magnification, were performed on the "head" and "Sink" fractions. Visible gold-bearing minerals were not observed.

A visually estimated semi-quantitative mineral assemblage for Composite 98-2 is presented in Table 6. 
[image: image76.jpg]Table 6. Composite 98-2 Mineral Assemblage

Mineral Estimated Volume %
As-bearing Minerals
orpiment/realgar 18%
arsenopyrite <0.2%
Other Sulphides Minerals
pyrite 2.5%
sphalerite 0.5%
chalcopyrite <0.2%
pyrrhotite <0.2%
Non-opaque Minerals and Other

non-opaque minerals 78%
rutile/anatase 0.2%





4.3 Composite 98-3

A gold material balance for Composite 98-3 is presented in Table 7.
[image: image77.jpg]Table 7. Composite 98-3 Gold Material Balance

Weight Au by FA
Fraction g % distribution g/t % distribution
Head 621.1 100 2.11 100
Sink 34.6 5.6 4.4 11.9
Float 586.5 94.4 1.93 88.1
Head (calculated) 621.1 100 2.07 100





Systematic gold scans, at 200X magnification, were performed on the "head", "Sink", and "Float" fractions and two quality control gold scans were, at 500X magnification, performed on the "head" and "Sink" samples. Visible gold-bearing minerals were not observed.

A visually estimated semi-quantitative mineral assemblage for Composite 98-3 is presented in Table 8. 
[image: image78.jpg]Table 8. Composite 98-3 Mineral Assemblage

Mineral Estimated Volume %
As-bearing Minerals
orpiment/realgar T 3%
arsenopyrite 0.2%
Other Sulphide Minerals
pyrite 5.5%
sphalerite 0.5%
covellite <0.2%
chalcopyrite <0.2%
pyrrhotite <0.2%
Non-opaque Minerals and Other
non-opaque minerals 88.5%

rutile/anatase

1.5%





4.4 Composite 98-4

A gold material balance for Composite 98-4 is presented in Table 9. 
[image: image79.jpg]Table 9. Composite 98-4 Gold Material Balance

Weight Au by FA
Fraction g % distribution g/t % distribution
Head 384.2 100 0.40 100
Sink (calculated) 1.3 0.3 24.0 203
Float 382.9 99.7 0.32 79.7





Systematic gold scans, at 200X magnification, were performed on the "head", "Sink", and "Float" fractions, and a quality control gold scan, at 500X magnification, were performed. Visible gold-bearing minerals were not observed.

A visually estimated semi-quantitative mineral assemblage for Composite 98-4 is presented in Table 10. 
[image: image80.jpg]Table 10. Composite 98-4 Mineral Assemblage

Mineral Estimated Volume %
As-bearing Minerals
orpiment/realgar <0.2%
arsenopyrite <0.2%
Other Sulphide Minerals
pyrite 1.2%
sphalerite <0.2%
chalcopyrite <0.2%
pyrrhotite <0.2%
goethite <0.2%
Non-opaque Minerals and Other

non-opaque minerals 97.5%
rutile/anatase 0.5%





5.0 CONCLUSIOSNS

Systematic microscopy gold scans were performed on four composite samples from the Zarshuran deposit. No visible gold-bearing minerals were identified. The composite samples are mainly composed of non-opaque gangue minerals (– 78 vol% to 98 vol%) and subordinate to minor amounts of orpiment/ realgar, pyrite and sphalerite. Arsenopyrite, galena, stibnite, chalcopyrite and all a suite of Sb, As, Pb sulphosalts occur in very minor to trace amounts.

A series a of SEM analyses of sulphide minerals indicated that pyrite grains contain concentrations of arsenic in excess of 1 wt%. Previous mineralogical studies of other deposits have shown that a close relationship exists between the occurrence of gold and arsenic and antimony in sulphides.

The lack of visible gold particles and the presence of As- and Sb- rich sulphides suggest that a large portion of the gold is present as "invisible" solid solution gold in sulphides, and particularly in the As-and Sb-rich sulphides, as well as in the arsenic-rich pyrite.

Gold concentration in sulphides can be ascertained by microanalytical techniques such as electron microprobe (down to – 150 ppm) and ion microprobe analyses (down to ~ 150 ppb).

APPENDIX I

ASSAY RESULTS

APPENDIX II
PHOTOMICROGRAPHS

Photomicrograph 1 
Composite 98-1 "Head"

Reflected Light 
100X Magnification

Lead antimony sulphosalt (red arrow) tennantite, (blue arrow). sphalerite (green arrow) and pyrite (pale yellowish, bottom right) intergrown with orpiment (gray-bluish).

100µm

Photomicrograph 2 
Composite 98-1 "Head"

Reflected Light 200X Magnification

Tennantite (red arrow) intergrown with sphalerite (blue arrow) and fine-grained pyrite.

50 µm

Photomicrograph 3 
Composite 98-2 "Head"

Reflected Light
50X Magnification
Orpiment      grain       showing
alteration     textures.

250µm


Photomicrograph 4
Composite 98-2 "Head"

Reflected Light
200X Magnification
As-rich pyrite (yellowish) with marcassite
Rims
50µm
Photomicrograph 5
Composite 98-2 "Sink"

Reflected Light

200X Magnification

Lead + / - antimony and arsenic sulphosalt 
50µm

Photomicrograph 6
Composite 98-2 " Sink "

Reflected Light

200X Magnification

Twined Stibnite grain (red arrow) surrounded by Orpiment / Realgar  grains      

50µm

Appendix 6

Summary Selected Drill Intersections from all Drilling Campaigns Drill Intersections from all Drilling Campaigns > 1.0 g/t Au

Appendix 6

Summary 1996 Drill Intersections

Hole Number
From
To
Interval
Gold Grade             Core Recovery
                                      (m)
(m) 
   (m)
(Au g/t)
  (%)
ZB96-1
78.7m
96.1m      17.4m
1.06
74
                            171.4m
190.6m    19.2m
17.10
35
ZB96-2
10.8m
22.5m      11.7m
9.90
90.2
                            80.6m
121.5m    40.9m
8.30
71.4
ZB96-3
39.1m
48.1m
      9.0m
3.70
72
ZB96-4
152.4m
161.7m     9.3m
1.20
93
ZB96-5
47.4m
52.0m
       4.6m
2.00
63
                            65.6m
70.7m
       5.1m
1.50
97
ZB96-6
41.3m
55.9m
      14.6m
3.50
79
ZB96-7
77.45m
80.6m
      3.15m
9.50
100
                            137.0m      138.15m    1,15m
37.60
100
Appendix 6

Summary 1998 Drill Intersections

Hole Number
From
To
Interval             Gold Grade          Core Recovery
                                       (m)
(m)
(m)
 (Aug/t)                      (%)
TA98D001
54.65m
61.6m     6.50m
2.37
90
                            86.10m
91.55m   5.45m
8.02
65
TA98D002
125.70m
128.75m  2.05m
6.45
95
                            131.75m
133.75m  2.00m
1.77
98
                            148.75m
153.20m  4.45m
1.71
95
TA98D003
36.07m
59.07m    23.00m
4.71
90
                            69.07m
85.36m    16.29m
11.00
95
                           125.25m
139.10m  13.85m
3.74
88
TA98D004
59.78m
87.85m    28.07m
8.42
94
                            90.85m
138.80m  47.95m
4.52
85
                           140.80m
152.80m  12.00m
6.28
90
TA98D005
118.45m
140.25m  21.80m
7.67
85
                           168.90m
176.90m  8.00m
3.08
96
TA98D005
185.90m
198.90m  13.00m
8.28
93
TA98D006
43.10m
58.95m    15.85m
7.00
82
                            97.95m
114.10m  16.15m
5.55
87
                           119.10m
131.60m  12.50m
5.86
82
Appendix 6

Summary 1999 Drill Intersections

Hole Number
From
To
     Interval
Gold Grade        Core Recovery
                                      (m)
(m)
      (m)
(Au g/t)
(%)
TA99D007
156.90m
160.30m        3.40m
3.63
82
                           182.40m
193.20m        10.80m
7.79
85
TA99D008
74.70m
78.70m          4.00m
5.20
100
                           90.55m
100.90m        10.35m
2.61
98
TA99D008
103.90m
105.90m        2.00m
1.92
97
                           106.90m
108.90m        2.00m
1.11
100
                           154.25m
161.60m        7.35m
1.21
95
TA99D009
82.45m
84.45m         2.00m
6.88
100
                           88.95m
22.00m        33.05m
5.42
96
                          127.10m
135.00m       7.90m
5.80
92
TA99D009
173.70m
183.90m       10.20m
1.99
83
                           188.60m
191.60m       3.00m
3.23
100
                           194.60m
203.20m       8.60m
17.78
88
TA99D010
63.60m
70.85m        6.95m
7.38
97
                           74.80m
90.40m        15.60m
8.85
97
                           93.00m
98.00m        5.00m
2.91
94
TA99D011
49.85m
72.60m        22.75m
28.79
96
TA99D012
61.20m
69.30m        7.1 0m
10.40
84
TA99D013
I 07.75m
112.75m      5.00m
2.05
100
TA99D014
4.50m
13.50m        9.00m
9.80
95
                           24.30m
29.30m       5.00m
10.46
100
TA99D015           67.80m
68.80m       1.00m
9.16
100
                           146.70m
152.35m     5.65m
2.53
85
                           165.00m
165.90m     0.90m
1.14
100
                           196.10m
197.00m     0.90m
20.49
100
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Summary 2000 Drill Intersections

Hole Number
From
To
Interval
Gold Grade Core Recovery
                                        (m)
(m)
(m)
(Au g/t)
(%)
TA00D016
4.95
12.30             7.35
16.38
85%

27.30
  29.30             2.00
4.44
80%
TA00D017
154.50
172.60          18.10
2.18
80%
TA00D018
71.90
72.90             1.00
3.99                     100%

161.80
162.90
1.10
7.25                    100%
TA00D019
72.95
77.40              4.45
6.97
95%

168.50
172.50            4.00
2.27
96%

196.35
203.90            7.55
15.96
80%
TA00D020
43.00
48.30           5.30
6.09
80%

                               91.00           96.30        
  5.30
1.78
95%

109.30
114.00
      4.70
3.40
95%

118.50
124.75
      6.25
5.72
93%
TA00D021
193.50
196.00
      2.50
16.21                   100%

199.10
202.20
      3.10
2.91
95%
TA00D022
76.50
80.50      4.00
2.21
93%

84.50
97.00     12.50
4.14
92%

222.60
227.90
     5.30
1.25
80%

235.00
250.10     15.10
7.92
80%
TA00D023
159.00
165.10     6.10
7.32
80%
[image: image81.jpg]Drill Intersections in Main Mineralizaed Zone > 1.0 g/t Au
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Zarshuran Project 1998 - 1999
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Appendix 7

Resource Estimate Data — 2001

Drill Intersections in 2001 Estimate
Comparison of 2000 and 2001 Resource Estimate and Methods
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Appendix 8

Detailed Grade — Tonnage Curves from 2001 Resource Estimate
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Appendix 9
Detailed Sample Statistics

 from 2001 Resource Estimate
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Appendix 10
Soil Geochemistry 

Plots-Au, As, Zn, Pb-All Soil Data
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