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Three Mile 
 

1 SUMMARY 

This report details the exploration work conducted on EPM19113 from 29 May 2014 to 28 May 

2015.   

In the current year, detailed 2D prospectivity modelling and 3D geological modelling done on 

the regional area, also covered EPM 19113. These models give additional target areas to 

assess and field programs are currently being planned to collect additional data. 
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2 INTRODUCTION 

Three Mile EPM 19113 is located approximately 15km north west of Mount Garnet Township in 

North-Queensland. The project area contains 6 recorded historical workings, most of which 

have targeted hard-rock tin.  Alluvial and lode tin and tungsten were exploited in the nearby 

EPM14797 mainly by small syndicates or individuals for more than 100 years from initial 

discovery in the late 1880s through to the mid-1980s.  Declining economics for tin then brought 

mining to a standstill in 1983.  Modern exploration from the 1990s focused on the gold potential 

of the region and it has been only recently with better tin prices that the focus has returned to 

tin. 

Prospectivity modelling for granite related gold deposits by Auzex highlighted the Sn granites in 

the Mt Garnet area of North Queensland as being highly prospective.  Since 2006 Auzex has 

defined six prospective areas for tin and tungsten.   

The Khartoum area is considered to have excellent potential to host a major new tin discovery. 

2.1 Tenure Information 

The Three Mile EPM 19113 application was granted on 28th May 2014 for a period of five 

years.   

The Three Mile EPM 19113 consists of 35 sub-blocks within the Townsville 1:100,000 map 

sheet as shown in Figure 1 and 2. 

2.2 Location and Access 

The Three Mile EPM 19113 is located 15km north west of Mount Garnet, which is located on 

the Kennedy Highway at the southern edge of the Atherton Tableland.  Mount Garnet is about 

105 km south-west of Cairns and 350 km north-west of Townsville. 
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FIGURE 1 LOCATION MAP OF EPM 19113 
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FIGURE 2 THREE MILE EPM 19113 SUB BLOCK MAP 

 

3 EXPLORATION PHILOSOPHY AND OBJECTIVES  

EPM 19113 includes an area in the north of the permit that has the geological variables 

required for granite-metal systems, including known mineral occurrences in granite, evidence 

of granite fractionation, granite composition associated with granite gold systems and a 

geological association that is most conducive for producing granite-gold mineralisation. Mineral 

occurrences associated with these intrusions contain a wide range of metals that include Au, 

Mo, Sn, W, Cu and Bi. Tin has been mined in the Herberton-Mt Garnet district since the 1880s 

and has, in recent years with improvement in price, become more prospective. The area was 

selected on the basis of mineral prospectivity modelling and exploration in the area continues 

to encourage further work. 
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4 PREVIOUS EXPLORATION SUMMARY  

4.1 Historical 1880-1960 

Alluvial cassiterite was first discovered in the Herbert River in 1879 and the tenement area was 

subject to historical mining for gold, tin and other metals until prices reduced after World War 1 

when only intermittent mining continued in the Herberton Tin field.  

4.2 Modern Exploration 1960-2005 

The period from 1960 to 1983 was a period of active tin mining in the Herberton-Irvinebank 

area, with, in 1966, 3 batteries operating in the tin field at Herberton, Irvinebank and Emuford 

servicing the numerous small to medium scale mining operations. In the period 1976-1981 the 

Emuford district was a significant producer of alluvial cassiterite, peak production in the order 

of 600 tonnes of concentrates per annum.  

Since the 1960s exploration was undertaken by individuals and small syndicates including 

Mareeba Mining and Exploration and Loloma.  Larger explorers included North Broken 

Hill/Geopeko, Great Northern Mining, BHP, AOG and Comalco.  

A full discussion of these exploration stages has been included in previous technical reports.  

4.3 Auzex Exploration on EPM 14797 2007-2014 

EPM 19113 adjoins the western boundary of Auzex’s Khartoum EPM 14797. Exploration 

activities conducted under the authority of EPM 14797 identified prospective geological trends 

extending outside the current tenement area.  

Exploration comprised: 

 Data Compilation and Review,  

 Prospectivity Modelling which identified fourteen prospective target areas including the 
Khartoum area. 

 Acquisition and reprocessing and interpretation of satellite imagery and regional 
geophysical data sets. 

 Mapping and reconnaissance  

 Regional soil sampling.   
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5  RESULTS FROM EXPLORATION 2014-15 REPORTING PERIOD 

Kenex Ltd was commissioned to undertake detailed prospectivity modelling in 2D and 3D over the 

Khartoum study area, which included the area granted as EPM 19113, to assess the prospectivity of the 

area for intrusion related Sn-W mineralisation. The modelling uses the latest GIS tools and technologies 

and enables effective targeting through the compilation and integration of data in a way that matches the 

mineralisation model for tin-tungsten ore deposits in the area. The modelling results were analysed with 

respect to the tenement area and  

A structural geological review on regional as well as local controls on mineralisation has been completed 

and the structural model checked against geology, geophysics, and geochemical results. The geochemical 

data has been reviewed statistically at a regional scale to derive local anomaly levels for Tin (Sn), Tungsten 

(W), Molybdenum (Mo), Bismuth (Bi), Copper (Cu), Lead (Pb), and Zinc (Zn) in soil samples. Geophysical 

data have also been reclassified in the context of the regional and prospect scale geology and used to 

interpret geological and structural features.  

In order to complete the prospectivity models, a full review of the Mineral deposit model was undertaken. 

Spatial analyses were conducted on all available relevant data and a 2D weights of evidence prospectivity 

model completed. Geological surfaces were modelled in 3D and weights assigned from the 2D result were 

applied to the common earth model created from the surfaces to produce a model in 3D with prospectivity 

rankings assigned.  

5.1 Deposit  Models 

The association of tin ore deposits with granite rocks has long been known and very early studies 

emphasised the association of tin and quartz rich rocks. Tin ore deposits are located preferentially in apical 

portions of granites and their immediate country rocks and it was observed as early as 1841 that tin 

deposits in Cornwall, Bretagne and Erzgebirge are always confined ≤ 500m from the granite contact. Tin 

ore deposits are often associated with individual granite bodies pointing out of larger batholiths. The host 

rocks of tin ore are particularly rich in quartz, tourmaline and fluorine-bearing minerals and tin granites are 

anomalous in texture and composition. These early observations provided the basis for subsequent 

investigations that refined the geological-mineralogical-geochemical framework of tin deposits. 
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The age distribution of tin ore deposits is strongly biased towards the Phanerozoic. Approximately 90% of 

historic tin production is related to primary tin ore deposits ≤ 300 Ma. Such a pattern may result from an 

accelerating rate of ore formation towards the present, or, alternatively, from reworking/destruction of ore 

deposits with a constant or variable rate of ore formation. The survival rate of an ore deposit in a shallow 

environment, subject to uplift and erosion has a fast recycling rate whereas an ore deposit formed at deeper 

levels of the crust and/or with little uplift and erosion will have a high survival rate. It is a feature of tin ore 

deposits and Molybdenum and copper porphyries to be located in tectonic environments very sensitive to 

erosion. These environments include apical portions of shallow- level intrusions or generally, regions near 

the Earth`s surface, that also experience active uplift in continental margins. The level of erosion is an 

important control as demonstrated by the SE Asian tin province in which primary tin ore deposits are 

preserved only as relics and are mostly in a state of erosional dispersion, i.e.in placer deposits. 

All major types of tin ore deposits are associated with the highly fractionated granitic rocks in a high level 

environment (including the tin pegmatites in central Africa and SE Asia). The geometric style of the ore 

deposits is a consequence of local conditions of permeability (tectonic-geological framework plus fluid 

evolution in the magmatic-hydrothermal system) 

5.1.1 Tin production  

The province character of tin ore deposits is well developed and highlights that tin is indigenous to very few 

countries.  Four well defined regions account for up to 80% of the cumulative historic tin mine output, these 

include: 

  The SE Asian tin belt (Burma, Thailand, Malaysia, Indonesia) with a 50% share of the total 
world tin production. 

 The Bolivian tin belt (ca. 10%). 

 The south China tin province (ca. 10 %) 

 The Cornwall tin province (ca.10%). 
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FIGURE 3 GEOGRAPHICAL DISTRIBUTION OF MAJOR TIN PROVINCES
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 TABLE 1 CUMULATIVE TIN PRODUCTION UP TO 1986  

More than 1 Mt Sn Location Production 
[x1000 t] 

Reserves 
[x1000 t] 

SE  Asia    

200-220 Ma Malaysia 5200 1200 

 Indonesia 2500 1550 

 Thailand 300 300 

50-100 Ma Thailand 900 900 

 Burma 140 500 

 China 1500 1500 

South China Tin Province    

70-150 Ma China 1500 1500 

Bolivian Tin Belt    

200-220 Ma Bolivia 250 180 

12-25 Bolivia 2000 800 

Cornwall Tin Province    

270-290 Ma England 2000 260 

0.5-1 Mt Sn    

Australian Tin Fields    

350-360 Ma Tasmania 400 230 

220-240 Queensland 200 120 

Central African Tin Provinces    

950-1050 Ma Zaire 450 200 

 Rwanda 80  

 Burundi/Uganda/Tanzania 40  

Jos Plateau Tin Fields    

540-565 Ma Nigeria 54 28 

160-170 Nigeria 486 252 

0.1-0.5 Mt Sn    

Far east Tin Fields USSR     

120-170 Ma USSR 100 300 

50-100 Ma USSR 300 700 

Erzgebirge    

280-305 Ma Germany 300 200 

Rondonia and Amazonas    

100/1500 Ma Brazil 180 >1000 

Iberian Tin Province    

280-300 Ma Spain/Portugal 150 30 

Bushfeld Tin Province    

1950-2000 Ma RSA 115 150 
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Table 2 shows the cumulative tin production up to 1986 (in metric tonnes of metal content) and the tin 

reserve base as at 1984-1986. Higher tin prices occurring in the late 2000s resulted in a resurgence in 

exploration for tin especially in North Queensland Australia, which was mainly due to the substitution of lead 

by tin in solder, particularly the environmentally friendly electronic solder sector (mobile phones and 

computer technologies). 

5.1.2  Global Tin Mining Resources 

The world’s known economic resources of tin total approximately seven million tonnes. 

Worlds economic tin 

resources 

 

Eastern Asia countries 
including China 

27% 

Brazil 16% 

Malaysia 15% 

Thailand 12% 

Indonesia 10% 

Bolivia 6% 

Peru 4% 

Russia 4% 

Australia 1.3% 
  TABLE 2. WORLDS ECONOMIC TIN RESOURCES 

Hard –rock underground mining is predominant in China, South America and Australia although there are 

some open pit operations in all these countries. Vein and disseminated tin deposits are mined by the same 

methods used in mining of other non-ferrous ores such as zinc. The ore is broken down by drilling and 

blasting, transported to a concentrator where it is crushed and ground and then concentrated primarily by 

gravity methods.  The concentrate is usually of a lower grade (typically 40 – 60 % tin) than placer 

concentrate because of the fine grain size of the Cassiterite and the difficulty of removing all the associated 

sulphide and other heavy minerals. Floatation is not as efficient for tin ores as it is for sulphide ores, 

however it is used increasingly to improve the amount of fine tin recovered and to recover tin from the 

residues or earlier treatment. Processing circuits may also allow for the recovery of by-products including 

zinc, silver, tantalum and tungsten.  

5.1.3 Australian Recourses and Deposits 

More than 85% of Australia's economic tin resources are located at the Renison Bell deposit in Tasmania. 

The deposit is a primary carbonate replacement deposit which supports one of the world's largest 

underground tin mines. Australia's next most important tin mine is at Greenbushes in Western Australia, 

where tin is recovered along with tantalite (a tantalum mineral) from a weathered primary deposit. 
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Other areas where tin production has been important include Ardlethan and Cleveland, which are no longer 

operating. Gibsonvale, Moolyella, Mount Bischoff, the Herberton/Mount Garnet and Emmaville districts have 

also been important producers of tin and remain prospective areas. Areas with minor production and/or 

possible important future sources of tin include Collingwood, Doradilla and the Bynoe Harbour district. Tin-

tungsten mineralisation is invariably associated with the upper parts of felsic and fractionated granite 

plutons and, in particular, with cupolas and ridges on the tops of batholiths, where exsolved magmatic fluids 

have evolved, been focussed, and/or ponded. Deposits may be intimately associated with a specific phase 

or apophase of a granite pluton. Carbonate- replacement and skarn- style deposits require reactive wall 

rocks, which may comprise Mg- or Ca- carbonates. Mafic and rocks, including serpentinised ultramafics, are 

also reactive to tin-tungsten mineralising fluids.               

5.1.4 Deposit characteristics                                                                                               

 Granites associated with tin mineralisation tend to be chemically distinct from more typical felsic granites 

and as such are often referred to as specialised or tin- granites. They are felsic (>70% SiO2), enriched in 

incompatible elements such as Rb, U, Nb, F, B, Li, Be and Cs (hence the term ‘specialised’), and depleted 

in compatible elements (Ba, Sr, Fe, Ti, Ca, Mg, Zn, Cu, Ni, etc). Peraluminous granites have elevated P and 

low Th and Y, while metaluminous granites have high Th and Y and low P. These chemical features are the 

result of extended fractional crystallisation mechanisms rather than unique or special source materials. 

Sn±W – mineralising granites comprise K- feldspar, quartz, sodic plagioclase and minor modal amounts of 

biotite and or muscovite. They are poor in Fe-Ti oxide minerals. Accessory mineral phases may include 

topaz, fluorite, tourmaline, apatite, monazite, and Li micas. The granites may also be texturally variable, 

indicating that volatile build up and exsolution occurred in a relatively shallow crustal environment (typical of 

tin granites in general).  

Textural characteristics can include; 

 Microlitic cavities and vugs 

 Pegmatitic texture 

 Aplite-pegmatite domains on a cm – m scale in the form of pods,lenses, pipes and veins 

 Repetitive features of textural contrasts (fine-/course grained) in microscopic to megascopic 
scale forming igneous layering 

 Mineral corrosion of quartz-feldspar mosaics 

 Alteration haloes 

 Feldspar replacement by quartz, muscovite and Cassiterite  

 Albitised rich zones and quartz veinlet swarms 

 Brecciated zones 

 Vug filling 
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Figure 4 to Figure 7 show schematic diagrams of models for the major groups of primary tin ore deposits. 

These include tin porphyries, skarns and carbonate/sulphide replacements, veins and sheeted veins, 

greisens and pegmatites. 

 

 

FIGURE 4. TIN PORPHYRY 

LLALLAGUA AND CHOROLQUE, BOLIVIA; YINYAN, GUANGDONG, CHINA 

 

 

FIGURE 5. SKARNS AND CARBONATE/SULPHIDE REPLACEMENTS  

(EXAMPLES: CLEVELAND RENISON BELL, TASMANIA, AUSTRALIA; DACHANG DISTRICT, GUANGXI, CHINA). 
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FIGURE 6 VEINS AND SHEETED VEINS  

examples: Chojlla, Bolivia; Geevor and Wheal Jane, Cornwall, England; Hermyingi Burma. 
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FIGURE 7. GREISENS AND PEGMATITES 

GRIESEN EXAMPLES: ALTENBERG, EAST GERMANY; CINOVEC, CSSR; TIKUS, INDONESIA AND PEGMATITE EXAMPLES: 

MANONO, ZAIRE; PHUKET DISTRICT, THAILAND 

More than 99% of the historical tin production is from ore deposits directly or indirectly related to granite 

rocks and their volcanic and subvolcanic equivalents while a small quantity of tin is recovered as a by-

product of mining of base metal massive sulphide deposits. In such deposits Cassiterite  is occasionally 

concentrated at high temperature vent zones of the sub marine-hydrothermal systems of both volcano-

sedimentary sequences and in clastic sedimentary sequences. 

The distribution of tin-tungsten mineralising granites is reasonably well known in eastern Australia, and 

forms clearly defined tin provinces.  Other Australian examples include the Palaeozoic fold belts of eastern 

Australia, the tin provinces of eastern and western Tasmania, the central Lachlan Fold Belt (Wagga Tin 

Belt), the southern New England Orogen, the Carboniferous of the Herbert-Mount Garnet region, west of 

Cairns and Kangaroo Hills near Townsville and the Cooktown region. These provinces correspond to well-

defined magmatic domains containing high K, felsic, highly fractionated, (intermediate to) reduced granitic 

rocks. Both S- and I- type granites are prospective for Sn and over 70% of eastern Australia’s historical Sn 

production has been derived from I- types. Australia`s biggest Sn deposits in terms of production (Renison 

and Mt Bischoff) are both associated with I- types. 
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Tin-tungsten mineralisation in eastern Australia comprises a diverse range of deposit styles. However all 

deposit styles have a close spatial and genetic relationship to the apical regions of granite plutons. Deposit 

styles include pegmatite and magmatic segregations within granites and adjacent wall rocks, greisens, 

stockworks, skarns and replacement ore bodies (both proximal and distal types), and (tourmaline-bearing) 

breccias pipes. Greisens tend to be contained within the roof zones of granites, either lying directly beneath 

the upper contact or beneath the internal contact zones within in the cupola. Breccia pipes, veins and 

stockworks are usually transgressive to the granite contact. Greisens associated with tin-tungsten 

mineralisation occur in two main forms depending on the stage of structural evolution. In systems where 

alteration has not been influenced by wider structural fracturing, greisens occur as shallow dipping, sheet 

like bodies within the apical zone of a specialised granite such as Cinovec and the Anchor mine. In systems 

where fracturing of the roof of the pluton occurs during or before greisenisation, the greisenised zones tend 

to be flat to steeply dipping fracture controlled bodies in the endo –and/or exocontant zones, eg  Cligga 

Head, Carrok Fell and Emuford.  

 In massive or sheet like greisens there is little or no evidence for the presence of fractures that may have 

channelled fluids into the alteration zones and that alteration appears to result from the action of fluids 

developed essentially in situ during late stages of crystallisation of the granite host. It appears that any 

exsolved aqueous fluids collect in local structural traps near the roof of the host granite and react with the 

granite until the fluid dissipates or approaches equilibrium with the altered rocks. Within such closed 

systems silica leaches out during alteration and is precipitated as greisen, which reduces the porosity of the 

altered rocks, inhibits fluid flow and results in the patchy development of such greisens. While in fissure 

style greisens the system appears to be at least partially open providing a potential for the circulation of 

large volumes of fluid. Alteration probably continues until the fractures become filled with vein minerals and 

the fluid flow ceases. 

Tin-tungsten mineralisation is usually part of a larger district scale (kilometre) scale metal zoning, radially 

arranged around the highest temperature metals like tin and tungsten. Zoning typically comprises W- 

dominated systems in the granite or adjacent overlying rocks, with zoning outwards initially dominated by 

Sn, then Cu, Pb-Zn-Ag, then distal, low temperature occurrences of F, and Hg. 

The size of the alteration and mineralisation systems associated with tin-tungsten deposits is small relative 

to porphyry Cu deposits. Greisen systems in the apical portions of granites intrusive may have only 200-300 

m vertical extent, with little obvious alteration in the overlying wall rocks. 
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Despite the diverse range of tin deposit styles there are key features common to all tin-tungsten deposits 

that may be used to advance exploration for new deposits. Tin-tungsten deposits are associated with apical 

regions of strongly fractionated, reduced granites. These granites are chemically distinct and, to be most 

prospective, should be shallowly buried or, if exposed, have preserved roof zones. Additionally tin-tungsten 

deposits occur in distinct provinces, which can be defined on the basis of known Sn mineralisation and 

distribution of related granites. Recognition of metal zonation, where present, on a local to district scale 

provides local guides to high temperature hydrothermal centres within the province.  

The North Queensland area contains Palaeoproterozoic metasedimentary rocks and Cambrian-Ordovician 

mafic to felsic meta-volcanics and related metasedimentary rocks intruded by Silurian S-type and Devonian 

to Carboniferous I and S-type granites and late felsic volcanics. Mesozoic-Cainozoic sedimentary rocks and 

extensive basalt sheets form extensive areas of cover. Metamorphism in the area ranges from lower 

greenschist to granulite facies. The Silurian to Early Devonian (430-420 Ma) granites are associated with 

deformation, retrogressive metamorphism and gold mineralisation (~425-400 Ma) in the Etheridge Province. 

Major uplift and erosion occurred during this period. The Carboniferous to Permian (~330-300 Ma) I-type 

and A-type volcanic and plutonic rocks are extensively distributed throughout the area and are part of the 

Kennedy Province, which forms two belts: the Townsville-Mornington Island Belt and the Badu-Weymouth 

Belt. The Townsville-Mornington Island Belt forms a WNW trending zone, 1100km long and 100km wide, 

which contains 80% of the igneous rocks. It extends parallel to the coast from Home Hill to Atherton area, 

then west to the north of Georgetown. The Badu-Weymouth Belt extends from Cape York to Papua New 

Guinea. These granites are one of the best worldwide examples of highly evolved I-type granites developed 

on a large scale, with greater than 8000km2 averaging > 74wt % SiO2. These granites contain several 

prospective Supersuites that contain fractionated, I-type intrusions of intermediate oxidation state. Mineral 

occurrences associated with these intrusions contain a wide range of metals that include Au, Mo, Sn, W, Cu 

and Bi.  
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FIGURE 8. NORTH QUEENSLAND REGIONAL GEOLOGY 

 

Four metallogenic Epochs are recognised in northeast Queensland including Middle Proterozoic (~1550 

Ma), Cambro-Ordovician (~510 Ma), Siluro-Devonian (420-400 Ma) and Permo-Carboniferous. The Silurian-

Devonian mineralisation is characterised by mesothermal (plutonic) gold quartz veins in the Charters 

Towers, Georgetown, Anakie and Coen Provinces. Some of the mesothermal vein deposits of the Silurian-

Devonian age may potentially equate to deeper level systems. The Permo-Carboniferous mineralisation 

includes mesothermal (slate belt and plutonic) gold-quartz veins and wide range of magmatic-hydrothermal 

(intrusion-related gold, porphyry and epithermal) deposits with Sn, W, Mo, basemetals, U and Au that are 

genetically linked to the emplacement and evolution of the Kennedy Igneous Province.  
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The area is considered to have the geological characteristics required for intrusion-related tin-tungsten 

deposits. This area contains moderately oxidised to moderately reduced, fractionated I-type intrusions 

(including the O’Briens Creek and Ootann Supersuites) that belong to the Permian to Carboniferous 

Kennedy Igneous province.  Tin-Tungsten mineralisation in the region is strongly related spatially to the 

upper Palaeozoic granites, especially the leucocratic varieties. Mineralisation occurs mainly as fracture 

controlled fissure filling and/or replacement bodies. Ore types are diverse with the most prominent types 

including chlorite-,sericite-, tourmaline-, and sulphide rich assemblages. In the Irvinebank-Emuford-Mount 

Garnet region, greisenisation with associated quartz veins is common within the granites and quartz- 

Cassiterite veinlet swarms are associated with the Albite rich lenses and albitised granite at Mt Misery. 

Skarn type mineralisation also occurs near Mt Garnet in the altered carbonate rocks. Tin mineralisation is 

also associated with the hydrothermally altered basic volcanics in the Silver Valley and Sunnymount 

districts. 

5.2 Khartoum Geology 

The Emuford district is situated toward the SW margin of the Hodgkinson Province, an extensive area of 

lower Palaeozoic metasediments and basic volcanic rocks that form the northern extremity of the Tasman 

Orogenic Zone in Australia. In the Emuford district the folded lower Palaeozic meta-sediments of the 

Hodgkinson Province consist largely of greywacke, sandstone and conglomerate, with minor siltstone and 

shale. Upper Palaeozoic granites and volcanics in the region form extensive batholiths, cauldrons and ring 

complexs. The granites have been mapped as a range of granite types and can be broadly distinguished on 

the basis of grainsize, these include  

 1) Course grained biotite granite; pink or white in fresh outcrop, the grainsize is uneven, ranging 
from less than 1 mm up to 30 mm, with most crystals in the 5 – 20mm range. Major minerals 
include quartz, microcline perthite, sodic plagioclase and biotite. 

  2) Medium grained porphyritic biotite granite; the grainsize is in the 2 -5 mm range and 
contains approximately 10% of phenocrysts which range up to 15 mm. The phenocrysts consist 
of quartz, alkali feldspar and minor sodic plagioclase. 

  3) Fine grained porphyritic and/or pegmatitic biotite granite; the grainsize is less than 2 mm. 
These rocks are weakly porphyritic and contain phenocrysts of quartz, alkali feldspar and sodic 
plagioclase to 10mm.  

  4) Horneblende-biotite adamelite (Petford Granite); The Petford granite is a grey, fine grained, 
hornblende-biotite adamellite which crops out on the western side of the area and extends 
some 5 km further to the west towards Petford. This adamellite contains abundant mafic rich 
xenoliths 
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The Emuford Granite forms a relatively large pluton (>200km2) and underlies approximately 75% of the 

Khartoum permit area. The Emuford Granite is composed in the main of a coarse grained granite that is 

intruded by numerous small bodies of fine and medium grained, mainly sparsely to moderately porphyritic 

biotite granite and damellite (late-stage). Most of the late-stage granites form dykes, sheets and small 

plutons (<10 km2) that occur along the margins and within the early granites. The late-stage granites have 

generally sharp contacts although there is local evidence of gradational contacts. The most extensive of the 

late stage granites is the Billings Granite that forms a sheet-like body in the northwest of region. 

Granite and diorite and associated volcanics assigned to the Ootan Supersuite form part of the Gurrumba 

Ring Complex 1 km west of the Great Boulder deposit in the Khartoum permit area and surround and 

intrude an inlier of sandstone and siltstone of the Hodgkinson Formation. Also in the Khartoum area there is 

a volcanic sequence (Nanyeta Volcanics) of rhyolitic to andesitic composition interpreted as comagmatic 

with the O’Brien Creek Supersuite. The Featherbed Volcanics crop out in the north of the region. Adjacent 

and to the west of the Nanyeta Volcanics is a narrow north-west trending exposure of Silurian Chillagoe 

Formation. 

Tin and base-metal sulphide mineralisation occurs in a number of cross cutting fracture zones within the 

granites and in the metasediments, especially near the granite contact. Alteration, especially greisenisation, 

is extensive and most, if not all O’Briens Creek Supersuite rocks, contain anomalous amounts of tin, 

tungsten, molybdenum and fluorine mineralisation. Most of the tin mineralisation in the Herberton, 

Irvinebank, Emuford, Mt Garnet and Tate River areas is intimately associated with granites of this 

supersuite. 

Using all data collected by Auzex and compiled with additional existing information, a new geology map was 

created. The new map is focused on the critical variables related to intrusion related mineralisation and an 

is shown in Figure 9. 
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FIGURE 9 KHARTOUM PROJECT GEOLOGY 

 

5.2.1 Khartoum Tin Mineralisation Styles 

Several styles of mineralisation are recognised in the Khartoum district on the basis of vein morphology and 

mineralogy and wall rock alteration, and these comprise pegmatite related tungsten-molybdenum deposits, 

Quartz-Cassiterite veinlets in albitised granite, tin-tungsten greisens, quartz–tourmaline Cassiterite veins 

and quartz-chlorite-Cassiterite -sulphide-veins. The distribution of mineralisation within the granites 

suggests a close relationship to the late stage granites, and these are thought to be the source of the 

mineralising fluids. A simple metal zoning pattern is apparent in the area, with tin-tungsten mineralisation 

occurring in and around the late stage granites, and tin-copper mineralisation in the metasediments that are 

the host rocks to the granites. The reasons for this zoning have not been firmly established, but probably 

relate to temperature and activity gradients in the fluids, and the effects of wall rock reaction and host rock 

lithology on fluid evolution and mineral deposition.  
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5.2.1.1 GREISEN MINERALISATION 

The greisen alteration of the host granite consists largely of quartz, and mica (usually muscovite) together 

with minerals such as topaz, fluorite, tourmaline and apatite.  The main ore minerals associated with 

greisen-style deposits include Cassiterite, Wolframite and a variety of sulphide minerals including pyrite, 

chalcopyrite, sphalerite and arsenopyrite  

Quartz muscovite greisens are the most common style of mineralisation in the Emuford district and most 

frequently occur as greisen halos around quartz veins.  The main mineralogical features include the 

replacement of biotite and feldspars by quartz and muscovite with the intensity of alteration increasing 

towards fractures, which acted as channel ways for the mineralising fluid. 

Quartz-fluorite-Wolframite vein systems occur in marginal areas of the Billings Granite where the wall rock 

alteration style is the same as for quartz muscovite greisens. However, the veins are rich in flouorite and 

Wolframite and are characterised by repeat episodes of re-opening and mineral deposition. The complex 

parageneses of these deposits indicate the formation of the veins in a dynamic regime where vein filling and 

fracturing occurred repeatedly.    

Topaz rich alteration is prominent at the Mystery and Starlight mines and Topaz is an accessory phase in 

several other greisens.  A 3-5 m wide zone of granite at the Mystery mine has been altered to quartz topaz 

rock with minor muscovite. Feldspars in the granite are replaced by quartz and topaz that often produces a 

mosaic pattern. Wolframite and sulphide minerals occur as fracture filling material with quartz and topaz. At 

the Starlight mine quartz-muscovite greisens grades into a topaz rich zone where 20-50 cm fragments of 

brecciated granite are replaced by quartz and topaz. The interstices between the fragments are in-filled by 

quartz and topaz and in vuggy portions; topaz occurs as sub-radiating aggregates of crystals to 5 cm.  

Biotite-rich greisens occur principally at the Mountain Maid mine that forms an extension of the Mistake 

mine vein system. Feldspars in the partially altered granite are replaced by fine grained muscovite and pale 

green biotite. This alteration forms a halo adjacent to minor veins composed of microline , blue tourmaline 

and fluorite while immediately adjacent to the veins quartz is replaced by microline.The vast majority of 

greisens are quartz –muscovite types where alteration occurs adjacent to deeply dipping linear fracture 

zones. 
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5.2.1.2 METASEDIMENT MINERALISATION 

Some of the earliest mineralisation in the Emuford district occurs in the granite country rock metasediments 

centred on the Johnny Walker Line area. These deposits usually form narrow <2m veins and breccias 

zones within silicified and tourmalinised metasediments. Features of the wall rock alteration in these 

deposits include the replacement of plagioclase, feldspathic rock fragments and the matrix of the 

greywackes by quartz, muscovite and tourmaline, while K-feldspar is initially preserved and in some cases 

possibly recrystallised. At more advanced stages of alteration all the feldspars and mica are replaced by 

quartz and tourmaline although minor muscovite and chlorite occur in some examples. Vein mineralogy in 

these deposits is dominated by quartz and tourmaline with often two or three phases of vein filling apparent 

from cross cutting relationships. Tourmaline occurs in a wide range of colours including deep blue, blue-

green, green, and brown- green and as acicular crystals either singly or in clusters and usually fine grained 

(<1mm). Other minerals occurring in the quartz- tourmaline veins include Cassiterite, chlorite and minor 

beryl.  Cassiterite is generally deep red, weakly pleochroic, occurring as needle like or irregular crystals to 

1mm. 

A broad grouping of deposits are associated with quartz-chlorite veins, these include quartz-rich chlorite-

sulphide rich and quartz-sulphide rich veins within the metasediments. Veins are usually <1m wide and the 

host metasediments are often strongly chloritised and/or silicified. Most veins are simple quartz-chlorite 

Cassiterite veins with minor base metal sulphides and carbonate. An example of these types of deposits is 

the A1 line which consists of numerous small workings along a parallel series of veins. Three main stages 

of mineralisation are recognised at the Ivy mine on the basis of cross cutting relationships observed in slabs 

and polished thin sections. Mineralisation is associated with chloritisation of the host rocks that involves 

replacement of feldspars and micas by fibrous green chlorite to produce quartz-chlorite rocks. Quartz can 

sometimes be replaced by chlorite in some of the intensely altered rocks. The chloritised metasediments 

are often partly silicified adjacent to veins composed largely of quartz and arsenopyrite together with 

Cassiterite, pyrite and minor sphalerite, chalcopyrite, galena, stannite and carbonate. A second stage of 

mineralisation cross cuts the chloritised and silicified metasediments and contains the bulk of the sulphides 

and Cassiterite. The veins are composed essentially of quartz, carbonate, arsenopyrite, sphalerite, 

chalcopyrite, stannite and Cassiterite, together with minor bismuth. Arsenopyrite is frequently course 

grained and contains occasional inclusions of other sulphides and is frequently strongly fractured and 

veined by other sulphides. Chalcopyrite occurs as irregular crystals to 2mm and is frequently intergrown 

with stannite and also occurs as minute, rounded and elongate exsolutions and as veins in sphalerite. 

Cassiterite is fine grained < 2mm and is often highly irregular, sometimes skeletal and rimmed by stannite. 

The last stage of mineralisation in the Ivy mine is composed of quartz and carbonate that occur as late- 

stage, vugh filling minerals and as cross cutting veins. 
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Quartz-stibnite veins occur at several localities in the Emuford district mainly in the Laheys creek area. This 

mineralisation occurs as narrow (20cm) veins crosscutting the metasediments and also the Billings Granite. 

The veins are composed of angular fragments of very fine grained (chalcedonic) quartz (generally <2 cm) 

contained in a matrix of course grained stibnite. 

 

5.2.2 Geochemistry 

The geochemistry of the source granites is very important, especially when evaluating the effects of 

alteration with each deposit, placing different granites within context of other granites and testing models 

concerning the genesis and evolution of the mineralising granite systems. The granites within the Emuford 

area have a restricted range in terms of their major element composition. SiO₂ ranges between 74.94 and 

77.37 weight percent, and in detail does not vary systematically with other elements, although the coarse 

grained granite tends to have higher SiO₂ than the later stage granites. The high SiO₂ and K₂O contents 

and the low MgO, MnO, CaO and P₂O₅ are typical of many rare element granites. The most important major 

element trends are the general increase in Na₂O and Al₂O₃ from the coarse grained granite to the late stage 

granites. K₂O and CaO on the other hand remain almost constant. The high Rb, Th, U, Sn, Nb and Y 

together with low Ba, Sr, V, Co, Cr and Ni illustrate the highly fractionated nature of the granites. Unlike 

many other rare-element granites, however the granites in the Emuford area are not enriched in lithium.  

5.2.3  Ore Fluids  

Fluid inclusion studies indicate the presence of three main fluid types within the granites: an early, moderate 

to high temperature saline fluid; a moderate temperature, low salinity, CO₂-bearing fluid; and a late stage, 

low salinity, low temperature fluid. The early, saline fluid mixed with the externally derived, CO₂-bearing fluid 

during veinlet formation in albitised zones during greisenisation. This fluid is interpreted to have been 

derived from the thermal aureole of the granites, where CO₂ was derived from the breakdown of carbonate 

and possibly other CO₂-bearing minerals. This fluid circulated within the granites at temperatures around 

400°C and pressures between 200 and 400 bars. Much of the tin and tungsten mineralisation in the area is 

associated with the introduction of this fluid, although the likely source of the metals was the early saline 

fluid.    

5.3 Local Deposits 

In order to understand the distribution and associations of the target mineralisation, an additional review of 

nearby mineralisation was conducted. 
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5.3.1 Historical Mining and Exploration (1880-1960) 

Alluvial Cassiterite was first discovered in the Herbert River in 1879 and the Great Northern Mine at 

Herberton was discovered the following year. Tin was discovered in the Emuford area in the 1880s.  Most of 

the alluvial production came from the Mt Garnet area, which has an extensive history of bucket-wheel 

dredging.  Total production from the Herberton-Emuford-Mt Garnet region is estimated at 150,000 tonnes of 

tin concentrates with the bulk of production from primary sources sourced from the Herberton Hill and 

Irvinebank.  Gold was found in the Gurrumba area in 1896 followed by lode tin at the Village Blacksmith 

mine in 1897.  Tin operations supported mining settlements at Irvinebank, Emuford, Gurrumba and 

Brownsville in the immediate Khartoum area. 

Over the western portion of the Khartoum area numerous hard rock and alluvial mines operated from the 

late 1800s from Gurrumbah to Emuford.  Past production figures are sketchy but small tonnages of tin 

concentrate were mined from the Village Blacksmith (95 tons), the Great Boulder (182 tons), Boulder West 

(20 tons), Adelaide (72 tons), Greisen (25 tons), Pandanus (5 tons) in the Great Boulder Group, Denford (28 

tons from 1906-1909), Last Call or Cigarette (6 tons), in the Denford Group and Normanby (24 tons) and 

New Talk of the Hills (10 tons) near Emuford.  

 Several areas were the focus of small scale mining for tungsten, tin and base metals between Irvinebank 

and Brownsville. In the northeast a series of small tin mines were operated, including the Rose of Trallee, 

Right Bower and Omeo and Patrick mines.  The Rose of Trallee is hosted in greisen altered granite.  

Historic production of 83T was mainly Sn with lesser Mo, Bi and Cu.  The Omeo or Right Bower Mine and 

Patrick Mines are both hosted by greisen altered sediments with significant quartz.  Recorded production 

from Right Bower is 803 tonnes of tin.  The Gows mine area (Glen deposits) was first mined in 1905 with 

historic production of 194 tons tin, tungsten and bismuth.  The largest producer in the south east of the area 

is the Excelsior mine (14 tons tin concentrate) near Brownsville. Tin in the Coolgarra-Brownsville area was 

discovered in 1882 with a battery built at Coolgarra in 1884. A battery operated at Brownsville from 1931 to 

1962.  After World War One following a market collapse, intermittent mining continued in the Herberton 

Tinfield. 

In the 1960s reduced tin production led to steady rises in tin price, consequently, the period from 1960 to 

1983 was a period of active tin mining in the Herberton-Irvinebank area. 1966 saw three batteries operating 

in the tinfield at Herberton, Irvinebank and Emuford servicing the numerous small to medium scale mining 

operations. In the period 1976-1981 the Emuford district was a significant producer of alluvial Cassiterite, 

peak production in the order of 600 tonnes of concentrates per annum.  
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The area was subject to Departmental Reserve 42D which restricted exploration licences over the 

Herberton-Emuford Tinfield.  Since the 1960s exploration was undertaken by individuals and small 

syndicates including Mareeba Mining and Exploration and Loloma.  Larger explorers included North Broken 

Hill/Geopeko, Great Northern Mining, BHP, AOG and Comalco.  These companies proceeded on the basis 

of options to joint venture with smaller operators into the tightly held mining leases. 

North Broken Hill explored and drill-tested the linear greisen at the Adelaide Mine and the greisen body at 

Boulder West prospect in the early 1960s.  Nine diamond holes were drilled (approximately 650m) with only 

minor thin intervals of tin mineralisation intersected; the best intercept from Adelaide being 1.4m at 0.12% 

Sn whilst 4 thin zones were delineated at Boulder West with the best intercept of 1.4m at 0.505% Sn.  BHP 

initiated discussions with Talmin in 1980 leading to in a joint venture with successor Abrolhos Oil and 

Investments (Abrolhos JV) in 1983.  Their target was a plus 3Mt high grade (0.8-1%) quartz-Cassiterite 

veinlet swarm deposit, similar in style to Western Mining’s Mt Misery project near Irvinebank.  Mining 

Leases in the Denford, Starlight and Sugarbag/Dove areas were grid soil sampled and mapped which led to 

a program of drilling targeting visible surface mineralisation and geochemical anomalies.  Drilling comprised 

eight diamond core holes for 431m broken into 24m of hammer and rock roller precollars and 407m of NQ 

core.  Drilling failed to intersect any quartz veinlet mineralisation and although patchy good grades were 

encountered (2 intercepts >0.1% Sn: 3m at 0.14% and 1.16m at 0.17% both from ED2 near the Cigarette 

mine), no significant tonnage potential was indicated.   

In 1992 the Departmental Reserve 42D covering the tinfield was opened to applications for Exploration 

Permits for Minerals (EPMs) due to the declining economics for tin mining. Explorations Permits were then 

granted to Renison Ltd, in the Petford-Irvinebank area exploring for base metals; Dominion Mining exploring 

for gold, Strike/Diatreme Resources (off the western and southwestern edges of Khartoum) and Tin 

Australia amongst others.  

Renison Ltd held tenements in the area from 1992 to 1994 under EPMs 8995 and 8996 from Petford to 

Hales Siding north of Irvinebank.  Reported targeted commodities included gold and base metals as well as 

tin with the main area of interest the Callao Shaft lead-zinc prospect area near Hales Siding under a JV 

arrangement over MLA 20085 with Magnet Group.  The host sequence to mineralisation consists mainly of 

coarse-grained conglomerates with interbedded sandstone units which dip steeply and strike between 

north-northwest and north-northeast.  Alteration and mineralisation are widespread throughout the 

conglomerates and occasional in the sandstone units.  The program culminated in a six hole diamond 

drilling program at Callao Shaft lead prospect. Results were not encouraging. 
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Dominion Mining/Plutonic (Whim Creek) held much of the central and northern parts of the Khartoum area 

under EPM 8982 during the period 1992 to 1997 initially to search for epithermal gold on the southern 

margins of the Featherbed Volcanics and then concentrating on gold and base metal potential in the 

Elizabeth Bluffs-Montalbion area on the Emuford Granite/Hodgkinson Formation contact.  Work consisted of 

literature research of previous and geological background followed by reconnaissance sampling (soil, rock 

chip and stream sediment) in the Montalbion-Elizabeth Bluff area.  Results from soil, stream sediment and 

rock chip sampling indicated anomalous gold and base metals values are generally associated with narrow 

gossanous shear zones and breccia lodes.  These are visually oriented NW/NNW or NE.  Further 

examination at Elizabeth Bluff indicated the focus of attention; an interpreted sinter was rather a fine-

grained rhyolitic dyke with a substantial strike length.  The potential of the prospect thus was downgraded 

and no further work was planned. 
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5.3.2 Current Mining and Development Projects  

Consolidated Tin Mines Limited are currently exploring and developing their Mt Garnet Tin project, which 

comprises three main deposits; the Gillian, Pinnacles and Windermere/ Deadmans gully deposits. The Mt 

Garnet project has a total JORC Mineral Resource of 13.12Mt @ 0.39% Tin, (056% Sn equivalent including 

iron and fluorine by-products), which includes 1.1Mt @ 0.73% Sn in the Measured category at the Gillian 

deposit. Consolidated Tin Mines Limited sees further regional potential and has acquired an extensive 

portfolio of tin exploration projects in the Mt Garnet region, which offer considerable potential for expansion 

of the project’s total Resource inventory and mine life. 

Monto Minerals current tin project is located 70km south west of Cairns in Far North Queensland and 

incorporates the regional towns of Herberton, Irvinebank and Watsonville.  

The project comprises five granted exploration permits (mineral) (EPM) with a combined total area of 

554km2 as well as 11 granted Mining Leases (ML) and 10 Mining Lease Applications (MLA). Monto are 

primarily targeting relatively high grade tin mineralisation which has been historically simple to process from 

a metallurgical perspective as it is devoid of the inherent complexities often associated with polymetallic 

skarn-hosted tin mineralisation. Monto Minerals recently announced a high grade Tin trend in the Kitchener 

area where a 1.3 km trend of historical mines recorded production of over 1959t of tin metal grades up to 

3.26% tin (Ivanhoe mine). The Kitchener trend contains historically shallow high grade coarse Cassiterite 

suitable for gravity separation with excellent potential for additional mineralisation at depth and along strike. 

Recently sourced data by Monto includes 12m at 1.0% Sn from 44m and 22m 0.65% Sn from 10m. 

Extensive tin soil geochemical anomaly extends 1.6 km south of the Kitchener trend indicating a potential 

scale – total 2.9 km strike length.  
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5.4 Spatial  Analysis  

This study includes a statistical spatial analysis of the relevant predictive maps for Intrusion Related Sn-W 

mineral system. It has provided a better understanding of the mineral system that is relevant to exploration 

in the Khartoum area.  

5.4.1 Predictive variables 

As a first step in the spatial correlation calculations, a 50 by 50 metre grid was generated over the project 

area. The size of the grid was chosen to represent the minimum scale that the data should be viewed at. 

Known deposit locations in the study area were selected as a training data set. A unit cell grid of 1.0 km2 

was used for the model calculations, which represents the expected area covered by an economic deposit 

and for this study area gives a prior probability of 0.0304. The prior probability is the chance of randomly 

finding a deposit for each 1.0 km cell of the grid before any additional evidence for mineralisation is applied. 

Data compiled prior to the prospectivity modelling stage were modelled and reclassified in accordance with 

the mineralisation model described above.   

Predictive maps were created from the basic geological information in the GIS using spatial modelling 

techniques such as buffering, intersections, interpolation using inverse distance weighting or density 

algorithms. Statistical analyses of all geochemical data was undertaken to reclassify regional rock and soil 

data sets into background and anomalous populations. These themes were then used to calculate spatial 

correlation statistics between the data themes and the training data sets. The spatial analysis of the 

selected predictive maps was carried out using the weights of evidence technique developed by Bonham-

Carter of the Canadian Geological Survey, using the Spatial Data Modeller extension developed for ESRI’s 

ArcGIS 10.1 GIS software. Most of the data types were reclassified to produce classified predictive maps, 

which in the case of continuous data like geochemical data were further reclassified using the posterior 

probability values into binary predictive maps. Predictive maps like geology were reclassified into broad 

groups as multi-class predictive maps 

The following relationships were tested: 

Source 

 Spatial relationship to medium to fine grained granites. 

 Spatial relationship to I type granites. 

 Spatial relationship to fractionated granites. 

 Spatial relationship to biotite rich granites. 

 Spatial relationship to late stage granite phases. 

 Spatial relationship to oxidised granites 

 Spatial relationship to Mioroitic cavities 

 Spatial relationship dykes 
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Transport 

 Spatial relationship to faults 

 Spatial relationship to 2nd,order and  3rd,order faults 

 Spatial relationship to crustal faults 

 Spatial relationship to fault orientations 

 Spatial relationship to fault density 

 Spatial relationship to fractures and joints 

 Spatial relationship to cross cutting fracture zones 

 Spatial relationship to veins and stockworks 

Trap 

 Spatial relationship to greisenisation. 

 Spatial relationship to granite-metasediment contact. 

 Spatial relationship to structure density and complexity. 

 Spatial relationship to fractures related to the granite intrusion. 

 Spatial relationship to a particular structural orientation.  

 Spatial relationship to chemical reactivity of lithologies 

 Spatial relationship to competency of lithologies 

 Spatial relationship to fault fold intersections 

 Spatial relationship to fault jogs 

 Spatial relationship to fault splays 

 Spatial relationship to fault bends 

 Spatial relationship to granite roof contacts.  

 Spatial relationship to rock reactivity contrasts. 

 Spatial relationship to reactive host rock litholgies. 

 Spatial relationship to Illite, muscovite and quartz rock alteration. 

 Spatial relationship to anomalous Sn-W geochemistry. 

Deposition  

 Spatial relationship to alluvial tin 

 Spatial relationship to tin density rock, soil and stream sediment geochemistry. 

 Spatial relationship to tungsten density rock, soil and stream sediment geochemistry. 

 Spatial relationship to molybdenum rock, soil and stream sediment geochemistry. 

 Spatial relationship to copper density rock, soil and stream sediment geochemistry. 

 
The spatial correlation results for each predictive map used in the final prospectivity map for the Khartoum 

model are summarised in Table 3 and shown in Figure 10 to 20.
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Spatial Variable Explanation Variable ID 
Area 
km2 

Units 
Training 
Points 

W+ Ws+ W- Ws- C Cs 
Stud 

C 

Source                         

Cupolas/Buried Granites 
Localised source of metals and 
fluids 

Buffer 3.5 km 2161.67 2161.67 100 0.44 0.10 -1.09 0.24 1.52 0.26 5.90 

Dykes 800 m buffer 
Localised source of metals and 
fluids 

Buffer 800 m 865.71 865.71 52 0.71 0.14 -0.34 0.12 1.05 0.19 5.54 

Transport/Trap                         

Structural features 
within cupolas 

Localised transport pathways for 
metals and fluids  

2114.33 2114.33 90 0.35 0.11 -0.67 0.19 1.02 0.22 4.65 

Faults 
Regional  transport pathways for 
metals and fluids 

Buffer 250 m 470.77 470.77 38 1.03 0.17 -0.27 0.11 1.30 0.20 6.37 

Oxidised granite bodies 
Evidence for transport through 
granitic bodies 

  760.97 760.97 37 0.89 0.17 -3.13 1.00 4.02 1.01 3.96 

Deposition                         

Magnetic Highs Indicate alteration  
 

2719.72 2719.72 102 0.22 0.10 -0.81 0.25 1.03 0.27 3.79 

Illite Alt in Granites Illite alteration in granite 
 

750.78 750.78 25 0.50 0.20 -0.56 0.28 1.06 0.35 3.08 

Drillhole/rock Sn Metal deposition in host rock 
Threshold 
19.4 ppm 

572.25 572.25 106 0.33 0.11 -3.43 1.00 3.77 1.01 3.74 

Drillhole/rock W Metal deposition in host rock 
Threshold 11 
ppm 

146.71 146.71 29 0.79 0.21 -1.83 0.58 2.62 0.62 4.24 

High Gravitational Slope 
Boundaries of  igneous intrusive 
fluid/heat sources  

Buffer 300 m 597.87 597.87 52 1.11 0.15 -0.42 0.12 1.54 0.19 8.04 

Hodgkinson Formation 
Local deposit rock type for 
mineralisation of this age 

  640.94 640.94 77 1.47 0.12 -0.89 0.16 2.37 0.20 11.91 

TABLE 3 SPATIAL VARIABLE SUMMARY
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FIGURE 10 ASSOCIATION WITH TUNGSTEN ROCK VALUES 

 

 
FIGURE 11 ASSOCIATION WITH ROOF ZONE STRUCTURES 
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FIGURE 12 ASSOCIATION WITH DYKES 

 

FIGURE 13 ASSOCIATION WITH TIN ROCK VALUES 



 EPM 19113 2015 ATR 

 

 

 Page 36 

 
FIGURE 14 ASSOCIATION WITH REGIONAL FAULTS 

 

 
FIGURE 15 ASSOCIATION WITH GRANITE OXIDATION STATE 
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FIGURE 16 ASSOCIATION WITH HIGH GRAVITY SLOPES 

 
FIGURE 17 ASSOCIATION WITH HODGKINSON FORMATION 
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FIGURE 18 ASSOCIATION WITH ILLITE ALTERATION IN GRANITES 

 
FIGURE 19 ASSOCIATION WITH MAGNETIC HIGHS 



 EPM 19113 2015 ATR 

 

 

 Page 39 

 
FIGURE 20 ASSOCIATION WITH GRANITE ROOF ZONES 
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5.5 2D Prospectivi ty Modell ing 

A 2D prospectivity study using the Weights of Evidence technique was carried out using the predictive maps 

described above and listed in Table 3. The predictive maps were constrained by the mineral system model for 

intrusion related Sn-W and optimised using the Weights of Evidence spatial analysis.  One prospectivity map 

was developed for the study area using the weights of evidence technique.  The results are shown on Figure 

21. 

 
FIGURE 21 POST PROBABILITY MAP WITH HIGHLY PROSPECTIVE AREAS IN RED 



 EPM 19113 2015 ATR 

 

 

 Page 41 

5.6 3D Geology 

In order to model in 3D below the surface, geology units and structures need to be extended in the third 

dimension. For the purposes of this study, priority is given to the interpretations in the top 1,000 metres. It is 

possible, and even likely, that there are listric geometries to the faults and contact surfaces at greater depths, 

but unless clearly supported by geophysics, contacts are continued with constant dips, or common 

geometries. The depths at which this will become important to the model are below the area of immediate 

interest.  

3D geological modelling detail is shown in Figure 22 to Figure 25 with a vertical exaggeration of x4. 

 

FIGURE 22 RASTER GEOLOGY MAP OVER TOPOGRAPHY 

 

   FIGURE 23 GEOLOGICAL SECTION AT ABOUT 283000E 
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FIGURE 24 SLICED VIEW OF HIGHLY FRACTIONATED GRANITES 

 

FIGURE 25 3D GEOLOGY VIEW 
RED OUTLINE REPRESENTS THE LATERAL AND VERTICAL EXTENTS OF THE HIGHLY FRACTIONATED GRANITES WITHIN 
THE STUDY AREA BUFFERED TO 800M. PINK VOLUMES ARE THE HIGHLY FRACTIONATED GRANITES. 
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FIGURE 26 SLICE THROUGH SN INTERPOLATED GRADE SHELLS FROM ROCK CHIP AND DRILLHOLE GEOCHEMISTRY.  

TOP RIGHT HAND CORNER IS LEGEND OF SN VALUES IN PPM. 

5.7 3D Common Earth Model l ing 

Spatial modelling in 3D was carried out in GoCAD 2009.4 and was based on the results of the 2D spatial 

correlations. The properties used in the 3D model are largely derived from the 2D model where these could be 

extended into to the subsurface. For the prospectivity modelling a multiclass binary index targeting method 

was used with weights assigned from the 2D modelling and adjusted when deemed necessary. 

Maps used from the 2D Weights of Evidence modelling in 3D were: 

 Geology  

 Faults  

 Highly fractionated granite buffer 

 Rock chip and drill hole Sn geochemistry.  

The layers were selected and integrated in a way that matches the mineral system model being used, and 

combined into a single mineral potential map demonstrated in Figure 27.  
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FIGURE 27: COMBINING SPATIAL DATA INTO A SINGLE PREDICTIVE MAP 

The model area was 65 km long, 59 km wide and 1000m deep. Training points for the 3D model were used 

from the 2D modelling and RLs were added to the 2D training points by draping the points onto the DTM. All 

points where sunk 30 m into the topography, or deeper in visible pits. Block for the model were 100m x 100m 

x 10m in volume and are shown in Figure 28 below.  

 

FIGURE 28: 3D BLOCK VOLUMES OF GEOLOGY IN THE COMMON EARTH MODEL.  
EACH VOLUME WAS ASSIGNED A VALUE FROM THE 2D WEIGHTS OF EVIDENCE MODEL.  
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5.8 3D Prospectivi ty Results   

The results from the initial 3D prospectivity model showed only slight differences to the 2D prospectivity 

model. Figure 29 showing output volumes from 3D Common Earth Modelling results and scale bar at the 

bottom showing level of prospectivity.   

 

FIGURE 29: 3D COMMON EARTH MODELLING RESULTS.  
SCALE BAR AT THE BOTTOM SHOWING LEVEL OF PROSPECTIVITY. 

 

The area of EPM 19113 is shown below in Figure 30 with the results of the 2D prospectivity model. 
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FIGURE 30: EPM 19113 AREA INCLUDING 2D PROSPECTIVITY. 

.   

 

 

6 PROGRAM COMPLIANCE 

An application to vary the expenditure commitment was approved on 27th March 2015.  The revised 

commitment has been met and the expenditure report has been lodged separately. 
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7 PROPOSED PROGRAM  

Following the 3D geological modelling and prospectivity exercise, targeting will be completed to identify 

priority drill targets for the next field season. 

The area is contiguous with EPM 14797 and this project area is a high priority for Auzex in 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


