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Executive Summary 

The Mira Geoscience Advanced Geophysical Interpretation Centre (AGIC) was 

commissioned by Queensland Geological Survey to provide geophysical modelling over the 

Mount Dore area in Queensland. This included building a geological starting model, 3D 

inversion of magnetic and gravity data and generation of conductivity-depth sections from 

GEOTEM aerial survey data. From these datasets, a pseudo-lithology was generated. As a 

final stage, targeting for Iron Oxide Copper Gold (IOCG) mineralisation produced a 3D 

mineral potential map for the project area. 

The objective of the geophysical modelling was to provide 3D physical property models that 

can directly assist mineral targeting and indirectly influence interpretation of the regional 

structural and geological setting. The resulting 3D density, susceptibility, and conductivity 

distributions have been classified into a pseudo-lithology model.  

All available ground gravity data, a stitched aeromagnetic grid and a single GEOTEM survey 

which was flown in 1997 have been accessed. The magnetic and gravity data were initially 

inverted into a regional scale model using VPmg, and then a detailed tiled inversion is 

performed within the top 2.5km of the earth using MAG3D. The AEM data were processed 

to conductivity depth images (CDIs) using EmaxAIR.  

Two separate block models have been generated: one at a regional 900m horizontal scale 

containing geological rock code, density and magnetic susceptibility; the other at a more local 

scale (300m x 300m x150m) extends to a depth of 2.5km. The more detailed model contains 

upscaled density from the regional model, as well as magnetic susceptibility and 

conductivity. The detailed 3D magnetic susceptibility model was created by inverting data 

over smaller tiles, and combining the results. The conductivity model was populated via 

interpolation from the CDI solutions. Geologic or physical property information from maps, 

drill-holes, and samples was used at scale consistent with detail within this project. 

Incorporating local constraints (e.g. drill hole pierce points, located rock property 

measurements) would improve the resulting models, especially at the local scale. 

The resulting models provide guidance to the regional structure, prospective geology and 

location of alteration, metamorphism and mineralisation. The 3D physical property models 

can also aid design of more detailed, follow-up data acquisition. The geophysical results have 

been interpreted as Pseudo-Lithology using LogTrans, based upon statistical analysis of rock 

property distributions for different rock types.  
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A Common Earth model was prepared at the same resolution as the local geophysical model 

mentioned above. This contains the rock properties, additional key targeting criteria for 

IOCG exploration, and training cells defining the distribution of known ore bodies. The 

complete list of attributes is reported. Examples are proximity to crustal structures, geometry 

of structures, geological complexity and geochemical anomalies. The calculated Mineral 

Potential Index property has been included in the CEM. The 3D Mineral Potential map 

represents the relative chance of each individual cell within the model hosting IOCG 

mineralisation. Utilising known IOCG mineralisation in the Mount Dore project area, the 

Weights-of-Evidence statistical method was employed to determine relationships between the 

proposed exploration criteria and  occurrences. The relevance of the individual criteria is 

evaluated. Only criteria which exhibit significant correlation with mineralisation influence 

the Mineral Potential Index.  

An extensive set of digital deliverable products accompanies this report, including several block 

models at various scales with rock codes, inverted physical rock property values, and the Pseudo-

Lithology interpretation. The wireframes of the reference geological model constructed for this 

project are also included.  

 

 

 

 

 

 

 

1. Introduction 

Geophysical prospecting methods used in exploration provide information about the physical 

properties of the subsurface. These properties can in turn be interpreted in terms of lithology 

and/or geological processes. Moreover, the geometric distribution of physical properties can 

help delineate geological structures and may be used as an aid to detect mineralisation and to 

define subsequent drilling targets.  
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The Mt. Dore project area in NW Queensland is shown in Figure 1, where the polygon 

defines the extent of the airborne transient electromagnetic (TEM) data. Aeromagnetic and 

ground gravity data were available for the entire project area. 

The main objective of this modelling work is to provide 3D physical property models for the 

Mount Dore region that can be directly employed in regional exploration to target prospective 

ground based on different exploration criteria. The Advanced Geophysical Interpretation 

Centre at Mira Geoscience has constructed 3D density, magnetic susceptibility, and 

conductivity models. These models are generated via inversion of ground gravity, airborne 

total magnetic intensity, and conductivity depth image (CDI) processing of airborne TEM 

data.  

The inferred physical properties are assigned to a Common Earth Model (CEM) which has a 

cell resolution of 300m x 300m x 150m and extends to a depth of 2.5km below the surface. 

Within the CEM, targeting criteria for IOCG mineralisation in the Mount Dore area are 

defined, based on all available geological, geophysical and geochemical datasets. The 

efficacy of individual targeting criteria is analysed using the known occurrences of IOCG 

mineralisation. The statistical relationships identified during this process are used to generate 

mineral potential maps across the Mount Dore area, including regions under cover.  

The CEM facilitates geological interpretation and definition of favourable geology. The 

measured data, and the properties inferred from them, can be analysed quantitatively using 

3D GIS, and may be assessed qualitatively. The models can provide important insights 

regarding the depth of overburden and hence guide design of appropriate follow-up data 

acquisition campaigns in favourable areas. 
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Figure 1: Topographical map with AEM survey extents (Black Outline). Map reference MGA94. 

A variety of software was used during the project. GOCAD (Paradigm Inc.) was used for data 

integration, interpretation, model building and visualisation. Gravity and magnetic inversion 

codes included GRAV3D and MAG3D (University of British Columbia, Geophysical 

Inversion Facility), and VPmg (Fullagar Geophysics Pty Ltd). Conductivity-depth sections 

were generated using EmaxAir (Fullagar Geophysics Pty Ltd). Pseudo-lithology was 

interpreted with LogTrans (CMTE Development Pty Ltd). Information about the methods 

employed for the inversion modelling, the geophysical data used, and the data processing are 

presented in Sections 3, 4, and 5.  

Cloncurry 



  
 

 5

1.1. Geological Setting  

The Mount Dore Project area is a highly prospective corridor within the Eastern Succession 

of the Mount Isa Inlier. The Eastern Succession is juxtaposed against Western Succession 

equivalents belonging to the Leichhardt Superbasin along a N-S crustal break, the Pilgrim 

Fault Zone, which transects the western part of the project area. The exposed basement rocks 

in the project area include an extension-related, 1760-1755Ma sequence of felsic Bulonga 

Volcanics, overlain by mainly mafic Marraba Volcanics (including a thick clastic package, 

the Timberoo Member) which are in turn overlain by sandstones of the Mitakoodi Quartzite. 

Temporal equivalents of this sequence are metasediments of the Double Crossing 

Metamorphics which occur in the southern section of the project area, exhumed within a 

complex, cored by the 1740Ma Gin Creek Granite.  

Renewed extension at 1720-1700Ma Calvert Superbasin time was accompanied by deposition 

of carbonates and clastics of the Staveley Formation interfingering with thick sandy wedges 

of Roxmere Quartzite. More aggressive extension at 1670-1650Ma brought on deposition of 

siliciclastics, pelites, slates and mafic volcanics of the Soldiers Cap Group which dominate 

the east and south of the project area. The basal units of the group are represented by the 

sandy meta-turbidites of the Mount Norna Quartzite (and equivalent New Hope Sandstone), 

overlain by the mainly pelitic Llewellyn Creek Formation (and equivalent Starcross 

Formation) overlain by an uppermost black shale sequence, the Marimo Slate/Answer 

Slate/Hampden Slate. In the northeast of the project area the uppermost sequence contains 

mafic lavas and sills, the Toole Creek Volcanics. 

The 1760-1755Ma basement and overlying cover sequences were metamorphosed and 

deformed several times during the 1595 -1550Ma Isan Orogeny. The project area was 

intruded by large potassium-rich, A-type granitoids of the Williams-Naraku Batholith during 

1540-1500Ma. Episodic brittle fault reactivation occurred throughout this period in 

association with extensive hydrothermal alteration, fluid mobilisation and subsequent 

deposition of IOCG-style mineral deposits.   
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2. Geological Modelling  

Geological modelling of Mount Dore was undertaken to provide geological constraint on 

geophysical inversion. Various datasets assist in the construction of starting geometry for 

inversion: geological maps, basement geological maps, field structural measurements, 

sectional interpretations from magneto telluric data, and seismic sections. These data sets are 

integrated into a cohesive reference model which incorporates initial rock property values, 

geological boundaries, and constraints for the gravity and magnetic inversions.  

Throughout this project a simplification of rock names and also a merging of similar units 

have been necessary. This merging is done in consultation with GSQ staff. They are outlined 

below: 

Crystalline BM crystalline basement, assumed to be Mafic 

Below_Bulonga unexposed upper crustal rock beneath Bulonga Volcanics 

Bulonga Bulonga Volcanics 

Marraba Marraba Volcanics 

Double_Crossing (D_C) Double Crossing Metamorphics 

Timberoo Timberoo Member, Mitakoodi Quartzite, Mount Norna 

Quartzite/New Hope Sandstone 

Llewellyn Llewellyn Creek Formation/Starcross Formation 

Staveley Staveley Formation, Roxmere Quartzite 

 

Toole_Ck Answer Slate, Marimo Slate, Hampden Slate, Toole Creek 

Volcanics 

Granite Williams-Naraku Batholith granitoids 

 

 

2.1. Software 

Gocad suite 2009p2 and SKUA2009p2 were used for the geological modelling. Gocad was 

employed for data import, assessment, editing and interpretation. SKUA is an implicit 
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modelling workflow utilised seamlessly within the Gocad software suite. SKUA outputs fault 

networks, faulted geological horizons and a geological grid. These are readily converted to 

Gocad surfaces and voxet geological grids using standard menu commands.  

 

2.2.  Methodology 

The modelling approach was to initially identify broad structural domains. These were 

subdivided as fault compartments. Significant stratigraphic packages are also identified, 

grouping together rocks of similar physical characteristics. This was achieved through 

discussion with staff at the Geological Survey of Queensland (GSQ), and through 

interpretation of major structural zones on the geological map which have unique gravity and 

magnetic signatures. These same major structural zones were provided on seven cross-

sections which aided this interpretation (Figure 2).  

The SKUA workflow utilises both measured geological data, such as mapped geological 

contacts and drilling, and geological interpretations such as sections or geometric surfaces for 

input. The workflow builds a fault model followed by a stratigraphic model. This 

methodology of modelling relies on accurate data prepared in the form of points, curves or 

surfaces for input. In the case of Mount Dore, modelled faults were prepared as fault traces 

and sticks. A fault trace is best visualised as a curve representing the fault on the geological 

map, while a fault stick is the representation of a fault on an interpreted section. Therefore, 

each fault has a specific fault trace and fault stick. 

Horizon data preparation involved the creation of GOCAD curves for each geological contact 

(rather than Gocad curve object per section). Curves were also created for contacts on the 

geological map and for some of the fold axes.  
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Figure 2. Cross sections provided from GSQ. The model area is outlined. 

 

2.3. Fault Modelling 

The major structures modelled are shown in Figure 3. The fault traces are shown on the left 

image in black, and on the right in grey. This is to contrast with other previously interpreted 

faults, colored black in the right image. These are the interpreted major structures through the 

Mount Dore area, determined by examining the magnetic and gravity images, the geological 

map and cross-sections.  
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Figure 3. Major faults at ground level.   

 

The complete set of fault construction curves is shown in Figure 4. The  modelled fault traces 

are colored pink and the fault sticks are yellow. The fault sticks were predominantly taken 

from the cross-section provided by GSQ, and transposed along the trace.  
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Figure 4. Fault construction curves; Fault Traces (pink), Fault Sticks (yellow). 

 

An example of the interpreted fault traces and sticks is shown as a slice through 

section7684N (Figure 5). As demonstrated, all major faults which are on the sections are 

included in the Mount Dore fault model. Due to the regional scale of the model, many minor 

faults on the geological map are not included. 
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Figure 5. Section 7684N with horizon and fault interpretations in grey, cut by 3D fault traces (pink) and 

fault sticks (yellow). 

The SKUA implicit modelling workflow created the fault network to the edge of the defined 

model from the fault traces and sticks. The modelling resolution was assigned as 2000m, as 

was the connections search distance. In this sense, any detailed geometry, with a wavelength 

significantly less than 2000m on the original inputs will be smoothed. The implicit modelling 

also attempts to determine main and secondary faults based upon connections and fault strike 

length. If the resolution is incorrect, a quick change toggle is available to better fit the data, or 

increase the smoothing through the input data. Any fault connections which are incorrectly 

resolved can be modified manually, after which the network automatically updates.  

Little additional input is required other than running through the prescribed modelling 

sequence in the workflow. The output of this process is shown in Figure 6. During the fault 

network modelling, various fault traces and sticks were reinterpreted to ensure a valid fault 

network.  
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Figure 6. SKUA fault model created from fault traces and sticks. 

The output from this stage of the modelling is a wireframe of each fault, as well as fault block 

volumes defined as a GOCAD ‘model3D’. These volumes can be in turn converted to closed 

wireframes if needed.  

The fault model was validated against the geological map and the interpreted GSQ sections. 

An example section (7684N) is shown in Figure 7. The faults are now represented as distinct 

3D wireframes which fit all of the fault trace and fault stick information. More importantly, 

the near surface interpreted fault model has been visually validated at depth with appropriate 

re-interpretation to create a valid network.  
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Figure 7. Section 7684N - validation of the fault network with the original GSQ cross-section. 

 

2.4. Horizon Modelling 

The GSQ provided the basement geological map, and the seven cross-sections from the 

combined interpretation of many datasets. The basement geological map is based upon field 

mapping, satellite (LandSat) and airborne (HyMap) imagery, potential field measurements 

and other datasets. The cross-sections combine field mapping and structural measurements, 

potential field data, MT and 2D seismic lines. The basement map and the cross-sections were 

the key controls to modelling the geological horizons within the constructed fault model.  

In consultation with GSQ, ten geological groupings were established for modelling: 

1. Granite and associated felsic intrusives, 

2. Toole Creek Volcanics in the NE portion of the model only, 

3. Llewellyn, including Soldiers Cap Group and Answer Slate, 

4. Staveley including Roxmere Quartzite, 

5. Timberoo, sediments in the Leidhhardt Superbasin above the Marraba Volcanics, 
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6. Double Crossing Metamorphics, in the southern portion of the model, 

7. Marraba Volcanics, a distinct mafic unit within the Leichhardt Superbasin, 

8. Bulonga Volcanics, also known as Argylla Formation, 

9. All units below the Bulonga Volcanics within the Leichhardt Superbasin, and 

10. Crystalline basement 

 

The crystalline basement and granites were provided by GSQ as surfaces from a previous 

pmd*CRC modelling exercise (pmd*CRC, 2008). The others are defined on GSQ cross-

sections  and the basement geological map.  

To build the model, geological boundaries were digitised on the geological map which had 

been draped onto the topographic surface. These boundaries are 3D contacts between units. 

Contacts interpreted on each GSQ cross-section were edited so that there was one GOCAD 

curve object per rock contact, to act as constraints for modelling. Various horizons required 

additional interpretation data to ensure geometry that was not captured sufficiently in the 

geological map or sections was incorporated in the 3D model. An example of this is shown in 

Figure 8 where additional section interpretation controls the folding of the Mitakoodi 

complex in the NW portion of the model. These additional interpretation control curves are 

colored green and pink. Without the additional interpretation on section, the outcrop lines do 

not control the 3D nature of the fold limbs. Additional control on this fold was required to 

define the fold hinge geometry, direction and plunge. Additional section interpretations were 

also required in the southern portion of the model area where the Double Crossing 

Metamorphics (light blue lines) was not adequately defined by the available outcrop lines 

alone.  
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Figure 8. Construction contact lines for input to geological horizon modelling.  

 

SKUA was used for the modelling, the benefit being its ‘implicit’ nature compared to 

traditional modelling methods. This method models all of the horizons at the same time, 

ensuring that the horizons meet any assigned geological relationships such as ‘conformable’, 

‘baselap’ etc. Traditional explicit modelling requires many control data for each horizon from 

both maps and cross-sections. SKUA models all horizons concurrently and understands the 

relationships of each horizon. As a result, contact information for one horizon is also utilised 

to control geometry on all other horizons. For example, although a particular horizon may 

only have a single outcrop line to define its thickness in relation to its neighbouring 

conformable units, SKUA will be able to model this horizon through the whole model space. 

This creates a model which better utilises all measured and interpreted information. 

Moreover, the resulting model does not allow defects such as intersecting or crossing 

horizons. Figure 9 and Figure 10 show two of the modelled horizons and the interpretation 

curves which control their geometry. Each horizon includes additional geometrical features, 

not represented in these interpretation curves, due to the implicit nature of the modelling.  
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Figure 9. SKUA modelled Bulonga horizon and interpretation curves. 

 

 

Figure 10. SKAU modelled Marraba horizon with interpretation curves. 
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Figure 11 presents a windowed area of Section 7684N with a selection of horizons overlain 

on the local fault network. On this same figure are the section interpretations for each 

horizon. This allows for a comparison between input interpretation and the 3D surface model. 

Within the confines of the modelling resolution, the 3D model accurately fits the input 

interpretation data. Detailed geometry is represented on section curves and incorporated 

locally on horizons. This level of detail does not exist on the horizons away from the outcrop 

and cross-sections. However all thickness relationships are honored.   

 

 

Figure 11. Section 7684 interpretation curves and SKUA modelled horizons. 

 

2.5. Results 

The principal reason for construction of the geological model was to create a starting point 

for the potential field inversions. Each individually  modelled domain is defined by a ‘rock 

code’ property in the block model, as well as by a distinct grouping of cells known as a 

GOCAD region. Figure 12 shows several sections through the 3D model colored by rock 

type. These domains are given starting susceptibility and density as outlined in the potential 

fields modelling section of this report. The geological horizons and fault network fit the 

supplied geological map and section information to an accuracy consistent with model 

resolution. 
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Figure 12. Mount Dore geological block model fence diagram. Regions defined as Below_Bulonga and 

Crystalline Basement are transparent in the diagram. 

 

Figure 13, Figure 14 and Figure 15, show the areas defined as the Timberoo, Bulonga and 

Granite domains, respectively. As with all 3D models, these figures can only convey some 

sense of the overall geological context. It is best to utilise the digital objects provided with 

this report and visualise the results in 3D.  
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Figure 13. Timberoo region (yellow) 

 

 

Figure 14. Bulonga region (orange) 
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Figure 15. Granite region (red) 

 

3. Airborne TEM CDI Processing 

3.1. Introduction 

The process of conductivity depth imaging (CDI) generates conductivity versus depth pseudo 

sections. The CDI sections generally resemble the true subsurface conductivity distribution, 

but they are not “models”, i.e. the computed TEM response is not necessarily consistent with 

observed survey data. Sharpening routines can be applied to increase the consistency between 

computed and observed data. The software used for generation of the CDIs was EmaxAir 

(Fullagar et al., 1989, 1992, 1998, 2001). EmaxAir’s conductivity-depth processing reliably 

transforms raw data into a useful form for presentation of conductivity at an approximate 

depth scale, which allows for fast initial interpretation of the data. 

EmaxAir is CDI generation software developed by Fullagar Geophysics Pty Ltd. Fullagar 

(1989) developed a CDI transformation for coincident loop and in-loop ground dB/dt TEM 

data, based on the concept of apparent conductivity. The method was later extended to fixed 

loop and slingram configurations (Fullagar & Reid 1992, Reid & Fullagar 1998), and to B-
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field data (Schaa et al., 2006). Conductivity-depth transformation is accomplished in two 

steps. The measured voltage or B-field at a given delay time is first transformed to apparent 

conductivity, a, taking transmitter waveform into account. A depth is then assigned to each 

apparent conductivity. For dB/dt data, the assigned depth at each time is the depth of the 

electric field maximum in a half-space with conductivity equal to the apparent conductivity 

(the  depth); for B-field data, the depth of the maximum B-field is adopted (the  

 At time t after step-current shut-off, the depth).  depth is approximately )/(  at , 

about 2  times the Emax depth for the same conductivity.  

 

Figure 16. Emax Depth Transformation 

 

The important distinction to make between CDIs and EM conductivity models, is that CDIs 

consist of a point set of conductivity/depth solutions below a single spatial coordinate as 

opposed to two or three dimensional geometric models.  

Initial testing was performed on individual flight lines across the survey area. These were 

lines 1011-1101, 2321, 3611, 3921, 4803, and 5901 

These lines were selected to broadly represent the regional geological features within the data 

to ensure generality. Starting conductivity and error parameters were established by 

examination of decays and by trial and error testing. Following testing, full model processing 

was undertaken.  
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This chapter presents the methodology and results for the Geotem CDI processing of the 

Mount Dore project. Digital deliverables accompany this report.  

3.2. Geotem Data 

 Three component-towed, bird, dB/dt data were recorded from the 28th of May to the 

12th of July 1997 near Cloncurry, Queensland. Flight lines were oriented E-W at a 

spacing of 300m or 600m. 

The notional configuration of the survey is shown in Figure 17. The notional horizontal and 

vertical offsets between transmitter and receiver were assumed for all stations as real-time 

geometry monitoring was not conducted in this survey. 

 

Figure 17. Notional Survey Configuration 

 

The survey totalled 24,320 line kilometres. No line ties were flown. The operating base 

frequency of the transmitter was 25 Hz and the source waveform consisted of a half sine 

wave with peak dipole moment of 6.65 x 105 Am2. The notional source waveform is plotted 

in Figure 18.  
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Figure 18. Transmitter Waveform 

 

Twenty time channels were recorded. According to Fugro (Dr. P. Wolfgram), the Geotem 

data were normalised with respect to total primary field in parts per million. Channels 1 to 4 

were recorded during on time and were hence discarded. Channel times are listed in Table 1. 

 

Table 1: Off time channel centres and widths 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Off time Channel BHP Channel Channel Center
        µsec  

Channel Width 
        µsec 

1 4 352 156 

2 5 509 156 

3 6 665 156 

4 7 899 313 

5 8 1212 313 

6 9 1602 469 

7 10 2071 469 

8 11 2618 625 

9 12 3321 781 

10 13 4181 938 

11 14 5196 1094 

12 15 6368 1250 

13 16 7774 1563 

14 17 9493 1875 

15 18 11681 2500 

16 19 14337 2813 
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The along-line (X) and across-line (Y) components of the data were fairly noisy (see Figure 

19). In the case of the x-component, this could be due to poor coupling with the sub-

horizontal geology.  
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Figure 19. Grid of channel 10 X component field data (ppm)  

Randomly selected X decays were examined. Most decays were negative and non-monotonic 

(see Figure 20) indicating that the signal was entirely swamped in noise. Thus it was 

concluded that the horizontal (X and Y) components do not generally contain additional 

geological information. Accordingly, only the vertical (Z) component was processed.  
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Figure 20. The X component channel along line 4803 (range XMGAz54: 459535-459279 YMGAz54: 

7675863-7675871) was almost entirely noise.  

 

Barometric altitude and radar altimeter data were provided with the Geotem data. Barometric 

altitude exhibited static shift errors (see Figure 21) that were possibly due to changing 

weather conditions. 
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Figure 21. Barometric altimeter data. Note stripes in south of survey area. 

 

For this reason the barometric altitude was discarded and receiver elevation was calculated 

from the addition of SRTM topography and radar altimeter data.   

The 50Hz powerline monitor (see Figure 23) and levelled magnetometer data were the final 

fields in the data set. 

3.3. Topography 

Topography was based on Shuttle Radar Topography Mission (SRTM) data gridded to 250m 

(see Figure 1).  
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3.4. Cultural Data 

Cultural data for the survey area was provided in the form of ArcView shape files. These files 

outlined the geographical position of fences, roads, power lines, townships, gas pipelines, and 

rivers and are presented in Figure 22.  
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Figure 22. Cultural data, including roads (black), rivers (blue), fences (dark green), gas pipelines 

(purple), survey extents (orange), and towns (bright green) 

 

A high tension power line in the western section of the survey area was not included in the 

supplied cultural data. Its presence was clearly evident from the 50Hz monitor data (Figure 

22) and the processing and error parameters utilised in EmaxAir ensured this feature did not 

influence the CDI outputs.  

Cloncurry 
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Figure 23. Z component 50Hz monitor data. Red curvilinear feature in NW quadrant denotes unmapped 

power line. 

 

 

3.5. Geotem Processing Methodology 

The procedure for generation of the conductivity block model, using EmaxAir and GOCAD, 

is described below. The successive stages were as follows: 

1. Data Assessment. 

2. Initial Testing. 
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3. Determination of Error parameters. 

4. Determination of sharpening usage. 

5. Complete run on full data. 

Supplied Data Sets 

 GeoTEMDEEP Data (agss0921_kuridala_xz.gdb agss0921_kuridala_y.gdb) 

 Cultural data (topo shape files) 

 Solid geological map (Mt_Dore_DetailedGeo2_24bit) 

 SRTM 250m (DEM) 

 

The pre-processing judgements that were made can be summarised as follows: 

 Notional transmitter-receiver configuration was assumed (Figure 16) 

 X and Y channel data were discarded. 

 Barometric altitude data were discarded. Transmitter altitudes were calculated from 

topography and radar altimeter data.  

 A major powerline apparent in the TEM data was absent from the cultural data.  

3.6. Initial Testing 

Testing to establish appropriate parameters for CDI generation was undertaken on lines 1101, 

2321, 3611, 3921 and 4803. These lines were chosen to represent the range of geological 

features to ensure generality. Line 3611 was chosen in particular as it crossed through a 

complex geological zone represented on the cross-section and the 3D geological model.  

3.7. Error Parameters  

EmaxAir assigns uncertainties on the basis of two error parameters, PCERR and SDMIN. 

The error is regarded as the standard deviation of a Normal random variable. Convergence to 

the correct apparent conductivity is presumed when the normalised squared misfit between 

the calculated and observed value for a delay window is less than or equal to the expected 

value for the corresponding chi-squared random variable.  
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PCERR is the percentage error assumed for each recorded voltage or B-field. Percentage 

error can become unreasonably small at late times, as the signals decay. SDMIN is an 

absolute error, which can be regarded as the noise floor.  

Error parameters were selected empirically by comparing the CDIs for various sensible 

parameter combinations (see Table 2). 

 

Table 2: Error Parameters tested. 

PCERR

% 

SDMIN 

ppm 

1 1 

1 2 

1 4 

2 1 

2 2 

2 4 

4 1 

4 2 

4 4 

 

The EmaxAIR output was found to be insensitive to the error parameters chosen, showing no 

appreciable degradation at the lowest error level (PCERR, SDMIN == 1). This indicates that 

the processing is robust. As a result, the lowest error level was chosen because it allowed for 

maximal extraction of information.  

3.8. Sharpening 

The process of sharpening serves to enhance the CDI by highlighting gradients, hence 

possible geological boundaries, in the data (Fullagar & Pears, 2010). The risk with 

sharpening is that it can also enhance errors within the data; thereby producing artifacts 

(particularly in deeper solutions) (see Figure 24). 
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Figure 24. Unsharpened (top) versus sharpened (bottom) CDI Line 5901. Deeper conductive features in 

the sharpened CDI (red arrows) could be spurious. 

 

Comparisons of (PCERR=1, SDMIN=1) sharpened versus non-sharpened plots were made. 

The sharpened plots appeared to increase the amount of extractable geological knowledge 

from the data without introducing excessive artifacts. The decision was made to use the 

unsharpened, conservative, CDIs to determine conductivity of geological units whilst relying 

on the sharpened CDIs for identification of potentially geologically significant anomalies.  

3.9. Complete Run 

The parameter files pertaining to the EmaxAIR processing of the Geotem data are provided in 

the Appendix. For both sharpened and non-sharpened runs, the error parameters PCERR and 

SDMIN were set equal to one.  

3.10. Results 

The output from generation of CDIs is an ASCII point set with X, Y and Z, conductivity and 

various other parameters. These files are attached to this report. The point sets are input into 

GOCAD, located in 3D, and split into three areas to facilitate visualisation on a standard 

computer system. The overall result is a defined conductivity value along every flight line 

and at depth below topography (Figure 25).  
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The depth of penetration achieved by the Geotem survey varies according to the conductivity 

of the ground. The result (Figure 24), is a variable base to  modelled conductivity. In areas of 

very conductive cover, the depth of penetration is small, sometimes less than 100m. In areas 

where there is no conductive cover and resistive bedrock, the penetration depth may exceed 

800m. The resulting 3D point cloud of sharpened CDI solutions, therefore, defines the 

Geotem ‘volume of investigation’ (Figure 25).  

The EmaxAIR apparent conductivity for both sharpened and unsharpened CDI results is 

interpolated into 300m x 300m x 150m block model to define the 3D conductivity 

distribution within the Geotem ‘volume of investigation’ over the entire project area. For this, 

ordinary kriging was utilised with a search ellipsoid with dimensions 300m in the line 

direction, 2x flight line spacing in the transverse direction, and 50m depth.  

 

Figure 25. Point cloud of CDI solutions coloured by conductivity.  
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A fence diagram of the resulting block model attributed with sharpened conductivity is in 

Figure 26, and a horizontal slice of this continuous interpolated conductivity property is in 

Figure 27.  

 

Figure 26. Fence diagram of C-sharpened conductivity in the block model, interpolated from the CDI 3D 

points.  
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Figure 27. Horizontal slice 100m below topography of C_Sharp conductivity, interpolated into the block 

model.   

 

The conductivity results in Figure 27 are very similar in spatial character to the distribution of 

shale units in the geological map. In detail, these high conductive areas show zonation similar 

to that on the surface geological map. The 3D conductivity values are therefore very useful in 

identifying particular geological units within the Mount Dore project area, and also possibly 

identifying primary mineralisation.  
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4. Constrained Potential Fields Inversion  

Potential fields inversion delivers a 3D density or susceptibility property model from gravity 

or magnetic surveys respectively. The inverted model, however, is not unique. An infinite 

number of models may explain the potential field survey data. Geologically constrained 

inversion may reduce the ambiguity associated with interpretation of potential field data. 

In this project constrained inversion was based on the constructed geological model (section 

2) and rock property data associated with the domains. The final result is a geologically 

realistic model of the Earth's density and susceptibility distribution. The top 2.5km of the 

inverted models served as input for subsequent pseudo-lithology mapping and target 

generation.  

This project included several quantitative modelling and inversion tasks. This chapter 

outlines the key inputs for potential field modelling, the software used, the methodology and 

results.  

4.1. Data compilation 

Data inputs for the potential field modelling phase of the project were: 

1. Located free air gravity data 

2. Merged aeromagnetic grid 

3. Topography (SRTM) 

4. Geological constraints 

5. Rock property information   

4.1.1. Gravity Data 

Located gravity data were supplied over the entire project area (Figure 28). Station spacing 

ranges from ~250m to 4km, but is predominantly 2km. Data density guides the level of detail 

that can be extracted from the gravity data. Closer attention may be paid to the localised infill 

surveys in follow-up local studies.  

Observed, free-air corrected and Bouguer-corrected data were provided. In the absence of 

terrain corrected data, the free air corrected gravity response is normally the starting point for 

modelling, with terrain correction of the data often being the first step. 
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Figure 28. Located gravity data for the project (coloured by Bouguer gravity in gu). Model extent defined 

by the annotated axes.   

 

Data preparation is a key step for potential field modelling. Gravity data preparation for 

inversion entailed: 

1. validation of gravity station elevations against topography and removal of anomalous 

stations 

2. terrain (and subsequently cover) correction of the free air gravity data assuming a 

2.67g/cc density (and 2.42g/cc for cover) using VPmg. Cover thickness was defined 

from drill hole constraints and depth to source analysis (see Section 5.3)  

3. resampling the terrain corrected gravity data to the same resolution as the model for 

inversion 

4. positioning the resampled gravity data on the topography 
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4.1.2. Aeromagnetic Data  

Gridded merged aeromagnetic data were provided at a variety of resolutions; 

Regional_TMI.ers at 90m resolution and mag_merge.ers (incorporating higher resolution 

company data) at 12m resolution. The 90m resolution representation of the magnetic data 

(Figure 29) was more than adequate for this regional modelling exercise. Inducing magnetic 

field parameters of 51620nT, -52.4o
 inclination and 6.55o declination were adopted for 

modelling. 

 

Figure 29. Gridded aeromagnetic data (90m resolution) in nT. Model extents defined by annotated axes. 

 

Magnetic data preparation for inversion entailed:  

1. 100m upward continuation of the magnetic data 

2. resampling the upward continued data to the same resolution as the model for 

inversion, i.e. 300m or 900m resolution depending on the phase of modelling. 

3. positioning the resampled magnetic data at 180m above the topography, i.e. the 

nominal flight height (80m) plus the upward continuation distance. 

The upward continuation distance was chosen so that the simulated measurement altitude 

represents ~ 1/2 of the highest resolution model cell size above the topography.  
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4.1.3. Topography  

SRTM data at 180m resolution defined the topography for this project (Figure 30). 

 

Figure 30. Model topography, with model extents defined by annotated axes. 

 

4.1.4. Geological Constraints  

The primary geological constraint for inversion was the geological model (see Section 2) 

incorporating cross-sections and solid geology. Granite bodies and a layer of cover were 

subsequently incorporated into the model.  

Gocad surfaces of granite bodies (Figure 31) were provided (a product of a pmd*CRC 

project, 2008) as a first pass representation. These surfaces were refined through inversion 

and incorporated into the final geological model. 

Drill hole intersections (10) defining base of cover were provided in a localised area in the 

south of the project area (Figure 31). A polygon defining the extent of outcrop (or conversely 

the extent of cover) was supplied.  
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Figure 31. Illustrates geological constraints (in addition to the constructed geological model) used for 

potential field inversion. The red surfaces depict granite bodies, the area within the blue polygon is 

defined as outcrop and the orange diamonds represent locations of base of cover drill hole intersections.   

 

4.1.5. Rock Property Information  

Density and susceptibility information was compiled from the following sources: 

 Located measurements at surface (susceptibility), and summary spreadsheets. 

 Existing gravity profile modelling (annotated sections supplied by GSQ) 

 Densities of similar rock formations in the area, compiled in summary spreadsheets. 

 

Classifications were provided for the susceptibility measurements sharing the same 

nomenclature as the geological model units. Based on these classifications, statistical analysis 

of the susceptibility data was undertaken for the different domains of the model. Located 

samples for each model domain are represented as individual Gocad point sets. (Appendix 1 

contains images of the sample locations and histograms of susceptibility for each rock type). 

A table of density values for rock types in western Queensland was provided as the basis for 

determining starting model densities for the modelled units. In conjunction with GSQ, 
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associations between these rock types and those within the Mount Dore model were 

identified, to guide starting density assignment.  

Several profiles of modelled gravity were provided with density values assigned to geological 

domains. Assignment of density values was not unique in the modelled sections, i.e. the same 

rock type was assigned varying density values along the length of the modelled profile. This 

information also guided assignment of starting model densities.  

Specific assignment of solid geological properties and numerical optimisation of the density 

properties of these units is discussed in Section 4.3. 

Consolidated sedimentary cover (predominantly over the SW of the project area) was 

assumed magnetically bland (0 SI) and assigned a density of 2.42g/cc, similar to what had 

been previously adopted for modelling over the Boulia 1:250,000 map sheet (Pears et al. 

2000).   

 

4.2. Potential Fields Inversion Software 

4.2.1. VPmg 

VPmg is a gravity, gravity gradient, magnetic and magnetic gradient 3D modelling and 

inversion program developed by Fullagar Geophysics Pty Ltd (Fullagar et al 2000, Fullagar et 

al 2004, Fullagar et al 2008).   

In VPmg, the models are geological (categorical) insofar as each volume of the subsurface is 

assigned to a rock unit. The shape and property (density or susceptibility) of each unit can 

change during inversion, but its geological (or topological) identity is preserved. Geological 

contacts can be fixed (where pierced by a drill hole for example), bounded, or free to move 

during inversion. Bounds can be imposed on each unit’s properties, and density or 

susceptibility measurements (on drill core samples or from downhole logs) are honoured 

during property inversion.  

VPmg represents the subsurface as a set of tightly packed vertical rectangular prisms, which 

in plan view appear as a regular mesh or grid. Prism tops honour surface topography, and in 

its simplest form, internal contacts representing geological boundaries divide each prism into 

(usually elongated) cells. The vertical dimension of cells is arbitrary, implying that the 

position of the geological boundaries is not “quantised” by vertical discretisation. The 
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internal contacts represent geological boundaries that collectively define the shape of 

geological units. The geological units can either be homogeneous, i.e. uniform in density or 

susceptibility, or fully heterogeneous. When considering property inversion, a geological unit 

can be discretised in different ways. In the first instance, the property of each vertical prism 

segment of a geological unit can be allowed to vary independently, thereby introducing a 

lateral property variation within the unit. 3D property variation is achieved by introducing 

vertical sub-celling within the selected units. 

VPmg offers considerable flexibility during interpretation. The model complexity ranges 

from conventional (uniform density) terrain models to discrete bodies in a uniform 

background to layered stratigraphy on basement to complex 3D models. Regional effects can 

be handled by constructing a regional model, based on a relatively large rectangular mesh. 

The regional model is in turn embedded in a uniform half-space. A local model, comprised of 

smaller prisms, can be embedded in a regional model. The local model parameters can be 

adjusted by inversion until the gravity, gravity gradient, or magnetic data within the local 

model area are satisfied.  

Several inversion styles are available using VPmg: homogeneous unit property, contact 

geometry, and heterogeneous property. During property inversion, model contacts (geometry) 

are fixed. During contact geometry inversion, geological boundaries are altered while 

physical properties remain fixed. The user is able to easily switch from one inversion style to 

another.  

Topography is accurately represented with VPmg making it capable of modelling free air 

gravity data and terrain corrected gravity data.   

A more comprehensive overview of VPmg is available in the VPmg manual (available 

through download of the software).  

Gocad Mining Suite utilities, developed by Mira Geoscience, facilitate communication of 

model and data information to and from VPmg, and expedite assignment of drill hole 

constraints.  

 

4.2.2. Mag3D and Grav3D  

MAG3D and GRAV3D are UBC-GIF programs for 3D forward modelling and inversion of 

magnetic and gravity data. Total field magnetic data (nT) are inverted for a 3D susceptibility 
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model of the earth using the MAG3D inversion code. Terrain corrected gravity data (mgals) 

are inverted for a 3D density model of the earth using the GRAV3D inversion code.  

For these inversion algorithms, the volume of the earth is divided into a mesh of rectangular 

cell and each cell assumes a constant density or susceptibility. The inversion process 

optimises the value of the property associated to each cell with the simultaneous goal of (i) 

minimising an objective function on the model and (ii) generating synthetic data that match 

observations to within a degree of misfit within a predetermined tolerance.  

The model objective function incorporates a variety of constraints. To counteract the inherent 

lack of information about the distance between source and measurement for all potential field 

data, the formulation incorporates a depth or distance weighting term. By minimising the 

model objective function, distributions of subsurface susceptibility or density contrast are 

found that are both close to a reference model and have a measure of smoothness in three 

dimensions. The degree to which either of these two goals dominates is controlled by the user 

using defined weighting functions.  

Explicit prior information may also take the form of upper and lower bounds on the density 

or susceptibility value in any cell.  

A more comprehensive overview of UBC-GIF inversion algorithms is available in the 

Mag3D and Grav3D manuals (available through download of the software).  

Gocad Mining Suite utilities developed by Mira Geoscience facilitate communication of 

model and data information to and from the UBC-GIF inversion codes.  

 

4.3. Potential Field Modelling Outline 

A variety of potential field applications were implemented to arrive at the final models. The 

key steps are outlined below, and are described in turn in the subsequent sections.  

1. Initial update to the vertical thickness of outcropping granites through VPmg 

geometry inversion.  

2. Use Euler depth to source estimation techniques applied to aeromagnetic survey 

data to assist construction of the base of cover surface. Basement inferred from 

depth to magnetic source modelling assumes magnetic sources must be within the 

basement.   
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3. Incorporate updated granite bodies and base of cover into the SKUA constructed 

geological model.   

4. Density and susceptibility assignment to geological model and optimisation of 

homogeneous properties using VPmg.   

5. Heterogeneous unit inversion (density and susceptibility) of regional (900m 

resolution) model domains using VPmg.   

6. Implement a constrained, tiled inversion using Windisp and MAG3D software to 

invert the entire upper portion of the model at 300m by 300m (lateral) by 150m 

(vertical) resolution.   

 

4.3.1. Granite Thickness Modelling  

During preliminary geological model construction, gravity forward modelling revealed the 

calculated gravity response over granites was notably lower than the measured gravity 

response. One explanation for this is that the volume of the granites in the model is too small. 

After discussion with GSQ, it was decided to use VPmg gravity inversion to provide a more 

appropriate representation of granites for incorporation into the starting model.   

The inversion considered a simplified two layer model; granite overlying denser material. 

The starting model for this exercise was based on the representation of the granite bodies 

(pmd*CRC, 2008). These surfaces generally defined the underside of outcropping granites. 

Any closed surfaces ('solids') defining granite were excluded from the inversion (e.g. the 

body in the SW) because it did not conform to the two layer model assumption. Where 

granite is not present in the model, the thickness of the granite layer is simply set to zero. The 

granite surfaces were truncated at 0MRL so were extended vertically up to topography for 

modelling. Lateral density variations were permitted beneath the granites as inversion 

progressed, to allow for the fact that the rock underlying and surrounding the granites is 

variable. In the starting model the contrast between the granites and underlying rock was set 

to 0.13g/cc (depicting a moderate felsic/mafic contrast), but was constrained by a lower 

bound so that at all times the granite density was at least 0.05g/cc lighter than underlying 

rock. The fundamental assumption here is that the granite is less dense then the underlying 

rocks.  
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A VPmg 'geometry' inversion was implemented which permitted the base of granite to move 

in accordance with the gravity data. VPmg inversion produced a two layer model that 

explicitly defines the base of granite. The changes imposed to the base of granite through 

inversion were mapped back onto the pmd*CRC surfaces as part of the deliverables and for 

incorporation into the geological model.   

Figure 32 presents a map view of base of granite elevation before and after inversion. 
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Figure 32. Map view representation of the base of granite elevation before (left) and after inversion 

(right). Granite surfaces that represent closed volumes are not shown.  

 

The starting model RMS (root mean square) misfit between the input (observed) and 

calculated gravity response was 10.2mGal. This was reduced to 1.6mGal RMS through the 

described granite base inversion.  VPmg models and the computed response before and after 

inversion are included in the digital deliverables. 
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During preliminary modelling of the granites, the base of cover had not been constructed and 

modelling only considered conventional terrain-corrected data (not multi-density terrain 

correction). This was appropriate for the initial refinement of granite geometry.   

The modified granite bodies were subsequently incorporated into the geological model, 

simply by overprinting them onto the existing geological framework.   

 

4.3.2. Depth to basement estimation 

Euler deconvolution is a depth to source estimation technique applied to potential field data 

based on Euler's equations. In this project, Euler deconvolution was applied to the entire 

aeromagnetic grid for the Mount Dore project with a view to gauging depth to Proterozoic 

basement (base of Palaeozoic cover). The magnetic sources are not necessarily at the 

basement contact, and could be deeply buried in the basement. Therefore, depth-to-source 

defines a maximum thickness for weak magnetic cover.  

The Euler equation describes the potential field behaviour for a point source located at 

(x0,y0,z0) at a single observation point (x,y,z). 

   nT
dz

dT
zz

dy

dT
yy

dx

dT
xx  )()()( 000  

Where: 

 (x,y,z) represents the measurement location. 

 (x0,y0,z0) represents the source location. 

 T represents the magnetic field amplitude. 

 dT/dx (for example) represents the derivative of the magnetic field in the x direction 

 n represents the structural index. 

 

For a given potential field anomaly, source depths are derived by solving Euler's relationship. 

By sampling a window of data (of NxN cells) from the aeromagnetic grid and solving the 

system of linear equations, a depth to source estimate is attained. The window increments 

(one cell at a time) across the grid to the next location. The process continues until the 

sampling window traverses the entire grid. 
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Depth to source methods are approximate in nature and are affected by possible limitations of 

the survey data (e.g. original line spacing and gridding). The effectiveness of the Euler depth 

to source method depends on appropriate choice of parameters (window size, structural index 

and even the grid cell size presented to the algorithm). A poor choice of these parameters can 

produce inaccurate solutions, ambiguous solutions, or possibly, no solutions at all from the 

targeted anomalies. Furthermore, settings need to be generalised - a single set of parameters 

will not generate appropriate depth estimates for all magnetic anomalies captured in a TMI 

survey.  

In this case, the objective was to use Euler deconvolution to estimate depth to basement (base 

of Palaeozoic cover). Efforts were tuned with a small window size [210m x 210m] applied to 

30m gridded data and using a structural index of 0.5 (empirically chosen, but notionally 

representing geometry between a contact and a dyke). Computation of Euler solutions 

typically generates a vast number of solutions many of which are spurious. In this case, depth 

estimates were culled, based on uncertainly associated with the solution to Euler’s equations. 

The computed solutions are illustrated in Figure 33; thickening cover towards the SW is 

clearly evident (hotter colours denote greater depth to magnetic source). 

 

Figure 33. Euler solutions (coloured by depth) computed from aeromagnetics for the entire Mount Dore 

area.   
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The Euler solutions were used as a basis for modelling the base of consolidated cover 

(assuming cover is weakly magnetic and magnetic sources may be deeper than base of cover 

contact). While the Euler solutions provided an indication of thickening cover, the absolute 

depths suggested by the solutions were greater than expected when compared to drill hole 

intersections of 'basement'. Magnetic sources could be buried within the basement, hence do 

not necessarily define the basement unconformity.  

To incorporate the depth to source estimates into a basement surface, a bulk adjustment of the 

solution depths (~130m) was required to bring them into registration with the 10 drill hole 

pierce points. This is a pragmatic way to create a starting surface, and to account in a crude 

fashion for the vertical offset between the magnetic sources and the basement contact. The 

basement could be oxidised below the unconformity, and the magnetic sources could in any 

event be deeply buried intra-basement units.   

To construct a base of cover surface (Figure 34), the data manipulation and modelling steps 

in Gocad were as follows: 

 Filter solutions based on proximity to one another (effectively filtering solutions with 

a low spatial density and poor clustering).   

 Bulk depth reduction of solutions by 130m. 

 Fit surface through solution points (with some selective culling of conflicting 

solutions) 

 Adjust surface locally to pierce points and outcrop polygon. 

 Cut by outcrop polygon 
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Figure 34. Modelled Proterozoic basement surface (coloured by elevation) based on Euler depth to source 

estimates and drill hole pierce points (orange diamonds). Black polygon defines limit of Proterozoic 

outcrop.   

 

Using the base of cover surface, a 180m resolution model (matching the regridded SRTM 

resolution) comprising cover and topography was constructed to facilitate terrain (2.67g/cc) + 

cover (2.42g/cc) correction of the free air gravity data. The corrected data were input for all 

subsequent gravity inversions.   

Hereafter, Palaeozoic cover is represented in the models at a constant 0g/cc density contrast 

and 0 SI susceptibility and is inert for the purpose of subsequent potential field modelling. 

Property variations within the cover may be considered on a smaller scale, but this is beyond 

the scope of this project.   

 

4.3.3. Starting the model preparation for inversion 

The geological model is prepared as a Voxet object in Gocad (regular 3D grid) prior to export 

to the inversion algorithms. The geological domains of the SKUA modelled geological grid 

were mapped onto the Voxet as described in section 3. The updated granite bodies, 

topography and base of cover were incorporated into this model.   
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Constrained regional inversion of the entire Mount Dore project area was completed with 

VPmg for magnetics and gravity, using a model with 900m by 900m lateral resolution. For 

VPmg, model resolution is defined purely laterally as VPmg imposes no vertical 

quantification on cell boundaries, allowing more accurate representation of the elevation of 

geological boundaries. A voxet representation of the model is, however, still required to 

export a complex geological model from Gocad to VPmg format. To best preserve the 

vertical resolution of the geological grid, the voxet vessel created for export to VPmg had a 

vertical resolution of 50m. The 50m resolution does not define the internal discretisation of 

units for inversion, but simply how precisely the geological boundaries are represented. Sub-

celling of geological domains was at 500m for heterogeneous property inversion of this 

regional model. 

A second voxet was defined at a 300m by 300m by 150m resolution for the MAG3D tiled 

inversion. In this case, the voxet resolution directly relates to the inversion resolution. The 

regional inversion results from VPmg were upscaled to the 300m by 300m by 150m 

resolution model to serve as a constraint for higher resolution inversion. 

 

4.3.4. Homogeneous unit property assignment and optimisation  

To compute the gravity and magnetic response of a geological model requires populating the 

geological domains with density and susceptibility properties respectively. In this case, a 

constant density or susceptibility was assigned to each geological domain based on 

assessment of rock property information. If down hole property measurements are available, 

these measurements may be used to initialise spatially varying properties within the units of 

the starting model. 

The first step in modelling was to optimise the properties assigned to each geological domain 

to achieve a better fit to the observed data. This was attempted for both the density and 

susceptibility model using VPmg. In the magnetic case, optimisation of bulk properties was 

hindered by the need for heterogeneity in the units, particularly where this heterogeneity was 

not characteristic of the geological domain (e.g. high susceptibility zones in low susceptibility 

sediments). Nonetheless, homogeneous unit inversion delivered updated initial densities and 

susceptibilities for heterogeneous unit inversion. 
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During this phase of work, potential field modelling and inversion was carried out on the 

entire Mount Dore project area. The chosen resolution for modelling was 900m by 900m by 

50m.   

 

Density 

Density information was compiled based on literature and previous modelling - limited 

density measurements were available. Starting model densities are tabulated below in Table 

3. 

The computed gravity response for the assigned densities compared to the observed (cover 

and terrain corrected) data is illustrated in Figure 35. 
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Figure 35. Observed (terrain and cover corrected) gravity data (left) and computed gravity response of 

the starting model (right).   

 

The forward calculation indicated immediately that the starting model does not fit the gravity 

data closely. In particular, the densities of the crystalline basement and Marraba units appear 

over estimated. Inversion was undertaken to determine if adjustment of homogeneous unit 
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model densities could provide a better fit to the observed responses before commencing 

heterogeneous property inversion. The optimisation of densities was in fact a multi-step 

process. The sequence of inversions in this case was: 1) crystalline basement only; 2) all 

units; 3) Double_Crossing only; 4) all units. Final inverted densities for each unit are 

presented in Table 3.   

 

 

 

Table 3: Tabulated homogeneous unit model densities and bounds. 

Unit Initial Value Lower bounds Upper bound 
Inversion 

optimised value 
 g/cc g/cc g/cc g/cc 

Granite         2.66 2.62 2.7 2.64 
Double_Crossing 2.9 2.77 3.07 2.80 
Toole_Ck         3 2.8 3.1 2.99 
Llewellyn       2.73 2.7 2.74 2.74 
Staveley         2.75 2.69 2.88 2.75 
Timberoo        2.72 2.7 2.76 2.73 
Marraba         2.93 2.76 3.07 2.93 
Bulonga         2.68 2.66 2.72 2.69 
Crystalline BM    3 2.57 3.07 2.87 
Below_ Bulonga   2.79 2.57 3.07 2.77 
 

The computed response after inversion (compared to the observed data) is illustrated in 

Figure 36. The sequence reduced the RMS misfit from 22.8mGal RMS to 7.30mGal RMS. 

Heterogeneity is required within the units to account for the remaining misfit between the 

observed and calculated responses.  
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Figure 36. Observed (terrain and cover corrected) gravity data (left) and computed gravity response of 

the model after homogeneous unit density optimisation (right).   

 

 

 

Magnetic susceptibility 

Although more susceptibility data were available than density data, susceptibility population 

distributions for the modelled geological domains were ambiguous, e.g. similar population 

characteristics amongst most domains and bimodal populations within domains (see 

Appendices 1 & 2).   

Magnetic homogeneous unit optimisation with VPmg had limited success. The variability of 

susceptibility within domains at Mt. Dore overwhelms any sensitivity of the data to the bulk 

susceptibility of units. Accordingly, there was almost no improvement in misfit during the 

numerical optimisation 285nT RMS to 274nT RMS. The starting model susceptibilities for 

heterogeneous unit inversion were assigned according to lithotype (e.g. volcanics were 

magnetically susceptible and sediments were not) as outlined in Table 4.   
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Table 4: Tabulated homogeneous unit model susceptibilities and bounds. 

Unit Initial Value Lower bounds Upper bound 
 SI SI SI 
Granite         0.025 0 0.08 
Double_Crossing 0.03 0 0.3 
Toole_Ck         0.025 0 0.3 
Llewellyn       0 0 0.06 
Staveley         0 0 0.06 
Timberoo        0 0 0.06 
Marraba         0.05 0 0.15 
Bulonga         0 0 0.15 
Crystalline BM    0 0 0 
Below_ Bulonga   0 0 0.3 
 

The computed magnetic (TMI) response using these susceptibilities is illustrated in Figure 

37.  

-600.0

-250.0

100.0

450.0

800.0

1150.0

1500.0

nT

425000 E 450000 E 475000 E

7 550 000  N

7 600 000  N

7 650 000  N

7 700 000  N

425000 E 450000 E 475000 E

7 550 000  N

7 600 000  N

7 650 000  N

7 700 000  N

 

Figure 37. Observed total magnetic intensity (left) and computed magnetic response of the starting model 

(right).   
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Similar magnetic features are evident in the computed response and in the observed data. 

However, appreciable susceptibility variations exist within the modelled geological domains.  

 

4.3.5. VPmg heterogeneous unit inversion 

VPmg gravity and magnetic inversion was implemented to adjust the densities and 

susceptibilities within the geological domains, subject to imposed lower and upper bounds on 

the properties. The upper and lower bounds are set for each geological domain.   

Homogeneous units were divided into cells for heterogeneous unit inversion, using two types 

of vertical discretisation. For the majority of units, a notional vertical cell size of 500m was 

used, which simply assesses the top and bottom of each unit and divides it vertically into cells 

approximately 500m thick. In this scheme, the number of cells in a unit can vary depending 

on the thickness of the unit. The second type of vertical discretisation was applied to the unit 

denoted "Below Bolunga", with vertical cell size increasing with depth. The uppermost cells 

of this unit were 1200m thick and progressively increased in thickness using a 1.3 multiplier 

for successive sub-cells down to the bottom of the unit. Vertical discretisation was not 

introduced into the crystalline basement. The lateral dimension of discretised cells was 900m 

by 900m (as per the defined model resolution). 

Inversion solves for the density or susceptibility value of each sub-cell subject to imposed 

upper and lower property bounds constraints. Depth weighting was imposed during inversion, 

to compensate for heightened sensitivity of model cells close to the ground surface.  

Density and susceptibility inversion were implemented independently.  

 

3D regional density model 

Figure 38 illustrates the inverted density model via a set of horizontal and vertical sections. 

The geological domains are recognisable in the inverted model. While these illustrations 

provide an impression of the inverted results, the density model is best assessed in a 3D 

modelling package.   
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Figure 38. Inverted regional density model (g/cc) illustrated via vertical sections (top) and a horizontal 

slice at ~-900m elevation (bottom).  
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Density bounds were relaxed on units where necessary to fit the data. Zones demanding 

unexpected property variations are identified during subsequent pseudo-lithology mapping 

and targeting exercises.   

Figure 39 depicts a comparison between the observed gravity data and the computed response 

of the model after inversion. The misfit has been reduced to 0.4mGal RMS.   
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Figure 39. Observed (terrain and cover corrected) gravity data (left) and computed gravity response of 

the final regional density model after heterogeneous unit inversion. 

 

3D regional susceptibility model 

Figure 40 illustrates the inverted susceptibility model via a set of horizontal and vertical 

sections. As for density modelling, the geological domains are recognisable in the inverted 

model. Zones demanding unexpected property variations are identified during subsequent 

pseudo-lithology mapping and targeting exercises. While these illustrations provide an 

impression of the inverted results, the model is best assessed in a 3D modelling package.  
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Figure 40. Inverted regional susceptibility model illustrated via vertical sections (top) and a horizontal 

section at ~-900m elevation (bottom). 

Figure 41 depicts a comparison between the observed magnetic data and the computed 

response of the model after inversion. The misfit has been reduced to 48nT RMS.   
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Figure 41. Observed total magnetic intensity (left) and computed magnetic response of the inverted model 

(right).  

 

4.3.6. Tiled magnetic inversion 

For large surveys, it may not be possible to achieve the desired model resolution in a single 

inversion pass due to the overwhelming demands on computer memory and computer 

processing time. A process referred to as ‘tiling’ provides a solution to this problem, by 

dividing the large higher resolution model into sub-volumes or ‘tiles’. Each tile is inverted 

separately and inserted back into the primary model file.   

The tiling process is geared towards enabling a higher resolution model to focus on the 

shorter wavelength potential field responses (sources of shallower origin). Consequently, part 

of the data preparation for tiling is separation of the shorter wavelength response from the 

response of regional and deep-seated magnetic sources. A model-based way to do this is 

based on the principle of superposition. If the upper portion of the inverted regional model 

(top 2.5km) was reset to 0 SI susceptibility, its computed response would be the response of 

magnetic sources deeper than 2.5km. Subtracting the computed response from the observed 
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TMI data, produces a residual response notionally associated with sources in the top 2.5km of 

the model (Figure 42). The residual response is submitted to tiling inversion and the bases of 

the tiles are positioned ~2.5km beneath the top of the regional model. This regional residual 

separation approach assumes the deep and shallow responses can be added as scalars rather 

than as vectors. It also assumes that the position of sources in the regional model is accurate, 

notably whether they lie above or below the 2.5km cut-off. 

Using VPmg forward modelling, the deep seated response of the regional model was 

computed and subtracted from aeromagnetic data for input to the tiled inversion (Figure 42).  
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Figure 42. Residual magnetic response prepared for tiled inversion.   

 

Following preparation of data, the “Windisp” software (Scientific Computing and 

Applications, Adelaide) automated the tiling process by providing a platform to design the 

tile ‘layout’ and generate the files for each tile. Batch files were produced to run through the 

tiled inversions sequentially using MAG3D and then recombine (merge) the inverted models 

into a single model. During the tiling process each individual inversion was constrained using 
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a reference model defined by the regional susceptibility model. This required the regional 

900m by 900m resolution inverted susceptibility result to be upscaled to the 300 by 300 by 

150m resolution model. Blurring of susceptibility can potentially occur, going from a 50m 

vertical resolution model to a 150m vertical resolution. Accordingly, transfer of property 

information from the regional model to the tiling reference model was performed on one 

domain at a time.   

The model was divided into 18 tiles: 3 E-W and 6 N-S. Each tile extended to a depth of ~ 

2.5km and covered an area of 20km by 20km (plus ~ 10km of overlap). The resolution of the 

tiles (and subsequently the final composite model) was 300m by 300m by 150m. The tiling 

process may require adjustment of inversion settings, sometimes globally and sometimes on a 

tile-by-tile basis. A comparison of the observed and calculated data is provided as a Geosoft 

grid for each tile. 

Figure 43 illustrates the tiled inversion results via a set of horizontal and vertical sections. 

Additional detail has been introduced to the model while the imposition of the upscaled 

regional susceptibility model as a reference model has largely preserved the geological 

domains from the starting model. While these illustrations provide an impression of the 

inverted results, the model is best assessed in a 3D modelling package.   
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Figure 43. Tiled inversion susceptibility model illustrated via vertical sections (top) and a horizontal 

section at ~-250m elevation (bottom).  

5. Pseudo-Lithology  

A model was generated from geophysical surveys comprising density, susceptibility and 

conductivity values. Based on a multi-parameter statistical analysis of the derived rock 

properties, a 3D model of pseudo-lithology was constructed. The geological starting model 

provided a framework of reference for the pseudo-lithology. Any changes away from this 

could be interpreted as a different rock type, or alteration/metamorphic overprint. Because of 

this, the motivation for creating a pseudo-lithology classification was twofold. The first 

objective was to test the validity of the starting model, in terms of lithology, geometry, and 

petrophysics. In particular, to determine if the rock property heterogeneity is consistent with 

the distributions and bounds of the unit as originally assigned. Secondly, by identifying 

anomalous regions, the pseudo-lithology provides an opportunity to interpret additional 

complexity in the model. This could, in the case of Mt. Dore, be the identification of mafic 

intrusives within the sediments, or recognition of metamorphism and alteration overprinting 

the original rock property signature of the host rocks. 
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5.1. Software 

For the creation of pseudo-lithology any type of cluster analysis or supervised classification 

algorithm can be employed. There are strengths and weaknesses associated with each of 

these. For this project a supervised multi-variate method was employed because rock 

properties had already been characterised for each  modelled geological unit. In this case 

LogTrans was selected as a suitable software package for this purpose as it was designed 

specifically for assigning rock type from measured properties. LogTrans was originally 

developed to interpret geophysical borehole logs (Fullagar et al., 1996). It has been adapted 

to facilitate joint interpretation of logs and core-based data such as assays and also for 

interpretation of properties sourced from a Gocad voxet model.  

5.2. Methodology 

The LogTrans algorithm can be understood as an extension of scatterplot interpretation from 

two to multiple dimensions. Each rock type or interpretation class occupies a certain domain 

in “parameter space”. For each class (e.g. lithotype) a centroid can be defined in parameter 

space, representing the typical parameter values for that lithotype. In LogTrans the centroids 

are the class medians or means for a control data set. To the extent that it defines classes with 

respect to a priori control data sets, LogTrans is akin to discriminant analysis (Davis 1986, p. 

479). The control data must be representative of the material represented in the entire model 

volume.  

The properties of each cell in the model define a point in parameter space. This mapping of 

properties into parameter space can be extended into any number of dimensions as the 

number of measured parameters increases. The interpreted lithology for each data point is the 

class to which the point most plausibly belongs. A data point, hence model cell, is classified 

as a member of the class with the nearest centroid in parameter space.  

Rock property parameters are expressed in different units, and vary over very wide ranges of 

values. Accordingly the “distances” between data points in multi-parameter space must be 

normalised to lie in the same numerical range. Standard deviations or spreads (based on range 

from the median to the 25th and 75th percentiles) were employed in LogTrans for 

normalisation. The use of standardised distances to assess membership of groups is a feature 

of cluster analysis (e.g. Davis 1986, pp 503-504). Thus LogTrans is a hybrid scheme, 

intermediate between a discrimination and a classification process (Davis 1986, p. 479). 
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LogTrans does not explicitly rely on conformity of parameter distributions to a particular 

model. Skewed data distributions can be accommodated using medians and spreads rather 

than means and standard deviations. However, LogTrans does assume that the parameter 

distribution is unimodal, i.e. concentrated around the median or mean. If a class is comprised 

of two or more distinct sub-populations, these should be treated as separate classes. It is 

instructive to plot histograms of the parameters to identify any distinct sub-populations.  

If the normalised distance from a measured point (n-tuple) to the nearest centroid is greater 

than a user-defined threshold value, the point is deemed “unclassified”. Selecting a threshold 

of 3 would define a region with radius of 3 standard deviations (spreads) centred on the mean 

(median). For a truly Normal distribution, 99.7% of all realisations would lie within this 

region. 

The algorithm is described in more detail, and illustrated with examples, by Fullagar et al. 

(1999). 

 

5.3. Data Preparation and Rock Property Statistics 

To create the median and spreads for each rock type with each rock property, histograms 

were created in GOCAD using all the information in the 2.5km deep voxet model. In this 

model, each cell is assigned a starting model rock type, plus density, susceptibility and 

conductivity derived from inversion. Histograms were created for all three parameters and for 

the log of the conductivity and susceptibility properties. The log histograms were superior for 

conductivity and susceptibility owing to the wide range and pronounced skew of the linear 

distributions. Appendix 2 contains the histogram plots, with the basic statistics tabulated 

below in Table 5, Table 6 and Table 7. Several rock types have been split into sub-

populations, based upon bimodal distributions identified in the histogram plots. The Marraba 

unit was bimodal in both density and log susceptibility; the Bulonga package was bimodal in 

log conductivity; Toole Creek was bimodal in density. The naming convention used in 

splitting these bimodal groupings is to add a suffix to the original rock type name. Thus _hc 

indicates a high conductivity sub-type; _lc indicates a low conductivity sub-type; _hd 

indicates a high density sub-type; _ld indicates a low density sub-type; _hs indicates a high 

susceptibility sub-type; and _ls indicates a low susceptibility sub-type.  

Table 5. Median and ranges for density Vs Rock Type 
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  Density 

ClassID Median 25th Perc 75th Perc 

Below_Bulonga 2.774 0.014 0.012
Bulonga_hc 2.691 0.017 0.018
Bulonga_lc 2.691 0.017 0.018
Cover 2.420 0.025 0.025
Double_Crossing 2.777 0.027 0.025
Granite 2.642 0.008 0.010
Llewellyn 2.740 0.016 0.014
Marraba_hd 2.934 0.024 0.021
Marraba_hs 2.929 0.021 0.010
Marraba_ld 2.870 0.005 0.004
Marraba_ls 2.929 0.021 0.010
Staveley 2.759 0.037 0.031
Timberoo 2.724 0.014 0.010
Toole_Creek_hd 2.990 0.050 0.030

Toole_Creek_ld 2.840 0.020 0.020
 

Table 6. Median and ranges for LOG conductivity vs rock type 

  Log Conductivity 

ClassID Median 25th Perc 75th Perc 

Below_Bulonga -0.512 0.302 0.357
Bulonga_hc 0.700 0.600 0.600
Bulonga_lc -0.700 0.800 0.500
Cover 1.790 0.071 0.064
Double_Crossing 0.348 0.461 0.394
Granite 0.095 0.437 0.462
Llewellyn 0.431 0.476 0.489
Marraba_hd -0.440 0.409 0.495
Marraba_hs -0.440 0.409 0.495
Marraba_ld -0.440 0.409 0.495
Marraba_ls -0.440 0.409 0.495
Staveley 0.231 0.466 0.498
Timberoo -0.267 0.446 0.454
Toole_Creek_hd 0.789 0.464 0.609

Toole_Creek_ld 0.789 0.464 0.609
 

Table 7. Median and ranges for LOG susceptibility Vs Rock Type 

  Log Susceptibility 

ClassID Median 25th Perc 75th Perc 

Below_Bulonga 1.391 0.218 0.166
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Bulonga_hc 1.215 0.304 0.239
Bulonga_lc 1.215 0.304 0.239
Cover 0.000 0.100 0.100
DoubleCrossing 1.552 0.393 0.331
Granite 1.505 0.184 0.137
Llewellyn 0.946 0.277 0.226
Marraba_hd 1.648 0.355 0.256
Marraba_hs 1.982 0.131 0.063
Marraba_ld 1.648 0.355 0.256
Marraba_ls 1.415 0.374 0.141
Staveley 1.085 0.361 0.225
Timberoo 1.252 0.334 0.225
Toole_Creek_hd 1.133 0.483 0.386

Toole_Creek_ld 1.133 0.483 0.386
 



  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44. Whisker and Histogram plots of Rock Type VS median of three rock properties.  
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For better visualisation of the medians, they are displayed in Figure 44. In this plot many of 

the rock types share or have similar susceptibility medians, with distinct density and log 

conductivity medians. There is only minimal statistical variability between the densities of 

the Llewellyn, Timberoo and Staveley units, but they have appreciably different log 

conductivities and susceptibilities.  

The 2.5km deep voxet model was exported to LogTrans and lithology was interpreted based 

upon the above statistics. The density and susceptibility were assigned throughout the 3D 

grid, but conductivity was not. LogTrans does uses the available values to make the best 

possible lithology assignment where some parameters are missing.  

5.4. Results 

Cells within the block model were assigned to one of the sixteen pseudo-lithology classes. 

The results are shown in Figure 45, and like most products, are best viewed in 3D. There is 

very good consistency between the geological starting model, the geological map and the 

pseudo-lithology. Figure 46 shows a depth slice 100m below topography, highlighting the 

results from the classification process.  

Figure 45 and Figure 46 provide evidence that areas which have been assigned to new 

classes, show spatial clustering. This is in contrast to a result which could look like speckled 

texture. This is a significant result, and makes the pseudo-lithology very useful for 

identifying areas which were incorrectly assigned in the starting model, or areas which have 

undergone considerable change in rock property character due to alteration and 

metamorphism.   
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Figure 45. Fence diagram for pseudo-facies model interpreted by LogTrans.   
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Figure 46. Pseudo-facies with merged Timberoo, Staveley and Llewellyn (coloured as Llewellyn). 

 

There is significant swapping of the starting model Timberoo, Staveley and Llewellyn classes 

in the pseudo-lithology classification. This is due to the minimal separation of their 

properties, all being sedimentary packages. Because of this, these are amalgamated after the 

LogTrans interpretation to facilitate examination of regions which are no longer assigned as 

any pseudo-lithology sedimentary group (Figure 47).  
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Figure 47. Fence diagram for pseudo-facies model interpreted by LogTrans with amalgamated Timberoo,  

Staveley and Llewellyn (coloured as Llewellyn). 
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Of all cells in the voxet, 72% were correctly assignednit in the pseudo-lithology model as in 

the reference model. This includes the assumption that all pseudo-lithologies assigned to the 

volume defined as Below_Bulonga are correct. This hit/miss analysis is shown in Figure 48.  

 

 

Figure 48. Areas of the model which are reassigned to the same rock type as the reference model (blue) 

and those reassigned to different rock types (red).   

 

A considerable proportion of the volume which has been reassigned from the starting model 

has been assigned to a rock type with similar rock property characteristics as the 

Double_Crossing Metamorphics, and is vertically coincident with areas on the map identified 

as intrusive (Figure 49).  
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Figure 49. Geological map (left) and volume of model with different Pseudo-facies (right). In this case, 

most of this reclassification is due to intrusives as seen in the geological map.  

 

Interpretation of the pseudo-classification can be undertaken in various ways. Simply viewing 

sections and identifying areas of variation which link together spatially could successfully 

define large fluid pathways which have significantly altered the physical properties of the 

country rock. The interpretation can also be broken down based upon variation from a 

particular reference rock type. For instance, sediment which has undergone considerable 

alteration, with increase in magnetite content, could be recognised as  Staveley, Llewellyn 

and Timberoo cells which have been reclassified.  

 

An example of this type of exercise is illustrated in Figure 50, Figure 51, and Figure 52. 

Figure 50 shows all cells in the LogTrans model assigned to the original Staveley, Llewellyn 
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and Timberoo sediment packages, while Figure 51 shows  Staveley, Llewellyn and Timberoo 

cells which have been reassigned. The cells are coloured according to the new rock type 

assigned to that cell. Blue cells are those which have a pseudo-lithology with rock property 

values both high in density and susceptibility (Double_Crossing Metamorphics).  

 

Figure 50. Pseudo-facies cells correctly assigned to Llewellyn (beige),  Staveley (purple) or Timberoo 

(yellow).  
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Figure 51. Pseudo-facies cells reassigned from Llewellyn,  Staveley or Timberoo. These cells have been 

typically reassigned to Double_Crossing (blue), Bulonga (orange) or Toole_Creek (green).  

 

Those coloured by orange are slightly higher in susceptibility while those coloured by green 

are higher in density, but not necessarily susceptibility. On this basis, Figure 51 is an 

effective 3D alteration map of sediments, assuming that the geological map was correct. 

Figure 52 shows volumes reclassified from sediments to Double_Crossing Metamorphics in 

the pseudo-lithology. These zones represent:  

1. Intrusions into the sediments; 

2. Alteration zones with higher density and susceptibility than host sediments.; 

3. Regions where the original reference geological model is incorrect. 
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Figure 52. Areas of  Staveley, Llewellyn or Timberoo which have been reclassified to a pseudo-lithology 

with higher density and susceptibility (Double_Crossing Metamorphics) 

 

Another method of utilising these results is to update the lithological and structural model for 

Mount Dore. For this to be done, large clustered volumes which are different from the 

geological starting model could be identified and used to interpret new structural regimes. 

 

6. Exploration Targeting 

The objective of the exploration targeting process is to assess potential for economic 

mineralisation within the Mt. Dore project area. A new property representing relative 

potential for mineralisation is defined throughout the 3D grid. The ultimate goal is to identify 

discrete groupings of cells having high mineral potential for further investigation. A data-

driven expert system approach has been adopted in this project. There is extensive 
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mineralisation knowledge which is used as training data. This establishes statistical 

correlations of modelled exploration criteria and known mineralisation. The data-driven 

method selected for this purpose is Weights-of-Evidence. Other data-driven approaches, such 

as logistic regression or probabilistic neural networks, would be viable alternatives to this 

approach. In the remainder of this section we present an overview of the Weights-of-

Evidence method, and describe its application to 3D exploration targeting in the Mt. Dore 

area. 

6.1. Weights-of-Evidence Concept 

Weights-of-Evidence is a quantitative probabilistic method for combining data in support of a 

certain hypothesis. It was originally developed as a non-spatial technique in medical 

diagnosis to predict disease. It was first applied to mineral exploration targeting in the early 

1990s by Bonham-Carter et al (1994) to predict the potential locations of new mineral 

deposits (Figure 53). This 2D, map-based technique allows for a statistical evaluation of 

spatial relationships between known occurrences of mineral deposits and multiple datasets 

which are indicative of the mineral occurrences. For a complete summary of the Weights-of-

Evidence method in mineral potential modelling, refer to Thiart et al. (2006), Agterberg et al. 

(1990), and Bonham-Carter (1994, chapter 9). The theory used herein is based on the 

Weights-of-Evidence method developed by Bonham-Carter (1994). 

 

Figure 53. 2D Weights-of-Evidence mineral potential mapping example showing input data layers 

(geological, lake sediments, and proximity to anticlines) and output ranked gold potential map (from 

Bonham-Carter, Agterberg & Wright  1989). 

 

For the Mount Dore project we apply these 2D methods to a 3D volumetric model.  
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The data-driven Weights-of-Evidence method, as opposed to other predictive modelling 

techniques such as neural networks, offers a number of advantages. It is systematic, 

quantitative, and unbiased by spatial associations or relative value of the input data. The 

process enforces definition of a conceptual model, through selection of criteria, which is the 

fundamental starting point for mineral exploration targeting. 

6.2. Basic Principles of 2D Bayesian Modelling 

In order to understand the Weights-of-Evidence concept, it is important to be familiar with 

some of the technical terminology widely accepted in mineral potential mapping literature. 

The terms defined below are found in the text in subsequent sections. 

Training cells: grid-cell locations of known occurrences of a specific condition (e.g. mineral 

deposits) within the model. This is required input for Weights-of-Evidence modelling.  

Evidential properties (exploration criteria): list of relevant data, based on the conceptual 

model, which are indicative of the condition occurring (e.g. rock code, geological structures, 

geochemistry). These criteria are stored as properties in the model grid cells. One or more  

evidential properties are required for Weights-of-Evidence modelling. 

Prior probability: is the probability of the event computed before the collection of new data. 

Posterior probability (mineral potential model): output model property representing the 

combination of  evidential properties, weighted by their spatial correlation with the training 

cells, which shows the map of probability of the condition (e.g. mineral deposit) occurring. 

Weights: For each of the binary evidential properties a positive weight (W+) and negative 

weight (W-) are computed within the favourable and unfavourable regions, respectively. 

Weights are assigned based on spatial correlations between the training cells and the 

favourable and unfavourable patterns on the evidential properties using the following 

equations (see Bonham-Carter 1994, chapter 9 for details): 
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Contrast: Contrast is defined as the difference between the W+ and W- values. Contrast is 

defined by the difference between the W+ and W- values. It is often plotted as a function of 

binary cutoff in order to assess the cutoff level that maximizes the contrast (maximizing the 

spatial association between the evidential property and the known training data). If a peak or 

isolated anomalous value on a contrast curve plot is not obvious it indicates that there is little 

or no correlation between the location of training cells and the anomalous pattern on the 

evidential property. 

Efficiency of classification curve: plots the cumulative percentage of training data cells (y-

axis) versus the cumulative percentage of study volume cells ranked from highest to lowest 

potential (x-axis). The area under the curve indicates the success of the modelling; the larger 

the area the more successful the model. 

Weights-of-Evidence is computed on cells within a 2D or 3D grid. As a first step in the 

Weights-of-Evidence method, the prior probability is computed from the volume ratio of 

training cells to study area cells (Figure 54a). This represents the probability of mineralisation 

occurring at any randomly selected cell in the model given no additional information other 

than the locations of known deposits. The concept is to update this prior probability to a 

posterior probability, or mineral potential model, by taking into account the exploration 

criteria. If the criteria are positively associated with the known deposits, they will increase the 

probability of finding the locations of new deposits. Figure 54b and 54c show two different 

theoretical binary exploration criteria. All input data must be in binary format for the 

Weights-of-Evidence algorithm. 
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Figure 54. Theoretical example of a Weights-of-Evidence model using two input data layers showing (a) 

prior probability, (b) exploration criteria 1, (c) exploration criteria 2, and (d) ranked mineral potential. 

 

Table 8: Unique conditions list for the mineral potential model classes in d, where 4 would be the most 

favourable area. 

Class Criterion Criterion 
1 absent absent 
2 present absent 
3 absent present 
4 present present 
 

 

Once weights are assigned, the posterior probability, or mineral potential, is computed by 

looking at the spatial overlap of the binary criteria. Figure 54d shows a theoretical mineral 

potential map with four unique classes where the evidential property binary pattern is either 

present or absent (Table 8). The number of possible unique classes for the mineral potential 

map is equal to 2n, where n equals the number of evidential properties. The mineral potential 

A B 

C D 
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values for each class are computed by combining the prior probability with the W+ or W- 

values from the exploration criteria depending on where the cell is located. For example, in 

Figure 54d the mineral potential value for all cells within class 2 (red cells) is equal to the 

prior probability plus the sum of the W+ value from criterion 1 and the W- value from 

criterion 2 whereas the potential value for all cells in class 4 (orange cells) is the prior 

probability plus the sum of W+ from both properties. This means class 4 will have the highest 

value and therefore the highest potential for mineralisation. 

The theory assumes that evidential properties are conditionally independent. The Weights-of-

Evidence algorithm is highly sensitive to violations of conditional independence (Agterberg 

& Cheng 2002). This means that if two or more binary criteria, that have the same association 

with the training cells, overlap spatially, this will cause up-weighting of the final result and 

over-estimation of the mineral potential. To prevent over-estimation, criteria which are 

conditionally dependent will either be combined into one variable (e.g. combine two 

geochemical properties using Boolean operators) or one of the two will be removed from the 

computation. Conditional independence is usually violated to a certain degree in most cases. 

However, a minor over-weighting will not drastically affect the results, i.e. estimated mineral 

potential highs remain highs and lows remain lows. Even if the quantitative mineral scoring 

is affected, the ranking is not. 

 

6.3. Weights-of-Evidence in 3D: the Targeting Workflow 

The Weights-of-Evidence algorithm (along with various knowledge-driven algorithms) have 

been built into a Gocad workflow plug-in: the Targeting Workflow. The workflow is 

implemented as a series of sequential panels (Figure 55) where the user is required to select 

data objects and other required input before proceeding to the next step. Software workflows 

in general are beneficial in that they allow practitioners to execute complex 3D quantitative 

processes yielding robust, consistent and repeatable results. This ensures the domain-expert 

thought process is captured and followed by the workflow user which in turn ensures rigorous 

application of the statistical methods. 
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Figure 55. One of the decision panels from the Targeting Workflow. Note the list of completed tasks at the 

top and user input in the bottom section. 

 

Figure 56 depicts the input data and results of a Weights-of-Evidence model computed using 

the Targeting Workflow for a mineral exploration targeting example. In this case, the user 

was guided through reclassifying continuous and discrete variables to binary properties 

(Figure 56a-f) and through execution of the Weights-of-Evidence algorithm to produce the 

mineral potential model (Figure 56g).  
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Figure 56. Example of a 3D Weights-of-Evidence model from the Ribago district in the central Noranda 

camp, Quebec; showing input evidential properties  (a-f) and the resultant mineral potential model (g).   

 

6.4. Application of Weights-of-Evidence at Mt. Dore 

To perform the Weights-of-Evidence analysis, a 3D grid containing the exploration criteria 

represented as evidential properties is required. The 3D grid was created during the initial 

stages of the project and is described in the potential fields and pseudo-lithology sections of 

this report. Each of the model cells contains an array of evidential property values and each is 

flagged as being a training cell or not. The assignment to training cells is those which contain 

significant known Iron Oxide Copper Gold mineralisation. Two separate Weights-of-

Evidence models were generated at Mt. Dore by using different sets of evidential properties 

to compute the mineral potential model. The first model used a variety of evidential 

properties expected to be associated with IOCG-type mineralisation. The second model 

removes properties which do not exist under cover. This section summarises the data inputs, 

analyses, and mineral potential results of these models. 

a. b. c. 

d. e. f. 

g. 



  
 

 83

6.4.1. Model Volume and Training Data 

The 3D geological block model (excluding minor areas outside the extent of the geophysical 

variables) was selected for exploration targeting (Figure 57). The training dataset was defined 

by 36 digitised point locations of significant IOCG mineralisation from the 2D geological 

map which were located at the centroid of the grid cell below topography. The model volume 

and training data were identical for both targeting exercises, only the exploration criteria 

combined to generate the final prediction were changed. 

Figure 57. Mt. Dore 3D project volume used for mineral potential mapping, coloured by magnetic 

susceptibility.   

 

6.4.2. Exploration Criteria/Evidential Properties 

Exploration criteria can be considered as geospatial variables or ‘evidential properties’ that 

may be related to mineralisation at Mt. Dore. The correlation between exploration criteria and 

known mineralised training sets are assessed through the Weights-of-Evidence method, and 

the exploration criteria/evidential properties exhibiting a strong correlation to training data 

are combined using a mineral potential algorithm to predict potential areas of undiscovered 

mineralisation. evidential properties are represented in the GOCAD model as continuous or 

discrete variables in the voxet. A voxet which contains a suite of variables is referred to as a 

Common Earth Model (CEM).  
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Twenty-two properties were populated into the Mt. Dore CEM. Not all are expected to be 

retained for the final model. The variables were selected based upon available data, in 

consultation with GSQ staff and in light of unpublished literature provided by GSQ outlining 

the controls on IOCG mineralisation in the Mt. Dore area. The 22 variables are: 

1. Identify geological boundaries between conductive shale and other bedrock. 

a. CDI_conductivity_ASharp (interpolated from CDI from Geotem into CEM) 

b. CDI_Conductivity_Csharp (interpolated from CDI from Geotem into CEM) 

c. Distance to conductive edges (distance calculated from conductivity 

isosurface) 

2. IOCG deposits are generally marked by coincident magnetite and hematite-sulphide 

anomalies (density and susceptibility both high), or by hematite targets (density high 

and non-magnetic) 

a. Coincident_gravity high and_magnetic high (sum of normalised density and 

susceptibility)  

b. Coincident_gravity high_and magnetic low (sum of normalized density and 

reciprocal susceptibility)  

3. Cu and Au anomalies in soils, rock chips and regolith drill holes. This is represented 

as a distance to anomalous geochemical responses.  

a. Dist_Geochem_merged_AuGt150  

b. Dist_Geochem_merged_CuGt1000  

c. Dist_Geochem_merged_CuGt2000  

4. Proximity to deep structures that act as fluid conduits (projects have previously used 

“worms” computed from potential field data). For the process of Mineral Potential 

mapping, the fault network  modelled as part of this project is assumed to represent 

deep crustal structures. 

a. Distance_Crustal Faults  

5. Proximity to mafic intrusive within country rock and proximity to faults intersecting 

mafic intrusive. 

a. Distance_MaficIntrusives_NormSuscGt0pt05 (distance calculation from 

inverted susceptibility isosurface, where susceptibility is greater than 0.05SI). 

b. Distance_MtDore_FaultModel_Surface_intersectingMafics (distance from  

modelled faults which intersect inverted susceptibility isosurface, where 

susceptibility is greater than 0.05SI ) 
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6. Rheology contrasts between lithological units.  

a. Distance_ Staveley_Llewellyn_contact    

b. Distance_ Staveley_Timberoo_contact  

7. Zones of brecciation associated with margins of the Williams Batholith 

a. Distance_Williams_Batholith_Inside Set 30000  

8. Variation in geometry of faults along strike and down dip. 

a. Fault_Roughness (fault curvature populated into the CEM within a 500m 

proximity to modelled fault surface) 

9. Areas of geological complexity. 

a. GeolComplex_551_moving_average_filter (counts of horizons and faults per 

CEM cell and populated throughout the grid volume using a 5x5x1 cell kernel 

filter). 

b. GeolComplex_552_moving_average_filter (counts of horizons and faults per 

CEM cell and populated throughout the grid volume using a 5x5x2 cell kernel 

filter). 

10. Areas of alteration. 

a. Normalised_density (density contrast with respect to starting geological model 

type mean density) 

b. Normalised_susceptibility (susceptibility contrast with respect to starting 

geology model type mean susceptibility) 

c. Regional_density (inverted density value) 

d. Tiled_mag_inversion (inverted susceptibility value) 

11. Uranium anomalies.  

a. Uranium_divided_Thorium (2D grid of aerial radiometric ratios populated 

vertically through the block model).   

 

The above evidential properties generated on the 3D grid are considered to be associated with 

IOCG-type mineralisation at Mt. Dore. However, if some of the properties are highly 

correlated this could lead to overweighting within the mineral potential model. In most 

prediction exercises, not all of the evidential properties are used. In this case, distance to 

Staveley-Llewellyn contact and distance to Staveley-Timberoo contact, for example, are 

generated from the same data input (geological surfaces) and show very similar patterns 

(Figure 58).  
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a. b.  

 

c.  

Figure 58. Examples of correlated continuous evidential properties: distance to  Staveley-Llewellyn 

contact (a), distance to  Staveley-Timberoo contact (b), and cross-plot of distance to  Staveley-Llewellyn 

contact vs  Staveley-Timberoo contact (c).    

 

Not only are these properties related to each other, which is ultimately what causes 

conditional dependence, but also they are poorly correlated to the training data. Therefore, 

this particular exploration criterion is not included in the Weights-of-Evidence mineral 

potential index calculation. The degree of spatial correlation can be assessed through the 

workflow so that the properties with the best correlation to the training data are accepted and 

the other spatially similar properties are removed before the final combination. Table 9 shows 

those exploration criteria which were found to have significant correlation with areas of 

known mineralisation, and to be independent.  

6.4.3. Modelling Results 

This section is divided into 1) a description of how the evidential properties were reclassified 

for the Weights-of-Evidence analysis for both targeting exercises; and  2) two mineral 

potential models are presented. Model 1 uses a selection of the evidential properties 
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representing the entire model volume (complete model) and Model 2 uses a subset of 

evidential properties representing the areas undercover (undercover model). 

Variable Criteria Binary Reclassification 

Continuous and discrete evidential properties are converted to binary properties for the 

Weights-of-Evidence method. Each evidential property is divided into two classes based 

upon a threshold or cutoff value that best separates regions of the model containing a large 

proportion of training data (i.e. with known mineralisation) from those regions containing 

few or no training data (little or no known mineralisation). The effectiveness of this binary 

classification in separating regions of high mineral potential (favourable regions) from low 

mineral potential (unfavourable regions) governs the statistical correlation between the 

training data and each input evidential property. Positive and negative weights are computed 

for each criterion as a measure of the degree of correlation with the training data (the formula 

used for the weight computation may be found in the previous section of this report). Weights 

and contrast are determined by assessing the spatial correlation between training data and the 

binary classes. The optimum cutoff or range for the binary property is determined by 

computing weights and contrast values for multiple binary representations of the same 

variable.  

At Mt. Dore, each of the evidential properties showed various levels of correlation with the 

training set. As an example, the distance to the  Staveley - Llewellyn contact variable showed 

little or no correlation, where training cells could not be associated with either being close to, 

far from, or within a range distance of the contact (Figure 59).  
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Figure 59. Contrast curve plot for distance to  Staveley - Llewellyn contact with temporary binary 

variable cutoff value on the x-axis and contrast value on the y-axis.   

 

Conversely, the distance to conductive edges showed a clear correlation between anomalous 

and non-anomalous values with a contrast peak at the 300m cutoff. On this basis, 0–300m is 

deemed favourable (binary value = 1), while distances greater than 300m are unfavourable 

(binary value = 0). This can be interpreted to mean that mineralisation is close to conductive 

edges, and this translates into this binary property having high weights and high contrast.  
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Figure 60a. Contrast curve plot for distance to conductive edges with temporary binary property cutoff 

value on the x-axis and contrast value on the y-axis. Vertical line represents the cutoff value used to create 

the binary property. 

 

Figure 61b. Binary “distance to conductive edges” property, with cells in the 300m cutoff coloured red. 

 

Any variables that were highly correlated with each other or that showed little correlation 

with training sites, as demonstrated in Figure 59 were removed from both the complete and 

0 1 
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undercover targeting exercises. The remaining variables used in the models are listed 

individually in the following sections. 

Model 1 Results - Complete Model 

Table 9 summarises the weights, contrast values, and computed favourable ranges for each 

evidential property used in the complete mineral potential model. It should be noted that the 

same favourable ranges are applied to the criteria for the under cover model. 

Table 9: Weights, contrast values and favourable ranges for each of the evidential properties used to 

compute the complete mineral potential model. S.Contrast = studentised contrast = C/stdC). Top three 

properties ranked by studentised contrast are in bold. 

Exploration Criteria W+ W- 
Con
trast

Stud. 
Contrast

Favourable 
range - 
start 

Favourable 
range - end 

Coincident_GravityHigh_Magneti
cHigh 

2.29 -0.20 2.49 5.90 0.810 0.246 

Distance_CSharp_ISO_Gt35 2.88 -0.91 3.79 11.09 0m 300m 

Distance_CrustalFaults 0.74 -0.32 1.06 3.12 0m 964m 

Distance_MtDore_FaultModel_Su
rface_intersectingMafics 

1.12 -0.29 1.42 4.00 0m 921m 

Fault_Roughness 2.79 -0.17 2.97 6.63 0 0.00015 

GeolComplex_552_moving_aver
age_filter 

1.80 -0.35 2.15 6.09 0.107 0.0198 

Normalised_Susceptibility 3.25 -0.14 3.39 7.03 0.372 0.0885 

Regional_density_model_upscale
d_TopoMask 

3.00 -0.08 3.08 5.11 0.426 0.32 

Uranium_divided_Thorium 2.12 -0.58 2.70 8.10 1.289 0.274 

dist_Geochem_merged_AuGt1
50 

5.16 -0.29 5.45 14.15 0m 304m 

dist_Geochem_merged_CuGt2
000 

5.72 -0.75 6.47 19.35 0m 250.7m 

 

Variables with the highest studentised contrast values (C/stdC, where C is the contrast value 

and stdC is the variance of the contrast) are: distance to gold anomalies, distance to copper 

anomalies, and distance to conductive edges. This indicates that these variables are the most 

significant contributors to the mineral potential model. Variables with low studentised 

contrast values and therefore weak contributors to the mineral potential model may still be 
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significant in another form. The mineral potential model based on these variables and their 

weights is shown in Figure 62. 

Figure 62. Mineral potential index for the complete model, displayed in log-scale on depth orientation 

plane through the 3D grid. 5x vertical exaggeration applied.  

 

An efficiency of classification plot determined how well the mineral potential model predicts 

the training data used in the modelling (Figure 63). In this figure, 88% of the training data 

were predicted within the top 10% of the model volume ranked by mineral potential. This 

relatively good correlation between training data and highest mineral potential indicates that 

the training data show a similar signature with respect to the evidential properties and are 

thus good predictors of mineral potential at Mt. Dore. This validates the statistical 

significance of the modelling. 
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Figure 63. Efficiency of classification plot showing cumulative percentage of training cells versus 

cumulative percentage of study volume (ranked from highest to lowest mineral potential) for the complete 

model. 

 

Model 2 Results - Undercover Model 

Evidential properties used to compute the mineral potential for the undercover model 

consisted of a subset of properties  used in the complete model (Table 10). Properties which 

do not exist in covered areas are removed (distance to gold and copper anomalies, and 

distance to conductive edges). Another property, distance to geological complexity, was 

removed because this is always higher in areas of outcrop, where the 3D model is more 

developed.  

Table 10: Weights and contrast values for each of the evidential properties used to compute the 

undercover mineral potential model. S.Contrast = studentised contrast = C/stdC). 

Exploration Criteria W+ W- Contrast S. Contrast 
Coincident_GravityHigh_MagneticHigh  2.29 -0.20 2.49 5.90

Distance_CrustalFaults  0.74 -0.32 1.06 3.12

Distance_MtDore_FaultModel_Surface_intersec
tingMafics  

1.12 -0.29 1.42 4.00

Fault_Roughness  2.79 -0.17 2.97 6.63

Normalised_Susceptibility  3.25 -0.14 3.39 7.03

Regional_density_model_upscaled_TopoMask  3.00 -0.08 3.08 5.11

Uranium_divided_Thorium  2.12 -0.58 2.70 8.10

 

10% 
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The mineral potential model was regenerated for the reduced set of properties and the result 

is shown in Figure 64. 

 

Figure 64. Mineral potential result for the undercover model, displayed in log-scale on depth orientation 

plane through the 3D grid. 5x vertical exaggeration applied. 

 

The efficiency of classification plot for the undercover model (Figure 65) showed that only 

75% of the training data were predicted within the top 25% of the model volume ranked by 

mineral potential.  

Corridor of interest 

under cover. 
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Figure 65. Efficiency of classification plot showing cumulative percentage of training cells versus 

cumulative percentage of study volume (ranked from highest to lowest mineral potential) for the 

undercover model. 

6.4.4. Modelling Interpretation 

A comparison of the efficiency of classification plots from the two models shows that the 

complete model was more significant in terms of predicting known mineralised zones (Figure 

66). This would be expected because the top three contributors to the complete model were 

those removed from the undercover model. 

Both models were effective in predicting the areas of known mineralisation, but more 

importantly identify significant zones of potential mineralisation. The drill coverage has not 

been examined so it is not known if all of these areas have been previously tested. For the 

undercover model, a mask can be applied to areas of outcrop to help identify potential zones 

in the SW portion of the model. A very interesting prospective corridor has been identified, 

(Figure 64), which warrants further attention.  
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Figure 66. Efficiency of classification plot showing cumulative percentage of training cells versus 

cumulative percentage of study volume (ranked from highest to lower mineral potential) for the complete 

model (red curve) and the undercover model (blue curve).   

 

Using the Weights-of-Evidence technique, the relationship to known IOCG mineralisation 

has been proved statistically for all exploration criteria listed in Table 9 and Table 10. 

Weights-of-Evidence Boolean methods are not the only means of generating Mineral 

Potential maps. These same targeting criteria can be combined using Multi class index 

overlay to allow more buffering around property cutoff values.  

As is often the case in this type if modelling exercise, further studies could be investigated 

which use a training dataset more representative of the  mineralisation in the area (i.e. 3D 

volumes as opposed to 2D points fit to topography) followed by more comprehensive 

statistical validation studies to see how well the training data could predict undiscovered 

mineralised zones in the model volume. 
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7. Conclusions and recommendations 

3D density, magnetic susceptibility and conductivity models have been produced for Mt. 

Dore through a process involving construction of a reference geological model and inversion 

at regional (900x900m) and local (300x300m) scales. The use of a geological reference 

model reduced the non-uniqueness associated with the process of potential field inversions, 

and provided models consistent with geological interpretations and potential field data. 

Conductivity depth images were generated from airborne time domain EM data.   

A pseudo-lithology block model has been generated from the inverted rock property models, 

based upon statistical distributions of density, susceptibility, and conductivity in rock units of 

the project area. The pseudo-lithology identifies 3D geological domains not incorporated in 

the starting model (e.g. intrusives). It also identifies possible alteration overprint on the 

geological framework.  

The geological model and  the pseudo-lithology products, provide a basis for developing a 

regional and local geological context for mineral exploration. Density, susceptibility, 

conductivity and other targeting criteria are utilised for direct assessment of mineral potential 

within the Mt. Dore area. This is through the application of the Weights-of-Evidence method, 

the output being a mineral potential index. 

The 3D mineral potential index generated for the complete model attaches statistical 

significance to areas of known mineralisation. This indicates that the cells identified as 

prospective are similar in terms of variable criteria. Other potential target areas are identified 

with similar characteristics throughout the Mt. Dore project area. In this project, training data 

were based on the mapped location of known mineralisation, but higher resolution analyses 

should incorporate full 3D ore body shells.  

An extensive suite of digital deliverables will aid visualisation, interpretation and quantitative 

analysis of the data for regional and local exploration throughout the Mt. Dore project area. 

Accordingly this result should be considered a starting point for future interpretations. Higher 

resolution gravity and EM data would be required to undertake similar studies at a more 

detailed scale. 

Based on the results of this project (e.g. over print of pseudo-lithologies on defined 

geological domains), there is scope for incorporating additional geological domains with 

distinct rock characteristics into the model. Collection of additional rock characteristic data, 

and compilation according to corresponding rock type, is recommended. To this end, density 
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information for this project is based on data from rock formations in surrounding areas, 

because no measurements were available in the project area. Incorporation of this information 

would benefit future projects at both the regional and higher resolution local studies.   
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9. Appendix 1  

9.1. Susceptibility (SI units) 

9.1.1. Sample Locations 
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Figure 67. [LEFT] Llewellyn (green), Norna (grey), New Hope (purple), Starcross (pink), Toole Creek 

(blue) [RIGHT] Marimo Slate (brown) and Answer Slate (green) susceptibility sample locations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 68. [LEFT]  Staveley Formation [RIGHT] Corella Formation susceptibility sample locations. 
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Figure 69. [LEFT] Double Crossing Metamorphics [RIGHT] Bulonga volcanic susceptibility sample 

locations. 
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9.2. Histograms 

9.2.1. Marimo and Answer Slate  

  

 

 

 

 

 

Figure 70. Marimo and Answer Slate Histogram of susceptibility (SI) (Mean: 0.0001905) 

9.2.2. Llewellyn Creek Formation 

 

Figure 71. Llewellyn Creek Histogram of susceptibility (SI) (Mean: 0.000263) 

9.2.3. Toole Creek Volcanics 

 

Figure 72. Toole Creek Volcanics Histogram of susceptibility (SI)  (Mean: 0.000263) 
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9.2.4. Mount Norna Quartzite 

 

Figure 73. Mount Norna Quartzite Histogram of susceptibility (SI) (Mean: 0.0006324) 

9.2.5. Staveley Formation 

 

Figure 74. Staveley Formation Histogram of susceptibility (SI) (Mean: 0.0006346) 

9.2.6. Corella Formation 

 

Figure 75. Corella Formation Histogram of susceptibility (SI) (Mean: 0.0008046) 
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9.2.7. Double Crossing Metamorphics 

 

Figure 76. Double Crossing Metamorphics Histogram of susceptibility (SI) (Mean: 0.001849) 

9.2.8. Argylla Formation 

 

Figure 77. Argylla Formation Histogram of susceptibility (SI)  (Mean: 0.002325) 

9.2.9. Gin Creek Granite 

 

Figure 78. Gin Creek Granite Histogram of susceptibility (SI)  (Mean: 0.0001903) 
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10. Appendix 2  

10.1. Starting Model Rock property histograms 

10.1.1. Below Belonga 

 

Figure 79. Below Belonga Linear Density (g/cc) Histogram (Mean: 0.103199 Median: 0.104148 25th: 

0.0902674 75th: 0.1157) 

 

Figure 80. Below Belonga Log10 Susceptibility (SI) (Mean: -1.73974 Median:-1.62673 25th: -1.85746 75th: -

1.45525) 

 

Figure 81. Below Belonga Log10 Conductivity (Log10mS/m) (Mean: 0.3389, Median: 0.307597 25th: 

0.153388 75th:0.699567) 
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10.1.2. Bulonga Volcanics 

 

Figure 82. Bulonga Volcanics Linear Density (g/cc) Histogram (Mean:0.0212987 Median:0.0211886 

25th:0.00441922 75th:0.0392765) 

              

Figure 83. Bulonga Volcanics Log10 Susceptibility(SI) (Mean: -2.05887 Median -1.81191 25th:-2.14595 

75th:-1.56094) 

 

 

Figure 84. Bulonga Volcanics Log10 Conductivity (Log10 mS/m) (Mean: 0.808973 Median 0.577087 

25th:0.178911 75th: 3.07885) 
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10.1.3. Marraba Volcanics 

 

Figure 85. Marraba Formation Linear Density (g/cc) Histogram (Mean: 0.253364 Median: 0.258834 

25th:0.23839 75th:0.268845) 

 

Figure 86. Marraba Formation Log10 Susceptibility (Log10 SI) Histogram (Mean:-1.6345 Median:-1.3622 

25th:-1.73029 75th:-1.10169) 

 

Figure 87. Marraba Formation Log10 Conductivity (Log10 mS/m) Histogram (Mean: 0.4255 

Median:0.362989 25th:0.141632 75th:1.13561) 
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10.1.4. Timberoo 

 

Figure 88. Timberoo Linear Density (g/cc) Histogram (Mean: 0.0531615 Median: 0.0541222 25th:0.029758 

75th:0.06377) 

 

Figure 89. Timberoo Log10 Susceptibility Histogram (Mean: -2.10129 Median: -1.77347 25th: -2.13796 

75th:-1.53785)  

 

Figure 90. Timberoo Log10 Conductivity Histogram (Mean: 0.5744 Median: 0.541195 25th: 0.192573 75th: 

1.53981) 
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10.1.5. Double Crossing Mets 

 

Figure 91. Double Crossing Metamorphics Linear Density (g/cc) Histogram (Mean: 0.105663 Median: 

0.107186 25th: 0.0811888 75th:0.13197) 

 

Figure 92. Double Crossing Metamorphics Log10 Histogram (Log10 SI)  (Mean:-1.64698 Median:-1.46042 

25th:-1.87218 75th:-1.12275) 

 

Figure 93. Double Crossing Metamorphics Log10 Conductivity(Log10 mS/m) (Mean:2.1475 

Median:2.23098 25th:0.771291 75th:5.51795) 
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10.1.6. Staveley 

 

Figure 94. Staveley Formation Linear Density(g/cc) Histogram (Mean:0.0909474 Median: 0.0897973 

25th:-0.0523606 75th:0.124047) 

 

Figure 95. Staveley Formation Log10 Susceptibility(Log10 SI)   Histogram (Mean:-2.31204 Median:-

1.95209 25th:-2.36715 75th:-1.71187) 

 

Figure 96. Staveley Formation Log10 Conductivity (Log10 mS/m) Histogram (Mean:1.7391 

Median:1.70139 25th:0.581956 75th:5.25288) 
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10.1.7. Lewellyn 

 

Figure 97. Lewellyn Formation Linear Density (g/cc) Histogram (Mean:0.0691892 Median:0.0703733 

25th:0.0539238 75th:0.0844803) 

 

Figure 98. Lewellyn Log10 Susceptibility(Log10 SI)  Histogram (Mean:-2.39767 Median: -2.10599 25th:-

2.43545 75th:-1.85809) 

 

Figure 99. Lewellyn Formation Log10 Conductivity (Log10 mS/m) Histogram (Mean:2.8413 Median:2.6965 

25th:0.901581 75th:8.31722) 
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10.1.8. Toole Creek 

 

Figure 100. Toole Creek Linear Density (g/cc) Histogram (Mean: 0.269685 Median: 0.281256 25th: 

0.223261 75th: 0.318235) 

 

Figure 101. Toole Creek Log10 Susceptibility(Log10 SI)   Histogram (Mean: -2.16474 Median:-1.90096 

25th:-2.46003 75th:-1.49376) 

 

Figure 102. Toole Creek Log10 Conductivity (Log10 mS/m) Histogram (Mean:7.6567 Median:6.15577 

25th:2.11292 75th:25.0215) 
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10.1.9. Granite 

 

Figure 103. Granite Linear Density (g/cc) Histogram (Mean: -0.0253549 Median: -0.0279266 25th: -

0.035613 75th:-0.0178817) 

 

Figure 104. Granite Log10 Susceptibility (Log10 SI)  Histogram (Mean: -1.65706 Median: -1.50912 25th:-

1.70032 75th:-1.36843) 

 

Figure 105. Granite Log10 Conductivity (Log10 mS/m) Histogram (Mean: 1.2977 Median: 1.24339 

25th:0.454975 75th:3.60893) 
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11. Appendix 3 

A DVD containing digital deliverables is contained within this report.  

11.1. Data compilation, geological modelling and Common Earth Model 

A Gocad project called MtDore_Compilation includes: 

 Point sets of geochemical samples 

 Point set of mineral occurrences at Mount Dore 

 Group of fault curves used for construction of the fault network 

 Group of horizon curves used for construction of the geological horizons 

 Group of points for susceptibility measurements per rock type 

 Group of surfaces which represent the starting model fault network 

 Group of surfaces which represent the starting model horizons 

 Isosurfaces of inverted susceptibility values 

 Topography 

 Various 2D voxets of geological maps 

 Common Earth Model containing all relevant properties generated from 

potential field inversions and CDI processing of GeoTEM data. Targeting 

criteria used for Mineral Potential Mapping, pseudo-lithology and starting 

model Rock Code. 

 Voxet containing the Pseudo-lithology results and analysis regions 

 2D voxet of regional radiometrics and computed rations 

11.2. CDI generation from GeoTEM  

A zipped file called mtdore_CDI_Xadjusted_GocadPoints.zip  

This contains the relevant Gocad format point sets of CDI, A Sharp and C Sharp results, split 

into various sections to minimize file size. 
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11.3. Potential Fields Modelling 

Potential Field Modelling digital deliverables are summarised in the Gocad project 

"Potential_Fields_Modelling_Compilation". This project contains representations of the 

constructed geological model and the inverted models in voxet format. The two key voxets 

hosting the inverted results are:  

 Regional_Inverted_Models_900m_x_900m_x_50m, and 

 Detailed_Inverted_Models_of_upper_2500m_300m_x_300m_x_150m. 

 

Computed potential field responses represented throughout the report are contained in the 

project as pointssets (see pointssets with suffixes _DATA_). Additional objects are included 

in this project for completeness (e.g. topography, drill hole constraints etc). 

Supplementing the Gocad project are the key VPmg files for different phases of the project 

(see VPmg_Files.zip), and the MAG3D files for each individual tiled run 

(Tiled_inversion_files.zip). Observed and computed responses for each tile are contained 

within the folder for tiled runs as Geosoft grid files. 

11.4. Mineral Potential Mapping 

A Zipped file called MtDore_MineralPotentialMap_projects.zip 

This contains two Gocad projects: 

MtDore_Targeting_Final_30Jul10_sp  

 Targeting using all relevant exploration criteria 

 MtDore_Targeting_Final_uc_30Jul10_sp  

Targeting using only those exploration criteria which have application in areas of 

Mount Dore which are under cover. 

 

These projects each contain a voxet which has the input exploration criteria and resulting 

Mineral Potential Index. They also contain an active Targeting Workflow study so that 

parameters can be altered to generate additional indexes if required. 
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