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2.0 Abstract  
 

The northwest Paterson Orogen is highly prospective for sedimentary-hosted base metal 

deposits in the Neoproterozoic Yeneena Basin. The Yeneena Basin hosts the world-class 

Nifty (Cu) deposit, discovered in 1981, and yet no new equivalent deposits have been 

discovered elsewhere in the region. This is mainly due to the region being largely under 

the regolith cover with poor or no outcrop. Consequently, exploration for sedimentary-

hosted base metal deposits is limited. This study extracts company drillhole data from the 

Western Australian Mineral WAMEX database. Drillhole data was compiled, 

manipulated, and synthesised using a combination of SQL scripts and a FuzzyWuzzy 

partial-ratio package, to import into 3D software Paradigm SKUA-GOCAD ®. This study 

conducts a 3D spatial analysis of drillhole data from multiple exploration drillholes drilled 

in different regions of the Yeneena Basin to better identify and characterise the geological 

features of sedimentary-hosted base metal deposits. Visual inspection of drillcore further 

enhanced this analysis. Using a mineral systems framework, the results of this study have 

implications for sedimentary-hosted base metal mineral systems based on architecture, 

fluid source, fluid pathways, and depositional traps. 3D spatial analysis and visual 

inspection of drillcores show both copper and zinc-lead mineralisation zones are closely 

related to carbonaceous shales of the Broadhurst Formation that are structurally 

controlled by D4 structures related to the Miles Orogeny. These data provide some 

implications for sedimentary-hosted base metal deposits for the Throssell Range. The 

Coolbro Sandstone is inferred to have acted as an aquifer for basinal brines that were 

facilitated by fluid movement of thrust fault systems to carbonaceous shales of the 

Broadhurst Formation. Important structures are D4 events related to the Miles Orogeny, 

which produced thrust faults and folds that acted as fluid pathways and structural traps. 

In addition to structures, carbonate intervals within carbonaceous shales are effective 

chemical traps for ore deposition.  

 

3.0 Introduction  
 

Since the 1970s, mineral exploration discoveries in the Paterson area have brought about 

some economic success, most notably three world-class deposits at Telfer Au, Nifty Cu, 

and Kintyre U (Ferguson, 2005).  Both the Nifty and Telfer deposits are located in the 
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Yeneena Basin, within different stratigraphic groups and reflect two different 

mineralisation styles; (1) sedimentary-hosted, and (2) vein and hydrothermal. Due to 

poorly exposed Neoproterozoic sedimentary rocks of the Yeneena Basin, in the northwest 

region of the Paterson Orogen, the extent of base and precious metal mineralisation is not 

fully understood.  

 

Newfound exploration interest in the Paterson Orogen, reflects the current shift in 

greenfields exploration search space for mineral deposits in poorly exposed regions 

(Lampinen et al., 2017; Lampinen, 2018). Despite growing investment in exploration, the 

discovery of new economically viable deposits in poorly exposed regions is limited 

(Lampinen et al., 2017; Lampinen, 2018). As is the case in the Paterson area, which hosts 

three world-class deposits, and yet no new equivalent deposits have been discovered 

elsewhere in the region. Using a mineral systems analysis approach becomes more 

effective in poorly exposed regions, however, sedimentary-hosted base metal deposits are 

not as well-documented within the mineral systems framework compared to other mineral 

systems (McCuaig et al., 2010; Hageman et al., 2016).  

 

 

3.1 Research aims & objectives  
 

This study investigates the poorly exposed Neoproterozoic sedimentary succession in the 

Yeneena Basin, northwest region of the Paterson Orogen by conducting a 3D spatial 

analysis to identify the geological features of sedimentary-hosted base metal deposits. 

The study area is under the regolith cover with poor or no outcrop, and relatively under-

explored for sediment-hosted base metal deposits. This study will use a mineral systems 

approach that focuses on the geological processes necessary to form a major sedimentary-

hosted base metal deposit. Therefore, the principal aim of this study, is to develop an in-

part mineral systems model for sedimentary-hosted base metal deposits for the northwest 

region of the Paterson Orogen that serves as a framework for future studies in the region 

for 3D mineral prospectivity modelling.  

 

This study used SQL script to extract drillhole data stored in the Western Australian 

Mineral WAMEX database through a PostgreSQL database. The data extraction process 

used open-source platform pgAdmin4 to compile, manipulate, and synthesis drillhole 

data in the PostgreSQL database. FuzzyWuzzy partial-ratio package was used to 
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universally synthesis drillhole logging codes from multiple exploration companies into a 

common format. The end-product of data extraction enabled drillhole data from 41 

exploration drillholes to be imported into 3D software Paradigm SKUA-GOCAD®. Each 

drillhole was systematically analysed and characterised in 3D space, focusing on the 

identification of geological features (i.e. alteration, lithology, structure, and veining) 

associated with recorded mineral occurrences and mineralisation. The location of each 

drillhole was further analysed in 3D space overlying a 2D 500k interpreted basement 

geology map to investigate potential associations with major structures, and provide 

context to stratigraphic formations within the study area. 3D spatial analysis informed the 

selection of 5 drillcores to be visually inspected. Visual inspection involved the 

identification and recording of individual mineralisation, including structural and 

lithological features. The analysis in this study identified key geological features for 

sedimentary-hosted base metal deposits which can be used in the development of a 

mineral systems model.  

 

3.2 Significance and outcomes  
 

The outcomes of this study will have an academic impact by providing a 3D spatial 

analysis of geological features related to sediment-hosted base metal deposits. This study 

can provide a framework for future exploration targeting studies, specifically 3D mineral 

system analysis and prospectivity modelling.  

 

4.0 Literature Review  
 

4.1 Regional Geology 
 

The Paterson area, located east of the Archaean Pilbara Craton, encompasses a large 

geological domain that constitutes the Paterson Orogen, distinguished by a long arcuate 

belt (2000km) comprises deformed and metamorphosed Paleoproterozoic to 

Mesoproterozoic igneous and sedimentary rocks (Austin and Williams, 1978, Baillie et 

al., 1994, Clarke, 1991) (Figure 1).  
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Figure 1. Location map of the Paterson area. Modified from Czarnota et al., (2009). 

 

 

Geological domains of the Paterson area include the Paleoproterozoic to Mesoproterozoic 

Rudall Complex, the Neoproterozoic Yeneena and northwest Officer Basins, and the 

Phanerozoic Canning Basin (Austin and Williams, 1978, Murray et al., 1997). 

Sedimentary rocks of the Yeneena and northwest Officer Basins unconformably overlie 

the Rudall Complex, which forms basement in the Paterson area (Bagas, 2000, Czarnota 

et al., 2009, Hickman and Clarke, 1993, Mory, 1994). Sedimentary rocks of the Canning 

Basin currently cover a large portion of the Paterson area (Murray et al., 1997, Bagas, 

2004). Regional-scale faults zones distinguish geological domains and their tectonic units 

within the Paterson area (Maidment, 2016). These include, the north-northwest-trending 

Vines-Southwest-McKay Fault Zone, which strikes subparallel to the eastern margin of 

the Pilbara Craton (Hickman and Bagas, 1999) and the northwest-trending Camel-

Tabletop Fault Zone (Maidment, 2016, Bagas, 2004), which defines the tectonic border 

between the Tabletop Terrane and the Talbot and Connaughton Terranes (Maidment, 

2016, Hickman and Bagas, 1999) (Figure 2).  
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Figure 2. Basic geological map of the Paterson area in Western Australia, showing the 
geological domains and their tectonic units, including major fault zones. Modified from 
Ferguson and Bagas (2005) and Czarnota et al. (2009).  
 

4.1.1. Paleoproterozoic to Mesoproterozoic Rudall Complex  
 

The Rudall Complex comprises of intrusive rocks undergone deformation and 

metamorphism up to granulite facies in the Paleoproterozoic to Mesoproterozoic (Clarke, 

1991). The Rudall Complex constitutes three tectono-stratigraphic blocks; the Talbot, 

Connaughton and Tabletop Terranes (Bagas and Smithies, 1998).   

 

Talbot Terrane  

 

The Talbot Terrane, is located within the western portion of the complex and comprises 

of felsic intrusive and supracrustal rocks that have undergone deformation and 

metamorphism up to amphibolite facies (Czarnota et al., 2009). Deformation during the 

Paleoproterozoic (D1 & D2) and the Yapungku Orogeny produced two high-grade events 

suggested to be coeval with emplacement of ca. 1800-1760 Ma Kalkan Supersuite 

(Hickman and Bagas, 1999; Bagas, 2004).  
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The Connaughton Terrane 

 

The Connaughton Terrane comprises of mafic gneiss and paragneiss that have undergone 

metamorphism to amphibolite-granulite facies during the Yapungku Orogeny (D2) 

(Smithies and Bagas, 1997, Maidment, 2016).  The Connaughton Terrane is intruded by 

the Kalkan Supersuite, similar to the Talbot Terrane.  

 

The Tabletop Terrane  

 

The Camel-Tabletop Fault Zone distinguishes the Tabletop Terrane from the 

Connaughton Terrane (Kirkland et al., 2013). The Tabletop Terrane comprises of felsic, 

mafic igneous rocks, and granitic rocks correlated with ca. 1589-1549 Ma Krackatinny 

Supersuite (Ferguson, 2005, Bagas and Smithies, 1998). Rare supracrustal rocks that 

contain amphibolite, BIF, calc-silicate rocks, intrusive ultramafic rocks and quartzite are 

also recorded in the terrane (Ferguson, 2005, Bagas and Lubieniecki, 1999).  

 

 

4.1.2 Neoproterozoic Sedimentary Rocks  
 

The Yeneena and northwest Officer Basins make up Neoproterozoic sedimentary rocks 

deposited in the Paterson area. The Vines-Southwest-McKay Fault forms the boundary 

between the two basins (Grey et al., 2005; Czarnota, 2009). The Yeneena Basin is 

correlated to ca. 850-830 Ma Super-sequence 1 of the Centralian Super-basin based on a 

combination of structural analysis and geochronology investigations (Czarnota, 2009).  

 

Northwest Officer Basin  

 

The northwest Officer Basin comprises of the Tarcunyah, Sunbeam, and Disappointment 

Groups, and the Boondawari Formation (Figure 3) (Ferguson, 2005; Czarnota, 2009). 

Geochronology of the Tarcunyah and Sunbeam groups correlate to ca. 850-830 Ma 

Super-sequence 1 of the Centralian Super-basin (Ferguson, 2005; Czarnota, 2009), 

similar to the Yeneena Basin. However, potential equivalence of both basins require 

further investigation and evidence (Ferguson, 2005; Czarnota, 2009).  
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Yeneena Basin  

 

The Yeneena Basin comprises of the Lamil and Throssell Range Groups (Figure 3). The 

poorly exposed Throssell Range Group comprises of a sandstone-shale-carbonate 

succession that formed in fluviatile to marine-shelf environments compared to the deeper-

water environment of the Lamil Group (Grey et al., 2005). A definitive interpretation of 

the tectonic setting responsible for the generation and formation of the Throssel Range 

Group remains unclear. Hickman and Clarke (1999) infer three possible scenarios; (1) 

intracontinental rifting, (2) sag basin and (3) strike-slip basin.  

 

The Throssell Range Group comprises  the Taliwanya and Pungkuli Formations, Coolbro 

Sandstone, Broadhurst Formation, and Isdell Formation (Bagas, 2004; Grey et al., 2005; 

Czarnota, 2009). The Broadhurst Formation comprises sandstones, siltstones, black 

shales, and carbonate (Czarnota, 2009). The formation is highly prospective for Nifty-

style copper mineralisation (Figure 3).  

 

The Lamil Group overlies the Throssell Range Group and comprises of carbonate rocks, 

sandstones and siltstones including the intrusion of ca. 650 Ma Granites (Hickman and 

Clarke, 1993). The Lamil Group comprises of the Malu, Puntapunta, and Wilki 

Formations (Ferguson, 2005) (Figure 3).  
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Figure 3. Schematic diagram showing the main stratigraphic units of the Neoproterozoic 
Yeneena Basin and northwest Officer Basin relative to major tectonic events including 
mineralisation occurrences. Modified from Bagas (2004), Ferguson (2005) and Czarnota 
et al., (2009).  
 
 
 
4.2 Tectonic events  
 

The interaction of multiple Proterozoic orogens reflect a multi-stage progression that 

resulted in the coming together of Archean cratons in Western Australia (Aitken et al., 

2018) (Figure 4).  Based on isotopic studies, Kirkland et al. (2013), interprets the large 

Mesoproterozoic basement that underlies the Paterson Orogen to be remnants of the West 

Australian Craton, suggestive of a Paleoproterozoic passive margin.  
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Figure 4. Geological map of Western Australia showing the distribution of Archaean 
Cratons, Proterozoic Orogen, and Orogens currently being studied.  Modified from 
Aitken et al., (2018).  

 
The ca. 1800-1765 Ma Yapungku Orogeny altered the large Mesoproterozoic basement 

and is generally understood to signify the West Australian Craton colliding with the North 

Australian Craton (Smithies and Bagas, 1997; Czarnota et al., 2009). This period 

represents D1 in the Paterson Orogen and is supported by correlations made by Bagas 

(1999) with the ca. 1804-1762 Ma Kalkan Supersuite (Ferguson, 2005; Maidment, 2016). 

Thermobarometry investigations conducted by Smithies and Bagas (1997) correlated 

amphibolite and mafic granulites of the Connaughton Terrane with the Yapungku 

Orogeny (Ferguson, 2005; Maidment, 2016) and represents D2 in the Paterson Orogen 

(Tyler, 1999). The Miles Orogeny progressively generated D3 and D4 during a NE to SW 

oriented shortening regime (Bagas and Smithies, 1998; Bagas, 2004; Ferguson, 2005) 

(Table. 1). This event produced a series of northwest trending folds and thrust faults well-

documented in the Neoproterozoic Yeneena Basin (Wyborn, 2001; Durocher et al., 2003; 

Bagas, 2004; Czarnota, 2009). The D5 event involved NW-shortening against the 
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Archaean PC (Bagas, 2004, Austin and Williams, 1978) (Table 1). The event generated 

multiple NE-trending open folds and strike-slip faults recorded in the northwest region of 

the Rudall Complex (Hickman and Bagas, 1995). Timing of the D5 is unclear, but 

Hickman and Bagas (1999) infer two potential scenarios; (1) causation by relaxation of 

the Miles Orogeny, or (2) initiated by the early stages of the ca. 550 Ma Paterson Orogeny. 

The D6 event is associated with the formation of the Paterson Orogen (Austin and 

Williams, 1978; Bagas, 2004; Ferguson, 2005).  

 
Table 1. Summary of deformation events, age and their main structural characteristics 
for the tectonic evolution of the Paterson Orogen. Modified from Bagas (2004). 
 
 

Event Name Age Main characteristic 
D6 Paterson Orogeny c. 550 Ma • SW shortening caused 

NNW-striking dextral 
faults and ENW-striking 
sinistral faults  

• D4 fault reactivation 
• Transpressional F6 folds 

indicate major strike-slip 
deformation  

D5 Unknown Unknown • Inferred NW-shortening 
against the Archaean 
Pilbara Craton  

• Generated several NE-
trending open folds and 
strike-slip faults recorded 
in the northwest Officer 
Basin and Rudall 
Complex 

D3 & D4 Miles Orogeny 800-630 Ma • During NE to SW 
oriented shortening 
regime  

• Northwesterly trending 
F3 recumbent folds and 
D3 thrust faults  

D2 Yapungku Orogeny 1804-1762 Ma • NW-trending, tight to 
isoclinal folds associated 

D1 Yapungku Orogeny 1804-1762 Ma • Correlated with the 
1804-1762 Ma Kalkan 
Supersuite 
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4.3 Mineralisation  
 

Neoproterozoic sedimentary rocks of the Yeneena Basin are highly prospective for base 

and precious metals mineralisation, and currently hosts two world-class deposits at Telfer 

(Au-Cu) and Nifty (Cu) (Table 2). Paleoproterozoic rocks of the Rudall Complex are 

prospective for uranium mineralisation, and currently hosts the world-class Kintyre (U) 

deposit which remains undeveloped (Ferguson and Ruddock, 2001) (Table 2).  

 

The Western Australian Mineral WAMEX database documents greater than 40 base 

metal and uranium prospects in the Rudall Complex (Ferguson, 2005) (Figure 5). The 

majority of these prospects are recorded in the Talbot terrane, hosted by the Yandagooge 

Formation (Ferguson, 2005). Mineralisation host rocks are associated with banded iron-

formations (BIF), chert, and schists and is interpreted to be unconformity-related with the 

overlying Yeneena Basin (Hughes, 1990, Jackson and Andrew, 1988, Waring et al., 

1998). Orebodies of the Kintyre deposit are characterised by shallow-dipping lenses 

concentrated around the contact between sheared chlorite-carbonate-quartz schist and 

dolomite (Jackson and Andrew, 1990; Ferguson, 2005; Maidment, 2016).  

 

The Broadhurst Formation hosts the world-class Nifty and Maroochydore deposits and is 

considered highly prospective for sedimentary-hosted copper deposits. Copper 

mineralisation generally forms in a host rocks characterised by interbedded black shales 

and carbonates. Although both Nifty and Maroochydore deposits have generic similarities 

to sedimentary-hosted copper deposits, Haynes et al., (1993) interprets Nifty copper 

mineralisation to be a unique style of sedimentary-hosted copper deposits. The Nifty 

deposit is concentrated in a syncline hosted by the upper Broadhurst Formation, 

characterised by carbonaceous and dolomitic shale units (Anderson et al., 2001). Nifty 

copper mineralisation is structurally controlled, and developed within a localised 

hydrothermal alteration system where thrust faults linked to the Miles Orogeny acted as 

conduits for deep hydrothermal fluids in the Yeneena Basin (Haynes et al., 1993; 

Anderson et al., 2001; Ferguson, 2005, Huston et al., 2007). Deformation associated with 

the Miles Orogeny, resulted in constriction of the Nifty syncline and allowed the 

penetration of thrust faults into the upper Broadhurst Formation (Anderson et al., 2001; 

Ferguson, 2005; Huston et al., 2007). Hydrothermal fluids localised along these thrust 

faults reacted with the carbonaceous and dolomitic shale units, resulting in the generation 

and concentration of Nifty copper mineralisation in the hinge zone (Anderson et al., 2001; 
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Ferguson et al., 2005; Huston et al., 2007). Fluids introduced during the initial phase of 

hydrothermal alteration were poorly oxidised and carried minimum base metal 

concentrations (Anderson et al., 2001). Later phases of hydrothermal alteration were 

exposed to evolved fluids, characterised by hotter, more saline and reduced fluids that 

carried higher concentrations of copper (Anderson et al., 2001).  
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Figure 5. Geological map of the Paterson area, showing the spatial distribution of mineral 
occurrences currently recorded in the Paterson area. Modified from Ferguson (2005).  
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The Throssell Range group is more prospective for sedimentary-hosted base metal 

mineralisation than the Lamil Group, however, stratabound Zn-Pb mineralisation has 

been documented in carbonate rocks of the Isdell Formation (Czarnota et al., 2009). The 

Lamil Group is more prospective for vein and hydrothermal mineralisation because it 

hosts the world-class Telfer (Au-Cu) deposit (Table 2).  The Telfer deposit is hosted in 

the Malu Formation, characterised by carbonaceous siltstones and quartzite (Ferguson, 

2005). Mineralisation is stratigraphically controlled by large, vertically stacked, quartz-

carbonate sulfide reefs formed in the Telfer Dome (Ferguson, 2005).  The presence of 

quartz-sulfide reefs are integral to Telfer-style mineralisation, and is generally attributed 

to intensive stockworks of quartz-sulfide veins, and sheeted vein sets associated with 

faulting (Rowins et al., 1997; Ferguson, 2005).  

 
 
Table 2. Summary of three world-class deposits in the Paterson area. Modified from 
Ferguson (2005).  
Deposit Major 

Commodity 
Mineralisation 

Type 
Age Main Characteristics 

Telfer Gold-copper Vein and 
hydrothermal 652 ± 7 Ma 

• Structurally 
controlled fluid 
convection and 
circulation  

• Linked to 
Neoproterozoic 
thermal events 
associated with 
granite intrusion at 
ca. 650 Ma 
 

Nifty Base metal Stratabound 
clastic-hosted 

791 ± 43 
Ma 

• Sediment 
replacement related 
to structurally 
controlled fluid 
circulation 

• Linked to the 
Neoproterozoic 
Miles Orogeny at ca. 
750 – 720 Ma 
 

Kintyre Uranium 
Unconformity-
related vein and 

hydrothermal 
Unknown 

• Formed during the 
early history (c. 800 
Ma) of the Yeneena 
Basin  

• Affected by a 
thermal event at ca. 
650 Ma 
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4.4 Sedimentary-hosted base metal deposits 
 

Globally, sedimentary-hosted base metal deposits are hosted within a variation of 

siliclastic and carbonate rocks. Generally, igneous processes are not genetically linked to 

sedimentary-hosted base metal deposits, however, this is not always the case. 

Sedimentary-hosted base metal deposits generate a variety of ores, in which the primary 

metal commodities produced are Ag-Cu-Fe-Pb-Zn (Ferguson, 1998; Leach et al., 2010; 

Wilkinson, 2014). Copper is less common but economically significant in particular 

deposits such as the world-class Nifty deposit (Ferguson, 1998; Leach et al., 2010). The 

variety of ores produced, are reflected in diverse array of metal precipitation processes 

associated with sedimentary-hosted base metal deposits. These include; Broken Hill-type, 

clastic-dominated diagenesis, epigenetic replacement, Irish type, low-grade 

metamorphism, sandstone-hosted,  sea floor synsedimentary (SEDEX), and sediment-

hosted massive sulphide (SHMS) (Ferguson, 1998; Leach et al, 2010). All processes share 

common features and yet remain unique from one another. The tectonic setting of 

sedimentary-hosted base metal deposits generally occur in continental rift or passive 

margin settings (Ferguson, 1998; Leach et al., 2010; Wilkinson, 2014), and are 

structurally controlled by major synsedimentary faults (Ferguson, 1998; Leach et al., 

2010; Wilkinson, 2014). These fault zones are important for transporting hydrothermal 

fluids from great depths and released in either or a combination of fractures, breccia 

zones, permeable stratigraphy, and the water column (Ferguson, 1998; Leach et al., 2010; 

Wilkinson, 2014) (Figure 6).  
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Figure 6. Schematic diagram illustrating syn-sedimentary faults facilitating the migration 
of hydrothermal fluids for sedimentary-hosted base metal deposits. Modified from 
Wilkinson (2014).  
 

  
4.4.1 Sedimentary-hosted lead-zinc deposits  
 
There are two main sub-divisions for sedimentary-hosted lead-zinc deposits; (1) clastic-

dominated and (2) carbonate-hosted. The genetic terminology for the clastic-dominated 

type is sedimentary exhalative (SEDEX) deposits (Ferguson, 1998). These deposits are 

characterised by large tabular bodies that comprise of Zn-Pb-Ag associated with iron 

sulphides interbedded with the minerals galena and sphalerite (Leach et al., 2010). This 

deposit type requires the release of hydrothermal fluids derived from sub-seafloor vent 

complexes in reduced seawater and sediment (Ferguson, 1998; Leach et al., 2010) at 

which the timing of mineralisation is either syngenetic or simultaneous to the initial phase 

of diagenesis (Leach et al., 2010). Breccias and fractures associated with syn-sedimentary 

faults are important structural controls (Ferguson, 1998; Leach et al., 2005). The tectonic 

setting at which these deposits form, are generally associated with back-arcs, continental 

rifts, passive-margins, and sag basins (Ferguson, 1998; Leach et al., 2010) (Figure 7).  
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Figure 7. Schematic diagram of passive margin setting for sedimentary-hosted lead-zinc 
deposits including general host rocks. Modified from Leach et al., (2010).  
 

The genetic terminology for the carbonate-hosted type is Mississippi Valley Type (MVT) 

deposits.  These deposits are characterised by large platform carbonate sequences 

generally situated along foreland thrust belts or basin flanks (Leach et al., 2010, 

Wilkinson, 2014; Lampinen, 2018), that formed at relatively shallows depths below the 

sea level. MVT ore bodies are generally characterised as stratabound/stratiform, 

distributed along well-defined tabular zones (Ferguson, 1998; Leach et al., 2010; 

Wilkinson, 2014). Similar to SEDEX, MVT host rocks require the fluid-interaction of 

oxidised sedimentary brines which are facilitated through fractures and breccias 

associated with syn-sedimentary faults. Timing of mineralisation is generally epigenetic 

(Leach et al., 2005, Lech et al., 2010; Wilkinson, 2014).  

 

4.4.3 Sedimentary-hosted copper deposits  
 
Globally, sedimentary-hosted copper deposits generally form in reduced sedimentary 

rocks either at or overlying large zones of red (oxidised) beds (Hitzman et al., 2005).There 

are three sub-divisions for sedimentary-hosted copper deposits based on host rock. These 

include; (1) reduced-facies, (2) sandstone, and (3) red bed. Host rocks of reduced-facies 

deposits generally comprise of dolomite, dolosiltstone, shale, and siltstone, whereas, host 
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rocks of red bed deposits generally comprise of fluvial conglomeratic sandstone (Zientek 

et al., 2010; Hitzman et al., 2005). Similarly, both types can include organic matter. In 

contrast, host rocks of sandstone deposits generally comprise of well-sorted siliclastic 

sandstones previously containing petroleum.  

 

 
Figure 8. Schematic diagram summarizing the mineral system for sedimentary-hosted 
copper deposits. Modified from Hitzman et al., (2005).  
 

Sedimentary-hosted copper deposits are generally found within sedimentary basins that 

have undergone diagenesis and lithification. Both processes are generally a precursor for 

the migration of sedimentary brines from syn-rift red beds and mafic volcanic rocks along 

syn-sedimentary faults towards a hydrologic seal (Zientek et al., 2010; Hitzman et al., 

2005) (Figure 8). Copper and other base metals are leached from these brines only during 

the reduction of sulfate in host rocks (Hitzman et al., 2005; Zientek et al., 2010).  

Sedimentary-hosted copper deposits generally adhere to the stratification of host rocks, 

characterised by fine-grained copper-iron-sulfide minerals either stratabound/stratiform 

disseminations in siliclastic or dolomitic sedimentary rocks (Zientek et al., 2010). The 

primary ore minerals include bornite, chalcocite, chalcopyrite, hematite, and pyrite 

(Zientek et al., 2010). The tectonic setting of major global sedimentary-hosted copper 

deposits generally occur in intracratonic basins such as the Katanga Basin in central 

Africa (Zientek et al., 2010).   
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4.5 Mineral systems analysis  
 

Mineral systems analysis is a theoretical framework utilised to enhance mineral 

exploration by correlating different geological processes necessary for the generation and 

preservation of ore deposits, regardless of scale (Wyborn et al., 1994). A mineral systems 

analysis takes into account factors controlling multiple geological processes at a variety 

of scales. Such factors include; the secular evolution of the Earth, lithospheric 

enrichment, and geodynamic drivers (Anne et al., 2016, Hagemann et al., 2016, McCuaig 

et al., 2010, McCuaig and Hronsky, 2014, Wyborn et al., 1994). Previous deposit-centric 

models focused on characterization of the deposit, whereas a mineral systems analysis 

focuses on the geological processes that generated the deposit (Angerer et al., 2015, 

Huston et al., 2016, McCuaig and Hronsky, 2014). The main geological processes a 

mineral systems analysis highlights include geochemical, geophysical, and tectonic 

processes at the larger-scale (Hagemann et al., 2016). The use of mineral systems analysis 

in industry for mineral exploration is steadily increasing, however, some deposits such as 

sedimentary-hosted base metal deposits are not as well-documented. Despite this, there 

are four key components of mineral systems analysis apply to all deposit types, regardless 

of scale and time. These include; (1) crustal architecture, (2) fertility, (3) preservation, 

and (4) tectonic history (Hagemann et al., 2016; McCuaig and Hronsky, 2017) (Figure 

9). Developing a mineral systems analysis has advantages in identifying features of 

mineral systems, either before or after mineralisation, because the time frame of a mineral 

system can encompass greater than hundreds of millions of years (McCuaig and Hronsky, 

2014; Hagemann et al., 2016; Huston et al., 2016) 

 
Figure 9. Schematic diagram showing the four key components of mineral systems 
analysis that apply to all deposit types. Modified from McCuaig and Hronsky (2014). 
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5.0 Project design and methodology 
 

5.1 Database  
 

This study was based on the compilation, synthesis, extraction, and integration of data 

from the Geological Society of Western Australia (GSWA) database. The GSWA 

database is a compilation of reports from multiple exploration companies submitted to 

the GSWA, between 1984 and present. Every year, it is mandatory exploration companies 

submit annual exploration project reports under Western Australian legislation. The 

exploration reports and data become accessible to the public as open-file reports saved in 

the Western Australian Mineral WAMEX database, after a period of confidentiality. The 

Centre for Exploration Targeting (CET) has a replicate of the GSWA database in 

PostgreSQL, which is an open source database management system (Figure 10). This 

study used pgAdmin4 as an open source management tool for the PostgreSQL database. 
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Figure 10. CET replicate of GSWA database in PostgreSQL shows how different types 

of data are connected through the categorisation and organisation of tables.  
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In PostgreSQL, the CET utilized a schema for the database that shows the relationship 

between different tables of information. Each table represents a data field for a particular 

property. There are a variation of properties included in the database. The properties 

important to this study were alteration, geology, geochemistry, mineralogy, structure, and 

veining. Each field contains data from different exploration companies that are 

distinguished based on their to unique identification number (ID). Collar and survey 

tables are unique to fields in that they provide information about the drillhole location 

(collar), and downhole orientation measurements (survey). Both of these tables are 

important for importing individual drillholes into 3D software programs as they specify 

the drillhole location and orientation subsurface.  

 

Drillhole data for collar, survey, and property tables are divided into two tables. The main 

table specifies the location/downhole interval of data recorded in 2D, whereas the 

secondary table includes attribute information. The attribute information in the secondary 

table is classified into two main columns; (1) the attributecolumn (e.g.  alteration mineral) 

and (2) the attributevalue (e.g. carbonate). An example of how the schema links field 

tables to collar and survey tables based on unique collar ID is shown in Figure 11 where 

the field for geology is divided into two tables; (1) dhgeology, and (2) dhgeologyattr. The 

same principal can be observed in pgAdmin4 for collar, survey, and field data where the 

main and secondary table are linked by the unique ID (Figure 12).  

 

 
Figure 11. An example of how the CET schema in PostgreSQL links geology with collar 
and survey.  
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Figure 12. Screenshots of main (collar) and secondary (collarattr) tables in pgAdmin4 
connected by the unique ID  
 

5.2 Drillhole selection  
 

The PostgreSQL database was connected to QGIS to better visualise the spatial 

distribution of exploration drillholes in Western Australia that are available in the GSWA 

core library in Carlisle (Figure 13a). A shape file of the Paterson area provided by the 

database was used in QGIS to outline the regional extent of this study and better define 

the study area. Within the Paterson area, 55 exploration drillholes were selected for this 

study based on their spatial proximity to the Paterson Orogen (Figure 13b).  
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Figure 13. (A) Spatial distribution of exploration drillholes in Western Australia that are 
available at the GSWA core library in Carlisle. (B) Spatial distribution of exploration 
drillholes within the Paterson area. The red square outlines the study area underlying 
GSWA 1:500 000 state interpreted bedrock geology map of Western Australia 
(Department of Mines and Petroleum, 2016). Geographic coordinate system projection is 
WGS 84.  
 
 

A unique company-hole-identification-number (ID) is assigned to each exploration 

drillhole and corresponds to a unique collar-ID. The collar-ID for each of the 55 

exploration drillholes were used in pgAdmin4 to check their availability in the database 

by accessing the mrtfile table (Figure 14). The presence of an anumber integer in the 

mrtfile table informs the availability of the drillhole. It was revealed that 15 exploration 
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drillholes had either no available drilling data, or are presently confidential, thus reducing 

the total number of exploration drillholes used in this study to 41. The exploration 

drillholes selected for this study represent five separate companies; Birla Nifty Pty Ltd, 

Encounter Resources Ltd, Mega Redport Pty Ltd, Midas Resources Ltd, and Newcrest 

Mining Ltd.  

 

 
Figure 14. Screenshot of PostgreSQL database in pgAdmin4 showing the mrtfile table 
with ID and an anumber integer.  
 

 

5.3 Data extraction  
 

5.3.1 Phase 1  
 

Three important parameters were required to import drillholes into 3D software SKUA-

GOCAD. They included collar, survey, and field (e.g. alteration, lithology, structure etc.) 

data. Individual drillholes require; (1) collar data for x, y, z coordinates and the maximum 

length, (2) survey data for depth, azimuth and dip, and (3) field data for intervals (i.e. 

from and to), and the attribute. Collar, survey and property tables (e.g. alteration) for 

individual drillholes are connected, but not contained within one table suitable for data 

extraction. Importing individual drillholes missing either one of the three parameters will 
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produce an inaccurate representation in 3D space. Therefore, each table had to be 

manipulated and merged into one using a SQL script in pgAdmin4 (Figure 15). Before 

running the SQL script, a new survey table had to be created in the PostgreSQL database 

that included depth, azimuth and dip corresponding to the ID of individual drillholes 

(Figure 16).  Because the collar, survey and field tables are connected by their unique ID, 

the SQL script did not need to reference survey. New property tables were created in the 

PostgreSQL database in pgAdmin4 for alteration, geochemistry, lithology, mineralogy, 

structure, and veining.  

 

 
Figure 15. Code snippet of SQL script used in pgAdmin4 to create merged property 
tables.  
 
 

 
 
Figure 16. Screen-shot of PostgreSQL database in pgAdmin4 showing the new survey 
table created that includes the maximum length, azimuth and dip for each company-hole-
ID correlated to their unique ID  
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5.3.2 Phase 2  
 
Each new property table (i.e. alteration etc.) contained data from different companies. 

Consequently, attributecolumn and attributevalue data overlapped for different 

companies. For instance, each company developed their own unique coding system to 

categorise attributecolumn and attributevalue data for particular fields (i.e. alteration 

etc.), however, when merged together, different companies used different codes that 

referred to the same information. This problem was resolved by checking each field’s 

attributecolumn codes with their respective attributevalue (Appendix 1). Different 

attributecolumn codes that referred to the same attributevalue code were assigned new 

attributecolumn codes (Figure 17 & Appendix 2). The original attributecolumn codes for 

each field were replaced with their new attributecolumn codes in the PostgreSQL 

database using an SQL script in pgAdmin4 (Figure 18). The synthesis of similar 

attributecolumn codes ultimately simplified drillhole data for each field. Completing this 

data extraction phase provided a more holistic and representative understanding of the 

attribute information within each property table.  

 

 
Figure 17. Example showing the process of identifying attributecolumn codes from 
different companies that refer to the same attributevalue. In doing so, a new 
attributecolumn code can be assigned.  
 

 
Figure 18. Screen-shot of PostgreSQL database in pgAdmin4 showing the SQL script 
used to replace the original attributecolumn codes with new attributecolumn codes for 
new fields.   
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5.3.3 Phase 3  
 

To accurately import the attribute information for the properties alteration, geochemistry, 

lithology, mineralogy, structure, and veining, along corresponding drillholes in 3D 

software SKUA-GOCAD, the property tables created in Phase 2 had to be further 

manipulated in pgAdmin4. An SQL script was used to link the main table to the property 

table created in Phase 2. The SQL script was applied individually to each property; 

alteration, geochemistry, lithology, mineralogy, structure, and veining. The new property 

tables ultimately gave context by correlating the new attributecolumn codes with their 

correct downhole interval measurements based on collar ID (Figure 18).  

 

 
 
Figure 19. Schematic diagram showing how the main table and property table were 
linked based on collar ID to create an updated property table suitable for importation into 
3D software SKUA-GOCAD. 
 
 

5.3.4 Phase 4  
 
Different companies used different attributevalue codes for different properties, which 

required acquiring company logging codes (Birla Nifty Pty Ltd, Encounter Resources 

Ltd, Mega Redport Pty Ltd, Midas Resources Ltd, and Newcrest Mining Ltd.) from 
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reports saved on the Western Australian Mineral WAMEX database (Appendix 3). The 

logging codes for companies Birla Nifty Ltd, Mega Redport Pty Ltd, Midas Resources 

Ltd, and Newcrest Mining Ltd, were organised in the same format. Therefore, they were 

compiled and grouped based on property. The updated property tables created by the end 

of Phase 3 were exported from pgAdmin4 into a CSV file (Appendix 4). In each property 

CSV file, the VLOOKUP formula was used to cross-reference the company logging codes 

with the attributevalue codes, thereby decoding them (Figure 19).  

 

 
Figure 20. Schematic diagram showing how company logging codes for each property 
were used to decode the attributevalue codes using the vlookup formula. 
 
The logging code system for Encounter Resources Ltd used a root code system to 

distinguish different properties (i.e. sedimentary-rocks, vein, alteration etc.). The logging 

codes for each property were organised into rows of columns (Figure 20). Decoding this 

logging code system presented many difficulties, because the attributevalue code given 

in the PostgreSQL database has no context without first knowing the root code and 

column it denotes to. Therefore, a separate SQL script was developed to decode the 

Encounter Resources Ltd logging code system (Figure 21).  

 

 

 

 

 

 

 

 

 

 



Ethan Sylvester Research Thesis 21710543 

32 
 

 

 
 
Figure 21. Screen-shot of Encounter Resources Ltd logging code system for sedimentary 
rocks that highlights how different columns have the same attributevalue code (red 
square). To understand the context of that attributevalue code requires knowing the 
column number and the root code.  
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Figure 22. Schematic diagram showing the SQL script used to decode the Encounter 
Resources Ltd logging code system. Each rectangle represents a section of the SQL script. 
(A) Shows the different column combinations relevant within each property. For example 
(Figure #) only the root code, type, and rock name are relevant to decode. (B) Shows how 
to decode each root code that represents a property. (C) Shows how to decode all the 
relevant codes within column 3 for each property. (D) Shows how to decode all the 
relevant codes within column 5 for each property.  
 

5.3.5 Phase 5  
 

The decoded attributevalue codes for each company were compiled and grouped into new 

CSV files based on property (Appendix 5). Similar to phase 2, there are cases where the 

attributevalue codes for each company refer to the same information, therefore, the codes 

in each property had to be synthesised into a common format by applying a multi-decoder. 

This would provide a holistic and representative understanding of the attribute 

information for each property. The synthesis was based on a thesaurus developed by the 

CET for lithology, mineralogy, and structure (Appendix 6). In order to prevent duplicate 

records across a large dataset (i.e. property), the FuzzyWuzzy package was utilised. 

FuzzyWuzzy applies a set of SQL scripts that processes large datasets to find data that 

matches an approximate pattern. This process is referred to as string matching. In this 

case, the data being processed was the company attributevalue codes for each property, 

and the pattern being matched was the CET thesaurus. There are four FuzzyWuzzy logics 

applied to large datasets. This study used the Partial Ratio logic to best match the data in 

each property with the CET thesaurus. Applying the FuzzyWuzzy partial ratio logic to 

each property provided a raw score, which is a quantifiable value (0-100) of certainty for 

each match (Figure 22 and Appendix 7). A threshold value was set to filter out data that 
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did not meet the desired certainty. The end product was an exported CSV file with 

synthesised drillhole data from 41 exploration drillholes based on the property suitable 

for importation into 3D software SKUA-GOCAD (Appendix 8).  

 

 
Figure 23. Code-snippet showing a section of the FuzzyWuzzy SQL script. (A) Part of 
the SQL script that defines the type of CET thesaurus FuzzyWuzzy partial ratio will 
match. (B) Part of the SQL script that defines the FuzzyWuzzy logic applied. (C) Part of 
the SQL script that sets a threshold for determining best match. In this case, any score 
less than 80 was classified as other.     
 

5.4 Importation into SKUA-GOCAD  
 

Paradigm SKUA-GOCAD® is 3D software compatible with the integration of modules 

for subsurface modelling (i.e. seismic, geological, and reservoir). This study utilised 

SKUA-GOCAD to conduct 3D spatial analysis of 41 exploration drillholes in the 

Paterson Orogen.   

 

Visualising 41 exploration drillholes in 3D space first required exporting collar and 

survey data into CSV files.  Mentioned previously in the methodology for data extraction, 

collar and survey data specified the drillhole location and downhole orientation 

subsurface in 3D space.  The collar CSV file included company-hole-ID, end of hole 

measurement (EOH) and x, y, z coordinates. The survey CSV file included company-

hole-ID, depth, azimuth and dip. The collar and survey CSV files had to be formatted in 

a manner that was compatible with SKUA-GOCAD (Figure 23), in order for the 

exploration drillholes to be imported into 3D space (Figure 24).  
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Figure 24. (A) Schematic diagram showing the required format for collar and survey 
CSV files to be imported into SKUA-GOCAD. (B) Screen-shot in SKUA-GOCAD 
showing the directory (red square) to import both collar and survey CSV files. Deviation 
refers to survey.  
 

 
Figure 25.  Screen-shot of SKUA-GOCAD showing 41 exploration drillholes imported 
in 3D space.  
 

To import attribute data for the properties alteration, geochemistry, lithology, mineralogy, 

structure, and veining, the CSV files created by the end of phase 5 were formatted in a 

manner compatible in SKUA-GOCAD (Figure 25). Systematically, each property was 

imported into SKUA-GOCAD.  
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Figure 26. (A) Screen-shot in SKUA-GOCAD showing the directory to import property 
CSV files. (B) Schematic diagram showing the required format for lithology CSV file to 
be imported into SKUA-GOCAD. Lithology CSV file had to be imported under Geology. 
(C) Schematic diagram showing the required format for alteration CSV file to be imported 
into SKUA-GOCAD. Alteration, geochemistry, mineralogy, structure, and veining CSV 
files were imported under properties.  
 

Property data were displayed in a particular setting to produce the best visual 

representation of multiple datasets in 3D space for each drillhole. The background colour 

used varied between black and white depending on the contrast. The main properties 

displayed were lithology, alteration, structure, veining, and geochemistry.  To manage 

the multiple datasets, each property was oriented to a particular azimuth so that data from 

different properties did not overlap and skew the analysis. Lithology, alteration, and 

structure properties used a log style set to ladder. The vein property used a log style set 

to cylinder and the geochemical property used a log style set to lathe. All properties used 

a linear scaling type where the factor varied in order to present the best visual 

representation against other data.  Lithology, alteration, structure, and veining attribute 

information were assigned colours by SKUA-GOCAD with a legend provided (Figure 

26). Geochemical data was displayed by element, with lathe colour and size representing 

a scale either in percent (%) or parts-per-million (ppm) (Figure 26). An identifier tool in 

SKUA-GOCAD provided an alternative means of identifying attribute data information 

for each property.  
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Figure 27. (A) Lithology data oriented to an azimuth of 0, log style set to ladder and 
scaling type linear. (B) Alteration data oriented to an azimuth of 180, log style set to 
ladder and scaling type linear. (C) Structure data oriented to an azimuth of -70, log style 
set to ladder and scaling type linear. (D) Vein data oriented to an azimuth of 0, log style 
set to cylinder and scaling type linear (E) Geochemical data oriented to an azimuth of 0, 
log style set to lathe and scaling type linear.  
 

A png file of the 500k interpreted bedrock geology (IBG) map of the Paterson area, 

Western Australia (Department of Mines and Petroleum) was converted into an ERS file 

and imported into SKUA-GOCAD to provide context for the location of each drillhole in 

3D space. The map was imported in AGD 1996 AMG Zone 50. To accurately align the 

map in 3D space, x, y, and z coordinates were provided for each corner of the map (Figure 

27).  
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Figure 28. Screen-shot of SKUA-GOCAD screen showing 500k interpreted bedrock 
geology map of the Paterson area, Western Australia imported into 3D space.  
 

5.5 3D spatial analysis in SKUA-GOCAD  
 

3D spatial analysis of drillhole data from 41 exploration drillholes was conducted in 

SKUA-GOCAD. Geochemical data for the elements copper, lead, silver, and zinc were 

displayed along each drillhole to investigate recorded mineralisation. A criterion 

developed by Ferguson (2005) was used, whereby any expression of mineralisation, 

either at surface or subsurface that adheres to the criteria given in Table 3, classifies as a 

mineral occurrence. Based on the criterion, identified mineral occurrences including 

mineralisation was analysed and characterised against property attribute data to 

investigate potential associations between mineralisation and property. The location of 

each drillhole was also compared to the 500k IBG map to investigate potential 

associations with major structure, and provide context to stratigraphic formations within 

the study area. This approach was systematically applied to each drillhole in SKUA-

GOCAD.  

 

Table 3. Minimum element intersection lengths (m) and grade for mineral occurrences. 
Moderately modified from Ferguson, (2005).  

Element Intersection length (m) Grade 
Copper >1 >0.25% 
Lead >1 >1% 
Silver >1 >35ppm 
Zinc >1 >0.5% 
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5.6 Visual inspection of drillcores  
 
5.6.1 Selection of drillcores  
 
3D spatial analysis in SKUA-GOCAD informed the selection of 5 exploration drillholes 

to be visually inspected at the GSWA core library in Carlisle. The selection process 

depended on the abundance of identified mineral occurrences and mineralisation 

associated with a combination of alteration, lithology, structure, and veining. The 

selection process also depended on the location of each drillhole in the study area. Based 

on the requirements established, 5 exploration drillholes were selected within the study 

area. Three exploration drillholes (EPT057, EPT2192, and EPT2294) were drilled in 

Throssell Range Group, and two exploration drillholes (ETG0023, and MWD14001) 

were drilled in the Lamil Group (Figure 28). The spatial distribution of the five 

exploration drillholes provided a representative sample set for the two major stratigraphic 

groups in the Neoproterozoic Yeneena Basin.  

 

5.6.2 Visual inspection  
 
A spatial summary of the five exploration drillholes from 3D spatial analysis in SKUA-

GOCAD was used to identify intervals of interest along drillcores. Visual inspection of 

each drillcore followed a systematic approach whereby the lithology, identification of 

alteration, mineralisation, structures, and veining were characterised and documented. 

Documentation came in the form of stratigraphic log sheets (Appendix 8) and 

photographs (Appendix 9). The identification of sulfide mineralisation was characterised 

against alteration, lithology, structure, and veining.  Visual inspection of drillcores 

provided further analysis and validation of the data extraction process and 3D spatial 

analysis in SKUA-GOCAD. 

 

5.6.3 Hylogger data  
 

Courtesy of GSWA, HyLogger spatial summary data were provided for drillcores 

EPT057, EPT2294, and MWD14001. This provided another layer of analysis for 

identifying geological features associated with mineralisation for sedimentary-hosted 

base metal deposits.  
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Figure 29. Location of five exploration drillholes selected for visual inspection relative 
to the main stratigraphic groups within the Neoproterozoic Yeneena Basin.  
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6.0 Results  
 

6.1 Data importation into SKUA-GOCAD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30. All exploration drillholes visualised in 3D space. Represents the end result of 
exploration drillhole data extracted from the GSWA database and successfully imported 
into SKUA-GOCAD software. 
 

Figure 31.  Location of exploration drillholes (represented by the yellow square) in the 
Paterson area overlying 1:500 000 state interpreted bedrock geology map of Western 
Australia (Department of Mines and Petroleum, 2016). The geographic coordinate 
reference system is GDA94. An insert map in the top right hand corner, shows the 
location of the Paterson area in Western Australia. 
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6.2 Drillhole analysis  

 

6.2.1 Throssell Range  
 

Birla Nifty Pty Ltd – YNC350 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 32. Exploration drillhole YNC350 facing north. (A) Shows the location of 
YNC350 (red rectangle) in the Paterson area on a regional scale. (B) Shows the complete 
length of YNC350. (C) Shows in detail the interval of interest highlighted in (B) (white 
rectangle) for copper mineralisation. The attributes displayed in (C) include lithology and 
geochemistry.  
 
 
 

B A 

C 
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Table 4. Summary of significant geochemical assay intervals Cu and lithology data 
intersected by YNC350. 
Depth From (m) Depth To (m) Cu (ppm) Lithology 

2 4 780 Sandstone 
65 67 968 Sandstone 
79 81 1056 Shale 
94 96 767 Shale 

 
Summary  

 

YNC350 reached a maximum depth of 598m and intersected predominately shale units 

and a minor tertiary sequence of clays and sandstones.  YNC350 recorded significant 

geochemical assay results for copper (ppm) in sandstones and shales between 2-100m. 

The best copper intersection (1056ppm) was recorded between 79-81m in shale. 

 

Midas Resources Ltd – PADD001 

 
  
 

 
Figure 20.  
 

 
 
 
 
 
 

A B 
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Figure 33. Exploration drillhole PADD001 facing northwest. (A) Shows the location of 
PADD001 (red rectangle) in the Paterson area on a regional scale. (B) Shows the 
complete length of PADD001. (C) Shows in detail the interval of interest highlighted in 
(B) (white rectangle) for cobalt, copper, silver and lead mineralisation. The attributes 
displayed in (C) include lithology, structure and geochemistry.  
 
Table 5. Summary of significant geochemical assay intervals Ag-Co-Cu-Pb, lithology and 
structure data intersected by PADD001. 

Interval (m) Lithology Structure Ag (ppm) Co (ppm) Cu (ppm) Pb (ppm) 
66-67 Shale Fold 0.25 7 52 12 
86-87 Shale Fold 0.25 153 153 21 

135-136 Shale Fold 0.8 27 88 253 
157-158 Shale Fold & vein 0.7 10 21 438 

 
 
 
 
 
 

C 
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Summary  

 
PADD001 reached a maximum depth of 346m and intersected predominately shale. 

Folding was recorded from 53m until EOH including veining at 157m. PADD001 

recorded significant geochemical assay results for Ag-Co-Cu-Pb between 65-100m.   

 
Midas Resources – PADD002A 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. Exploration drillhole PADD002A facing north. (A) Shows the location of 
PADD002A (red rectangle) in the Paterson area on a regional scale. (B) Shows the 
complete length of PADD001. (C) Shows in detail the interval of interest highlighted in 
(B) (white rectangle) for copper mineralisation. The attributes displayed in (C) include 
lithology, structure and geochemistry. 
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Summary  

 

PADD002A reached a maximum depth of 650 m and intersected predominately polymict 

breccia including multiple quartz, calcite, dolomite and hematite veins. PADD002A 

recorded significant geochemical assay results for copper between 550-580m. The best 

copper intersection (2080ppm) was recorded between 550-551m in polymict breccia and 

quartz-carbonate veining.  

 
Encounter Resources Ltd – EPT057 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Table 6.  Summary of significant geochemical assay intervals Cu, lithology and structure 
data intersected by PADD002A. 

From Depth (m) To Depth (m) Cu (ppm) Lithology Structure 
550 - 551 551 2080 Polymict breccia Quartz-carbonate vein 

551 - 551.75 551.75 1510 Polymict breccia Quartz-carbonate vein 
551.75 – 552.40 552.40 793 Polymict breccia Quartz-carbonate vein 

573 - 575 575 480 Polymict breccia Calcite-dolomite-hematite 
vein 

575 - 579 579 824 Polymict breccia  
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Figure 35. Exploration drillhole EPT057 facing northwest. (A) Shows the location of 
PADD002A (red rectangle) in the Paterson area on a regional scale. (B) Shows the 
location of EPT057 on a local scale. (C) Shows the complete length of EPT057 displaying 
the attributes alteration, lithology, structure and geochemical data for copper (left) and 
silver (right). (D) Shows the complete length of EPT057 displaying the attributes 
alteration, lithology and structure for zinc (left) and lead (right). Both (C) and (D), 
highlight maximum intervals (star) of geochemical assay results.  
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Table 7. Summary of significant geochemical assay intervals Ag-Cu-Pb-Zn, lithology 
and structure data intersected by EPT057. 
Element From Depth (m) To Depth (m) Value (ppm) Lithology Alteration Structure 
Copper 142 143 798 Dolomite Pyrite Breccia & 

quartz-
carbonate 

vein 
191 191.4 2020 Shale Hematite Foliated 
389 389.5 2250 Argillite  Veined 

Silver 197 198.2 1.85 Shale Pyrite & 
hematite 

Foliated 

451 452 1.45 Shale Hematite Quartz-
carbonate 

vein 
Lead 114 116.05 2 Dolomite Hematite Foliated 

197 198.2 109 Shale Pyrite & 
hematite 

Foliated 

433 434 76 Shale Hematite Quartz-
carbonate 

vein 
Zinc 110 110.8 17 Shale Pyrite & 

hematite 
Foliated 

 
Summary  
 
EPT057 reached a maximum depth of 458m and intersected predominately argillite and 

dolomite. The lithology was primarily exposed to hematite and pyrite alteration, but also 

included carbonate, siderite and manganese-oxide. Structurally, EPT057 intersected 

multiple quartz-carbonate veins and foliated mineralisation. EPT057 recorded significant 

geochemical assay results for copper, silver, lead and zinc between 90-230m and 290-

458m.  

 
Encounter Resources Ltd – EPT058 
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Figure 36. Exploration drillhole EPT058 facing west. (A) Shows the location of EPT058 
(red rectangle) in the Paterson area on a regional scale. (B) Shows the location of EPT058 
on a local scale. (C) Shows the complete length of EPT057 displaying the attributes 
alteration, lithology, structure and geochemical data for copper, lead and zinc, including 
intervals of interest (white rectangle) for mineralisation. (D) Shows alteration, lithology 
and structure data for interval (1). (E) Shows significant geochemical assay results Zn in 
interval (1). (F) Shows significant geochemical assay results Pb in interval (1). (G) Shows 
alteration, lithology and structure data for interval (2). (H) Shows significant geochemical 
assay results for Cu in interval (2). (I) Shows significant geochemical assay results for Pb 
in interval (2).  
 
 
Table 8. Summary of significant geochemical assay results Cu-Pb-Zn, alteration, 
lithology and structure data intersected by EPT058 between the intervals (1) and (2). 

Interval (m) Depth (m) Cu (ppm) Pb (ppm) Zn (ppm) Lithology Alteration Structure 

30-100 

34 202 58 244 Felsic Manganese 
oxide 

Quartz-vein 

46 122 18 253 Felsic NULL Quartz-vein 
51 26 10 702 Argillite Sericite  
72 13 8 23 Felsic Carbonate Quartz-

carbonate vein 
78 27.5 19 12 Shale Pyrite Quartz-

carbonate vein 
86 160 14 12 Argillite Pyrite Quartz-

carbonate vein 
98 245 45 27 Argillite Carbonate & 

Pyrite 
 

105-175 

128 17 9 9 Argillite Pyrite Quartz-
carbonate vein 
& brecciation 

152 44.5 103 17 Shale Pyrite Quartz-
carbonate vein 

162 371 17 31 Argillite Pyrite & 
carbonate 

Quartz-
carbonate vein 
& brecciation 

 
 
 
 

I 



Ethan Sylvester Research Thesis 21710543 

51 
 

Summary  

 

EPT058 reached a maximum depth of 192.6 m and intersected predominately argillite. 

The lithology was primarily exposed to carbonates and pyrite alteration, but also included 

a manganese-oxide alteration zone Structurally, EPT058 intersected multiple quartz-

carbonate veins. EPT058 recorded significant geochemical assay results for Cu-Pb-Zn. 

Maximum Cu values above 100ppm were intersected at 46m (122ppm), 86m (160ppm) 

98m (245ppm) and 162m (371ppm). 

 
Encounter Resources Ltd – EPT062 
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Figure 37. Exploration drillhole EPT062 facing north. (A) Shows the location of EPT062 
(red rectangle) in the Paterson area on a regional scale. (B) Shows the complete length of 
EPT062 displaying the attributes alteration, lithology, structure and geochemical data for 
Cu-Pb-Zn, including the selected intervals of interest for mineralisation (white rectangle). 
(C) Shows the maximum geochemical assay results from interval (1). (D) Shows the 
maximum geochemical assay results from interval (2) (E) shows the maximum 
geochemical assay results from interval (3). 
 
Table 9. Summary of significant geochemical assay results Cu-Pb-Zn, alteration, 
lithology and structure data intersected by EPT062 between the intervals (1), (2) and (3). 

Interval (m) Depth (m) Cu (ppm) Pb (ppm)  Zn (ppm) Lithology Alteration Structure 
103-125 112 4457   29.82 Dolomite Pyrite Calcite 

vein 
185 – 228  198 299.04 238 1975.62 Dolomite  Brecciation 

& calcite 
vein 

206 487.17 159.2 196.8 Dolomite  Brecciation 
& veined  

219  1453  Dolomite  Brecciation 
& veined  

279-307 301 4752.71 3222.75 9539 Dolomite Iron-oxide Brecciation 
& sulphide 
vein 

 
 

Summary  

 

EPT062 reached a maximum depth of 307.5 m and intersected predominately brecciated 

dolomite.  The lithology was primarily exposed to pyrite and iron-oxide alteration both 

near surface and end of hole, but also included minor siderite alteration. Structurally, 

EPT0562 intersected multiple quartz and calcite veins, including a sulphide vein at 301m. 

EPT062 recorded geochemical assay results for Cu-Pb-Zn. Across all three intervals, 

geochemical data for Cu was consistently recorded above 100ppm.  

 
Encounter Resources Ltd – EPT2192  
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Figure 38. Exploration drillhole EPT2192 facing north. (A) Shows the location of 
EPT2192 (red rectangle) in the Paterson area on a regional scale. (B) Shows the location 
of EPT057 on a local scale. (C) Shows the complete length of EPT2912 displaying the 
attributes alteration, lithology, and geochemical data for copper (left), lead (middle) and 
zinc (right), including maximum geochemical assay results highlighted by the yellow star. 
 
 
Table 10. Summary of significant geochemical assay results Cu-Pb-Zn, alteration and 
lithology data intersected by EPT2192. 

Element From Depth (m) To Depth (m) Value (ppm) Lithology Alteration 

Copper 

87 89 296 Argillite  
136 136.1 140 Argillite Chlorite 
209 209.1 4270 Argillite Sericite 
241 241.1 2050 Argillite Sericite 
291 291.1 2270 Argillite Sericite 

Lead 109 109.4 261.46 Breccia Iron-oxide 

Zinc 

115 115.2 222 Felsic  
144 145.9 28 Argillite Chlorite 
211 212 84.19 Argillite Sericite 
406 461.1 32 Argillite Hematite 

 
Summary  

 

EPT2192 reached a maximum depth of 473m and intersected predominately argillite. The 

lithology was exposed to primarily hematite and sericite alteration, but also included 

carbonate, chlorite, iron-oxide and minor galena. EPT2192 recorded significant Cu-Pb-

Zn. Maximum Cu values above 100ppm were intersected between 209-291m. High Pb 

values were mainly recorded between 0-186m. Hi Zn was recorded throughout the entire 

length of EPT2192. Maximum Pb-Zn values were intersected at 109m.  
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