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Geophysical and geographic information systems (GIS) methods have been applied to investigate the 

regional three-dimensional geological setting and geophysicalsignature of sediment-hosted Zn-Pb 

mineralisation in the Proterozoic Carpentaria Zinc Belt of northern Australia. The study focused on the 

setting of two particular Zn-Pb deposits, HYC in the McArthur Basin and Lady Loretta in the Mount lsa 

Basin. 

A GIS incorporating geophysical interpretations, geological and geochemical data was designed and 

implemented for a region in the McArthur Basin encompassing the giant HYC Zn-Pb-Ag deposit. The 

GIS incorporates geological attributes that encode depth information implicit in the stratigraphic column. 

This data structure, in conjunction with topological attributes, allows queries based on the stratigraphic 

relationships of spatial elements. 

The GIS was used to identify and analyse consmints on base metal metallogeny and to gain insights into 

the 3-D evolution of the McArthur Basin. Mass balance calculations derived from lithogeochemical data, 

together with volumes calculated from geophysical and stratigraphic data, indicate that an unrealistic 

proportion of the carbonate-dominated McArthur Group would have been required to source sufficient 

base metal to form the HYC mineralised system. At least a major portion of the metals contained in HYC 

are inferred to have originated deeper in the basin. Automatic identification of the location and 

magnitude of unconformities on geological maps was used to suggest the location and size of active sub- 

basins at the time of the formation of HYC mineralisation. HYC's situation at the northeastern edge of 

one of these sub-basins is consistent with topographic and bounding growth fault control on the 

palaeohydrogeological regime that focused mineralising fluids in the vicinity of the deposit. 

Petrophysical measurements from the Mount Isa Basin indicate that the only highly magnetic units are the 

Eastern Creek and Kamarga Volcanics. All other units, including Fiery Creek Volcanics basalts, are at 

most weakly magnetic. Densities of Proterozoic sedimentary units are largely a function of the relative 

proportion of carbonate and siliciclastic material. The same, albeit weaker relationship was observed 

with respect to sonic velocity and resistivity, though acoustic impedance contrasts between basin units 

remain significant. 

Pb-Zn ore at Lady Loretta has a high density contrast with the highly pyritic layers enclosing it, which in 

turn are significantly denser than the host dolomitic siltstone. The Lady Loretta ore is also much more 

chargeable than any of its host units, but there is little resistivity contrast between the ore and host 

carbonaceous siltstones. Gravity and IP methods are indicated as most likely to distinguish base metal 

mineralisation from other conductive bodies in this region. 

Airborne magnetic and radiometric data flown over the Lady Loretta region were processed and 

interpreted to identify areas of anomalous response with respect to the 'normal' signatures of individual 

basin units: Integration of magnetic, radiometric and lithogeochemical data from the Eastern Creek 

Volcanics has enabled geophysical identification of alteration phases. Magnetite destruction, Fe 



depletion and possibly K depletion, consistent with chlorite + albite-type alteration, are associated with 

subdued magnetic signals adjacent to Zn-Pb (Lady Loretta) and Cu (Lady Annie) mineralisation. 

Anomalously high levels of K and quiet magnetic responses are apparent adjacent to the Mammoth Cu 

deposits. Variable K, Th and U signals from McNarnara Group sequences are interpreted to indicate the 

location and nature of syn-depositional basin structures and sediment source regions, including evidence 

of anomalous sub-basin development represented by the Lady Loretta host sequence. 

The structure and volume of basin units in the Lady Loretta area were inferred from geophysical 

modelling. Basin structures in this region have been overprinted to varying degrees by the lsan Orogeny. 

In lower strain areas, there is a WNW trend in pre-Isan Orogeny structures. The area north of the Redie 

Creek and Leopard Faults appears to have been persistently uplifted from Myally Subgroup through to 

early McNamara Group time, with a depocentre to the south during this period. The Lady Loretta deposit 

is situated on the north-western margin of this former depocentre, immediately adjacent to the uplifted 

area to the north. The proximity to mineralising fluid conduits in the form of bounding or former growth 

faults was probably a major factor in the formation of the Lady Loretta mineralisation. 

GIs and geophysics can be used at all scales in exploration for Zn-Pb mineralisation. Analysis of 

regional geophysics, geology and geochemistry in a GIS can identify provinces and regions containing 

the requisite source lithologies, basin architecture and trap rocks to generate major Zn-Pb deposits. More 

detailed analysis of geophysical data can distinguish areas where 'base metal-depleting' alteration may 

have originated mineralising fluids &om potentially rich source rocks such as the Eastern Creek 

Volcanics. Geophysical analysis can also help to locate structures capable of focusing mineralising fluids 

in favourable areas and, with gravity and IP methods, directly detect Lady Loretta-style deposits. 
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1. lntroduction 

1.1 Introduction 

The stratiform Zn-Pb deposits occurring in the Palaeoproterozoic and earliest Mesoproterozoic 

sedimentary sequences of northern Aust~alia ('Carpentaria Zinc Belt'; Sweet et al., 1993; McCioldrick and 

Large, 1998b) represent one ofthe largest accumulations of base metals known in Earth's crust. 

Examples include the supergiant deposits of Mount Isa, Cenhrry and McArthur River (HYC). Natural 

sedimentary basin processes operating to concentrate base metals in quantities up to 200 million tonnes at 

several orders of magnitude over average crustal wncentration must have required a special combination 

of geological circumstances, encompassing a large volume of rock, in order to produce such deposits. 

Such geological circumstances must have incorporated (following Wybom et al., 1995b): 

a source for the metals 

a solvent (probably basinal brines) to carry them 

aquifers (permeable strata or fracture systems) to provide a conduit and focusing mechanism for the 

metal-bearing fluid 

and suitable host rock, probably reduced carbonaceous fine-grained sediments, to sequester the metals 

l?om the basin brine into the sedimentary sequenoe in ore-level concentrations (upwards of 10% by 

weight). 

Model-based prediction of where other large Zn-Pb orebodies might occur is thus a four-dimensional 

problem requiring knowledge not only of structures governing where metal-bearing fluids might have 

been focused to intersect a stratum of reducing sediment, but also d e n  the special conjunction of factors 

existed to permit this to occur. All this must be evaluated within the context of a sedimentary basin - a 

dynamic, continually evolving, three-dimensional system. A primary issue in predicting deposit location 

is hence to reconstruct basin gwmetryas it was when the mineralisation event(s) occurred over 1600 

million years ago; not as it is now, several deformation events and erosion episodes later. Approaches to 

resolution of this problem are the main focus of this thesis. 

Geophysical and GIS-based approaches are adopted in pursuit of several aims. The fist of these is to 

investigate and demonstrate how GIs on be used in exploration for s trat i fm sediment-hosted Zn-Pb 

deposits. A second primary goal is to characterise the physical properties of Carpentaria Zinc Belt base 

metal ore deposits, and to compare these with the properties of stratigraphic units in the host basin 

sequences. The third aim is to use gravity, magnetic and radiometric data intapretation to characterise 

the three-dimensional architecture of a region encompassing significant Zn-Pb mineralisation. A 

secondary aspect of this objective is to investigate the extent to which these geophysical data can be used 

to identify alteration related to mineralisation. 





The second objective was to examine the three-dimensional basin setting and geophysical signature of a 

SSHBM deposit in detail. Access and logistical support were made available by the then owners of the 

Lady Loretta deposit in Paradise Valley, northwest Queensland (Fig. 1.1). This provided the opportunity 

to examine a SSHBM deposit of moderate size and grade which had not undergone any significant 

extraction, yet had a large geological database resulting from decades of exploration, including many tens 

of kilometres of diamond drilling. High resolution airborne magnetic and radiometric data were also 

available for the surrounding area, which was hence chosen for an integrated geophysical study. The lack 

of adequate petrophysical data for the region required that considerable effort be devoted to rectifying 

this. The Lady Loretta mineralisation as well as a wide range of lithologies from the regional host basin 

stratigraphy were sampled for petrophysical determinations. The physical properties of other SSHBM 

deposits in northern Australia were also examined for comparison. Results from this petrophysical phase 

of the study were used in the subsequent qualitative and quantitative geophysical interpretation of the 

Paradise Valley region, centred on Lady Loretta. Interpretation focused on the identification of alteration 

assemblages, as well as on basin architecture and structure. 

1.2 Study areas 

1.2.1 Bauhinia Downs GIS 

0 X €4 1 5  l o o h  

Figure 1.2 Location of Bauhinia Downs study area, after Pinsch et aL (1991) 



The boundaries of the Bauhinia Downs 1:250,000 map sheet are defined by latitudes 16' and 17" south, 

and longitudes 135" and 136"30' east. The township of Borroloola is situated in the northeastern corner 

of the area, at the head of the navigable portion of the McArthur River, which flows northeastwards 

through the centre of the study area. Bauhinia Downs is accessible via sealed road from the west and 

south on the Carpentaria and Tablelands Highways. The HYC Zn-PbAg deposit, currently k i n g  worked 

by Mount Isa Mines Ltd., is located on the northern bank of the McArthur River in eastern central 

Bauhinia Downs. A sealed road also proceeds from the mine to barge loading facilities on the Gulf of 

Carpentaria coast at Bing Bong, north of Borroloola. 

1.2.2 Paradise Valley Region 

'Paradise Valley Region' in this thesis refers to the area of the Mammoth M i e s  1:100,000 special 

geological map (Hutton and Wilson, 1985), as well as the area adjoining the western edge of this map, up 

to the road connecting the Burketown-Camooweal Road with the Barkly Highway (Figure 1.3). This 

region is bounded by latitudes 1g030' and 20" south, and longitudes 138"50' and 139'30' east. It is 

named after Paradise Creek, which flows through the centre of the area. 

The main access to Paradise Valley is by unsealed roads that lead north from the Barkly Highway (Figure 

1.3). One of these, McNamara's Highway, proceeds via the Lady Loretta and Lady Annie mines en route 

to the disused OP and Jack McNamara mines to the north, as well as connecting with Thomtonia 

homestead near the north-western corner of the study area. The other, a made gravel road, passes through 

the eastern portion of Paradise Valley, leading to the Mammoth and Mount Oxide copper mines. The 

township at Mammoth is the only permanent human habitation in the region apart from pastoral 

homesteads at Barr Creek, Koolamara and Thomtonia. Maintenance personnel periodically occupy the 

mining camp at Lady Loretta, which was used as a base during field work for this study. 

Access of moderate quality is provided to the remainder of Paradise Valley by a number of other tracks in 

various states of disrepair, though this has k e n  improved in some areas by recent mineral exploration 

activity. 

Most of Paradise Valley lies at an elevation of around 300 metres above sea level, with relief varying up 

to 100 metres above and below this height. This relief is superimposed on a very gentle slope down to the 

north and north-west, such that the general level of the country near the Mount Kelly copper prospect 

approaches 400 m, compared to less than 200 m in Gunpowder Creek gorge in the north-north-west near 

Mount Oxide. The south-western quadrant of the study area lies astride the divide between two 

continental drainage systems, the northern-flowing systems ultimately debouching into the Gulf of 

Carpentaria, and the other southwards into Lake Eye  via the Georgina River. 

The area has a semi-arid climate, receiving most of an average -500 mm annual rainfall during a short 

wet season between November and April. For much of the rest of the year, very high evaporation rates 

and warm to very hot temperatures prevail, though with large diurnal variations. 

This climate supports extensive spinifex (Triodia spp.) and snappy gum (Eucalyptus brevifolia) in the 

large areas of good Proterozoic outcrop, but this vegetation rarely attains sufficient density to block 



access on foot to most areas. Lancewood (Acacia shirleyi) is notably dominant in areas of red lateritic 

and other soils. Woodland tends to be scarcer in the flatter country developed on Cambrian and Mesozoic 

sediments to the west. 

-- 

Figure 1.3 Location of Paradise Valley study area, modified aJh Hunon and WiIson (1985) 

The Lady Loretta and Lady Annie deposits are situated within the drainage basin-divide zone where de 

Keyser (1958) observed lateritic weathering to he best developed. Pre-mid-Mesozoic, early to mid- 

Tertiary and late Tertiary-Quaternary peneplain erosional surfaces have been recognised in the Mount Isa 

Basin by Twidale (1964), and it is likely that all three are present in the Lady Loretta area. Additionally, 

the numerous thin Cambrian outliers throughout the region imply at least subaqueous if not subaerial 

exposure of the Proterozoic rocks during this period also. These superimposed erosion episodes have 



resulted in depths of weathering exceeding 100 m in the Lady Lorettadistrict, deepest oxidation usually 

being associated with faults. An extreme example of this phenomenon is the 'Mount Lorrie Deep 

Weathering Trough', defined by drilling as a zone of deep oxidation extending below 320 m depth 

(Lewis, 1975). 

7.3 Thesis organisation 

Characteristics of SSHBM deposits in the study region and their regional geological setting are recounted 

in chapter 2. Compositional, palaeocurrent and sediment provenance aspects of the Proterozoic 

stratigraphy are emphasised in this review. 

Details of the construction of a GIS in conjunction with a relational geodatabase for Bauhinia Downs are 

given in chapter 3. The rationales for adoption of the datastructures utilised are discussed. 

A primary aim of analysis of the Bauhinia Downs GIS was the extraction of information pertaining to the 

three-dimensional evolution of the McArthur Basin over time, from the 2-D and 2.5-D datasets available. 

Techniques developed to satisfy this aim, and their results, are reported in chapter 4. These techniques 

are essentially based on incorporation of stratigraphic thichess data with surface geological mapping. 

Their integration with geophysical interpretations is used to infer basin architecture present around the 

time of HYC mineralisation. Constraints on metallogenic models for HYC in the context of the 

McArthur Basin are also evaluated using the GIS. 

Chapters 5 and 6 are devoted to a laboratory-based study of the petrophysics of the Carpentaria Zinc Belt, 

centred on the Lady Loretta deposit. Density, porosity, magnetic susceptibility, sonic velocity, galvanic 

resistivity, chargeability and gamma ray emission were measured. Chapter 5 is concerned with the bulk 

physical properties of regional stratigraphic units. Most formations, in particular those immediately 

preceding and including the Lady Loretta mineralisation were extensively sampled from drillcore. After 

integration with data previously reported in the literature, the petrophysical results are discussed in terms 

of their implications for interpretation of regional geophysical surveys, in particular potential field data. 

Relationships behveen geochemical composition and physical properties are also evaluated through 

comparison with geochemical data derived from a subset of the petrophysically-measured samples. 

Physical properties of Carpentaria Zinc Belt SSHBM ore bodies and their host rocks are examined in 

chapter 6. Density, magnetic susceptibility, sonic velocity, resistivity and chargeability results from 

numerous samples obtained from drillcore at Lady Loretta are compared with similar data from other 

Carpentaria Zinc Belt SSHBM deposits. Most of the latter were obtained from the literature, 

supplemented by some extra determinations on additional samples available to the project from HYC, 

Hilton and Mount Isa. Rocks from geochemical haloes as well as apparently barren host material 

adjacent to the deposits were also measured. Their contrast in physical properties with those of ore 

samples is used to suggest geophysical methods most likely to aid detection of base metal mineralisatinn. 

Qualitative interpretations resulting from the integration of digital geological data with airborne magnetic 

and radiometric data flown over Paradise Valley are reported in chapter 7. Each stratigraphic unit 



examined is characterised in terms of its apparent magnetic and radiometric signature. Following this, 

unit-specific stretches of the geophysical data are performed in order to maximise contrast within the 

units, with anomalous compositions and structures consequently emphasised. In some cases these are 

interpreted in terms of alteration, which may denote the generation or passage of base metal-mineralised 

fluids. Most radiometric features in sedimentary units are interpreted in terms of sediment provenance 

and basin analysis. 

Chapter 8 reports results from quantitative analysis of gravity and airborne magnetic data, the former 

being mainly surveyed by the author. A series of interlocking 2-D forward models constructed in an 

array across the Paradise Valley study area is presented. These are discussed with particular reference to 

major structural features revealed in the models. Structural surface and thickness maps generated from 

the 2-D modelling are used to interpret the basin history of the Paradise Valley region. The possible role 

of identified syndepositional structures in generating and localising base metal mineralisation at Lady 

Loretta is discussed. 

Key results from all chapters are summarised in chapter 9. These are used to synthesise an integrated 

approach to base metal exploration in the Carpentaria Zinc Belt using GIs and geophysics. A model 

suggesting how base metal bearing fluids might have been generated, forced to migrate and localised at 

Lady Loretta is presented. 

1.4 Data management and presentation 

All GIs data was edited, analysed and stored using Archfo software produced by Environmental 

Systems Research Institute of Redlands, California, USA. Geophysical image analysis and profile 

extraction was performed using Earth Resources Mapping's ER Mapper software. 

All spatial data are referenced to the 1966 Australian Geodetic Datum. Maps presented are in the 

Universal Transverse Mercator projection, unless stated otherwise. The Bauhinia Downs GIs is in UTM 

zone 53, while Paradise Valley is in UTM zone 54. 



2. Regional Geology and Mineralisation 

2.7 Introduction 

This chapter describes the geological framework of the Carpentaria Zinc Belt, with particular reference to 

those areas studied in detail in this thesis. Emphasis is given to the hulk compositional characteristics of 

units, especially those directly affecting their physical properties. This is coupled with sedimentological 

and other observations most pertinent to the structural evolution of the McArthur and Mount Isa Basins. 

These are reviewed within the regional stratigraphic framework currently established in the literature for 

each basin, supplemented where possible by radiometric dating results. 

Salient characteristics of base metal mineralisation in the region are briefly summarised, with emphasis 

given to Zn-Ph deposits generally and the Lady Loretta deposit in particular. Some f u h e r  details of 

Carpentaria Zinc Belt orebodies are given in chapter 6. 

2.2 Geology of the Carpentaria Zinc Belt 

The geology of the Carpentaria Zinc Belt (Sweet et al., 1993) is essentially that of the Mount Isa Basin 

(McConachie et al., 1993) and southern McArthur Basin, a belt of Palaeo- to Mesoproterozoic rocks over 

1000 ki1omeh.e~ long and several hundred kilometres wide (Fig. 1. I). Metamorphic grades vary 

regionally from essentially unmetamorphosed in the McArthur Basin to granulite facies in the 

southeastern Mount Isa Basin. The Murphy Inlier separating the Mount Isa Basin from the McArthur 

Basin contains metamorphic basement to the subsequent basin sequences, as does the southeastern 

portion of the Mount Isa Basin. The Carpentaria Zinc Belt is surrounded by Phanerozoic basins which 

are filled with sediments from most periods of this eon, hut which generally have either Cambrian or 

Cretaceous sediments exposed at the surface today. Typical of these is the Georgina Basin to the 

southwest, which contains sediments ranging from late Precambrian to Devonian in age. Remnants of 

Cretaceous sedimentation are scattered across much of the area. 

The entire region has experienced weathering for much of the Tertiary Period (Twidale, 1964). Usually 

lateritic, this weathering is regionally best developed in the vicinity of the watershed boundary between 

the Gulf Fall (Stewart, 1954) and Lake Eyre interior drainage systems (de Keyser, 1958). Outcrops of 

weathering-resistant Proterozoic rocks presently comprise the vast majority of positive topographic 

features, rising above plains of Quaternary alluvium and black soil veneering Phanerozoic sediments and 

recessive Proterozoic units. Though relief in any given locality rarely exceeds 150 metres, the total 

elevation range over the whole region is from sea level on the Gulf of Carpentaria coast to a maximum of 

550 m in the southern Mount Isa Basin. 



2.3 McArthur Basin 

The McArthur Basin extends northwest from the Murphy Inlier along the western coast of the Gulf of 

Carpentaria into eastern ~ r n h e h  Land. Only the area ofthe Bauhinia Downs 1:250,000 map sheet was 

examined in detail in this thesis (Fig. 1.1). The discussion of McArthur Basin stratigraphy below thus 

focuses on units present in this district. Units of the sequence including and preceding HYC 

mineralisation (Fig. 2. I) are examined in most detail, as these will have the greatest bearing on 

metallogenic hypotheses for the deposit. This section of the McArthur Basin is best exposed in central 

portion of the Bauhinii Downs study area (Fig. 2.2), in the area known as the Banen Fault Zone or Batten 

Trough. Other tectonic elements of this part of the McArthrn Basin'are the largely flat-lying Wearyan 

Shelf extending west of the Emu Fault to the Murphy Inlier, and the gently folded Bauhinia Shelf east of 

the Tawallah Fault. 

2.3.1 Stratigraphy 

2.3.1.1 Scrutton Volcanics 

The oldest unit exposed in the study area, the Smutton Volcanics, are dated at 1857-0 Ma (Pietsch et al., 

1991). They are correlated with the Cliffdale Volcanics in Murphy Inlier and the Leichhardt Volcanics in 

the Mount Isa Basin (see below). These units are all related to the Barramundi Orogeny continent-wide 

deformation and felsic magmati& (Etheridge et al., 1987). The Scrutton Volcanics were probably 

erupted immediately following the most intense Barramundi Orogeny tectonism (Rawlings, 1994). They 

consist of thick pyroclastic sheets of K-rich dacitic and rhyodacitic composition, with minor felsic and 

mafic lavas. 

2.3.1.2 Tawallah Group 

The Tawallah Group represents the Redbank package (Rawlings, 1999), and as such is believed to have a 

depositional age range of 1815-1710 Ma. It is composed of sandstones with bimodal igneous intrusions 

and lava$ lutite, conglomerate and dolostone. Three cycles of sedimentation and igneous activity have 

been recognised within the Tawallah Group (Rogers, 1996), h c h  may represent several superimposed 

basin phases (Rawlings, 1999). 

The Yiyintji Sandstone and Sly Creek Sandstone at and near the base of the Tawallah Group represent at 

least 3.5 km of siliciclast~c material, out of a total Tawallah Group maximum stratigraphic thickness of a 

little over 5 km (Pietsch et al., 1991). Other predominantly sandstone units higher in the Tawallah Group 

are the Wununrnantyala Sandstone and Warramana Sandstone, which together represent an additional 

sandstone thickness of up to 640 m. Depositional environments for the Tawallah Group sandstone units 

are mainly braided river and braidplain to nearshore settings (Roga ,  1996). 

The Yiyintyi/Sly Creek Sandstone sequence is interrupted by the Seigal Volcanics, a major episode of 

mafic flood volcanism. Thicknesses up to 1600 m (Rawlings, 1999) imply correspondingly large ,i 

volumes of extnded mafic mataial. 9 later Settlement Creek Vo&m~cs and Gold Creek Volcanics, . . 
9 
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The Aquarium Formation and Wollogorang Formation are mainly dolomitic with some interbedded 

sandstone. The Wollogorang Formation also contains bituminous nodules and disseminated sulphides in 

mudstones (Pietsch et a l ,  1991). Both were deposited in shallow subaqueous environments (Rogers, 

1996) and have fairly constant thickness across the study area (100-200m; Pietsch et al., 1991). 

At the top of the Tawallah Group, the Tanumbirini Rhyolite dated at 1713+7 Ma (Page and Sweet, 1998) 

comprises localised rhyolite domes with associated subaerial lava flows. These were erupted amongst a 

braided river depositional environment (represented by sandstones of the Nyanantu Formation, which is 

not preserved in the studyarea). The Tanumbirini Rhyolite is the only example of felsic magmatism in 

Tawallah Group. Outcropping examples are thin (< 100 m) but represent part of an extensive 

predominantly felsic magmatic episode in the McArthur Basin (Fagan Phase; Rawlings, 1994). 

2.3.1.3 McArthur Group - Umbolooga Subgroup 

The carbonate-dominated M C ~ W  Group approximates to the Glyde package (Rawlings, 1999) and is 

correlated with the Fickling, McNamara and Mount Isa Groups of the Mount Isa Basin. The Umbolcoga 

Subgroup comprises approximately the lower two-thirds of the McArthur Group in thickness terms. 

While sandstones are relatively minor constituents of the Umbolooga Subgroup, they are most common in 

its lower portion. The Masterton Sandstone at the base of the Umbolooga Subgroup is a fine to medium 

grained quartzarenite. It was unconformably deposited on the Tawallah Group, incising as deep as the 

~ununmantyala Sandstone (Fig. 2.1). Highly variable thickness across the region from 50 to 600 m, and 

the common appearance of conglomerate at the base, are interpreted to indicate a high relief 

palaeosurface prior to Masterton Sandstone deposition (Pietsch et al., 1991). This deposition was mainly 

in alluvial fan and braided river environments, with beach and intertidal facies becoming more prevalent 

towards the top of the formation (Jackson et al., 1987). The Tatoola Sandstone, the other main sandstone 

unit in Umbolooga Subgroup, was deposited in a deeper, &tidal but storm-affected environment, 

changing up sequence to intertidal with intermittent emergence (Jackson eta]., 1987). The Tatoola 

Sandstone's thickness is regionally variable from <2O m to 350 m. The uppermost sandstone unit in 

Umbolooga Subgroup, the Leila Sandstone, is volumetrically insignificant (<30 m thick), hut is an 

important marker bed (Pietsch et al., 1991). Both the Tatcola Sandstone and Leila Sandstone have a 

significant dolomitic component, and gradational conformable contacts with the predominantly dolomitic 

units enclosing them. 

  he Mallapunyah Formation overlying the Masterton Sandstone also has a dolomitic component, but is 

mainly composed of oxidised shale and siltstone. It commonly contains pseudomorphed evaporite 

minerals, which together with botryoidal quartz ('cauliflower chert') nodules after anhydrite and 

desiccation cracks constitute evidence for predominant continental and coastal sabkha deposition 

(Jackson et al., 1987). The ~ a l l a ~ u n y a h  Formation ranges in thickness from 100 to 400 m (Pietsch et al., 

1991). The only other oxidised shale and siltstone unit in McArthur G;OU~ is the thin (40-60 m) Myrtle 

Shale overlying the Leila Sandstone. It also is interpreted as an evaporitic redbed unit with a possible 

aeolian component, deposited in a lacustrine andlor low-gradient alluvial plain setting (Jackson et a]., 

1987). 



Dolostone, usually fine grained, is the most prevalent lithology in Umbolooga Subgroup. Evaporite 

mineral pseudomorphs are common in most dolomitic Umbolooga Subgroup units, which together with 

other sedimentological evidence such as desiccation cracks and stromatolites have been used to suggest 

marginal marine sabkha and saline lacustrine depositional environments. The first significant appearance 

of dolostone in the Umbolooga Subgroup, the Amelia Dolomite above the Mallapunyh Formation, is 

mainly dololutite ranging from 50 to 180 m thickness (Pietsch et al., 1991). The 200 m-thick Tooganinie 

Formation above the intervening Tatoola Sandstone is of similar composition to the Amelia Dolomite, 

with dolomitic shale and siltstone interbeds. Above the Myrtle Shale, the Emmerugga Dolomite and 

Teena Dolomite represent the thickest dolostone development in Umblooga Subgroup, up to 700 m 

thick. The comparatively thin Teena Dolomite (-70 m) is distinguished by intercalated siliciclastics, with 

its Coxco Dolomite Member at the top containing distinctive acicular radiating crystal casts ('coxco 

needles'). The Emmemgga Dolomite has abundant stromatolites near its base, but towards the top is 

massive with few internal features. At the top of the Umbolooga Subgroup, the Reward Dolomite has a 

large thickness range (30-350 m), similar to the underlying Barney Creek Formation with which it has a 

gradational contact. The Reward Dolomite contains pseudomorphs after pyrite as well as sulphate 

minerals (Pietsch et al., 1991). 

The Barney Creek Formation is a dolomitic, carbonaceous and pyritic shale and siltstone. As such, it is 

the only reduced unit in Umbolooga Subgroup. The Barney Creek Formation hosts the HYC 

mineralisation. Its thickness is highly variable, from 10 to 900 m (Pietsch et al., 1991). A SHRIMP 

zircon age derived f?om tuffaceous beds in the Barney Creek Formation is 1639U Ma (Page and Sweet, 

1998). 

2.3.1.4 McArthur Group -Batten Subgroup 

The Batten Subgroup is generally still more dolomitic than the Umbolooga Subgroup. Although its 

boundary with the Umbolooga Subgroup is defined by a local regolithic unconformity surface developed 

at the top of Reward Dolomite, the Reward Dolomite cohtact with the Caranbirini Member at the base of 

the Batten Subgroup may be conformable when the latter is present. The age of the Batten Subgroup is 

well constrained by SHRIMP zircon ages of 1625k2 Ma for the Stretton Sandstone and 1614i4 Ma for 

the Amos Formation (Jackson et al., in press quoted in Rawlings, 1999). 

The Lynott Formation at the base of Batten Subgroup essentially consists of dolomitic siltstone. The 

Caranbirini Member at its base additionally contains carbonaceous pyritic shale, similar to the Barney 

Creek Formation. Also similar to Barney Creek Formation is the Catanbirini Member's highly variable 

stratigraphic thickness (0-300 m; Pietsch et a]., 1991) and interpreted sub-wavebase euxinic depositional 

environment (Rawlings, 1999). The Caranbiiini Member is a significant contributor to overall Lynott 

Formation thickness variability (50-600 m). Overlying the Lynott Formation, the Yalco Formation has 

similarly variable thickness (<SO-250 m) of mainly stromatolitic dolostone. The sequence from the top of 

the Caranbirini Member to the top of the Yalco Formation is interpreted to have been deposited in mainly 

intertidal to supratidal and sabkha environments. The laterally equivalent Amos Formation and Looking 

Glass Formation at the top of Batten Subgroup are both mainly composed of dolostone, not known to 



exceed 90 m thickness. A depositional date of 1614k4 Ma has been obtained for the Amos Formation 

(Jackson et al., in press; quoted in Rawlings, 1999). 

The Stretton Sandstone is the only significant siliciclastic unit in the Batten Subgroup. Its thickness is 

highly variable, ranging up to 270 m. The presence of glauconite in the Strenon Sandstone is interpreted 

to indicate deposition in a shallow marine environment. 

2.3.1.5 Nathan Croup 

The Nathan Group generally overlies the McArthur Group unconformably, although radiometric dates of 

1613f4 and 160953 Ma (cf. Amos Formation, above) and a paraconformable relationship observed near 

the base of the Nathan Group in the southern portion of the study area led Rawlings (1999) to group this 

part of the Nathan Group with the McArthur Group in his basin-wide Glyde package. Elsewhere, basal 

polymict conglomerate and pebbly lithic (chert) sandstone in the Smythe Sandstone mark the base of the 

Nathan Group. The remainder of the Nathan Group mainly consists of dolostone contained in the 

Balbirini Dolomite (up to 1500 m thick) and Dungamimie Formation (up to 240 m thick), though there 

are beds of fine sandstone and siltstone in the lower portion of the latter. Thickness variations in Nathan 

Group are mostly due to post-de'positional erosion. A date of 1 5 8 W  Ma from the middle of the Balbirini 

Dolomite is held to best represent the age of the main part of the Nathan Group (Rawlings, 1999). 

2.3.1.6 Roper Group 

The Roper Group is almost entirely siliciclastic, being mainly composed of quartz sandstone with 

micaceous siltstone (Plumb et al., 1990). Its base is marked by a regional unconfomity developed on the 

, Nathan and McArthur Groups. The Roper Group thickens from east to west across the Bauhinia Downs 

study area, from less than 1 km up to 5 km, marking a substantial shift in depocentre from the earlier 

McArthur Basin sequences (Plumb and Wellman, 1987). It consists of nine formations deposited in a 

series of five upward-coarsening cycles (Jackson et al., 1988), and characterises the basin-spanning 

Wilton package of Rawlings (1999). Numerous dolerite and gabbro dykes and sills intrude the Roper 

Group, but there is no evidence that these are volumetrically significant in the study area. One of these, 

dated at -1280 Ma (K-Ar), provides a minimum age constraint on the Roper Group (McDougall et al., 

1965). A diagenetic illite Rb-Sr age of 1429f3 1 Ma from near the top of the Roper Group (Kralik, 1982) 

pushes its likely depositional age further back towards 1500 Ma. 

2.3.2.7 Phanerozoic 

Cambrian sandstones (Bukalara Sandstone) and limestones (Top Springs Limestone) of the Georgina 

Basin blanket portions of the study area. These are generally only a veneer not exceeding 100 m 

thickness, but the Bukalara Sandstone is up to 300 m thick in the Abner Range, in the south of the 

McArthur Basin study area. 

I Isolated outliers of Cretaceous conglomerate, sandstone, siltstone and mudstone, usually less than 20 m 

, thick (Pietsch el al., 1991) are scattered across much of the southem McArthur Basin. Cainozoic 



dimmta also olsooverlie much of the McAdm Basin study region, concealing large areas of Roteromic 

secfon in the su-. 



2.3.2 Structure and tectonic evolution 

The McArthur Basin is widely recognised to have been subjected to several episodes of struchlral 

development and stress regimes, both compressional and extensional (Plumb, 1987; Etheridge and Wall, 

1994; Rogers, 1996; Leaman, 1998). An intracratonic rifl-sag geodynamic kamework has generally been 

assumed, with most dispute concerned with extension controls, magnitude, direction and timing in this 

context. The following short synthesis of McArthw Basin tectonic evolution draws mainly on common 

or complementary components of the proposed models. 

Basement to McArthur Basin was deformed, metamorphosed and subjected to significant felsic 

magmatism prior to -1 850 Ma, during the Barramundi Orogeny. The resulting structural framework is 

generally accepted to have controlled subsequent structural development (Rawlings, 1999). Various 

fundamental basement influences have been identified, with northeast, north-northwest and northwest 

trends being the most common (Etheridge et al., 1987; Etheridge and Wall, 1994; Scott et al., 1997; 

Leaman, 1998). These have been repeatedly reactivated during the evolution of the McArthw Basin by a 

succession of extension, thermal subsidence and compression regimes. 

North-south extension during Tawallah Group deposition was intempted by east-west compressional 

event in mid-Tawallah Group time (Bull and Rogers, 1996). This was followed by a period of thermal 

subsidence (Etheridge and Wall, 1994) during which the McArthw Group was deposited. Extension 

causing block faulting was apparently superimposed on regional subsidence at the commencement of 

Barney Creek Formation deposition, resulting in north-northwest to south-southeast and east-west 

trending half-graben west of the Emu Fault (Neudert and McGeough, 1996), which may have been active 

as a transfer fault at this time. The McArthur Basin experienced inversion soon afler due to a northwest- 

southeast compressional'event (Rogers, 1996). possibly simultaneous with HYC mineralisation which 

occurs towards the top of the Barney Creek Formation (Hmman et al., 1994; Hinman, 1996). N-S 

trending depocentres redeveloped subsequently according to Neudert and McGeougb (1 996), creating 

accommodation space for subsequent sedimentation up to and including the Caranbirini Member. 

Relatively quiescent thermal subsidence then appears to have beei the main influence on h i i n  

development, at least until Roper Group deposition. The final major structural event in the McArthur 

Basin was northeast-southwest-directed shortening which affected all Proterozoic units including the 

Roper Group (Rogers, 1996). Apparent reactivations of N-S trending faults affecting Cambrian units may 

be related to far-field effects of Australian Phanerozoic tectonic events such as the Alice Springs 

Orogeny. 

In spite of a long structural history, McArthur Basin strata are generally only gently folded with shallow 

dips. Some exceptions exist near faults where bedding oflen steepens to 2040°, and occasionally up to 

70" (Pietsch et al., 1991). While little is h o w  of fault attitudes at depth, most are considered to be very 

steep, although some reverse faults with dips as shallow as 60" have been recorded (Plumb et a]., 1990). 



2.4 Mount Isa Basin 

2.4.1 Development of continental crust 

The present crustal substrate of the Mount Isa Basin was probably created no later than the latest 

Archaean/earliest Palaeoproterozoic (McCulloch, 1987). The main lines of evidence for this arise from 

UPb dates derived from inherited zircons (2.7 - 2.2 Ga; Page, 1988; Connors and Page, 1995) and Sm-Nd 

depleted mantle model ages of 2290-2130 Ma which McCullocb (1987) interpreted as representing a 

period of primary crustal formation. The oldest presewed outcropping rocks in the Mount Isa Basin are 

however probably much younger than this. A sequence of sediments, volcanics and intrusives was 

emplaced in the period 2.0-1.9 Ga (Page and Williams, 1988), probably in a basin developed on a 

primordial continental crust substrate, before experiencing regional metamorphism and deformation in the 

1880-1850 Ma Barramundi Orogeny (Etheridge et al., 1987). These rocks comprise basement to the 

subsequent Mount Isa Basin cover sequences. 

2.4.2 Tectono-stratigraphic elements 

The Mount Isa Basin has been divided lithostratigraphically and structurally into several 

sequences/provinces by a number of authors over a period of decades. Tectonic elements were first 

defined by Carter et al. (1961), and have been refined by Plumb (1979) and Blake (1987). Other schemes 

have been proposed, notably by McConachie et al. (1993) and Dunnet (1976). Blake (1987) defined a 

gross stratigraphic framework for the Proterozoic volcan*sedimentary packages which was applied 

across the entire Mount Isa Basin, dividing them into four major sequences ('basement' plus three 'cover 

sequences'). The cover sequences are major stratigraphic packages with preserved thicknesses up to 

several kilometres, interrupted by regional unconformities. This scheme, as refined by absolute age 

dating, has attained widespread usage amongst workers in the region. It is surnmarised in section 2.4.2.1, 

and details of individual formations constituting the cover sequences in the study area are given in section 

2.5. 

2.4.2.1 Stratigraphic elements 

The first of the cover sequences consists largely of felsic volcanics, which have been dated by various 

radioisotope studies (e.g. Page, 1988) at between 1870 and 1850 Ma. Neither basement nor cover 

sequence 1 outcrop in the Mount Isa Basin study area, but they are supposed to underlie it (Derrick, 

1982). The felsic volcanics have been related by Wyborn (1988) to a continent-wide episode of felsic 

magmatism associated with the waning stages of the Barramundi Orogeny. Examples of probable 

correlatives are the Cliffdale Volcanics of the Murphy Inlier and the Scmnon Volcanics in the McArthw 

Basin. 

Bimodal volcanic and sedimentary rocks deposited between -1790 to 1760 or possibly 1720 Ma (Blake 

and Stewart, 1992b) constitute cover sequence 2. Cover sequence 3 differs from it in having a 

proportionally lesser volume of bimodal volcanics, and generally finer siliciclastic rocks. Carbonates are 



also much more prevalent in cover sequence 3 than in the older packages. This sedimentary phase was 

thought to be temporally confined in a relatively narrow range around -1680-1670 Ma (Blake et a]., 

1990), but recent work (Page and Sweet, 1998; Carr et al., 1996) has demonstrated that cover sequence 3 

sedimentation spans at least the interval from 1710 to 1590 Ma. A fourth Proterozoic episode of basin 

development probably accompanied or slightly postdated the main phase of the Isan Orogeny, resulting in 

extensive deposition of siliciclastic sediments (South Nicholson Group). These may once have covered 

much of the Mount Isa Basin, but today are only presewed in some northern and western parts of it. 

2.4.2.2 Tectonic elements 

. . . . .  
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Figure 2.3 Tectonicsubdivisions of the Mount Isa 'InIier7aJier Blake (1987) and O'Dea et hL (1997a) 



Carter et al. (1961) developed a structural subdivision for the Mount Isa Basin (also known as the Mount 

Isa Inlier; Blake, 1987) which has remained in widespread use with little substantial modification until 

recently. They recognised western and eastern 'geosynclinal' basins, separated by a central 'tectonic 

welt'. Each of these terranes is bounded by major faults or changes in structural style. As defined by 

Blake (1987) and Blake et al. (1990), the three major structural provinces are meridional belts known as 

(from east to west) the Eastern Fold Belt, Kalkadwn-Leichhardt Belt and Western Fold Belt. The 

Western Fold Belt has been itself subdivided into the Leichhardt River Fault Trough (LW) and, west of 

the LRFT, Lawn Hill Platform (Fig. 2.3). 

Gulf of Carpentaria 

MURPHY INLIER 

- Bowthorn Block 

. . . . . .  

Figure 2 4  Structural elements of the Mount Isa Basin, afrer McConachie et d (1993) 

This thesis retains much of this conventional nomenclahlre, but also utilises the terms 'Riversleigh Fold 

Zone' and 'Bowthorn Block' which McConachie et al. (1993) defined to denote areas of discrete 

structural styles in the framework of their interpretation of the Mount lsa Basin as a deformed foreland 

basin (Fig. 2.4). The Riversleigh Fold Zone and Bowthorn Block together are equivalent to the Lawn Hill 



Platform. This thesis is mainly concerned with the Leichhardt River Fault Trough and Riversleigh Fold 

Zone. 

2.5 Western Mount Isa Basin Stratigraphy 

There are several regions encompassing the western Mount Isa Basin with their own stratigraphic 

schemes, but they are considered essentially equivalent at most levels (Blake, 1987). Only units 

represented in the Paradise Valley study area aie described here. The oldest and youngest portions of the 

Mount Isa Basin sequence, while not outcropping in the study area, are additionally included for 

completeness. 

2.5.1 Pre-Barramundi Orogeny basement 

Basement outcrops are seldom exposed in the Western Fold Belt, being confined to the far south, west 

(Yaringa Metamorphics, west of Mount Isa) and far north and north-west (Murphy Metamorphics, in the 

Murphy Inlier and Carrara Range). They are composed of deformed pelitic, felsic, chlorite-sericite and 

pyritic carbonaceous schist, gneiss and minor migmatite and amphibolite, and were metamorphosed into 

this state during the Barramundi drogeny between 1890 and 1870 Ma (Page and Williams, 1988). 

Protoliths to this assemblage were thought to be turbidites, felsic volcanics and granite by Blake et al 

(1990). 

2.5.2 Cover sequence 1 

Representative units of cover sequence 1 do not outcrop within the Western Fold Belt, however they are 

thought to be present at depth (Demck, 1982). The nearest exposed equivalents are the predominantly 

felsic Leichhardt Volcanics within the Kalkadoon-Leichhardt Belt, which comprise the bulk of cover 

sequence 1. These were erupted 6om 1870 to 1850 Ma - in the latter stages of the Barramundi Orogeny - 
and consist of subaerial felsic ignimbrites with some rhyolite and dacite lavas. The Kalkadoon Batholith 

and Ewen Batholiths intruded the Leichhardt Volcanics, and are at least partly co-magmatic with them 

(Wyborn and Page, 1983); having similar chemistry and radiometric dates (around 1860-1840 Ma). 

Granodiorite and monzogranite are the most common lithologies in the Kalkadoon-Ewen Batholiths and 

their correlates throughout the Mount Isa and McArthw Basins (Wyborn, 1988). 'Small amounts' of 

magnetite were noted in lower greenschist and upper amphibolite grade Kalkadoon and Ewen Batholith 

samples by Wyborn and Page (1983). 

2.5.3 Bottletree Formation 

The Bottletree Formation is included in cover sequence 2, but is not exposed in the study area. It consists 

of bimodal volcanics and clastic sediments, which lie unconformably on the Kalkadoon Granite and 

basement rocks. The felsic component of the Bottletree Formation volcanics has been dated at around 

1790 Ma (Page, 1983). Eriksson et ai. (1992) included the Bottletree Formation with the lowermost 

Haslingden Group in the first of two rift-sag cycles that they defined within cover sequence 2. 



2.5.4 Haslingden Group 

The Haslingden Group is the main constituent of cover sequence 2 in the Western Fold Belt, and outcrops 

of this unit dominate the Leichhardt River Fault Trough in particular. Its thickness ranges 6om 6000 to 

over 18000 m (Derrick et al., 1976). West of the study area the Haslingden Group is observed to overlie 

felsic volcanics of the Bottletree Formation (also classified as part of cover sequence 2) d i c h  have been 

dated at 1790 Ma (Page, 1983). A minimum age constraint of 1740 Ma for the Haslingden Group may he 

inferred by correlation of the overlying Quilalar Formation with the Corella Formation (Page, 1983). 

2.5.4.1 Leander Quartzite 

The Leander Quartzite at the base of the Haslingden Group is the oldest unit exposed in Paradise Valley, 

within the Leichhardt River Fault Trough in the western part of the region. It is only observed in the core 

of anticlinal structures, associated with significant vertical displacement on bounding faults. The most 

common rock type observed in outcrop is medium-grained orthoquartzite, though feldspathic quartzite, 

sandstone and, rarely, mafic volcanics are also present. The Leander Quartzite is correlated with the 

Mount Guide Quartzite in exposures of Haslingden Group to the south (Carter et al., 1961), which has 

been interpreted as being deposited in a clastic shoreline depositional environment (Simpson and 

Eriksson, 1991). The thickness of the Leander Quartzite exceeds 1000 m, and may be considerably 

greater. It is overlain, apparently conformably, by the Eastern Creek Volcanics. 

2.5.4.2 Eastern Creek Volcanics 

The Eastern Creek Volcanics are an extremely thick accumulation of tholeiitic basalts with relatively 

minor intercalated siliciclastic beds. The unit outcrops extensively in the southeastern comer of the study 

area; in the Leichhardt River Fault Trough and in tightly folded elongate slivers associated with the 

Mount Gordon Fault Zone. It is also exposed in the core of the Fiery Creek Dome north of the study area. 

A regional total-rock Pb-Pb age of 17101t50 Ma was determined by Gulson et al. (1983), consistent with a 

minimum age of 1740-1730 Ma derived from the Burstall Granite, which intrudes the Eastern Creek 

Volcanics (Page, 1983). 

The oldest of the three members which constitute the Eastern Creek Volcanics, the Cromwell Metabasalt 

Member, is about 2500 m thick in the Paradise Valley study area (Hunon and Wilson, 1985), hut is 

known to be over 5000 m thick to the south (Derrick et al, 1976). Most basalt flows are 6om 20 to 50 m 

thick, being well defined by amygdaloidal bases and tops, and massive, coarse to medium-grained fining- 

upward middle sections. The metabasalts are mainly composed of plagioclase with chlorite, actinolite 

and minor quartz, sphene and opaques. Sediments intercalated with the basalt flows towards the top of 

the Cromwell Metabasalt (Paroo Beds of Robinson, 1968) consist of dolomitic siltstones, sandstones and 

quartzites. 

The Lena Quartzite Member is a substantial (up to over 300 m thickness) sequence of fine-grained 

feldspathic quartzite and orthoquartzite, denoting a hiatus in volcanism within the Eastern Creek 

Volcanics. It generally thins 6om north to south-south-west within the study area. Palaeocurrents 6om 



the south-east are indicated by cross-bedding in south-eastern Paradise Valley (Hutton and Wilson, 1985) 

but to the north range from north-west to north-east (Hutton and Wilson, 1984). 

At the top of the Eastern Creek Volcanics, the Pickwick Metabasalt Member is composed similarly to the 

Cromwell Metabasalt, exceptions being the greater abundance of relict primary clinopyroxene, opaques 

and apatite in the Pickwick Metabasalt. The metabasalt is mostly fine-grained and aphyic (Hunon and 

Wilson, 1984). Its thickness varies between 200 and 500 metres in Paradise Valley. 

Alteration is nearly ubiquitous in the Eastern Creek Volcanics, although the majority of it appears to have 

been isochemical (Wilson et al., 1985). While primary basaltic textures are commonly preserved in the 

most common alteration type, original calcic plagioclase has invariably been pseudomorpbed by albite, 

and the primary ferromagnesian minerals have been replaced by chlorite and actinolite. These 

comparatively little-altered samples have chemical compositions similar to continental tholeiites (Hutton 

and Wilson, 1985). 

The Kamarga Volcanics exposed in the Kamarga Dome approximately 100 km north of the study area are 

possible equivalents of the Eastem Creek Volcanics. 

2.5.4.3 Myally Subgroup 

The Myally Subgroup represents a return to siliciclastic sedimentation following the massively 

voluminous mafic volcanism of the Eastern Creek Volcanics, though some of this mafic magmatism 

persiss into the lower Myally Subgroup in the form of dolerite sills and minor basalt flows. It conlprises 

a series of four formations, all of which are in conformable relationship with each other. 

The Alsace Quartzite conformably overlies the Pickwick Metabasalt, and is composed of fine- to medium 

grained, slightly feldspathic and clayey sandstone, with subordinate thick-bedded medium- to coarse 

grained orthoquartzite. Palaeocurrents from the north and northwest are indicated by cross-bedding 

(Hutton and Wilson, 1985). The unit is 50-300 m thick. 

The Bortala Formation reaches a thickness of up to 500 m within the north-eastern portion of the Paradise 

Valley study area, but is generally 100-200 m thick. It comprises fine-grained feldspathic sandstone, 

quartzite, fermginous dolomitic sandstone and silicified siltstone. The majority of cross-beds indicate 

south-west to southerly-derived palaeocurrents, but most ripple marks record currents from the north-east 

(Hutton and Wilson, 1984). 

Conformably overlying the Bortala Formation is the Whitworth Quartzite, which consists of coarse to 

medium-grained quartzite interbedded witb medium to fine-grained feldspathic sandstone, as well as 

fermginous, locally dolomitic, clayey sandstone. An amygdaloidal metabasalt layer 40 m thick has been 

recognised within the Whitworth Quartzite near Mammoth Cu deposit (Scot! and Taylor, 1982). 

Palaeocurrents generally range in direction between easterly and northerly sources, witb a subordinate 

component from the south and south-west (Hutton and Wilson, 1984 and 1985). Exceptions have been 

noted in westerly exposures, where a westerly source component is apparent (Hunon and Wilson, 1984). 

' The formation is around 1000 m thick, but thins to approximately 200 m in south-eastem Paradise Valley. 



The uppermost unit of the Myally Subgroup is the Lochness Formation, comprising dolomitic feldspathic 

sandstone, dolomitic siltstone and clayey fermginous sandstone, accompanied by other minor siliciclastic 

and dolomitic components. Palaeocurrents range from the north and south are indicated by cross- 

bedding, with a westerly wmponent becoming dominant in outcrops to the north (Hunon and Wilson, 

1984). The Lochness Formation appears to be the most compositionally immature of the Mylly 

Subgroup formations, with up to 30% lithic fragments in some sandstone samples (Hutton and Wilson, 

1984), in contrast to the Alsace Quartzite at the base. The Lochness Formation is usually about 400 m 

thick (Hutton and Wilson, 1985). 

Depositional environments of the Myally Subgroup may be generally characterised in the range between 

fluvial and nearshore marine settings, with shallow lacustrine facies incorporating periodic subaerial 

emergence common. The presence of significant amounts of fermginous minerals, particularly haematite 

and limonite towards the top of the Lcchness Formation, have been attributed to deposition in an arid 

climate (Hunon and Wilson, 1985) or to palaeosol preservation (Derrick et al., 1976). 

The sequence from the base of the Haslingden Group up to and including most of the Myally Subgroup 

has been widely interpreted as being deposited in a rift setting (Derrick, 1982; 'Leichhardt Rift', O'Dea et 

al., 1997b). The remainder of cover sequence 2, being the mixed quartz-carbonate Quilalar Formation 

(see below) and possibly the upper Myally Subgroup, has been commensurately ascribed to the 'sag' 

phase of the rift-sag geodynamic model, for example by O'Dea et al. (1997a). 

2.5.4.4 Quilalar Formation 

Though not formally defined as part of the Haslingden Group, the Quilalar Formation is concordant with 

the Myally Subgroup, and conformably overlies the Lochness Formation, but is only present in the 

northeastern wmer of Paradise Valley. Two sub-units are distinguishable; the lower, composed mainly 

of siliciclastics (orthoquartzite and feldspathic sandstone), was probably deposited in tidal channels and 

lagoons (Huttan and Wilson, 1985) on a platform marginal to a N-S trending trough within an 

intracratonic basin (Jackson et al., 1990). A deep ocean basin to the north andlor south of the 

intracratonic basin was also postulated by Jackson et al. (1990). The upper subunit contains a greater 

proportion of carbonates, with dolomitic siltstone and mudstone, stromatolitic dolomite and tuK These 

were deposited in lagwnal or shallow marine shelf environments, with a N-S shoreline trend (Derrick et 

al., 1980). Geodynamically, Quilalar Formation deposition is ascribed to the second sag phase of cover 

sequence 2, following rift-related volcanism and sedimentation (Jackson et al., 1990). 

The Quilalar Formation is over 1000 m thick in eastern Paradise Valley (Hutton and Wilson, 1984), but is 

apparently absent to the southwest. Based on correlations with the Corella Formation (Derrick et al., 

1980) in the Cloncuny Orogen, the Quilalar Formation is probably from 1730 to 1740 m.y. old (Page, 

1983). 



2.5.5 Cover Sequence 3 - Bigie Formation and Fiery Creek Volcanics 

Development of cover sequence 3 commenced with renewed coarse clastic sedimentation (Bigie 

Formation) accompanied by bimodal volcanism of the Fiery Creek Volcanics. The Weberra Granite 

(-1700 Ma) in the north of the study region appears wmagrnatic with the Fiery Creek Volcanics (Wybom 

et al., 1988), which have been dated radiometrically at 1709f3 Ma (Page and Sweet, 1998). This datum 

firmly constrains the onset of cover sequence 3 basin development, which bas been interpreted as a 

renewed phase of rifting (Bigie Rifi) by Betts et a1 (1996). The Fiery Creek Volcanics are correlated with 

the Tanumbirini Rhyolite in the McArthur Basin (Pietsch et al., 1994). 

The Bigie Formation was deposited unconfomably on a surface which truncates the underlying Myally 

Subgroup and Quilalar Formation sediments, l&lly at high angles (Bigie Unconformity of O'Dea et al., 

1997a). It comprises highly fermginous, poorly sorted feldspathic and lithic sandstone, quartzite, 

dolomitic sandstone and conglomerate. Where present, the thickness of the Bigie Formation varies 

markedly over distances as short as 2 km (0-800 m near Mount Oxide mine; Hutton and Wilson, 1984) 

but is generally less than 200 m thick. Palaeocurrents indicated by cross-bedding and ripple marks are 

generally from the west and northwest, with minor components kom the southeast and northeast. These 

features probably developed in a fluvial environment (Hutton et a]., 1981). 

The Fiery Creek Volcanics, as originally defined by Hutton et al. (1981) conformably overlie the Bigie 

Formation, but based on workin the Fierj Creek Dome area in the north of the study area, McPherson 

(1994) considered these units equivalent. Where the Bigie Formation facies is absent, the Fiery Creek 

Volcanics unconformably overlies Myally Subgroup or Quilalar Formation. Bimodally composed, with 

both felsic ind mafic lavas and associated fermginous feldspathic sandstones and conglomerates, the 

Fiery Creek Volcanics occur only in isolated patches in southern Paradise Valley, but outcrop more 

extensively to the north. The mafic volcanics are much more widespread than the felsic volcanic rocks, 

which are largely restricted to the vicinity of rhyolite domes in the north of the study area. Most outcrops 

of this unit display intense potassic and haematitic alteration. The igneous units of the Fiery Creek 

Volcanics may be up to 250 m thick. 

2.5.6 Surprise Creek Formation 

The Surprise Creek Formation was deposited with angular unconformity (Surprise Creek Unconformity 

of O'Dea et al., 1997a) on older units, but the magnitude of this angle varies from high to sub-parallel 

within the study area. The implied depositional hiatus is broken only south of the study region by the 

Carters Bore Rhyolite, a felsic porph~"y dated at 1678 Ma (Page, 1978) which is probably largely 

intrusive, and comagrnatic with a phase of the voluminous Sybella Batholith which outcrops extensively 

south of the study area, west of Mount Isa. The Surprise Creek Formation generally thins westward 

(Derrick et al., 1980). 

The Surprise Creek Formation has been informally divided into two sub-units, designated by Hunon and 

Wilson (1985) as P-ra and P-rd. P-ra is the coarser of the two, comprising medium to coarse-grained 

feldspathic sandstone and conglomerate, although a fine-grained feldspathic sandstone and siltstone sub  



unit is distinguishable adjacent to the Mount Gordon Fault Zone (P-ra2, Figure 2.5). The coarse 

siliciclastic units contain lithic clasts similar to the underlying Fiery Creek Volcanics and Bigie 

Formation. Palaeocurrents from the west and northwest have been observed in this sub-unit, which may 

vary in thickness from 230 m in the west up to 1000 m in the northeast of the study area (Hunon and 

Wilson, 1984). This is at variance with unimodal current directions from the south and southwest 

recorded by Derrick et al. (1980) west of the study area. As with the Bigie Formation beneath the basal 

unconformity, P-ra was deposited in a fluvial environment (Hutton and Wilson, 1985) consistent with 

derivation from significantly uplifted regions (Derrick et al., 1980). 

The subsequent, finer-grained sub-unit, P-rd, consists mainly of fine-grained micaceous siltstones, 

interbedded with fine-grained feldspathic sandstones. This grain size decrease relative to the lower 

Surprise Creek Formation may be the result of a marine transgression. When present, P-rd may be up to 

500 m thick. In Paradise Valley P-rd appears to have been extensively eroded, with the McNamara 

Group deposited disconformably on massive basal sandstone (that is, P-ra) of the Surprise Creek 

Formation (Derrick et al., 1980). 

2.5.7 McNamara Group 

Siliciclastic sediments were deposited at the base of the McNamara Group, compositionally similar to the 

underlying Surprise Creek Formation and generally fining upwards. These subsequently gave way to 

carbonate deposition, the carbonate mainly in the form of dolomite, accompanied by silts and shales. 

Evidence of extensive biological activity during this period was preserved in the form of stromatolites, as 

well as widespread carbonaceous shales. Some spatial variation in basin fill composition is apparent in 

the correlative Mount Isa Group to the south of the study region, wherein silts and shales are predominant 

over dolomite. Geodynamically, the McNamara/Mount Isa Group has been interpreted as representing 

the sag phase of basin fill following the rifling initiated at the base of the Bigie Formation (O'Dea et al., 

1997a). Rare tuffs within the McNamara Group sedimentary sequence may represent distal volcanism, 

and zircons contained within them are the source of all the recently acquired absolute age constraints on 

McNamara Group deposition (Table 2.1). The granitic Sybella Batholith west of Mount Isa and south of 

the study area is a possible source of at least some of the tuff-depositing volcanism; major phases of it 

were emplaced between 1664 and 1650 Ma (Connors and Lister, 1995). 

Higher in the McNamara Group, carbonate sedimentation diminished in favour of siltstone and sandstone, 

with carbonaceous shales continuing to comprise a significant portion. Large volumes of turbidites were 

also deposited at this time. This upper section of the McNamara Group has been best preserved inthe 

northern half of the Western Fold Belt, and together with the lower McNamara Group is correlated with 

the Fickling Group abuning the southern edge of the Murphy Inlier. Recent radiometric age 

determinations of supposed tuffs in the McNamara Group (Page, 1997) have demonstrated that 

McNamara Group deposition continued at least until - 1590 Ma. In all, the post-Haslingden Group 

sequence totals over ten kilometres of sedimentary section, though this is unlikely to have been deposited 

in any one location. The greatest thicknesses of McNamara Group sediments have been observed in the 

central Western Fold Belt. 



The following sections, predominantly derived from Hutton and Sweet (1985), detail the lithological and 

sedimentological characteristics of the McNamara Group in the Paradise Valley district. Each formation 

is considered in stratigraphic order, from oldest to youngest. Reference is made throughout to sequence 

stratigraphic units defined during recent studies in the Riversleigh Fold Belt and Bowthorn Block by 

Jackson et al. (1996) and Southgate et al. (1997). A summary of this information is presented in Table 

2.1. All references to unit thickness in this section are based on observations from the Paradise Valley 

study area, unless stated otherwise. 

2.5.7.1 Torpedo Creek Quartzite 

Medium-grained orthoquartzites, arkosic sandstones and conglomerates of the Torpedo Creek Quartzite 

initiated the McNamara Group sedimentary phase. They were deposited as a transgressive sand sheet 

(Jackson et al., 1996) with mild angular unconformity on an erosive surface which cuts across older units 

including the Surprise Creek Formation down as far as the Whitworth Quartzite in southern Paradise 

Valley (cf. O'Dea et al., 1997a). These and all other earlier authors are contradicted by Betts et al. (1996) 

who consider the Torpedo Creek Quartzite an upper member of the Surprise Creek Formation. 

Palaeocurrents from a south to southeasterly direction have been interpreted from cross bedding, though 

ripple marks indicate north and northeasterly sources. These structures were formed in high-energy 

(ranging from alluvial to sub-tidal) environments (Hutton and Wilson, 1985; Jackson et al., 1996). 

Though 120 m thick in its type section, and absent from the stratigraphic column in some areas, the 

Torpedo Creek Quartzite attains a thickness of 420 m northwest and west of Gunpowder (Hunon and 

Wilson, 1985). 

2.5.7.2 Gunpowder Creek Formation 

The Gunpowder Creek Formation, mainly composed of siltstone and shale with minor sandstone, 

dolomite and quartzite, conformably overlies the Torpedo Creek Quartzite, though it unconforrnably 

overlies the Surprise Creek Formation and Myally Subgroup where the Torpedo Creek Quartzite is 

absent. The most common facies in the Paradise Valley region is a red and green micamus siltstone 

near the base of the formation which is offen hundreds of metres thick. The general siliciclastic nature of 

the lower Gunpowder Creek Formation has been interpreted as a continuation of the Torpedo Creek 

Quartzite transgression (sequence A of Jackson et a]., 1996). Dolomitic and carbonaceous shale become 

more prevalent near the top of the formation (Hunon et al., 1981; lower sequence B ofJackson et al., 

1996), and this facies varies in thickness from near absence up to around one hundred metres. In all, the 

Gunpowder Creek Formation is up to 1000 m thick. 



Table 2.1 Summary stratigraphic, sedimentological and correlation table ordered by age. westem Mount Iso Basin. 

'Upper' McNamara Group comprises Law Hill Formation plus Tennite Range Formation. Symbols denoting 

radiometric age sources os follows: @ Compston and Am'enr. 1968; &Page, 1978; aPage, 1983; % Wybom et a/.. 

1988; % Connors and Page, 1995; #Page, 1997; P Page and Sweet, 1998 

Lateral facies variations within the Gunpowder Creek Formation are most apparent in the vicinity of the 

Mount Gordon Fault Zone; the formation generally becoming sandier in this area. Conglomerate beds 

within a fine sandstone and siltstone sequence, along with thinning of the formation to as little as 20 m 

thick, may be evidence of syndepositional tectonic activity. In the Fiery Creek Dome area, stratigraphic 

wedges of Gunpowder Creek Formation were identified in the hanging wall of syn-depositional faults by 

Bens et al. (1996). In the remainder of Paradise Valley however, the dominant signature is that of a 



marine transgression (Hutton and Wilson, 1985), culminating in a maximum flooding surface at the top of 

the formation (Jackson et al., 1996). with pyrite being developed at this horizon in westerly outcrops. 

2.5.7.3 Paradise Creek Formation 

Carbonates are the dominant lithology in the Paradise Creek Formation, with subordinate argillaceous and 

arenitic components. Most of the carbonate is in the form of dolomite. The Mount Oxide Chert Member, 

a laminated chert up to 10 m thick, defines the base of the formation. This horizon was identified as 

marking the onset of a renewed 'sag' phase of basin development by Betts et a]. (1996). An additional 

four facies above the chert have been defined in the type section (Hutton et al., 1981), and most of these 

are recognisable throughout the study region. The lowermost is composed of silty dolostone and siltstone 

with chert and limestone beds. This grades upwards into a stromatolitic dolostone facies, which 

incorporates abundant breccia and intraclast grainstones between the stromatolites. 

A stromatolitic chert several metres thick denotes the base of another stromatolitic dolostone facies, 

characterised by gypsum and anhydrite (cauliflower chert) pseudomorphs. The stromatolitic chert is 

interpreted as a sequence boundary by Jackson et al. (1996). The upper stromatolitic dolostone facies 

(apparently equivalent to sequence C of Jackson et al., 1996) is not distinguishable in all areas. 

The Paradise Creek Formation varies in thickness from 250 m in the vicinity of the Mount Gordon Fault 

Zone to 1900 m in central Paradise Valley. Most sections are near the midpoint between these extremes, 

though thicknesses up to 1400 m persist in the western part of the study region (Hutton et al., 1981). The 

formation generally has characteristics compatible with deposition on a periodically emergent, shallow- 

water shelf, In contrast to underlying units, no evidence for contemporaneous fault activity is observed 

(Betts et al., 1996). Tidal channels in the west compared with subtidal facies to the east may indicate a 

landmass to the west, beneath what is now the Undilla Basin (Hutton and Sweet, 1982). A demtal zircon 

grain in the Paradise Creek Formation has apparently been sourced from a Barramundi age (1 880 Ma) 

terrane (Page and Sweet, 1998). A depositional age of 1653f7 Ma for the formation is provided by other 

zircons obtained &om a tuffbed near the base (Page and Sweet, 1998). 

2.5.7.4 Esperanza Formation 

The Esperanza Formation outcrops as a sequence of stromatolitic chert beds interbedded with dolostone, 

dolomitic siltstone, siltstone and sandstone. Varying levels of relief on the stromatolites suggest 

depositional environments ranging from supratidal to several metres below tidal influence (Hutton and 

Wilson, 1985). The silicification giving rise to the chert is not necessarily present throughout the region. 

The Esperanza Formation ranges from 80 to 350 m in thickness, and lies conformably between the 

Paradise Creek Formation (below) and Lady Loretta Fonnation (above). Though thin in comparison to 

formations above and below it, the Esperanza Formation encompasses two major depositional sequences 

(D and E) according to Jackson et al. (1996). 



2.5.7.5 Lady Loretta Formation 

As defined by Hutton et a1 (1981), the Lady Loretta Formation consists of dolostone, dolomitic siltstone 

and carbonaceous, often pyritic shale. More recently, Dunster (1997) has noted a regional compositional 

variation from south (more argillaceous) to north (carbonate-dominated). Other minor lithological 

conlponents include sandstone, quartzite, chert, barite and tuff. The Lady Loretta Formation has been 

subdivided into a number of sub-units in the vicinity of the Lady Loretta deposit, but these have not 

proved traceable regionally (Dunster, 1997). In Paradise Valley the Lady Loretta Formation is from 600 

m up to 2500 m thick (Dunster, 1997; Dunster and McConachie, 1998). 

2.5.7.6 Shady Bore Quartzite 

Conformably overlying the Lady Loretta Formation, the Shady Bore Quartzite is only present in western 

Paradise Valley. It is composed of orthoquartzite, sandstone, mudflake conglomerate, siltstone and 

dolostone, which were deposited on a high-energy marine shoreline (Hutton and Sweet, 1982). Where 

measurable, the Shady Bore Quartzite is around 250 m thick in the study region. 

2.5.7.7 Riversleigh Siltstone 

This is the uppermost unit of the McNamara Group observed in Paradise Valley. 'It outcrops as massive 

brown and grey siltstone, micaceous siltstone, orthoquartzite, sandstone, dolostone and dolomitic 

siltstone. These facies are consistent with deposition in the vicinity of a marine coastline, vaxying from 

low energy lagoons to high energy shoreline environments. The Riversleigh Siltstone is generally 

preserved only near the western edge of the outcropping Mount Isa Basin in the study area. 

2.5.8 South Nicholson Group and equivalents 

Unconformably overlying large parts of the McNamara Group north of the study area (Bowthorn Block 

and northem Riversleigh Fold Zone) are several thousand metres of siliciclastic sediments - the South 

Nicholson Group, comprising the Constance Sandstone, Mullera Formation and Mittiebah Sandstone. 

The Constance Sandstone contains minor siltstone, while the Mullera Formation is dominantly composed 

of micaceous siltstone, shale and fine-grained sandstone. The basin in which the South Nicholson Group 

was deposited appears to have been entirely intracontinental, with sediments sourced from both east and 

west (Carter et al., 1961). South Nicholson Group deposition is early Mesoproterozoic in age, but took 

place after the Isan Orogeny, and dips within it generally do not exceed 30'. 

Probable equivalents of the South Nicholson Group with shallow (5-10') dip to the west have been 

intersected beneath Undilla Basin Cambrian sediments (see below) in the wildcat petroleum exploration 

well Morstone 1 west of the Paradise Valley study area (Stewart and Hoyling, 1963). Though Stewart 

and Hoyling (1963) interpreted the siliciclastic sediments beneath the unconformity at the base of the 

Cambrian as possible equivalents of what is now known as the lower McNamara Group, the total absence 

of carbonate in these pre-Cambrian sands and silts strongly mitigates against this possibility. Later 

authors such as Tucker et al. (1979) and Shergold and Dmce (1980) have tentatively linked the 



Precambrian sediments intersected by drillholes in this region with the South Nicholson Group and the 

300 m - thick Pilpah Sandstone outcropping to the south, an interpretation with which the author concurs. 

2.5.9 Cambrian 

Middle Cambrian sediments of the Undilla Basin, a subbasin of the Giorgina Basin, form a thin veneel 

over Palaeoproterozoic rocks extending from the west of the Paradise Valley region. They gradually 

thicken west towards the centre of the basin, concomitant with a general change in composition fiom 

mixed siliciclastidcarbonate through limestone to dolostone (de Keyser and Cook, 1972). Carbonates 

tend to be more prevalent in subsurface samples than in equivalent outcrops, due to silicification 

associated with weathering (Smith, 1972). 

At the base of the Cambrian section is the Mount Hendry Formation, a sandstone and conglomerate unit 

only a few metres thick. It grades up into limestones and dolostones of the fossiliferous Thorntonia 

Limestone, which is up to 18 m thick in drillholes near the eastern margin of the Undilla Basin (Howard 

and Cooney, 1976) but is over 100 m thick in M M S ~ O ~ ~  1 (Stewart and Hoyling,l963) and may attain 

thicknesses up to 180 m elsewhere in the district (Shergold and Druce, 1980). 

The Beetle Creek Formation conformably overlies the earlier Cambrian units, and is composed of 

phosphatic cherts and siltstones as well as phosphorite. It is up to 22 m thick in the Lady Annie Outlier 

(Shergold and Druce, 1980). The Beetle Creek Formation is overlain by the Inca Formation, the youngest 

Cambrian unit preserved in the Lady Annie Outlier, comprising siltstone, shale and chert. It is 

contemporaneous with the Currant Bush Limestone observed further west in the Undilla Basin and in 

Morstone 1, where it is overlain by V-Creek Limestone; Mail Change Limestone and Split Rock 

Sandstone. The combined thickness of these four units exceeds 200 m; 116 m of Currant Bush 

Limestone, 99 m of V-Creek Limestone, 4.5 m df   ail Change Limestone and 10 m of Split Rock 

Sandstone being intersected in Morstone 1 (Stewart and Hoyling, 1963). The Mail Change Limestone 

both conformably underlies and grades laterally into the 10 - 20 m thick Split Rock Sandstone (Smith, 

1972). Still fiuther west in the Undilla Basin, these units phomtonia Limestone to Split Rock Sandstone 

inclusive) interfinger with the Age Creek Formation and Camooweal Dolomite (de Keyser and Cook, 

1972; ~ m i t c ,  1972; Shergold and Druce, 1980). 

Tholeiitic basalts of probable lower Cambriin age, several tens of metres thick, are exposed on the 

northern margin of the Georgina Basin, north-west of the study area (Peaker Piker Volcanics of Smith and 

Roberts, ,1963; Colless ~olcanics of Carter et al., 1961). A gradational contact has been recorded 

between the Thomtonia Limestone and Colless Volcanics (Shergold and Druce, 1980). These have been 

nominated as eastern extensions of the Antrim Plateau flood basalt province by Bultitude (1976). No 

mafic volcanics have been observed within the Cambrian sequence in the Undilla Basin; it is possible 

they occur at depth, but their absence in the equivalent stratigraphic position in Morstone No. 1 (Stewart 

and Hoyling, 1963) mitigates against this. 



2.5.10 Mesozoic 

Conglomerates, sandstones, quartzites and siltstones correlated with Jurassic to Cretaceous strata in the 

Carpentaria Basin form a patchy cover over older rocks in western andnorthem Paradise Valley. These 

outliers often occur as mesas rising up to 30 m above the surrounding terrain. The greatest thickness of 

Mesozoic sediments known in Paradise Valley is in the central northem part of the study area, where over 

50 m of coarse siliciclastics with minor mudstone interbeds are present beneath a Tertiary weathering 

surface (Clarke, 1992). 

2.5.11 Cainozoic 

Erosional processes were active in the southern Paradise Valley region during the Cainozoic, but 

limestones (including the Riversleigh fossil site) and siliciclastics were deposited in the central northem 

parts of the study area. Products of these processes include widespread deep laterite development, 

particularly in the central part of the region (Hutton and Wilson, 1985), soils and wlluvium. The latter is 

mainly composed of sand, silt and gravel, which are also the constituents of Quaternary deposits 

associated with watercourses. 

2.6 Western Mount Isa Basin lntrusives 

A number of granitoid plutons of A-type affinity intruded in anorogenic settings during Mount Isa Basin 

development (Wyborn et al., 1987). They are di'stinguishable from Barramundi-age (1880-1840 Ma) 

igneous units by relatively high K, U and Th, and higher ~e'+/Fe" ratios (Wyborn et al., 1988). Some 

representatives of these suites occur near or conceivably beneath the study area, and these are detailed 

below. 

2.6.1 Yeldham Granite 

The Yeldham Granite outcrops in the core of the Kamarga Dome less than 100 km north of the study 

area. It is unconformably overlain by the Kamarga Volcanics (Jones, 1986). Radiometric dates 

indicating intrusion between 1820 and 1800 Ma have been derived for the Yeldham Granite (Wyborn et 

al., 1988), which may suggest correlation with younger phases of 'transitional' (from the 1880-1840 Ma 

Banamundi felsic magmatism) igneous units elsewhere in the region (Ewen Granite, Nicholson Granite 

Complex). As such the Yeldham Granite is a component of basement to Haslingden Group (cover 

sequence 2) and later basin sedimentation phases. 

The Yeldharn Granite has been described from outcrop as a medium-grained muscovite granite (Hutton 

and Sweet, 1980), while samples cored in GSQ Lawn Hill 3 are still more potassic (alkali granite and 

alkali syenite). On the basis of these, Hunon (1983) concluded that the Yeldham Granite is an altered I- 

type. Hunon (1983) also noted the presence of minor magnetite in the Yeldham Granite drillcore. 



2.6.2 Big Toby Batholith 

Consisting mainly of two plutons in the extreme south-west of the Riversleigh Fold Zone, the Big Toby 

Batholith is a S-type granitic body dated at 1804+15 Ma (U-Pb) by Wyborn et al. (1988). The northern 

pluton is microcrystalline and heterogeneous, with compositions ranging from tonalite to rnonzogranite; 

granodiorite being most common. It is low in K20 and U compared to other post-1820 Ma rocks of the 

region (Wybom et al., 1988). 

2.6.3 Weberra Granite 

The Weberra Granite outcrops over an area of about 25 km2 about 30 km north of the Paradise Valley 

study area, where it has produced a narrow metamorphic aureole in older rocks (Quilalar Formation and 

Myally Subgroup; Hutton and Wilson, 1984). It is mainly composed of medium to coarse-grained 

syenognnite to alkali feldspar granite, with the proportion of mafic minerals including biotite and chlorite 

increasing towards the margin. Wybom et al. (1988) classified the Weberra Granite as a fractionated I- 

type, which crystallised at around 1698?21 Ma, providing a lower limit on the age of cover sequence 2 

deposition. The Weberra Granite may be comagmatic with the Fiery Creek Volcanics on grounds of 

geochemical similarityand spatial and geophysical association (Wybom et al., 1988; Appendix 7). 

Both the Weberra Granite and Fiery Creek Volcanics have very high (around 12%) levels of KzO, while 

associated counhyrocks do not, implying that primary levels were also high (Wybom et al., 1988). The 

presence of iron as haematite is reflected by high Fe20JFe0 ratios. 

2.6.4 Sybella Batholith 

The Sybella Batholith does not outcrop in the study area; its exposures being restricted to the Riversleigh 

Fold Zone south of the Barkly Highway. Phases of the Sybella Batholith are likely to have been 

contemporaneous with McNamara Group deposition, and the possibility that equivalent granitoid 

intrusions extend beneath the study area also cannot be discounted. The Sybella Batholith consists 

mainly of granodiorite and alkali feldspar granite, within which up to five phases are petrographically and 

geochemically distinguishable (Wyborn et al., 1988). More felsic compositions (a Pquartz-bearing phase 

and a microgranite) tend to dominate within the northern half of the batholith outcrop, although the 

microgranite is thought to have a distinct petrogenesis from the balance of the Sybella Batholith. As with 

the near-coeval Weberra Granite, the main and P-quartz phases of the Sybella Batholith have been 

classified as fractionated I-types (Wyborn et al., 1988). 

Emplacement ages from 1670 to 1650 Ma were determined by Connors and Page (1995) for both the 

main and P-quartz phases of the batholith, compatible with earlier determinations of 1671f8 Ma and 

1668+14 Ma by Page and Bell (1986) for the same suites. Comors and Page (1995) also determined 

similar ages (1655f4 and l 6 6 W  Ma) using 207~blzMPb dating for a third phase of the Sybella Batholith, 

the Queen Elizabeth pluton west of Mount Isa, discounting the 1610 U-Pb age obtained by Page and Bell 

(1986). These data suggest probable equivalence of Sybella Batholith plutons with the Carters Bore 

Rhyolite, as well as putative tuffs in the McNamara Group. Southgate et al. (1997), based on a date of 



1694 Ma for the lower Gunpowder Creek Formation and sequence stratigraphic interpretations, have 

suggested a major depositional break within the Gunpowder Creek Formation occupied by Sybella 

Batholith emplacement and Carters Bore Rhyolite. This is partly controverted by Hill et al. (1975) who 

observed pebbles of P-quartz phase Sybella Batholith withim the basal conglomerate of the McNamara 

Group (Torpedo Creek Quartzite). 

The Sybella Batholith is metamorphosed to greenschist facies in its north and north-western portions, but 

is of amphibolite grade elsewhere (Wyborn et al., 1988). 

2.6.5 Dykes 

Multiple dyke generations of various relative ages are present in the study area. Most are of mafic 

composition, with the exception of rhyolite, porphyry, trachyte and granophyre dykes associated with the 

Weberra Granite and Fiery Creek Volcanics (Carter et al., 1961; Hutton and Wilson, 1984). Dolerite 

dykes in and around the Weberra Granite contain around 8% iron oxides (Hutton and Wilson, 1984). 

Mafic dykes are abundant in the Leichhardt Volcanics and Kalkadwn Granite (Blake, 1980), but most of 

the maiic dykes in the study area are confined within the Haslingden Group, and many may have been 

feeders to the Eastern Creek Volcanics and thin metabasalt layers in the Myally Subgroup. Two mafic 

dyke types were recognised in the Eastem Creek Volcanics by Robinson (1968): voluminous coarse- 

grained gabbros, and liner-grained dolerites that appear very similar to the inmded basalts. The gabbro 

dykes are generally meridionally oriented, with some examples over 1 km wide and 15 km long intruding 

the Eastern Creek Volcanics, while the dolerites are much shorter and narrower (< 30 m). Ralts of basalt 

within the coarse-grained gabbro dykes and localised deformation on the dyke margins imply that they 

postdate eruption of the basalt sequence. They may be equivalent to extensive medium grained dolerite 

sills that occupy some levels within the Myally Subgroup (Fig. 2.5). Some of these, particularly near the 

Mammoth copper mine (Fig. 2.5). have suffered extreme potassic alteration, which was attributed by 

Hutton and Wilson (1 985) to circulation of hypersaline fluids through these rocks soon alter their 

emplacement. 

Post-Isan Orogeny mafic dykes are also known in the LRFT and RFZ; these tend to be oriented between 

north and northeast, and may correlate with the 11 16 Ma Lakeview Dolerite (Blake and Stewart, 1992b). 

2.7 Structure 

The nature of the Mount Isa Basin tectonic elements introduced in section 2.4.2.2 as manifested in the 

Paradise Valley study area are here described in detail. Struchlral disposition and deformation styles are 

discussed initially, followed by a review of the competing structural models proposed to account for the 

observed structures. 



i 
2.7.1 Leichhardt River Fault Trough (Cloncurry Orogen) 

The area east of the Mount Gordon Fault Zone indicated as Leichhardt River Fault Trough'on Figure 2.4 

is part of the Cloncuny Orogen (McConachie et al., 1993). This temne may have been initiated at the 

beginning of Haslingden Group deposition as the Leichhardt Rift (ODea et al., 1997a). The Leichhardt 

River Fault Trough (Derrick, 1982) is dominated in outcrop by cover sequence 2 sediments and volcanics 

of the Haslingden Group, which are structurally repeated by movement on east-west fault structures. I t  is 

separated from putative basement (Ewen Granite, Leichhardt Volcanics) outcropping in the Kalkadoon- 

Leichhardt Belt to the east by the Quilalar Fault Zone (Blake and Stewart, 1992a), and from the Lawn 

Hill PlatformRiversleigh Fold Zone to the west and north-west by the Mount Gordon Fault Zone. The 

structure of the Leichhardt River Fault Trough in the study area is grossly that of a broad north-plunging 

anticline, with Myally Subgroup and younger units exposed on the flanks and to the north, while rocks as 

old as Leander Quartzite outcrop in the cores, particularly to the south. 

2.7.2 Mount Gordon Fault Zone 

The Mount Gordon Fault Zone separates the Cloncuny Orogen from the Riversleigh Fold Zone to the 

west. The Mount Gordon Fault itself is a dextral strike-slip fault whose total displacement may be up to 

10 km (Hutton and Sweet, 1985). The Mount Gordon Fault Zone contains many other NNE-striking 

faults in a belt that ranges from 1 km to 7 Ian wide in the study area. Many of these are bedding-parallel, 

and thus their displacement also is difficult to determine. 

2.7.3 Riversleigh Fold Zone 

West of the Mount Gordon Fault Zone, both the exposed structural level and structural style change 

markedly. Dolomites, dolomitic siltstones and shales of the McNamara Group are the dominant exposed 

lithology, overlying siliciclastics and minor bimodal volcanics (Surprise Creek Formation, Bigie 

Formation, Fiery Creek Volcanics) which in tum lie unconformahly on the Haslingden Group and 

Quilalar Formation. The Quilalar Formation only appears in the northern half of the region. 

The dominant structural style is one of basin-and-dome folding with wavelengths up to many kilometres, 

though Keele @em. comm.) believes the struchuing to he somewhat more brittle. The gross sense of 

regional plunge is reversed to that of the Leichhardt Rifl, with older units generally becoming more 

prevalent northwards. An overall N-S tectonic grain was imposed on the region during E-W shortening 

(D2) (of the Isa Orogeny). In the Paradise Valley region (Fig. 2.5), this E-W (Isan Orogeny) deformation 

appears to he accentuated in a north-trending high strain zone'hounded by the Russell Creek and 

Western Border Faults, here called the Russell Creek Strain Zone (Keele, pers. comm.). 

2.7.4 Structural history 

The Mount Isa Basin has experienced a complex series of deformations, incorporating high and low angle 

faulting, and folding (Bell, 1983). Most of this deformation (in terms of strain) occurred during a tectonic 

episode known as the Isan Orogeny (Blake et al., 1990), which postdated McNamara Group 



sedimentation and was nsponsible for the r e g i d  metamnphism, which developed up to amphibolite 

h ies .  The regional cornprosion and nwamophism of thc lsan Orogeny took place bawaen 1520 and 

1620Ma(BhkeaDdStcwart, 1 9 9 2 a ) b u t t h e ~ ~ ~ a n d n s t l l n o f ~ o f t h c s r m a u r a l  

movmunta is contmvcrsial (cf. Be11 1983,1991,1993; L i i ,  1993; Connom and Wge, 1995; O k  ct 

St 1997a). 
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Most workers agree that the major N-S trending folds observed were the result of a regional E-W 

compressional event, and that this event resulted in a system of conjugate strike-slip faults striking NE 

and NW (Opik et al., 1973); hut there is little consensus on the nature of almost all other major structures 

observed. Significant displacements on major regional strike-slip faults have also been recorded younger 

than 1550 Ma, postdating the main phase of the Isan Orogeny. Many north-trending segments of these 

younger fault arrays are transpressional (Blake et al., 1990). 

Much conflict between struchlral models may be characterised as being between 'syn-depositional 

deformation' and 'post-depositiorial deformation'. 

2.7.4.1 Basin evolution 

A number of different models have been advanced to explain the disposition of Mount Isa Basin units in 

terms of basin evolution, as well as in the context of theIsan Orogeny. Many authors have recognised the 

need to invoke structures developed during various phases of basin evolution prior to the Isan Orogeny in 

order to account for observed relationships. 

Most tectonic settings proposed for Mount Isa Basin evolution are variations on an extensional theme, 

from intracontinental r i t i ig  (Derrick, 1982; O'Dea et al., 1997a) to continental margin (Wilson, 1978; 

Plumb et al., 1980; Dunster and McConachie, 1998). Carter et al. (1961) were the among the first to 

suggest normal fault activity generating accommodation space during Mount Isa Basin development, with 

their identification of what would today be called growth faults in the Eastern Creek Volcanics. 

Extension in a north-northeast-south-southeast direction leading to formation of a west-northwest 

trending graben ('Paradise Graben') during Mount Isa Basin development was recognised by Dunnet 

(1976). 

Blake (1987, 1990). Blake and Stewart (1992b) and Eriksson et al. (1992) proposed two rift-sag cycles 
1 

within cover sequence 2. Their first cycle rift components are the Bottletree Formation and lower Mount 

Guide Quartzite (Leander Quartzite correlate), with thermal subsidence represented by the upper Mount 

Guide Quartzite. This first rift-sag cycle is interpreted as being restricted to the Leichhardt River Fault 

Trough. The second rift-sag cycle extended further east, from the LRFT across the Kalkadoon- 

Leichhardt Belt to the Pilgrim Fault, according to Eriksson et al. (1992). It is represented by the Eastern 

Creek Volcanics and Myally Subgroup, being the rift phase, while the Quilalar Formation is interpreted as 

sag-phase sedimentation. Further rifting followed by thermal subsidence was postulated by Blake and 

Stewart (1992h) to account for cover sequence 3 and subsequent deposition in the Mount Isa Basin; an 

extensional event which they also related to emplacement of the Weberra Granite at 1700 Ma and the 

Sybella Batholith at 1660 Ma. Blake et al. (1990) did not favour the continental margin model because of 

lack of evidence for subduction. 

A slightly different interpretation of the same successions was made by O'Dea et al. (1997a and b) and 

Betts et al. (1996, 1999). They retain a model of superimposed intracontinental rifting episodes, albeit 

more complex than that of Blake (1987). Their east-west extensional Leichhardt Rift was filled with 

Bottletree Formation and Haslingden Group up to and including the Cromwell Metahasalt, followed by 



north-south extension resulting in development of E-W oriented south-tapering basins accommodating the 

Pickwick Metabasalt and Myally Subgroup ('Myally Rifl Event'). A subsequent sag phase during which 

the Quilalar Formation was deposited was followed by episodic NW-SE extension commencing at Bigie 

FormationIFiery Creek Volcanics time ('Mount Isa Rifl Event'), which continued at least into the lower 

Gunpowder Creek Formation (Betts et al., 1999), with thermal subsidence thereafter. Most evidence 

presented for the Mount Isa Rift Event is *om the region around the Fiery Creek Dome to the north of the 

Paradise Valley study area. 

Wybom et al. (1988) applied the c ~ s t a l  detachment - asymmetric continental extension model of Lister et 

al. (1986) in order to explain the volume and disposition of felsic igneous units in relation to coeval basin 

development. Examples of this phenomenon include intrusion of the Yeldham Granite remote i?om 

coeval felsic igneous units such as the Bottletree and Argylla Formations, intrusion of Wonga Batholith 

plutons apparently both adjacent to and coeval with up to 10 km of Haslingden Group deposition in the 

Leichhardt River Fault Trough, and intrusion of Weberra Granite and Sybella Batholith plutons both 

adjacent and immediately prior, possibly even contemporaneous with, lower McNamara Group 

accommodation space development. 

2.7.4.2 Isan Orogeny 

The Isan Orogeny is here defined as the related series of deformations that culminated in peak regional 

metamorphism of Mount Isa Basin sediments. Terminology introduced by Bell (1983) to describe Isan 

Orogeny deformation has become generally accepted by most workers. DI refers to an episode of north- 

south compression resulting in major N-S directed thrusting and E-W oriented folding, dated by Page and 

Bell (1986) at approximately 1620-1610 Ma, though this date has been discounted by Connors and Page 

(1995). Bell (1983) interpreted east-west thrust faults in the Leichhardt River Fault Trough as 

manifestations of Dl thrust duplexes, as did van Dijk (1991) in Paradise Valley. This interpretation 

envisages the E-W to ESE-WNW trending rifl-bounding faults of other workers (Dunnet, 1976; O'Dea et 

al., 1997b) as north- and south-dipping thrusts (van Dijk, 1991) over which displacements of up to 

hundreds of kilometres have occurred (Bell, 1983). 

Regional metamorphism peaked during Dz, when the north-south trending, generally open, upright folds 

that dominate much of the central and southern Mount Isa Basin formed in response to a phase of east- 

west compression. The age of this event (both prograde metamorphism and D2 deformation) was 

estimated at 1532i7 Ma by Connors and Page (1995). This orogenic episode may also have been 

responsible for the west-block-up north-trending high-angle reverse faults (for example the Western 

Border Fault; van Dijk, 1991) which Plumb et al. (1980) noted as major structures west of the Kalkadoon- 

Leichhardt Belt. These may correspond to the west-dipping thrusts apparent west of the Pilgrim Fault on 

the Mount Isa seismic transect (MacCready et al., 1997). 

A younger age limit to the Isan Orogeny is given by intrusion of the post-tectonic Williams and Naraku 

Batholiths into the Eastern Fold Belt at around 1500 Ma, as well as pooled Mount Isa and McArthur 

Basin Rb-Sr data which indicate cessation of regional metamorphism by 1480 Ma (Page, 1978; Page, 

198 I), which provides a younger age limit on D3 (below). 



2.7.4.3 D3 and later strike-slip faulting 

Many major faults (usually N to NNE-trending) in the Mount Isa Basin describe transcurrent 

displacements of many kilometres, truncating lsan Orogeny D2 folds. At least some of these may be due 

to a waning stage of the lsan Orogeny associated with a steeply dipping NNW-SSE striking foliation (D3 

of Page and Bell, 1986) but many have also experienced multiple reactivation and movement during the 

Phanerozoic, possibly resulting from far-field effects of distant events such as the early Carboniferous 

Alice Springs Orogeny (Spikings et al., 1996). Faults ofthis age tend to have north-westerly trends, oflen 

reactivating Precambrian structures (Smith, 1972). Faults active post-Cambrian were noted throughout 

the Mount Isa Basin by Carter et al. (1961). A number of examples of Phanerozoic movement on faults 

are present in the Lady Loretta region, including the Western Border Fault (see Fig. 8.1) and the West 

Thomton Fault, a north-west to west-trending structure about 20 krn west of Lady Loretta which was 

clearly active during Cambrian sedimentation (de Keysa and Cook, 1972). Post-depositional faulting, 

oflen west-trending, has also occurred along exposed Pmterozoidmiddle Cambrian contacts (Howard and 

Cooney, 1976), particularly on the northern margin of the Undilla Basin. Mild tectonic events of late 

Mesozoic and Cainozoic age have also been noted in northwest Queensland (Smith, 1972). 

2.7.4.4 Later uplifl 

The presence of numerous epi-continental Cambrian, Mesozoic and Cainozoic outliers in the Riversleigh 

Fold Zone, particularly in the Lady Loretta area, implies that the rocks now exposed in this region have 

experienced a number of episodes involving uplifl to near-exposure followed by sedimentation and minor 

subsidence. Evidence of very slow uplifl and unroofing through the latter half of the Phanerozoic has 

been obtained by apatite fission track dating (Page, 1978; Spikings et al., 1996) suggesting that rocks 

currently exposed in the Mount Isa Basin have been cooler than 100' to 120°C since the late Palaeozoic, 

preceded by an uplifl episode contemporaneous with the Alice Springs Orogeny. 

2.7 Metamorphism 

2.7.1 Barramundi Orogeny 

The Bmamundi Orogeny is the first regional metamorphic event recorded in the Proterozoic of northern 

Australia, affecting rocks now considered basement to the Mount Isa Basin. This was a generally low-P 

high-T event (andalusite-sillimanite facies; Etheridge et al., 1987). Peak metamorphism during the 

Barramundi Orogeny has been dated at 1890110 Ma (Page, 1990). 

2.7.2 lsan Orogeny 

Isan Orogeny metamorphism affected all rocks up to and including the McNamara Group. A pronounced 

metamorphic gradient is present across the Mount Isa Basin, commensurate with changes in deformation 

intensity, from upper amphibolite facies in the south and east (Cloncurry Orogen) to lower greenschist, 

possibly as low as prehnite-pumpellyite facies at the basin's northern edge (Bowthorn Block). Based on 



studies west of Mount Isa, Connors (1992; quoted in Comors and Page, 1995) proposed the intrusion of 

mafic sill complexes into the middle crust to account for this low-P, high-T metamorphic event, the 

effects of which have been noted throughout the Mount Isa Basin. 

2.8 Mineralisation 

The Carpentaria Zinc Belt's large Zn-Pb endowment is mainly contained in stratiform sediment-hosted 

base metal (SSHBM) deposits. The definition of stratiform sediment-hosted base metal deposits is 

essentially encapsulated in their name, which describes the mode of occurrence of these deposits without 

genetic connotations. 'Base metal' largely refers to zinc and lead, however it should be noted that most 

deposits of this type also contain economically significant silver grades. Copper is also often (though not 

necessarily) observed in economic amounts in association with SSHBM deposits, but sediment-hosted 

copper deposits are excluded from the definition of SSHBM as they generally fall under their own distinct 

classification. The qualifier 'stratifom' distinguishes SSHBM deposits from Mississippi Valley-type or 

MVT lead-zinc mineralisation, which while stratabound in geometry, is generally discordant with 

individual sedimentary layers. 

In addition to the Zn-Pb deposits examined in this thesis, known significant resources of other 

commodities in the region are also reviewed briefly below. 

2.8.1 Zn-Pb Mineralisation 

Several SSHBM deposits with significant base metal tonnage occur in the Carpentaria Zinc Belt (Fig. 

1.1). Their features are summarised in Table 2.2 in order of increasing metamorphic grade, which in 

geographic terms describes a trend from north-west to south-east. Pb-Zn deposits in the Cloncurry 

Orogen such as Dugald River, Cannington and Pegmont have been considered beyond the smpe of this 

project, both geographically and in terms of ore deposit models, the latter two belonging more to the 

Broken Hill type of Pb-Zn deposit (though these may also have a sp-sedimentary origin). 

SSHBM deposits are characterised by single or multiple lenses of laminated or massive sphalerite and 

galena, which are usually accompanied by large amounts of pyrite, Century being a major exception. 

Each lens is of the order of several tens of metres thick (McGoldrick and Large, 1998a). The Carpentaria 

Zinc Belt examples are hosted within carbonaceous shales and siltstones, but these host sequences are 

interpreted to have been deposited in a range of settings from shallow (< 10 m) evaporitic lagoons (Lady 

Loretta; Dunster, 1996) to deep (sub-photic zone), extensive (> 20 Ian) water bodies (HYC; Oehler and 

Logan, 1977; Large et al., 1996). 

All SSHBM deposits discovered in the Carpentaria Zinc Belt thus far have been situated on or near major 

regional faults, but these have not necessarily been active during deposition of the ore host sequence. 

Notwithstanding this, these faults have regularly been invoked in genetic models as conduits for 

mineralising hydrothermal fluid flow (e.g. McGoldrick and Large, 1998a; Fig. 2.6). 
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(Ma) /deformation 

HYC 227Mt@ 9.2%Zn, stratlform, 1.g. py Bamey Ck Fm; 1640i7 essentially small v. Cu-o'ch py; n Logan el al. 
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14.1%Znt 6.1% Pb 8 stst, c.g. sed bx. inversion lau l l i i  Pb - Zn cabonales therein, Crick 
-6OgfiAg. 8 ore interbeds, minor but no penetrative 1992 
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Creek Pb) grade intercepts l ews ;  sp 8 gn as Les Silklone. Dml relalively Aat-lyirg. 1996. Page el al 

of a feu m.; wvers 6 matm in pyr beds sNe regionally; car but bounded by 1994. Webb8 
x 1.5 km area, 3 dmt pyr shle 8 F i h  River Faull Rohdach 1992. 
stacked lenses interdglatirg talus (major regbnal Page et al. 1994 

bx locally stmcture) 
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rnineralised sequence aulhigenic silica shle 8 barren sid zones, other mineralised et all996 

slst iderbeds, faulted contack sequence fmm 
minor tuft SE to NW 

Lady 8.3 Mt @ 18.4% Zn, stratiorm py sp gn Lady Loretta Fm. 1647M lower greenschist PbZn core to py. sd. Mn, Hancock 8 
Loretta 8.5% Pb, 125gll Ag. hh brt. tr. hem Carpyrdmlsd slst open - light ZwBaon NE TI P u ~ i s ,  1990 8 

Single lens -50 m 8 shle syncline (pmbable edge of references 
thick recognisable D2) locally, more mineralisation therein. 
over several kn+ open folding McGoidrick et at. 

regionally 1996 
George 108 Mt @! 11.5%Zn. Asfw Mt Ira As for MI lsa As lor As for Mt lsa not known py MIM 1995 
Fisher 5.4%Pb. 93gltAg in MI Isa Annual Report 

11 stacked ore lenses 
Hi l ton 120 MI @! 10.2%Zn. As for MI Isa As for Mt Isa As for As for MI lsa upper 08s sd slsl Valenla 1994. 

5.5%Pb. 1WgMAg MI Isa most Cuiich; Mathiis et al. 
in 7 slacked ore (Cu-) Pb - Zn 1973, Fonestal 
lenses updip 1990 

Moun t  150 Mt @ 7%Zn. 6% stratiform py spgn (Mount lsa Gp) 16527 greenschiit (Cu-) Pb - Zn py, TI: 7Fe. Forrestal. 1990 8 
Isa Pb. 150 gll Ag (est. tth f po Uquhart Shale. ore lenses dip Mn references 

pre.~mduction Car (gr) pyr dm1 steeply W enrkhmenl therein 
reserve) 30 slacked stst; 'luff deformations D l  - in carb 
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In -1000 m 

Table 2.2 Swnmary of Caventario Zinc Beh Zn-Pb deposifs examined in this study, modifed a jer  McGoldrick and 

h g e  (1998). brt = barite. car = carbomceous, ccp =chalcopyrite, hem = haemotite, gn =galena, po =pyrrhotite, 

py =pyrite, sd = siderite, tth = tenohedrite, TOC =total organic carbon 

The timing of base metal mineralisation with respect to its host sediments has been the subject of 

controversy for many decades, particularly at Mount Isa, the longest-known example. Reinterpretation of 

Mount Isa as a syngenetic-exhalative deposit from the initial hydrothermal replacement hypothesis was 

precipitated by discovery of the similar yet almost unmetamorphosed HYC deposit (Myers et al., 1996). 

With some variations involving early diagenetic replacement (e.g Hinman, 1996 for HYC; McGoldrick et 

al., 1996 for Lady Loretta), essentially syn-depositional mineralisation has remained the consensus model 

for most Carpentaria Zinc Belt SSHBM deposits including Mount Isa. The opposing 'syntectonic' model 

proposes that the Mount Isa Zn-Pb ore is cogenetic with the Cu mineralised system, and that other 

Carpentaria Zinc Belt deposits may also be syntectonic (Perkins, 1995; Laing et al., 1990; Myers et al., 

1996). The genetic model most recently proposed for Century is in some ways intermediate between the 

syngenetic and syntectonic models, with ore minerals forming in the deep subsurface, associated with a 

hydrocarbon accumulation, during late diagenesis at the onset of basin inversion (Broadbent et al., 1996). 
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Figure 2.6 Schemmic metallogenic scenarios for Proterozoic SSHBM deposits, qier McGoldrick and Large 
(19980) 

2.8.1.1 Lady Loretta 

The Lady Loretta deposit is situated 115 km NNW of Mount Isa, and is hosted within carbonaceous and 

dolomitic shales and siltstones of the Lady Loretta Formation. Currently defined ore reserves consist of 

8.3 million tonnes averaging 8.5% Pb, 18.4Oh Zn and 125 gltonne Ag (Hancock and P d s ,  1990). It was 

discovered in 1969 following indications from soil geochemical surveys in the vicinity of the Lady Annie 

Cu mine 2 km to the west (Alcock and Lee, 1974). More details of the Lady Loretta orebody and its 

geological context are given in the chapter on the physical properties of the deposit and its surroundings 

(chapter 6). 

As discussed above, the timing of the Lady Loretta ores has been considered by most authors to be 

syngenetic to very early diagenetic. Highly variable Pb isotope ages of 1600-1540 Ma obtained by Sun et 

al. (1994) are at variance with this interpretation, given the U-Pb zircon age of 1647 Ma derived by Page 

(1997) from putative tu@ within the ore host sedimentary sequence. This and other, sedimentological 

lines of reasoning led Dunster (1997) to propose an epigenetic age for the mineralisation, though Sun et 

al. (1994) also pointed out the possibility of incomplete homogenisation of Pb from multiple sources. 

More detailed information on Lady Loretta and its setting within carbonaceous and dolomitic shales of 

the Lady Loretta Formation (middle McNamara Group) may be found in McGoldrick et al. (1996) and 

Dunster (1996, 1997). 



2.8.2 Cu mineralisation 

Copper occurrences are much more common regionally than P b h - A g  prospects, however few have 

proved economic. The Mammoth deposit is currently being worked by Western Metals Ltd. Other 

notable copper deposits in the Paradise Valley region include Mount Oxide (Hutton and Sweet, 1982), 

Mount Kelly (Bampton et al., 1977) and Lady Annie, near Lady Loretta (Lewis, 1975). 

2.8.2.1 Mammoth 

The Mammoth stratabound orebodies at Gunpowder are the largest known in the western Mount Isa Basin 

after Mount Isa itself Resources in the total mineralised system (recently renamed Mount Gordon) were 

recently revised upwards to 15Mt at -5% Cu (http://www.mining- 

investor.com/Releases/west%2045.htrn). Mammoth Cu is hosted by the Whitworth Quartzite of the 

Myally Subgroup, and is thought to have been sourced from the Eastern Creek Volcanics via fluids that 

migrated up the Mammoth Extended and associated faults (Scott and Taylor, 1982). 

2.8.2.2 Mount Oxide 

The Mount Oxide deposit is one of the best-developed examples of secondary mineralisation in the 

Mount Isa Basin (Carter et al., 1961). Ore minerals included malachite and azurite neat the d a c e ,  but 

mineralisation was mainly in the fonn of chalcocite below about 30 m depth. It appears sbucturally 

controlled, being hosted by a north-east trending zone of tectonic breccia, but is contained within folded 

graphitic shales of the Gunpowder Creek Formation. Over 22,000 tons of copper have been produced 

from ore grades ranging from 2.5% up to -20% Cu (Brooks, 1990). 

2.8.2.3 Lady Annie 

Lady Annie and the associated Flying Pig orebody lie only 1.5 km west of the Lady Loretta Pb-Zn-Ag 

deposit, but working of copper at Lady Annie predates the discovery of Lady Loretta by almost 50 years 

(Lewis, 1975). The orebodies are disseminated replacement deposits hosted by brecciated Paradise Creek 

Formation carbonaceous shale in the hanging wall of an east-trending fault (Brooks, 1956). Ore minerals 

include cuprite, malachite and tenorite. Indicated and inferred reserves of 48,000 tons at 9% Cu have 

been published (Brooks, 1956), but recent work by the current lease-holders (Buka Minerals NL) is likely 

to have increased this figure. 

2.8.2.5 Other Cu occurrences 

Many other minor occurrences of secondary Cu mineralisation are present in the study area. Copper 

minerals occur disseminated within the host rock (usually sheared and or brecciated McNamara Group 

dolomitic shales), on fracture and bedding planes, and in fine veins. All these are invariably associated 

with faults and shears (de Keyser, 1958). Examples include Mount Kelly, Lady Agnes, Busy Bee, Mt. 

Maggie, Mt. Clarke and Mckod Hill. Further details of these and other prospects in Paradise Valley 

may be found in de Keyser (1958), Guy (1975), Bampton et al. (1977) and van Dijk (1991). 



2.8.3 Other commodities 

2.8.3.1 Phosphate 

A significant proportion of Australia's phosphate reserves occurs within the Cambrian sediments of the 

Lady Loretta district. The Lady Annie and associated Lady Jane phosphate deposits extend through much 

of the Cambrian outliers east of Lady Loretta. The phosphate beds average 4-6 m thickness, ranging up 

to 22 m. Reserves of 250 Mt at 18% cut-off P2Or grade have been proved at Lady Annie and Lady Jane 

(de Keyser and Cook, 1972), which has been worked sporadically since discovery in 1967. The D-Tree 

deposit 16 kilometres west of Lady Loretta occupies over 38 km2 of the Cambrian Beetle Creek 

Formation, associated with a siltstone-chert facies (de Keyser and Cook, 1972). A reserve of 250 Mt at 

18.6% P205 has been calculated for this deposit, which has not yet been worked. 

2.8.3.2 Uranium 

Most uranium occurrences within the western Mount Isa Basin are hosted within the Eastern Creek 

Volcanics (Carter et al., 1961). All U mineralisation in the ECV is developed in altered carbonate lenses 

within the basalts (de Keyser, 1958). While U mineralisation is widely distributed in the region, no 

economic accumulations have yet been identified. 

2.9 Summary 

SSHBM mineralisation in the Carpentaria Zinc Belt occurs within extensive dolomitic and subordinate 

fine grained siliciclastic sequences in the McArthur and Mount Isa Basins, which are up to several 

kilometres thick. The reduced carbonaceous and usually pyritic siltstones and shales that directly host 

base metal mineralisation are unusual but not uncommon in this context. The dolomitic accumulations 

were preceded by several previous episodes ofbasin evolution over a period approaching 250 million 

years, which created large volumes of accommodation space by fault-controlled rifling or other brittle 

extension processes, and thermal subsidence. These were filled by a wide range of lithologies, including 

basalt 60m a major episode of continental flood volcanism, several thick sandstone-dominated sequences, 

and felsic igneous material. A significant portion of the latter was intruded periodically throughout 

evolution of the western Mount Isa Basin, ceasing around the time of Mount Isa and Lady Loretta Zn-Pb 

mineralisation. All this took place on a substrate of widespread felsic magmatic material that was 

emplaced immediately following the Barramundi Orogeny. 



3. McArthur Basin Metallogenic GIs Design 

3.0 Introduction 

The McArthur Basin GIs compilation incorporated a range of geoscientific data in the Arch fo  GIs 

software, in order to enable metallogenic analysis and modelling. The geoscientific data are from three 

main sources: geological surface mapping (Pietsch et al., 1991; Plumb, 1988; Blake, 1987), structure 

contours and isochores interpreted from geophysical data (Leaman 1992, 1993a, 1993~. 1993e, 19944 

1998). and lithogeochemistry from several separate studies (Brown et al., 1969; Corbett et al.; 1975; 

Large, 1979; Plumb et al., 1992; Rogers, 1996). These comprise a variety of point, line, polygon and 

gridded datasets. These were divided into four modules; geology, geophysics, geochemistry and 

miscellaneous datasets including cultural features. The proprietary nature of the geophysical and 

geochemical databases necessitated some form of processing or interpretation constituting significant 

enhancement or degradation before incorporation into the GIs. References to 'geophysical' and 

'geochemical' datasets in this chapter generally refer to derived coverages rather than to raw data. 

Metallogenic analysis in the GIS had three aims: 

investigation of the geological setting of mineral deposits, particularly stratiform sediment-hosted Zn-Pb 

deposits, 

identification of metallogenic constraints on the forpation of the HYC deposit, and 

incorporating results from 1) and 2), indicate criteria that might be used to identify districts and locations 

capable of hosting HYC-type deposits elsewhere in the Carpentaria Zinc Belt. 

This chapter details the design and construction of a GIS for the accomplishment of these aims, 

inwrporating data from the McArthur Basin. Results and implications of the metallogenic analysis are 

described in Chapter 4. 

3.7 Data Model - Arcllnfo 

ArdInfo is a GIs software package produced by the Environmental Systems Research Institute Inc. of 

Redlands, California, USA. It employs a geo-relational model where vector-based spatial data is'linked 

to attribute information stored in a relational database (INFO). The three basic geographic information 

types in ArdInfo are points, lines (arcs) and polygons. These are linked to point attribute tables (PATs), 

arc attribute tables (AATs) and polygon attribute tables (PATs) respectively, in INFO. INFO'S support of 

relational data structures greatly improves attribute data storage, retrieval and analysis efficiency. 

ArdInfo also supports a number of other geographic data models. Those that have been utilised in this 

project include the TIN (Triangulated Irregular Network) and GRID modules. Their primary use has 

been for 2.5D visualisation of structural data. 



One of the primary reasons for choosing ArdInfo as a platform for the GIS was its ability to support a 

wide range of analytical and display tools for raster datasets, as well as and coupled with its powerhl 

vector data analysis functions. Another was the already widespread utilisation of ArcIInfo by other GIS 

users, facilitating potential data exchanges. The availability of sufficient computing power, ready access 

to a licence and software-specific expertise within the School of Earth Sciences at the University of 

Tasmania were also significant factors. 

All geographic data in the McArthur Basin GIS was transformed to the Universal Transverse Mercator 

projection, and referenced to the Australian Map Grid, Zone 53. 

3.2 Datasets 

3.2.1 Geology 

The primary geological data sources were the 1:250,000 scale Bauhinia Downs geological map and 

explanatory notes (Pietsch et a]., 1991), and the 1: 1,000,000 McArthur Basin geological map (Plumb, 

1988). These have been supplemented by additional compilation and synthesis from the literature, 

references to which appear in the relevant portions of this chapter. 

3.2.1.1 Initial editingprocedures 

The Bauhinia Downs map was scanned from the original Mylar film separates by the Australian 

Geological Survey Organisation (AGSO) using Intergraph equipment (C. Malouf, pers. comm.) and thus 

retains a high degree of spatial accuracy, consistent with the standards suggested by AGSO (Hazel1 and 

Wybom, 1995; http://www.agso.gov.au~infomation/&tatadictionary.hhnl). The vectorising sofhuare 

attempted to differentiate line symbols based on their width. Unfortunately this process was only 

partially successful; inadequacies of the scanning software and the nahlre of the original geological map 

being chiefly responsible. 

The failure to adequately separate line symbols presented the most serious difficulty. Arcs representing 

geological boundaries, faults, diplstrike symbols, joints, lineaments and the map frame were distributed 

amongst seven layers with effectiveness only moderately better than random. Additionally, a large 

number of spurious micrearcs were created in each raw coverage by the scanning and vectorising 

process. The first step in the editing process was to separate each line type from the 'noise' arcs and into 

its own coverage. Geologically meaningful arcs were manually assigned a numeric attribute 

(LINECODE) in the AAT (Arc Attribute Table). Geological arc types and their corresponding linecodes 

are listed in Table 3.1. 

Individual coverages for each line category were then produced by reselecting based on LINECODE. All 

further line editing was performed on the separated coverages. No distinction was made between non- 

fault geological boundaries and their inferred or concealed equivalents, as it was judged that this would 

introduce unnecessary complexity to the editing process for little gain in useful geological information. 



Table 3.1 Linecodes assigned to scannedgeologicnl linewrk in order to facilitate their editing and separation. 

3.2.1.2 Arc coverages 

Most of the strictly arc-type coverages required little further editing. Thejoints coverage was left 

virtually as it was scanned, with little arc editing and no attribute data. Mapped joint lines are confined 

mainly to the Ahner (Mesoproterozoic) and Bukalara (Cambrian) Sandstones. No further editing work on 

joints was justified, as they are ambiguous in terms of structural interpretation (Davis, 1984) and, 

especially in the case ofthe Cambrian sandstones, of little probable relevance to Proterozoic base metal 

mineralisation. 

The bedding coverage is composed of strike lines derived directly from scanned diplstrike symbols. 

Airphoto-interpreted bedding trends with qualitative or no dip information were also incorporated in this 

layer. Its attribute table contains dip angles (in the DIP item, measured in degrees) and dip directions (N, 

S, E or W; in the DIR item) for each strike line representing a diplstrike measurement, thus wholly 

defining the dip plane. 

The lineaments layer consists of a limited number of arcs, up to several kilometres in length (check), with 

no attribute data. They only appear on a small percentage of the Bauhinia Downs map sheet area, mainly 

in narrow strips within the southern portion. .The patchy nature of the lineament mapping severely 

restricts its usefulness for regional metallogenic studies. 

Fold axes were not included in the original scanning but were manually digitised from a laminated copy 

of the Bauhinia Downs 1:250,000 map sheet (Pietsch et al., 1991). Fold axes are defined as anticlines or 

synclines according to a numeric item in its attribute table, with the arbitrarily assigned integers 50, 55, 

60 and 65 denoting synclines, inferred synclines, anticlines and inferred anticlines respectively. Plunge 

direction on the fold axes is designated by arc directionality as defined during digitising. Another item, 

PLUNGE, in the folds attribute table contains the value 0 if no plunge exists or has been measured, and 1 

otherwise. 

Faults mapped on Bauhinia Downs have been copied from the primary geology layer (discussed below) 

and split into two sub-layers, each layer containing diffaent attribute data. The first layer Vaults) has a 

two-fold subdivision only, with the item 'LINECODE' in the col~esponding arc attribute table identifying 

the fault as either observed (LINECODE = 100) or approximate and/or inferred (LINECODE = 110). 

Istfaults, the second faults layer, attempts to define the major regional faults as they are observed to 

outcrop in Bauhinia Downs. Whether a fault is in the category of a 'major regional fault' has been 



decided on somewhat subjective criteria, including identifiable presence in more regional geological 

compilations by previous authors, primarily Plumb (1988) and tectonic sketches in Pietsch et al. (1991). 

In translating gross structures from 1;1,000,000 or smaller scale, the author (assisted by J. Rogers, pers. 

corn.) ,  has been generous in selection of some mapped 1:250,000 scale faults as first-order structures, 

resulting in their appearance as 'fault zones' rather than discrete arcs in some places. This can be justified 

by inspection of the McArthur Basin study area map (Figure 2.2), whereby it is clear that many of the 

individual faults in a given fault zone accommodate significant displacement, rather than any one fault. 

The fault zones may be flower structures with individual faults merging into a single 'stem' fault at depth. 

The gross basin architecture as interpreted from gravity and magnetics (leaman, 1998; see section 3.2.3) 

can also be used to argue that any one of many faults in a 'fault zone' or 'structural corridor' may be 

tapping deep basin fluid reservoirs, and thus should be included as major structures for metallogenic 

studies. Presently the lstfaults layer relates to only one item of attribute data in a related data table, that 

being the name of the fault. There is obvious scope for addition of further attribute data to this table, for 

example 'fault type' where this could be classified as strike-slip, normal, reverse or combinations of 

these, but a sufficiently detailed structural assessment of the region was not available. 

A culture layer was included in order to provide additional geographic context to the geologic data. The 

line component of culture has a two-fold classification into highways and unsealed roads or tracks. 

3.2.1.3 Polygon coverages 

A major obstacle in constructing topologic polygons from the scanned geological map was the number of 

boundaries with approximate or inferred status, which were represented as dashed instead of continuous. 

This was a particular problem in the case of faults, where many dashes were so nearly as short as their 

width, and the distance between them so great, that automatic scanning and editing procedures had no 

possibility of correctly interpolating a continuous line. Many obviously incorrect or, more seriously, 

misleading arcs resulted. Careful, intensive manual editing procedures and extensive head-up digitising 

were hence required to reconstruct continuous fault arcs from their erroneously scanned antecedents. 

Fortunately, dash separations in many of the non-fault geological boundaries were sufficiently small such 

that the dashes could be automatically joined by judicious employment of the GENERALIZE (a 

oornand designed to eliminate excess vertices from lines) in Arc/lnfo's editing module, ArcEdit. The 

majority of these arcs, however, also had to be joined manually or redigitised. 

A clean, topologically correct geological map data layer @rimgeo[) was finally produced after all arc 

intersection errors had been displayed and resolved. Automated spatial data cleaning routines such as 

Ardlnfo's CLEAN command were not employed at any stage. These can impart slight shifts to the 

original data, creating extraneous 'sliver' polygons at acutely converging arcs (Wyborn et al., 1995a) as 

well as the inherent loss of spatial accuracy. Aparl from correction of minor errors discovered during 

polygon attributing, no further editing of arcs was performed. Faults were extracted into their own layer 

(faults) where this was convenient, by selecting on the LINECODE item, only at the end of the polygon 

attributing process. This procedure ensured exact congruence between the faults layer containing many 

polygon-bounding faults, and the primary geology polygons. Any further editing of fault data 



subsequently found to be necessary was performed onprimgeol and the fault layer then re-created from 

the primary geology data, in order to maintain consistency. 

3.2.1.3.1 Geological attribute data 

The attribute structure for the digital geology polygons largely follows the scheme described by 

McClenaghan et al. (1994). This was in preference to adopting data structures developed by AGSO 

Fyburn et al., 1993; bttp://w.agso.govumadmineral~oohpPtable.hl), which are more geared to the 

needs of a national corporate database than a project-specific compilation. Some data storage efficiency 

has been sacrificed in order to maximise the ease of performing queries in ArcIInfo. This is manifest in 

many cases by duplication of some fields in many of the attribute tables. Wherever possible, attribute 

codes have been taken horn existing AGSO authority tables. 

Each stratigraphic unit present in the study area has been assigned a unique four digit integer ID (CODE) 

based on its relative stratigraphic position. This number is the primary key linking the geology polygons 

to all their related attribute tables. Although stratigraphic relationships are specifically encoded in the 

polygon attribute scheme, the numbering system is also hierarchical with ID codes increment4 according 

to their stratigraphic status, e.g. individual formations are given ID codes in increments of 10, while sub- 

groups increment in multiples of 100. Exceptions m in the case of presumed stratigraphic equivalents 

in different regions, for example McArthur Group (3000) and McNamara Group (3 100/3200). 

Maintenance of this relationship greatly assists automatic legend production with map units appearing in 

their stratigraphic order, and facilitates polygon selection according to relative stratigraphic age where 

this is not adequately defined by radiometric dating. For example, queries such as 'select all Umbolooga 

Subgroup units older than the Teena Dolomite' are possible using the stratigraphically-ordered 

hierarchical coding system, a set which could not be calculated directly fiom radiometric age constraints. 

Stratigraphic information is encoded in the table STRAT.DAT. There is a many-to-one correspondence 

between theprimgeol polygon attribute table (PAT) and this table, with the field CODE being common to 

both tables. A typical extract horn STFL4T.DAT is given as Table 3.2. 

A full listing of the STRAT.DAT table is given in Appendix 9. Some blank or invariant fields (REGION, 

SPGRP, EPOCH, DIV, DESC) have been omitted from the extract s h o w  in Table 3.2. The important 

features of each field are described below. 

SYMBOL refers to the shorthand symbol for the unit on published maps. 

MINAGE and MAXAGE give absolute age constraints on each unit (in my.) derived horn published 

radiometric dating (Page and Sweet, 1998; Page, 1988; Kralik, 1982). 

STRMIN and STRMAX are the minimum and maximum measured true thichesses of the formation (in 

metres). Note that these dimensions are indicative only, being based on a limited number of measured 

sections and photo-interpretation both within and outside the mapped region. A S T M  equal to zero 

thus means that the unit is observed to lens out, but a STRMIN greater than zero does not necessarily 

imply that the unit occurs throughout the basin. 



Table 3.2 Extracrfrorn the stratigraphic data fable STRATDAT 

The REGION field (not shown in Table 3.2) describes the affiliation of each stratigraphic unit to 

continent-scale geological provinces, and uses codes delined by the AGSO GEOPROVS authority table 

(Rybun et al., 1993; http://w.agso.gov.au/minerals/lookupPtabIeehtml). In the case of Table 3.2, 

every record shown has REGION = 52 (for the McArthur Basin). The coarse REGION classification is 

subdivided by the LOCAL field, which uses two-letter codes to denote geographic or descriptive geologic 

localities (e.g. 'TR' = 'Tawallah Range', 'FI' = 'Foelsche Inlier'). The use of sub-province names with 

genetic connotations like 'Batten Trough' or 'Wearyan Shelf has been avoided wherever possible. 

Stratigraphic formations that vary systematically in thickness and/or composition between localities 

across the region have been given their own unique CODE in order to retain this spatial variability. An 

example of a stratigraphic unit with multiple CODES in Table 3.2 is the Mallapunyah Formation (P-ml) 

which has codes ranging from 3710 to 3715 depending on locality, and correspondingly varying thickness 

attributes. 

The stratigraphic position of a rock unit is defined by five fields: SPGRP, GRP, SBGRP, FRM and 

MBR, which specify the level of the unit within the regional stratigraphic scheme. Each record in the 

stratigraphic table also has its place in higher levels in the stratigraphic hierarchy explicitly encoded in the 

relevant fields, thus a unit defined as a formation (i.e. FRM is non-null) will also have non-null entries in 

SBGRP, GRP and SPGRP wherever this is applicable. Numeric codes in these fields are derived from 

the AGSO authority table for stratigraphic names, STRATLEX 

(http://w.agso.gov.au/infomati0n/shu~~disd/databasdstratname2html) which defines five digit 

codes for all ratified Australian stratigraphic unit.. . 



ERA, PERIOD, EPOCH and D N  define a unit's stratigraphic age according to the recently ratified 

international system for the Proterozoic (Plumb, 1991). These fields employ two-letter codes according 

to authority tables defined by the author. The STRAT.DAT extract (Table 3.2) indicates all units to be of 

the Palaeoproterozoic era ('PP') and the Statherian period (ST). The uncertainty and paucity of absolute 

radiometric dates, as well as the possibility of groups straddling critical time divisions necessitated 

definition of composite codes for some units, e.g. 'EC' for Ectasian-Calymmian. EPOCH and DIV are 

not used by any of the Proterozoic units, but are included as a contingency against the possible 

development of a more detailed local relative time scale based on magnetostratigraphy or stromatolite and 

microfossil biostratigraphy. 

MINAGE and MAXAGE define the absolute age constraints for all units based on radiometric dating. 

Age estimates are conservative in that they employ the upper (older) bound in the case of MAXAGE, and 

the lower (younger) bound in the case of MINAGE, rather than using the mean or best estimate of a 

formation's age. Hence, Umbolooga Subgroup units below the Barney Creek Formation (dated from 

tuffs at 164lk7 Ma) have a minimum age of 1633 Ma rather than 1640, while the Reward Dolomite 

(above the Barney Creek Formation) has a maximum age of 1647 Ma. Most radiometric ages used are 

those quoted in Pietsch et al. (1991), subsequently updated with ages reported by Page (1997) and Page 

and Sweet (1998). In the absence of radiometric dating, limits have been assigned RIGS minimum andlor 

maximum ages based on stratigraphic relationships and generally accepted correlations. Thus, the 

McArthur Group has a MINAGE of 1600 Ma in spite of the absence of any reasonable absolute age 

constraint above the Barney Creek Formation. 

Lithological information is encoded in the table LITH.DAT (Table 3.3), which has a many-to-many 

correspondence withprimgeol's PAT, linked by the unique geological map unit ID CODE. Each record 

in LITHDAT represents a unique lithology present within the rock unit defined by CODE. A one-tc- 

many relationship thus exists between the stratigraphic (STRAT.DAT) and lithological (LITH.DAT) 

attribute tables through the CODE item. Selection of a given stratigraphic unit, for example the 

Wollogorang Formation (CODE = 4040) will retrieve all lithological attribute records with the 

corresponding CODE. This relationship also works in reverse; thus selection of all lithologies containing 

pyrite (MIN = 'PY') will retrieve all stratigraphic units satisfying this criteria, even though not all 

lithologies for those CODES actually contain pyrite. 

Lithological attributes are constructed hierarchically aRer McClenaghan et al. (1994), in order to facilitate 

queries on as many levels as possible. Encoded levels oflithological classification range from detailed 

(for example sedimentary structures in TEXT) to very basic (igneous/sedimentary/metamorphic 

categorisations in CLASS). These and other attribute fields in LITH.DAT are discussed more fully 

below. While this scheme makes the overall attribute database somewhat larger than is strictly necessary, 

this slight disadvantage is far outweighed by gains in the simplicity of queries. A request to select all 

sedimentary rocks, for example, might otherwise have to be constructed by the selection of all possible 

sedimentary lithologies, with all the extra effort and possibility of error or omission that such a query 

would entail. 



Table 3.3 Extractfrom lithological data table LITH.DAT 

All entries appearing as capitals in the extract from LITH.DAT (Table 3.3) with the exception of the item 

GEN relate to codes in AGSO authority tables (mainly LITHNAMES; M. Duggan, pers. comm.), adapted 

to the structure of this GIs. Lower case codes denote those defined by the author for data categories not 

adequately covered by AGSO tables available at the time of compilation. All abbreviations and authority 

tables used are documented in Appendix 7. 

The fundamental classification of lithologies involves one compositional and two genetic orders of 

categorisation. The items CLASS and TYPE are together roughly equivalent to the ROCK-TYPE codes 

described in AGSO's field notebook guide (Blewett, 1993). CLASS is a single-character text field 

containing the simplest genetic lithological divisions (Igneous, Metamorphic, Sedimentary, 

Unconsolidated), which are in hnn subdivided by the TYPE item (three- or four-character codes), 

essentially on a more detailed genetic basis. Virtually all sedimeniaxyrocks in the McArthur Basin 

classify as being of epiclastic @PC) or chemical (CHEM) origin. Mixtures of the two are handled using 

qualifiers; thus a silty dolomite is categorised as being of CHEM type, but will contain SLY (for silty) in 

the TEXT field. 

COMP describes the dominant composition of the lithology. Minor constituents or mixed compositions 

are encoded using the TEXT qualifiers, though following AGSO's usage some exceptions have been 

made, e.g. QF for 'quartzo-feldspathic' as well as QZ (quartzose) and FEL (feldspathic). 

Depositional environments interpreted for each lithology are encoded in two items - GEN, for 'genesis', 

and ENV for 'palaeo-environment', the latter being a subdivision of the former. GEN is a single- 

character field encoding a coarse subdivision; with most sedimentary lithologies in the McArthur Basin 

interpreted as either shallow marine (S) or non-marine 0. For the case where the genesis of a single 

lithology is ambiguous interpreted or grades from one category to the other, the code B for 'both shallow 

marine andlor non marine' has been defined. ENV defines the depositional environment of the lithology 

more specifically in the form of -character codes, with up to three environments allowed for any one 



lithology. Examples from Table 3.3 include 'Ic' for 'lacustrine', 'lg' for 'lagoonal' being the saline 

equivalent of lacustrine; 'em' for 'emergent' and 'sa' for 'subaerial'. These codes for ENV are from 

AGSO's palaeo-environment authority tables developed for characterisation of petroleum basins (J. 

Bradshaw, pers. comm.). 

The LITH field explicitly characterises the lithology in terms of codes kom the AGSO LITHNAMES 

authority table (M. Duggan, pers. comm.; 

h t t p : / / w w w . a g s o . g o v . a u / i n f o r m a t i o n / s t ~ l )  A convention of four- 

character codes for sedimentary lithologies and three-character codes for igneous and metamorphic 

lithologies is generally followed. Most defined lithologies are taken directly from Pietsch et a1 (1991), 

supplemented by Jackson et a1 (1987) who used a basic grainsize terminology for the classification of 

carbonates, such as dololutite and dolarenite. These terms are not supported by LITHNAMES, and have 

been adapted for this GIS by use of the relevant qualifiers on the general rock name DLST (for 

dolostone); thus a dololutite is coded in LITH as DLST, with F (for 'fine-grained') in the TEXT field. 

The PROP item, for 'proportion', is an integer field giving an indication of the volumetric proportion of 

the particular lithology, expressed as a percentage of the total stratigraphic unit. These have been 

estimated from text descriptions, as well as published measwed stratigraphic sections in Pietsch et a1 

(1991) and Jackson et al. (1987). As such, they are strictly a qualitative indication only, particularly 

because of the likelihood of lateral variations within stratigraphic units away kom measured sections. 

The TEXT field contains qualifiers that enable a full description of a given lithology by modifying or 

augmenting the coarser classifications of the other fields. Up to 30 characters may be entered, separated 

by spaces. The qualifiers may be of any type, indicating compositional, grainsize, internal structural, 

sorting and other features. These range from basic descriptors like P or W for 'poorly-sorted' and 'well- 

sorted', through to more exotic designations like SUL for 'sulphidic' or LTX for 'low-angle trough cross 

bedding'. 

Unusual or diagnostic minerals appear in the MIN ('mineralogy') field. There may be some overlap 

between this field and TEXT, thus PY (pyrite) may appear in MIN in addition to PYR (pyritic) or SUL 

(sulphidic) in TEXT. MIN entries for many lithologies may actually refer to pseudomorphs ofthe given 

mineral (usually GP for 'gypsum' or HL for 'halite'), but these have been retained for their diagnostic 

value. 

3.2.1.4 Point coverages 

The most important point coverage in the McArthw Basin GIs is the mineral occurrence database. 

Initially this was constructed from data for 58 mines, prospects and other mineral occurrences tabulated in 

the Bauhinia Downs explanatory notes (Pietsch et al., 1991). These were subsequently superseded and 

augmented by data extracted from the Northern Territory Geological Survey (NTGS) database (B. 

Roberts, pers. comm.). The new NTGS data covers a large portion of the northeastern NT south of the 

Gulf of Carpentaria, including the CIS study area. Minor corrections were made to some database entries 

affer validation against geological mapping (using point-in-polygon overlay) and literature sources 



(mainly Ahmad et al., 1989; Walker et al., 1983; Williams, 1978a; Walker et al., 1977) wherever 

available. 

Amibute data for the deposits is contained in several items in MINOCC.PAT (Table 3.4). Many of these 

consist of codes relating to authority tables, some of which have been defined by the author, but most are 

based on AGSO authority tables. 

Table 3.4 Extraclfrom mineral deposit dalabnse (MINOCC.PA7J 

NAME is a text field of up to 30 characters containing the name of the occurrence. Mineral commodities 

present in the occurrence have been split into major and minor classifications (h4AJCOM and MINCOM) 

depending on the relative proportion of metals present, with metals being represented by their chemical 

symbol. For example, the HYC deposit has MAJCOMs Zn, Pb and Ag, and MINCOM Cu. OPS gives 

the operating status of each occurrence, employing codes used by AGSO in their mineral deposit database 

(Ewers and Rybum, 1993). OPS tends to be loosely related to the size of the mineral occurrence, with 

'0' for 'occurrence' grading up through 'P' ('prospect') and 'D' ('deposit') to 'OM' or 'operating mine', 

of which HYC is the only example in the study area. There are insufficient gradeltonnage data for the 

vast majority of mineral occurrences in the region to justify including these parameters in dedicated 

fields. 

The morphology of each deposit is encoded in SHAPE following the categorisation of Pietsch et al. 

(1991), with two-letter codes from an AGSO authoritytable identifying the mineralisation as stratabound 

(SB), irregular OR), vein (VN) or stratiform (SF). Host stratigraphic units and lithologies are described 

by links to the stratigraphic and lithology data tables (Tables 3.2 and 3.3) through corresponding integer 

codes in the HOST and HOSTLITH fields. Similar links to the lithological data table through three other 



fields (SUBHOSTLITH, WALLROCK and SUBWALLROCK; not shown in Table 3.4) describe 

subordinate and adjacent 'wallrock' lithologies. Major ore minerals are given in OREMINI, with other . 
economically significant minerals in OREMIh'2. Major and minor secondary minerals associated with 

mineralisation appear in SECMINI and SECMIN2 respectively. All fields describing mineralogical data 

are populated by three-letter codes from the relevant AGSO authority table (AGSOMINERALS). 

G M S I Z E  and STYLE (describing geometric habit, for example DI = disseminated, BR = brecciated, 

LA = 1aminated)'both refer to the mineralisation itself, and not necessarily the host rock. AGSO authority 

tables have also been used in these fields. 

3.2.2 Geochemistry 

Lithogeochemical data in the McArthur Basin is largely confined to the Bauhinia Downs 1:250,000 map 

sheet area, with many hundreds of samples from four major studies: Brown et al. (1969); Corbett et al. 

(1975); Large (1979) and ROCKCHEM (Plumb et al., 1992). Supplementary data was derived from the 

NTGS (Pietsch et al., 1991), AGSO (L. Wyborn, pers. comm.), Davidson (1998); Rogers (1996) and 

Large and McGoldrick (1993). The resultant database provides reasonable coverage of the regional 

stratigraphy. The total dataset has however been somewhat biased in Favour of certain lithologies by the 

particular aims of individual lithogeochemical studies. 

In spite of the good coverage of units younger than Roper Group, because the vast majority of samples 

have been obtained from a limited number of drillholes (most in or near the HYC deposit), short 

measured sections and easily accessible areas, the overall geographic distribution of data points is highly 

clustered. The problem is most acute in the (common) case of data from drillholes, where a number of 

samples, often from different formations, have the same spatial coordinate. This makes it impractical if 

not impossible to assess spatial patterns in the geochemical data using the methodology adopted for the 

AGSO Mount Isa metallogenic GIS (Jagodziski et al.; 1993), whereby the mean geochemical element or 

ratio level derived from sampling within a given rock unit polygon was nonndised against the globally 

averaged v.alue for all samples of the unit. As well, as discussed in section 3.0, the proprietary nature of 

some datasets made it necessary to degrade or simplify them in some way before publication or 

presentation to the commercial clients who sponsored this GIS compilation. 

The compromise solution adopted was to extract separate sets of summary statistics from each of the 

input datasets, to be used as the primary data source in the GIS. Mean, median, minimum and maximum 

values were calculated using Microsoft Excel macros for each element analysed, from every geological 

map unit sampled, in each dataset. Calculations were performed separately on each dataset as well as on 

a compilation of all data in order to preserve possible discrepancies between datasets resulting from 

differences in sampling bias and analytical technique. The resulting statistics for each dataset were 

assembled as tables related on the CODE item in geochemical attribute tables, an example of which is 

given as Table 3.5. The geochemical data are thus classified on the stratigraphic subdivision defined by 

the 1:250,000 scalemapping of Pietsch et al. (1991). This necessitated some consolidation of Corbett et 

al.'s (1975) samples from members of the Barney Creek Fonnation into a single unit. Sample statistics 

from the same geological unit (CODE) but having different originators may be specified and compared 

using the SOURCE item. 



An unfortunate consequence of the use of summary statistics is the loss of spatial information. Sample 

location layers have been retained, but linked on SOURCE only; that is, disconnected from the raw 

geochemical data. The derived summary statistics dataset remains a useful means of mapping 

compositional variations between stratigraphic units, as well as defining both extreme and background 

geochemical levels for most pre-Roper Group formations and members. 

Analysed elements have been separated into three tables based on the AGSO ROCKCHEM database 

structure (Plumb el al., 1992). MAJORS.DAT contains concentrations for a standard set of major 

elements, converted to oxide and expressed as a percentage. The form of expression of Fe levels (FEO, 

FE203, FE203TOT) could not be standardised across datasets, due to the ambiguous or incomplete 

expression of Fe concentrations in many datasets. Comparison of data from different SOURCES is hence 

limited. Organic carbon (CORG), C02, S, HZOPLUS and HZOMIN are included in MAJORS.DAT, but 

have not been analysed in all the original geochemical datasets. A comprehensive listing of 

MAIORS.DAT is given in Appendix 9. Also included in MAJORS.DAT are LO1 (loss on ignition), 

REST and TOTAL fields. 

Table 3.5 was generated by selecting SOURCE = 'all', which is the character code for summary statistics 

calculated from the compilation of all original data. COUNT gives the number of samples in a given unit, 

by a given originator, on which the summary statistics are based. 

Table 3.5 MAJORSDATexnncf. 

Data summarising the wncentration of rarer geochemical elements in two other tables, structured 

similarly to Table 3.5 (see Appendix 7). The TRACES.DAT table gives the wncentration of trace 

elements (mainly transition metals) expressed in parts per million. The PPB.DAT table stores the 

concentration of trace elements expressed in parts per billion. With few exceptions, most datasets have 

only analysed for Au, Ag and Pt in the ppb range. 



3.2.3 Geophysics 

As stated above, the 'geophysical' datasets would perhaps more accurately be called 'geophysically- 

derived' coverages. However, as shall be demonstrated, it is far more useful in terms of geological 

import and metallogenic analysis to bring the tools of GIS to bear on structures and surfaces interpreted 

6om the geophysical data, rather than on the data itself. 

The geophysical component of the McArthur Basin GIs is composed of interpretations by Leaman (1998 

and associated references) 6om gravity, magnetic and seismic data ofthe most volumetrically significant 

units in the basin. An account of the interpretation methodology is given in Leaman (1997a), Leaman 

(1996) and Leaman (1994a). 

The geophysical layers were constructed by digitising interpretive contour plots produced by Leaman for 

various McArthur Basin sub-regions (D. Leaman, pers. comm.), and compiling them for the entire basin; 

an area stretching from the Urapunga Fault Zone in the north-west to the Riversleigh Fold Zone in the 

south-east and including the main Bauhinia Downs study area. The source data used in the GIs  is thus 

somewhat more detailed than that appearing in Leaman (1998). Each contoured surface (either structure 

contours or isochores) defined by Leaman's work has been built as a Triangulated Irregular Network 

VIN), then transformed into a lattice using quintic interpolation. Every cell in the resulting grid thus has 

a value representing either depth-teinterface or unit thickness, measured in metres. Zero or small 

negative values arising 6om gridding artefacts were converted to NODATA values. 

This gridding process enables 3-D visualisation and surface analysis of the structure contours or isochores 

defined by the potential field interpretation. Resampled contours have been generated for all surfaces to 

permit visual relation of the lattices to their cell values, thus every grid coverage has an arc (contour) 

equivalent. These grids can then be overlain by any of the other datasets contained in the GIs, for the 

purpose of elucidating relationships between deep, fundamental basin structures and the observed surface 

geology and mineral occurrence distribution. Examples are shown in Duffett and Leaman (1997). 

The original interpretation was of coarse resolution; the isochores and structure contours being at 

spacings ranging 6om 100 metres to 5 kilometres vertically, with an uncertainty of similar magnitude in 

horizontal location. This is partly due to the sparseness of the original potential field data (gravity 

generally 1 lkm spacing, aeromagnetic flight lines generally 1500rn apart), and partly due to the primary 

objectives of the interpretation, d i c h  were to convey the style and shape and gross volume of basin 

f o m  rather than to provide precise estimates of their three-dimensional location (Leaman, 1993b). 

Consequently, there is a danger of over-enlarging and over-interpreting this material. However, there are 

a number of advantages to this method of presenting geophysically-derived information. All the tools 

commonly used to enhance visualisation of primary geophysical data can be applied to lattices that carry 

much more 'value-added' geological information than the raw gravity and magnetic data. Grid analysis 

can also be used to generate derived surfaces, for example a grid of 'total volcanics' produced by addition 

of two other grids representing interpreted thickness of separate components of the volcanic pile. The 

grids may additionally be used a starting point for gross basin analysis by backstripping (through 

subtraction of grids). One limitation is the 2.5D nature of Ardlnfo's grid analysis tools, in that for each 



surface, only one z can be defined for any given x,y coordinate. This appears not to be a serious 

drawback as far as the McArthur Basin is concerned, with little evidence of extensive intense folding or 

overthrusting extant. 

Five structural surfaces have been wnstructed covering the entire southern McArthur Basin region. From 

the lowest (generally) unit upwards, these are: depth to basement granite, depth to base of the felsics (a 

pre-Tawallah Group igneous accumulation of uncertain affinity, possibly containing a significant mafic 

component; see Leaman, 1998 and Leaman, 1996). thickness of the felsic volcanics, base of the mafic 

volcanics, and thickness of the mafic volcanics. Complementing the basement granite structural surface, 

an additional polygon coverage (grancomp) was constructed to represent plutons within it interpreted to 

have different composition @hysical properties) and, possibly, different age. 

Other surfaces have been produced which are restricted to the main Bauhinia Downs GIS study area, and 

represent units higher in the basin stratigraphy than the major igneous accumulations described above. 

These include grids of thickness and depth-to-top (structure contours) of the upper Tawallah Group mafic 

volcanics (Leaman 1992, 1993a), also the thickness of more massive (in terms of density) McArthur 

Group carbonatedominated units. These lattices are confined almost entirely to the 'Batten Trough' 

region occupying much of the Bauhinia Downs study area east of the Tawallah Fault. 

3.2.4 Culture 

A drillhole database (drilhole) was compiled as part of a general suite of coverages incorporating cultural 

information for the Bauhinia Downs study region. The data was obtained principally by S. Bull (pers. 

co rn . )  from inspection of NTGS records, and Mount Isa Mines hy. Ltd. data (P. Winefield, pers. 

corn.) .  Attributes including name, total depth, and drillhole type are incorporated in the attribute table 

associated with points representing drill collar locations. While digital capture of geological drill log 

information was impractical for this project, the total depth attribute was observed to be a usehl proxy for 

mapping the depth extent of strata (in particular pyitic carbonaceous Barney Creek Formation) 

considered prospective by explorers. 

The other cultural point wverage, culture, consists of a two-fold classification on the CULTURE-ID item 

of settlements into towns and station homesteads. Settlement names are the only attribute included. 

Vehicular access routes (roads coverage) and watercourses (streams) were also digitised from the 

regional 1:500,000 map (Plumb, 1988) in order to provide additional geographic context to the geological 

features. Road  is subdivided into highways (attributed with their name) and tracks. 



GIs Analysis for Base Metal Metallogeny 

4.0 Introduction 

This study aimed to evaluate the utility of CIS in exploration for Zn-Pb deposits in the Carpentaria Zinc 

Belt. This Proterozoic terrane extending from northwest Queensland to the western Gulf of Carpentaria is 

known to contain base metal mineralisation of global significance (chapter 2; Fig. 2.1). Much of this 

endowment is contained in the supergiant stratiform sediment-hosted deposits of Mount Isa, Century and 

McArthur River (HYC). Model-based prediction of where other such Zn-Pb orebodies might occur is a 

four-dimensional problem requiring knowledge not only of structures governing where metal-bearing 

fluids might have been focused to intersect a volume of reducing sediment, but also when the special 

conjunction of factors existed to permit this to occur. A major pioblem in accounting for and predicting 

deposit location is hence to reconstruct 3-D sediment& basin architecture as it was when the 

mineralisation event(s) occurred; not as it is now, several deformation events and erosion episodes later. 

This chapter presents a number of CIS-based approaches to the problem of reconstruction of McArthur 

Basin architecture. The region containing the HYC deposit, the central-southern Batten Fault Zone of the 

McArthur Basin, was chosen for evaluation. The McArthur Basin comprises the northern portion of the 

Carpentaria Zinc Belt (Fig. 2.1). 

It was soon recognised that approaches involving empirical spatial correlation of base metal deposit 

occurrences with various geological factors (e.g. Bonham-Carter, 1990) were unlikely to be fruitful. A 

primary reason for this is the small number of significant &own orebodies available to 'train' or develop 

a set of decision rules for such an approach. Another problem is the lack of extensive outcrop in many 

areas of the Carpentaria Zinc Belt. This is exacerbated by the recessive nature of many of the prospective 

stratigraphic units, such that prospective host rocks and mineralisation-&ntrolling structures are 

obscured. This situation is in direct contrast to precious metal provinces in Canada and Western 

Australia, where GIS has been successfully applied to prospectivity mapping using statistical methods 

(Wright and Bonham-Carter, 1992; Knox-Robinson et al., 1992). In these areas, economic concentrations 

of the commodity sought occur in a large number of structurally controlled deposits in well-exposed or 

easily-geophysically-mappable terrain. Economic stratiform sediment-hosted base metal mineralisation, 

on the other hand, is tyically concentrated in a few major deposits, whose spatial controls are unclear. A 

theoretical, essentially model-driven approach has hence been adopted for this study. 

The geographic controls on metallogeny may be assessed in terms of metal sources, brine sources and 

reservoirs, mineralising fluid migration pathways and mechanisms, mineralisation traps, and fluid outflow 

alteration systems. Significant economic mineralisation will only be created through the optimal 

conjunction of thesesystems in four dimensions. Base metal metallogeny in particular is critically 

dependent on controls operating in the depth (2) dimension. Of the controls outlined above, metal sources, 

mineralising fluid migration pathways and mineralisation traps are most amenable to analysis given the 



available data. The other systems are either too poorly constrained by the available data, or demand 

sophisticated fluid modelling techniques beyond the scope of this thesis. 

In the rare cases where GIS approaches to stratabound base metal prospectivity mapping have been 

attempted, sucb as in Jagodzinski et al. (1993), the spatial controls utilised (major regional faults and 

reducing 'trap' units) bave presumably been identified on both empirical and theoretical grounds. 

Prospectivity maps based on sucb regional spatial criteria successfully encompass most known base metal 

occurrences, but are a rather blunt instrument in that the identified prospective area remains quite large in 

comparison to the extent of the deposits sought, and the size of the metallogenic province. 

Conventional regional geological data and data models are inadequate to address the metallogenic 

problems outlined above. The main aims of this chapter are to redress this; firstly by presenting results 

from new techniques developed to extract and visualise information pertinent to four-dimensional base 

metal metallogeny from standard regional geological data, secondly by combining this with 

interpretations of regional geophysical data, and thirdly by demonstrating how operations on surfaces 

representing geophysically-interpreted basin architecture can be used to place constraints on metallogenic 

models. The rationale of the metallogenic constraint analysis was to ascertain minimum constraints on 

the volume of rock required to source sufficient quantities of base metals to form a deposit sucb as HYC, 

and accordingly to use the GIS to visualise the extents of basins and concentration factors required. 

Volumetric parameters of basin components derived from geophysics were coupled with a compilation of 

summary lithogeochemical data defining the elemental composition of the basin units. 

The common theme in all these approaches is the extraction of the maximum three-dimensional 

information from the available data, in order to define the geometry ofthe host basin. The derived 

products are used to make inferences concerning the 'palaeugeometty' of the basin, which will have 

been a first-order control on the localisation of Zn-Pb mineralisation. 

The datasets used and their structure bave been described in chapter 3. A summary of the key lower 

portion of McArthur Basin stratigraphy referred to is given in Fig. 2.1. Geophysical issues in the 

interpretation of 3-D structure in the McArthur Basin are discussed in Leaman (1996; 1998). 

4.1 Geological attribute-based basin visualisation 

An initial 3-D picture of the basin, relying solely on surface geological data and measured stratigraphic 

thicknesses, was developed by generation of coverages comprising 'predicted' structure contour values 

for any given stratigraphic unit. 

The method (Fig. 4.1) is based on a stratigraphic attribute table (STRAT.DAT) keyed to the geological 

map coverage. Representative.stratigraphic thicknesses were derived for each unit by calculating the 

mean of all values measured (mainly sourced from Pietsch et al., 1991) in the study region. In many 

cases, this was simply the midpoint between the quoted minimum and maximum stratigraphic 

thicknesses. The results were entered into the field STRMED, with some additional records and 

stratigraphic codes created to handle gross regional changes in measured thickness in some units. A 



datum surface was defined at the top of the Proterozoic McArthur Basin sequence, i.e. the top of the 

Roper Group, and the STRMED value converted to a number (ZMEAN) representing the stratigraphic 

distance, in metres, 6om this datum surface. ZMEAN for any given unit i is essentially given by the total 

thickness of overlying units plus half the thickness of the unit i, multiplied by -1 to express elevation with 

respect to the datum at the top of the Roper Group; or, algebraically: 

These values represent elevation with respect to this datum surface and thus are negative, decreasing with 

stratigraphic age. Each Proterozoic geology polygon was thus attributed (via the link to STRAT.DAT) 

with a value representing the elevation of the outcropping unit within the basin stratigraphic sequence. 

These values range 6om -133 in the case of the McMin Formation at the top of the Roper Group, down 

to -12560 for the Yiyintyi Sandstone at the base of the Tawallah Group. 

The geological data were thus used to directly infer present basin geometry, by making the simplifying 

assumption of 'layer-cake' stratigraphy (Fig. 4.1). The resulting maps (e.g. Fig. 4.2) provide a 

quantitative visualisation of basin structure not obvious on casual inspection of the standard geological 

map, and particularly emphasise the magnitude of vertical displacement across faults. The Tawallah 

Fault is especially prominent in these terms (Fig. 4.2), as is the Abner Fault which is evidently a 

continuation of the Tawallah Fault on the western edge of the Abner Range, albeit at a higher level in the 

stratigraphy (cooler colours in Fig. 4.2). The Emu Fault is of rather enigmatic character with little 

apparent displacement across its northern and southern ends in Fig. 4.2, but major deformation in the 

vicinity of the fault within 25 km of the HYC deposit. The structurally anomalous character of the 

Tawallah Group inlier adjacent to the Emu Fault (Masterton Horst) is especially striking. The 

predominantly strike-slip character of the Mallapunyah Fault is clearly apparent. A feature with quite 

striking apparent vertical displacement is the fault splaying northeastwards 6om the Emu Fault 6om 

around 8200000N. A major reason for this is the absence of the Nathan Group, as well as faulting. The 

magnitude of regional folds is also prominently displayed, the N-S-trending Broadmere Syncline and the 

Abner Range, both of which have upper Roper Group in their cores, being examples. More subtle but 

nonetheless potentially significant is the intra-Mckthur Group uplift in the region southwest of HYC 

(see also Fig. 4.2), which appears to have an E-W trending aspect. The gross structure implied is similar 

to an anticlinal box fold with a wavelength around 15 km. In dimensions it appears similar to the uplifl 

represented by the Batten Range on the adjacent western side of the Tawallah Fault, and may have a 

common origin. 



Unit STRMED ZMEAN Implied basement depth 
(thicknrn in m) (a". tlevalion w.r.1. datum) (mean,.,,- zmeaob .,.,..,) 

Roper Group 2120 -1060 10890 

Nathan Group 1600 -2920 9030 

Batten S u b ~ m u p  580 4010  7940 
Umbolooga Subgroup 2650 -5625 6325 

Tawallah Group 5000 -9450 2500 

basement (base Tawallah) - 1  1950 0 

! 

! 
a .  'datum' 

a .  . . (top RoperGmupl 
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I 

surface 

. . ' . .. 

modelled basement depth 

. 
Figure 4.1 Schematic diagram using a simplified example to demonsfrate how basement (or any other basin 
stratigraphic horizon) depth may be modelled wing lhickners anributes in a CIS 

Fig. 4.2 and other maps such as Fig. 4.3 made possible by the stratigraphic thickness data structure 

described (which might be termed stratigraphic topology) effectively make explicit the knowledge of 

depth extent implied by the stratigraphic column. The depth of an underlying unit or contact may be 

predicted from surface geology and the attribute table; for example the base of the McArthur Group (base 

Masterton Sandstone), from which McArthur Group thickness in Fig. 4.3 was derived. This enables 

'actual' three-dimensional basin architechlre inferred from geophysical data to be analysed in terms of its 

anomalous character with respect to surface geology (see below; Fig. 4.9). 





Thge sre some obvious Iimhtiolls to this approach. The same shatigraphic level is applied to the satire 

extent of each geology polygon, with no disbdon between snap ofthe polygon near upper or lower 

smipphic contacts (Fig. 4.1). This results in mbahation of the depth of &lying units by up to 

'Atan ?whnaistheapp~renrthi~knessofthesurfaaunitand ?isdip,inttPcwonR~~~siluationsat 

tbc upper and l o w  CWW of me exposed unit. The relative magnitude of this error diminishes witb 



increasing stratigraphic distance between the surface unit and the horizon of interest, and is largely 

negligible where the mapped stratigraphic resolution is sufficiently high. 

Depth of underlying units is additionally underestimated by a factor of 1 I cos ?, being the difference 

between the true stratigraphic thicknesses modelled and vertical thickness. However, dips exceeding 2 5 O  

(equating to a thickness underestimation of -10%) are comparatively rare in the region of the McArthur 

Basin studied, being generally restricted to zones adjacent to major faults. These geometric errors are not 

considered unduly significant in the semi-quantitative context of subsequent analysis and interpretation. 

Another drawback is that stratigraphic levels cannot be derived for areas obscured by thin Cainozoic 

cover, limiting the extent to which comparisons can be made with interpretations of underlying broad 

structure. 

All of these objections could be addressed to some extent in further work by attaching the stratigraphic 

level attribute to bounding arcs as well as to polygons, incorporation of dip and strike data, and use of 

airborne EM or other geophysical data to infer Proterozoic geology beneath thin cover. The former two 

refinements might be implemented by interpolation of geology polygons and arcs, incorporating dip and 

strike information, to a grid data structure. Conversion to raster is a step required in any case to enable 

direct comparison and analysis with respect to the geophysically derived structural surfaces. 

4.2 Automatic unconformity detection 

Intra-basinal unconformities denote a r i a  that have been elevated with respect to the contemporaneous 

basin, resulting in erosion or lack of deposition. As such, their spatial and stratigraphic distribution 

effectively maps both the location and timing of intra-basinal uplifts and, by omission, possible sub-basin 

locations. 

A technique for automatic extraction of unconformities from detailed geological maps was developed 

utilising the topological data structure of Ardhfo and tyo attribute fields added to the stratigraphic look- 

up table STRAT.DAT. For each record (representing a stratigraphic unit) in the look-up table, these 

fields (UNDER and OVER) contain the unique code for the stratigraphic unit which would, in a complete 

basin sequence, conformably underlie and overlie the unit described by the record (Table 4. I). 

These stratigraphic polygon attributes were attached to their bounding arcs by hard links based on internal 

arc record numbers identifying the polygons on the left and right side of the arcs (LPOLY# and 

RPOLY#). Following queries to eliminate faults and arcs representing nonconfomable 

Proterozoiflhanerozoic contacts, the stratigraphic unit on the left side of each non-fault arc bounding a 

Proterozoic geological polygon was identified using the LPOLY# item. The polygons on the right side of 

the selected arcs were then queried through the RPOLY# item. If the result did not match the 'expected' 

geologic entity code corresponding to the units conformably above or below the unit originally identified 

on the left side of the polygon, the arc was identified as an unconformity, and tagged as such in the arc 

attribute table. The UNDER and OVER attributes were utilised to designate the unconformity as one of 

four types: intra-group (where both the underlying and overlying units belong to the same stratigraphic 



group), 'expected' inter-group (where an unconformity is present by definition, but both the topmost 

underlying formation/member and the basal overlying formationlmember of the respective groups are 

present), inter-group 1 (where one or more of either the topmost underlying or basal overlying units is 

missing at the unconformity surface), and inter-group 2 (where an entire group is absent). 

Toble 4.1 Extract from appended stratigraphic data table. The CODEjeld contains the identijcation number 

unique to each stratigraphic unit in the study area, to which the 'stratigraphic fopological' athibufes m D E R  and 

OVER also refer. 

This method was extended to calculate the 'magnitude' of the unconformity, by reference to the 

stratigraphic thickness attributes described above. Using the absolute stratigraphic level described by 

ZMEAN, the total measured thichesses (obviously measured elsewhere in the basin) of 'missing' units 

(stratigraphically between the polygons on either side of the arc) were used to determine the amount of 

missing sedimentary section, in metres. This figure was also calculated to the arc attribute table. The link 

via the left- and right- polygon codes to the stratigraphic attribute table also identifies the stratigraphic 

time interval represented by the unconformity. 

The resulting arc attribute data were extracted into unconformity attribute tables for fiuther analysis (Figs. 

4.5-4.7). These tables relate the standard GIS line attributes, such as length, through a unique ID and the 

stratigraphic attribute table, to the unconformity attributes of w e ,  stratigraphic position (defined by both 

underlying and overlying unit) and thickness of missing sediment. 

The unconformity maps which can be generated as a result of this process (e.g. Fig. 4.4) indicate areas of 

uplift or low subsidence during basin development, where stratigraphic units are absent due to erosion, 

lack of deposition, or both. The unconformity magnitude can be interpreted as indicating the magnitude 

and persistence of these locally elevated regions within the basin, which can act as focusing structures or 

drivers of basinal fluid flow. Importantly, the unconformities mapped can be queried on the basis of the 

relative age of their overlying or underlying units, so that the distribution of unconformities within certain 

intervals may be examined. 



Usdw sadon (m) 

The most prominem mwnfonnities (where the gnatest thi- of a notional complete section aw 

absent) hatiably w o p k  wntacts between swtigraphie entities at the group level ( F i  4.5). The 

fRpucnt absence of the Tanloabi Rhyolite. Wanamana Sandstone and Gold Creek V o l d c s  from the 

top of the Tawallah Group accounts for the identification of several hundred me- of missing section at 

the TawalWMcArthur Group wntact in many areas. lhts 0bse~atiOn is con&ent with ckposii of 



the upper Tawallah Group in a syn-rift setting. The lasgest absence of section is o b w e d  in the d o n  

dippiclguwtPodnatbawayfrom~eT~GroupinlierintheBattenRsnge. Thisqpoathe  

propatitionbsstdon~dstmchwl~(BullrmdRoga,1996)lhattheBnttsnRMge 

ngioa was ekvatcd later Tawallah Oroup time. Geguayl, then are a few hurrdrcd mPtns of 

sectioa missing at all top-Tawallah Group coatacts uwt of the Ennr Fault, inchding the Mastuton Horst 

ncacHYCdMaUapuayIlhDome. N o t a M e m w = a d s e d i o n ( - 1 2 h n i w g ) d  

562000E8212000N(acarsevnalbssemetalprospedsinclndiogGnatScoasad Johtons)andthe 

Foclscht Inlier area, where no or minor hiatuses are identi6ed. These may denote late T e  Group 

time su- or othwise relatively depm.4 arena enabling of a near-wmplctc 
TawalIahQmp~eclueace. 

l'here an a number of intra-Umbolwga Subgroup unwnformities detected, suggesting a reawnable level 

of s b u c t u d  activity during this phase of basii development. Many of these unwnformities (probably 

disconfonnities) occur within a strip oriented ENE, extending &om the Mallapunyah Fault near 560000E 

8160000N to the Emu Fault immediately south of HYC. Many hwnformities'are associated with the 

absence of either the Teem Dolomite or its subordinate Coxco Dolomite Member. As these units are 

differentiated substantially on the basis of diagenetic fealures, interpretations of these wntacts as 

unwnfonnities in the classic sense must be treated with caution. Other unwnformities identified in Fig. 

4.6 appear more genuine, and may be mapping a zone of hegdar, discontinuous uplifts in the vicinity of 

the ENE-oriented strip referred to above, active in middle to later Umbolwga Subgmup time. This phase 

of activity seems to have been more persistent west of the Tawallah Fault, where there are a number of 

points at which a small amount of section (usually either the Bamey Creek Formation or Reward 

Dolomite) is missing. East of the Tawallah Fault, little erosion appears to have taken place near the 



U m b o I o o ~  Subgroup boundary, thou& m m e u n w n f o d e s  may be obscwcd by the generally 
mote extensive Caimw~ic cover in tbis region, 

The anomalous h - b a s i d  saudural activity characteris'ig the uplw Umbolooga Subgroup appears to 

have waned during Banen Subgroup time, with few unconformities detected. 

The Nathan Gmup marks a substantial shift in regional deposition pattems, which largely accounts for the 

substaatial utwdormity defined at its base (the Nathan Gmup actually rests diictly on the Tawallah 

Gmup in the Ta~lmbirini Inlier in the west of the study ma, with the enrin McArtbur Gmup missing). 

Instability in sedimentation pattems appears to have persisted well into Nathan Oroup time however 

(Figs. 4.6 and 4.7). and it may bc that signifant topographically driven fluid flow took place at this time 

also. 

The moat sipiticaut intra-Fmtemmic tectonic event recorded by the automatic meonformity deteuion 

method took place in the interval between the Nathan Gmup and the time m r d e d  by the base of the 

Roper Omup. Queries of the amtigqhic atkilnsc table indicate that the basal units of the Roper Gmup 

@nunen Sandstone and Mantungula Formation) incise as deep as the Tatwla !hdstone, well down in 

the McAttbur Group. The magnitude of sedmeut removed at this interval may be seen in Fi 4.7. Fig. 

4.7 indicates that this scdimQlt removal took place mostly on the westem side of the Battsn Fault Zow, 

aad reached a maximum in the southwestem comer of the study area. 
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4.3 MetaiIogenic Constraints Analysis 

The amount of metal requimd to fonn en HYC-aized deposit was taken as the total C o m m i d y  

~ t o l m a g c o f d ~ i n t h e H Y C ~ i t , r s p o r t s d b y ~ ~ d ( 1 9 9 0 ) a s 2 2 7 M t a t  

93% Zn, 4.1% Pb and 41 gEt Ag. This equatea to qpmxiantely 21 Mt Zn, 9.3 Mt Pb and 9300 t  Ag. 

Tbeac tonnsges were then multiplied by avemge conoeatratiolls ofthe co- element in major 

basin unite dwived from the summery geochnnical data to arrive at a figure for tbe total volume of 

avasgcrockrequimdtosourcct8smtalsconcenwtod~anHYC-shedmdepoait 

B n s ' i v o l u m e s w ~ a n  rcprcsemedbygridsdenchgthicknesaofmajorbasin~ts- 

I 8 O p B c b ~ :  ThesewrrfscesceabeviewtdasrsprsssetptEonsofthe~o11appceaastod 

in the basin during deposition of the unit being conaidered, assuming negligible subsequeat uplift and 

removal of scction. This assunrption is violated in the mon highly defonned paions ofthe MeAnhur 

Basin, particularly in aress where lowet mtigrapbic levels bave been exposed. These relatively small 
inlierse~thebullrofuDitsoldcrtbantheBamnsubgroupnmain~ediniame~~ 

we& of the Tawahh Fault. Ao approach for restoring the mieaii sedion in uplifted arm, in oordR to 

arrive at an improved neon¶~~ctiaa of pPlaeo--on space, is p-ted blow. 

ThisappoachtoconstrainiDgthemccallogenic&~ofbase~in~Mc~Basiaisobvi0~8ly 

subject to considerable uacatainty. Tke economic r e s ~ ~ e a  quoted for the HYC are only a . . 
bummum estimate of the total bsse metal tonoage in the minna l i  system, as they do m t  take into 

~ecomt miaeEalised but uneconomic rock or metal pmcm in variars katcllite'deposii in the Wet, 



such as the Ridge and Cooley deposits. Estimates of the original bulk geochemical composition of basin 

packages based on contemporary samples may have been affected by post-depositional addition or 

removal of base metals, possibly by the very event@) that resulted in the formation of large ore deposits. 

Recognising this possibility, base metal concentrations in equivalent modem lithologies have been sought 

and presented if available. 

There is also some scope for refinement of leaman's (1998) 2-D potential field models used to construct 

the 2.5-D basin architecture presented. Trade-offs between bodies of different physical properties may be 

employed to vary the volumes of various model components, though the scope for this is limited by the 

constraints of outcrop, an interlocking 2-D profile array and the need to produce geologically realistic 

geometries. However, it is contended, following Leaman (1996), that the relative volumes and overall 

shapes of basin sequences are unlikely to be significantly changed by further fine model adjustment. 

Given these potential sources of error, the metallogenic constraint analysis is at best semi-quantitative. 

An error of up to 25% in terms of unit thickness can be anticipated at a given location. Despite this 

inaccuracy, however, the exercise is considered justified as a starting point to evaluate the plausibility of 

metallogenic models. 

4.3.1 McArthur Group carbonate package 

This grouping corresponds to that portion of the McArthur Group predominantly composed of carbonate 

(dolostone); the high density of which enables its interpretation as a distinct geophysical unit. An 

estimation of the combined bulk base metal concentration in this unit was made utilising the geochemical 

data surnmarised and compiled in an INFO table related through the unique stratigraphic unit identifier to 

the geological map attributes (principally the lithological attribute table). This relationship was used to 

extract data only from McArthur Group units predominantly composed of carbonate. Data for 

concentrations of Zn, Pb and Ag were then unloaded into a spreadsheet, where weighted mean elemental 

concentrations were derived using the following formula: 

n x thickness-weighted mean = biTiCi 1 b i T i  

where n = number of analyses 6om each unit, T = median thickness of unit, C = elemental concentration 

in unit, in ppm and i represents each individual stratigraphic formation or member. 

Results of this extraction and weighted mean calculation are presented in Table,4.2 

The 'weighted mean of medians' in bold italics (5 ppm Zn, 4 ppm Pb, 0.6 ppm Ag) has been taken as best 

representing the bulk composition of the McArthur Group carbonate packages, since means have 

generally been skewed upwards by outlying very high values in what are invariably highly asymmehic 

frequency distributions. Assuming a carbonate density of 2.78 t/m3 (the same as that used for the 

geophysical interpretation), this implies required carbonate volumes of 1.5 x 1012 m' for Zn, 7.7 x 10" m3 

for Pb and 5.7 x 10' m3 for Ag. 



x thick weighted mean  

Table 4.2 Summary base mela1 geochemical datafor Mdrihur Group carbonole-domimfed stratigraphic units. 

'strmed' is a representative stratigraphic thickness of the units listed. in metres. AN element concentrationr ore in 

ppm. n is the number of amlysesfrom each unit. 'Volume implied' is the volume ofrock required & this case 

carbonate) to contain equivalent base metals to the HYC deposit at the concentrations given. Mmimum levels 

measured in each unit are included ar an indication of the magnitude ofthe positive skekmess of thefrequency 

distributions. They also provide a conservative upper limit on palaeo-bulk bme metal concennationr. Refer to text 

for &toils of the weighted mean calculation. 

This calculation was repeated using data from all carbonate package units (defined as all units from the 

Amelia Dolomite to the top of the McArthur Group inclusive) older than the Barney Creek Formation, 

including interbedded siliciclastic units, on the grounds that these could potentially have participated in 

any regionally pervasive fluid flow system giving rise to base metal mineralisation. The resulting 

weighted mean values are however very similar to those calculated for carbonate units only, in spite of 

the siliciclastics' generally higher base metal tenor, as their relatively low total thickness and number of 

samples gives them low weight in calculations. 

The most obvious flaw in the approach detailed above is the possibility that base metals have been 

depleted from their original depositional or early diagenetic levels by the very processes which may have 

resulted in the formation of major orebodies, or by more recent weathering in the case of outcrop samples. 

A comparison based on base metal concentrations in modem carbonates is thus warranted. The implied 

volume given in Table 4.3 above was recalculated using a value of 100 ppm Zn in carbonate (6om Taylor 

and McLennan, 1985). The resulting implied volume of carbonate required to contain sufficient Zn to 

form HYC assuming complete depletion and 100% efficient transport is 7.6 x 10'' m3. This figure 

represents a conservative estimate of the lower bound on the volume of McArthur Group carbonate rock 

required as a metal source. 



Table 4.3 Srmznra~ bme metal geocherfrical datafor the McArthur Group carbonate package predating (Ire B0rne.v 

Creek Formation. ~ - w e i ~ h t e d  mean based on!v onfornfation thickness is presented as an indicator of bulk 

concentration with sampling bias nzininrised. Refer lo Table 4.2for an explanation ofcolun~n and row headings. 

mean 1 I I I I I I I I I I 

A visual representation of the calculated volumes of McArthur Group carbonate package required to 

source HYC is presented as Fig. 4.8. This depiction effectively treats the McMhur carbonate isopach 

surface as a basin by multiplying grid values denoting thickness by -1. The basin is then filled'to the 

level required to contain the requisite amount of the base metal element in question, and it is this level 

which is represented in Fig. 4.8 and subsequent figures. 

(m 

Clearly, from Fig. 4.8, an inordinately high proportion of the McArthur Group sediments would have 

been required to provide enough metal to source the HYC deposit, assuming reasonable base metal 

chemical extraction eff~ciency and fluid concentration mechanisms. Additional contributions to the base 

metal budget must be sought from deeper in the McArthur Basin sequence. 

Other candidate base metal source packages deeper in the basin, geophysically distinguishable by their 

density andlor magnetic property contrasts, were assessed. Most are both intrinsically richer in base 

metals (felsic volcanics such as the Scrutton Volcanics or sandstone-dominated siliciclastic packages 

equated with the Yiyintyi Sandstone, to name two examples) and much more voluminous than the 

McArthur Group. Consequently, only a relatively small fraction of these deeper packages needs to be 

tapped in order to source base metals in HYC-level quantities. This is demonstrated below with the 

example of one of the deeper packages (section 4.3.2). 
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4.3.2 Basal mafic volcanic package 

This designation comprises the highly magnetic W c  volcanic'mit of Leaman (1998). Its outcropping 

stratigmphic equivalents are uncertain, but probabIy encompass the Seigal Volcanica and possibly the 

Scmtton Volcanics. The package is bclieved to hsve &mities with the Eastern Cmk Volcanics of the 

Mwnt Isa Basin, which are known to be several kilometres thick. 





The mafic volcanics are a richer source of base metals than the carbonates of the McArthur Group (Table 

4.4). This, coupled with the greater interpreted volume of the mafic volcanics (more extensive and up to 

several times thicker than the McArthur Group carbonates) means that a much lower proportion of the 

total rock volume is required to source an HYC-sized deposit (Fig. 4.9). A major E-W stmcture is 

apparent in Fig. 4.9; possibly a major basin-bounding fault which could have focused deep basin fluid 

flow in the vicinity of the HYC deposit. 

4.4 Basin Reconstruction - - . . - - _  - . - -- . -- - -- - 
- .- - 

Knowledge of the basin shape contemporaneous with mineralisation is critical for understanding of the 

palaeohydrogeological factors resulting in the focusing of mineralising fluids. Significant portions of the 

sediment originally filling the basin have subsequently been lost through deformation, uplift and erosion. 

This section presents a rapid, easily implemented procedure for inferring palaeo-basin st~ucture. It builds 
- .. - 

on the method described above for estimating the depth to any basin unit, given the outc~op of a unit - 
higher in the stratigraphy. The resulting map (exemplified by Fig. 4.2) representing the stratigraphic 

depth dimension keyed to geological map polygons is used as a baseline for comparison with the 

geophysically interpreted 2.5-D representation of present basin volume. &eas-where.theinte_rpre!ed_ 

depth to the base of the McArthur Group carbonate package (depicted as the raster surface in Fig. 4.8) is 

in excess of that predicted from outcrop geology are inferred to have been sub-basins, since the preserved 
- .  

basin sediment fill is anomalously thick. Conversely, regions where an anomalously thin volume of basin - ~ 

~ .- 
fill is preserved with reference to the stratigraphic elevation of outcropping units are interpieted to have 

been relatively elevated within the basin during deposition. . - - - .. . 
. -~ 

The technique relies on the assumption that basin strata dip only shallowly in the area considered. This is 

violated to a degree in some parts of the McArthur Basin, where dips steepen up to-70" near faults (see--- - -  - 

discussion in section 4.1), but these zones are not considered sufficiently extensive to invalidate the 

method as applied at 1 :250,000 scale. 

The McArthur Group carbonate portion of the basin fill (essentially comprising the entire group excepting 

the mainly siliciclastic Mallapunyah Formation and Masterton Sandstone at the base; hereafter referred to 

as the upper McArthur Group) is examined in this instance. The amount of section between the surface 

and the base of the upper McAnhur Group is calculated for each McAnhur Group polygon younger than 

the Mallapunyah Formation from the difference between its related ZMEAN stratigraphic depth attribute, 

and the ZMEAN corresponding to the base of the upper McAnhur Group units (basal Amelia Dolomite). 

The resulting new stratigraphic attribute (predicted upper McArthur Group thickness) describes in terms 

of thickness the amount of implied upper McArthur Group sediment between the outcropping unit and the 

base of the upper McArthur Group carbonate-dominated package. 

A lOOm grid cell raster was created from the geology polygons and the predicted upper McArthur Group 

thickness attribute. This enabled comparison of upper McArthur Group thickness predicted from surface 

geology with the geophysically interpreted present upper McArthur Group carbonate volume (Fig. 4.8). 

It was assumed for this exercise that a full section of upper McArthur Group was present beneath the 

younger Proterozoic Nathan and Roper Groups, thus a nominal maximum predicted upper McArthur 



Group thickness value of 2650m was assigned to these areas. Phanerozoic and pre-upper McArthur 

Group units (Mallapunyah Formation and older) were initially designated as null values. 

Predicted upper McAnhur Group thickness values were subsequently interpolated in areas of Phanerozoic 

cover using a three-stage procedure. The initial grid was first converted into a lattice of points attributed 

with the predicted upper McArthur Group thickness value. A TIN was then created from these points, 

incorporating all faults as barrier lines. Finally this TIN was linearly interpolated back to a lattice, and 

areas of pre-upper McArthur Group outcrop covered by the interpolation masked out. 

The resulting grid was subtracted from the grid representing present McArthur Group carbonate thickness 

as interpreted by Leaman (1998), and the residual map of anomalous upper McArthur Group carbonate 

package thickness is shown in Fig. 4.10. 

A number of interesting features are present in Fig. 4.10. The area adjacent to the Emu Fault from the 

Masterton Horst southwards shows the greatest anomalous thickness, but a significant portion of this is 

probably due to structural repetition and unusually steep dips in this complexly deformed zone. Of more 

significance is the overall anomalously thick area extending southwest from HYC across most of the 

region . . as far as the Tawallah Fault, forming a rough quadrilateral slightly elongated in an E-W direction. 
f ~ - . . - 

This feature is interpreted as a sub-basin (hereafter called the Hot Spring-Emu sub-basin) present in upper 

McArthur Group time, i.e. broadly contemporaneous with formation of the HYC deposit. .. 

The boundaries of this sub-basin, probably defined by faults, were potentially conduits for mineralising 

fluids. It is notable that most ofthe mineral deposits in the region are localised in the vicinity ofthese 

boundaries, which are distinguished by a comparatively rapid transition from anomalously thick to 

anomalously thin areas. The most prominent of these bounding zones extends westwards fromjust north 

of HYC, though it is embayed around 608000E. This embayment is part of a low north-south trending 

ridge, which partially bisects the Hot Spring-Emu sub-basin. It also is spatially associated with stratiform 

Zn-Pb mineralisation. The two basin cells on the westem and eastern sides of the ridge are bounded on 

their far sides by the Hot Spring and Emu Faults respectively. Either may have acted as a reservoir for 

base metal-bearing fluids, prior to their release upwards along bounding faults or other discontinuities at 

the cell edges, accounting for the localisation of stratiform Zn-Pb mineralisation in suitable trap rocks in 

these areas. 

Other sub-basins are identified in Fig. 4.10, though they do not appear as voluminous as the Hot Spring- 

Emu sub-basin. One is at the northem edge of the study area in the Sawtooth Range, where an anomalous 

thickness of upper McArthur Group is inferred to have existed. No Zn-Pb mineralisation has yet been 

identified in this area, though suitable reducing trap rocks (Barney Creek Formation, Caranbirini 

Member) are present. 
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The area between the Foelsche Inlier and Hot Spring Fault in the south-eastern corner contain only 

slightly anomalous patches of upper McArthur Group, which are considered either too small or too 

diffise to have concentrated large amounts of mineralising fluids. Only one stratiform base metal 

prospect is known in this region (Mountain Home), and it does not contain significant Zn-Pb grades. 

Some of the more intensely anomalous features at the extreme south-eastern edge of the map in Fig. 4.9 

are interpolative edge artefacts arising f?om the lack of outcrop geological control in this area, which is 

largely covered by Cambrian sandstone of the Georgina Basin (Bukalara Sandstone). 

4.5 Summary 

Field measurements of stratigraphic unit thickness contained in published literature have been used to 

establish a stratigraphic data structure, keyed to conventional geological map polygons, which effectively 

makes explicit the 3-D information implicit in geological maps. This has been used to create maps that 

facilitate easy visualisation of outcropping basin structures and deformation. 

Utilisation of the 'stratigraphic topological' information contained in the attribute data structure enabled 

automated identification of unconformity surfaces in the geological map, which provide insights into the 

magnitude and location of intra-basinal deformation events in space and time. Pre-Roper Group uplifl 

increasing in magnitude to the south is highlighted, as are instances of missing section withii the 

Umbolooga Subgroup west and south of HYC. 

Geophysical interpretations of basin architecture derived from regional potential field data afler Leaman 

(1998) have been used to assess the volumes and shape of major basin sequences. These have been 

combined with lithogeochemical data to quantitatively assess these packages in terms of their potential to 

act as sources or reservoirs of base metals to the HYC deposit An inordinately high proportion of the 

carbonate-dominated McArthur Group is required to source sufficient base metals to form the HYC 

deposit, assuming reasonable original base metal contents and extraction efficiencies. Additional or 

alternative contributions to the base metal budget were probably extracted from deeper, more voluminous 

and fertile basin units. The extent to which this occurred is critical to the likelihood of further deposits 

comparable in size to HYC beiig discovered in the McArtbw Basin. 

The 3-D-enhanced geological data have been combined with the geophysical interpretations of basin 

architecture to derive residual structural surfaces and isopach maps which attempt to restore to the present 

basin volume those portions of the stratigraphic column which have been lost through erosion at any 

given location. These can be interpreted in terms ofbasin shape at the time of deposition. The HYC 

deposit is located at the northeastern comer of the largest subbasin identified, the Hot Spring-Emu sub- 

basin, which is composed of two elongated cells on either side of a shallow central ridge. Stratiform Zn- 

Pb mineralisation is spatially associated with the edges or shoulders of the subbasin cells. Other palaeo- 

sub-basins are present, but these are not as voluminous and are not spatially associated with currently 

known significant Zn-Pb occurrences. 



5. Regional Petrophysics 

5.1 Introduction 

A comprehensive suite of physical property measurements have been made on a sizeable set of samples 

from the Paradise Valley district and adjacent areas. The primary motivation for this work was the 

requirement to constrain interpretations of gravity, magnetic and radiometric data sets detailed elsewhere 

in this thesis. A particular interest was to determine if individual formations within the lower McNamara 

Group could be distinguished geophysically, and thus provide an avenue to more finely characterise the 

threedimensional architecture of the Paradise Valley area. 

A second objective was characterisation of the effect of weathering on the physical properties of 

McNamara Group rocks. This was an imperative dictated by the variability and extreme depth (> 100 m) 

ofweathering defined by drilling in and around the Lady Loretta and Lady Annie deposits. 

A third objective was to derive information on McNamara Group sedimentary provenance and basin 

history in general f?om gamma-ray spectrometric measurements. The possibility of augmenting the 

spatial detail of gamma-ray logging performed by the NABRE research group at AGSO (Southgate et al., 

1996) was also recognised. 

5.1.1 Sampling 

Samples for the study were obtained from three main sources. The first suite (numbered between 1000 

and 2000 in Appendix 3) was obtained from surface samples within a few kilometres of the Lady Loretta 

and Lady Annie prospects. At least three specimens were obtained from each significant lithology 

represented in every outcropping formation, supplemented with samples from drillcore also obtained in 

the Lady Loretta-Lady Annie area, making a total ofjust under one hundred samples. The majority of the 

drillcore sub-set are from the Lady Loretta Formation, with the remainder being samples of a metabasalt 

intersected in drilling (drillhole 468) a few kilometres north of Lady Annie. 

The second suite (numbered in the range 2000-2999 in Appendix 3) was acquired &om a series of cores 

drilled by Aberfoyle Resources Ltd. north, north-west and north-east of Lady Loretta in the Paradise 

Valley region. As well as sampling a disparate range of McNamara Group stratigraphy, the Aberfoyle 

data set also has the valuable amibute of being distant @iiometres) from any known significant base 

metal mineralisation. However, some sampling bias is likely to be present, as the drillcore is a product of 

an exploration program focused on the assessment of black shales and other highly conductive rocks as 

possible hosts for mineralisation. 

A third set of samples (identif ed by their Geology Dept. catalogue number in Appendix 3) was retrieved 

from the rock store of the Geology Department at the University of Tasmania. These were collected by 

other Lady Loretta researchers (principally P. McGoldrick and J. Dunster), mostly since 1993. The 

majorityare from the Lady Loretta ore body and its host sequence. Many of the samples originating with 



McGoldrick were collected for a geochemical study of sedimentary alteration, with sulphides avoided if 

possible (McGoldrick, 1993b). The geochemical data from this dataset were presented by McGoldrick 

(1994b), and are employed here in a comparative analysis of geochemical and petrophysical parameters. 

Stratigraphic units from the Constance Sandstone to the Eastern Creek Volcanics inclusively are also 

represented in the Geology Department collection, and were utilised in this study. 

This chapter considers the bulk physical properties of stratigraphic units, and their implications for 

regional geophysical interpretations. As such, it deals only with the essentially non-mineralised samples 

from the consolidated data set. Samples from within and immediately adjacent to Lady Loretta and other 

mineralised systems are considered in the following chapter (6). 

5.2 Previous work 

Though a number of desultory petrophysical measurements in the Mount Isa Inlier have been made by 

workers whose investigations have been more regional in scope (lieumann, 1964; Gibb, 1967; Shirley, 

1976), the first major physical property study in the region was that by Hone et al. (1987). This dataset is 

reasonably comprehensive in that it wntains representatives from nearly all significant stratigraphic units 

in the Mount Isa Inlier, but tends to be biased towards highly metamorphosed units of the Eastern 

Succession, particularly the Corella Formation. The comparative lack of samples from the Western 

Succession is particularly marked in the case of the McNamara Group. The Hone et al. (1987) dataset 

also contains a large proportion of samples obtained from outcrop, and thus bulk property estimations 

based on simple arithmetic means from these data alone, especially density, are likely to be too low. 

Most samples measured by Hone et al. (1987) were also the subject of geochemical analyses on pre- 

Haslingden Group meta-igneous rocks reported by Wyborn and Page (1983), Wilson (1983), Wyborn et 

al. (1987), Wyborn (1988) and Wyborn et al. (1988). These datasets have not yet been examined in 

conjunction, to the best of the author's knowledge. The original geochemical data were extracted from 

AGSO's ROCKCHEM database and related to the petrophysical data using sample ID numbers listed in 

Hone et al. (1987). Relationships identified behveen geophysical and geochemical properties of the pre- 

Haslingden Group basement suite are discussed in section 5.4.1.1. 

The only significant study of magnetic remanence in terms of implications for geophysical interpretation 

is that of Clark (1980). This work was mainly devoted to the Eastem Creek Volcanics, with a significant 

portion of the samples examined being obtained from within the Paradise Valley study area south of 

Gunpowder. While Koenigsberger ratios determined were quite high (Q ofken >> I), normal and reversed 

remanence polarities were equally common and ubiquitous, with magnetisation directions changing over 

scales of tens of metres. Clark (1980) concluded that for the purposes of geophysical interpretation the 

magnetisation of the Eastern Creek Volcanics may be considered to be due to induction alone, with 

remanent magnetisation responsible for the high 6equency magnetic anomalies observed over 

outcropping ECV (see chapter 7). 

A large petrophysical dataset bas been accumulated over many years in the vicinity ofthe Mount Isa 

Mine by the operators, Mount Isa Mines Limited. These data are summarised in Fallon and Busuttil 



(1992) and Young (1984). While they describe the orebody and its immediate surrounds well, 

extrapolations of individual formations' bulk properties from the mine environment to regional scales 

may be misleading, as pointed out by Learnan (1991a). 

All previously published data from discrete samples have been combined with data generated by the 

author in subsequent analysis. These are tabulated in Appendix 3, and summarised in Table 5.12. 

5.3 Methods 

5.3.1 Mass properties 

Density determinations were made using Archimedes' Principle. Samples were first ovendried at a 

temperature of 90°C for at least 24 hours, then weighed with an electronic balance @recision 0.1 g) in air. 

Following at least a week's immersion in Hobart tap water at room temperatures and pressures, samples 

were weighed in water using a wire basket. Excess water on the surface of the sample was then removed 

with a towel before a second weighing on the electronic balance. Bulk dry density, bulk wet density and 

an estimate of porosity were calculated (after Emerson, 1990) from these measurements. 

5.3.2 Magnetic 

Magnetic susceptibility was measured with an Exploranium KT-5 hand-held susceptibility meter. No 

corrections were made for sample geometry, and the highest value from several measurements in varying 

sample-meter configurations was recorded as best indicating the bulk susceptibility. In most drillcore 

samples, the optimal configuration for measurements (on the flat surface of half-core splits or on the 

flattened ends of whole core) was attainable. For some samples of low mass (< 100 grams) or small- 

diameter drillcore samples, the measurements probably underestimate bulk susceptibility by up to 50%. 

5.3.3 Sonic velocity 

A PUNDIT (Portable Ultrasonic Non-Destructive Digital Indicating Tester) apparatus employing 

longitudinal acoustic pulses with a frequency of 54 kHz was used to determine the transit time of sound 

waves through samples. All measurements were performed on water-saturated samples following 

electrical p r o p e e  determination (see section 5.3.4 below). Prior to measurement, flat surfaces as close to 

parallel as possible were prepared on opposite ends of each sample using a rock saw and fine orbital 

grinder. Both transmitter and receiver transducers were smeared with medical ultrasound gel in order to 

maximise effective contact between the sensors and the water-saturated sample. The sensors were then 

applied to the surfaces with hand pressure only, in as close as practicable to a direct transmission 

configuration, and the lowest sustainable travel time noted. Velocity calculations were made following 

measurement of sample length with a ruler. The accuracy of transit time measurements is quoted as +I% 

in the PUNDIT manual, but uncertainties in determining path length are generally in the order of 1-3%, 

and may range as high as 5% for awkwardly-shaped specimens. The uncertainty in derived sonic 

velocities is thus in the range of a few tens of metres per second. 



5.3.4 Electrical 

Resistivity and IP measurements were performed using the ABEM RIPS3 four-electrode apparatus. 

Samples were immersed in Hobart mains water at room temperature and pressure for at least one week 

prior to measurement. Immediately prior to measurement, surface moisture was removed; first with a 

towel, then by rapidldrying using a heat gun. Electrical property determinations were invariably made 

through the longest axis of each sample, except in cases where samples were tested for anisotropy. 

Geometric parameters of samples (length and cross-sectional area) were estimated with the aid of a ruler 

and approximation to simple geometries; a procedure which should prove reasonably accurate with 

drillcore samples, but may be less so in the case of some irregular specimens obtained from outcrops. 

IP properties were calculated following procedures outlined in the RIPS-3 manual, which return the 

parameters Vlp and,Vp. The IF'% figure listed in all the experimental results herein is obtained by (VIP 1 

Vp) * 100, where Vm is the secondsuy voltage across the sample measured at a constant time interval 

determined by the apparatus (1.2 sec) after cut-off of the primary voltage Vp. IF'% is thus dimensionless. 

5.3.5 Radiornetrics 

Spectrometric gamma-ray measurements were made using an EDA portable gamma-ray spectrometer. 

This instrument records five channels of gamma-ray energies, &responding to total count (two 

channels), potassium, uranium and thorium. To minimise noise from background radiation, the device 

was shielded with a 'lead castle' constructed from several sheets of -1.5 mm thick soldering lead, as well 

as a number of iron slabs. These measures attenuated background radiation levels by approximately 70 to 

75%. Following the suggestion of Emerson (pers. corn.),  only samples whose dry weight exceeded 300 

g were measured, in order to obtain reasonable signallnoise ratios. This limit was lowered to 150 g in  

cases where this could be justified by the geometry of drillcore (i.e. length exceeding that of the detector 

crystal by a considerable amount in spite of low overall mass of sample) and the rarity of the lithology or 

formation sampled. Instances of application of the lower weight limit are highlighted within the relevant 

appendices. 

Readings were taken for a period of 120 second. per channel, with the higher-energy total count channel 

(tc2) being omitted. A determination ofbackground levels in each channel was also made based on up to 

one hour of readings, made over a period of several weeks. The averaged background level was 

subtracted from sample readings, which are reported in units of counts per minute. 



5.4 Results - Regional Stratigraphy 

5.4.1 Pre-Haslingden Group basement 

SUMMARY 
Groups Count Sum Average Variance 

Ewen Granite 1 2.69 2.69 #DIV/O! 
Bottletree Frn 1 2.65 2.65 #DIVIO! 
Argylia Frn 11 29.59 2.69 0.00798 
Tewinga Gp 12 31.9 2.658333 0.004815 
Yeldham Granite 11 29.55195 2.686541 0.003954 
Leichhardt Volcanics 7 18.52 2.645714 0.000529 
Kalkadoon Granodiorite 21 56.2 2.67619 0.002775 
Big Toby Granite 5 13.39 2.678 0.00242 

AN OVA 
~~ ~ 

Source of Variation SS df MS F 
Between Groups 0.014102 7 0.002015 0.510633 
Within Groups 0.240658 61 0.003945 

Total 0.25476 68 

Table 5.1 Pre-Haslingden Group density ANOVA 

Table 5.1 above demonstrates that density measurements on pre-Haslingden Group basement rocks are 

statistically indistinguishable, thus can be treated as one unit as far as gravity interpretation is concerned. 

Histograms of the density measurements (Figs. 5.1, 5.2) arguably show a small sub-population centred 

around 2.74 t/m3 composed of a range of lithologies identified by Hone et al. (1987) as alkali-feldspar 

syenites, alkali-feldspar granites, agglomerate and amphibolite. The main population at around 2.66 t/m3 

is mainly composed of true granitedrhyolites, metasediients (phyllites and schists) and gneisses of 

uncettain origin, however this assemblage is not unique to any sub-set of pre-Haslingden Group 

stratigraphic units, that is, this sub-variation is not mappable. These variations will thus be integrated at 

the scale of regional interpretations. Spatially, there is a suggestion that lighter lithologies predominate in 

the Leichhardt Volcanics and Kalkadoon Granodiorite north of 7750000 N, but sampling is insufficient to 

draw definite conclusions. 

The pre-Haslingden Group units are variably magnetic up to reasonably high values (Fig. 5.3), but this 

variation is not systematic, with the possible exception of the Kalkadoon Granodiorite ~ i c h  appears to 

be of uniformly low magnetic susceptibility. There is no strong lithological control on magnetic 

properties, although Tewinga Group samples identified as gneisses by Hone et al. (1987) are all non- 

magnetic. There appear to be two populations present - one characterised by strong correlation between 

density and (low) magnetic susceptibility, and the other by scattered, moderately high magnetic 

susceptibility and little correlation with density. These are interpreted in geological terms as 

corresponding to ilmenite-series and magnetite-series felsic igneous assemblages. respectively. The felsic 



i g a e ~ ~ ~  rocks in this suiie are g e n d y  I-type (Wybom et at., 1987) but magnelic sempla, an io a 

distina minority, empbaaisii that I-* mdrs an not neaesssrily mlptic. 





Porosity Density Mag s u s c  log MS Velocity Resistivity log R IP% 
Porosity 1 
Density -0.50492 1 
Mag susc -0.14813 0.421465 1 
log MS -0.12198 0.460651 0.767211 1 
Velocity -0.78321 0.480882 0.53731 1 0.586864 1 
Resistivity -0.43811 0.093184 0.143584 0.173029 0.687919 1 
log R -0.7815 0.395685 0.326387 0.357636 0.971207 0.756682 1 
IP% 0.170077 0.196891 ' 0.051587 0.082783 -0.63432 -0.37975 -0.62687 1 

Table 5.3 Pre-Haslingden Grorrp igneous basenrent (mogneric susceptibiliry < 1 . 0 ~  10" SI) perrophysical 

~correlalion coeficienls . . . . . - - 

Porosity Density Mag s u s c  log MS 
Porosity 1 
Density 0.121906 1 
Mag susc  -0.1 5939 -0.09988 1 
log M S  0.080817 0.053457 0.714985 1 

Table 5.4 Pre-Haslingden Group igneous basemenr (nzagneric suscepribiliry > 1.01. 10'SI) perroph.vsica1 

correlarion coeflcients 

A lack of correlation between density and magnetic susceptibility is apparent in Table 5.4, demonstrating 

the ability of low concentrations of ferromagnetic minerals to greatly affect magnetic properties without 

-~ significantly influencing density, . ~ ~ .. . . - - .  . .  
. .  . ~. . ... . . 

Porosity Density Mag susc Velocity Resistivity IP% 
(!Id) (x  lo'1 SI) (mls) (RmJ 

Mean 
S.E. 
Median 
Mode 
S.D. 
S.V. 
Kurtosis 
Skew 
Min. 
Max. 
Count 
C.L.(95%) 

Table 5.5 Summary srarisrics ofpre-Haslingden Croup rockproperries. SE. = standard error. S.D. = srandord 

deviarion. S. V. = sanrple variance. C.L. = conjidence level. 

Combining the two sub-populations discussed above (Table 5.5), the pre-Haslingden Group felsic igneous 

units have a mean density of 2.67 t/m3. This figure is likely to closely approximate the integrated bulk 

properties of these units, though these may vary regionally between the means of the low-density, quartz- 

rich granitoid and high-density, more feldspathic and granodioritic subpopulations (2.65 dm ' and 2.76 

dm'). Characterising the bulk magnetic properties is more problematic due to the extreme range of data 

values, and limited sampling. A true'bulk value is likely to lie between extremes defined by the mean 



(64 x 10.~ SI) end median (0.38 x 105 SI), and is probably well towards the lower end of this range. This 

asadon is supported by the g c o d  mean of the magnetic mc@biky data, which is 0.80 x 10" SL 

The arithmetic mean is skewed upwards by one exameiy magnetic sample of over 3600 x 1 0  SI. When 

this sample is excluded, the arithetic mean magnetic sueceptibii falls to 4.5 x lo5 SI. 

The felsic igneous rocks have moderately high velocities for surface samples, at amund 5500 mls. They 

have highdstivity end low @ty, and an nm-polaridle. 

A plot of densii and magnetic wcept ib ' i  of Yeldham Granite intemwted in tbe drillhole GSQ Lawn 

Hill 3 (Fig. 5.4) demons&ates the variability in these pmpmties over distarvm of e s  or 1- 

u a d e e  the necessity of extensive sampling to adequately characterise these basement units. In this 

case, the possibility exists that these samples have b a n  biased in some way by their proximity to the 

d i m n i l y  Jmfaa, for example by sub-sxposnn to a palaco-erosion surfsce prior to Torpedo Creek 

Quartzite deposition, or by subsqumt alteration associated with fluid flow coneentcated along the 

uncanColmily. 

5.4.2 Lower Haslingden Group sillciclastics (Leander Quartzite and 
equivalents) 

Included m this grouping an the Leander Quartzite, Mount Guide Quartzite end May Downs Gneiss. No 

newdatawercaeq~fmmthese~inthecourseofthisshdy,andthosc~i.Aplnndix3an 

based on the compilation of Young (1984). Noihing more memhghl then a mean d m s i  can be 

calculated for Ulis unit (2.644iO.011 t/m3), given the scarcity of data These units an virRlally non- 

magnetic. 



5.4.3 Eastern Creek Volcanics 

Then are signiliwt variations in physical pmperties within this sbtigmphic unit. A histogmu of 

density for all samples in the unit (Fig. 5.5) is somewhat skewed to the left (skewness = -1.14). but 

samples in this lower tail of the W b u t i o n  arc all either altered, extremely wefhred (Kamaga 

Volcanics outcrop samples), or arc of the subodhte siliciclastic strats (Lena Quartzite) intercaked with 

the ECV metabad~s. If these samples are excluded, the remaining>latively fresh unaltersd_nmaabasal~ 

appmach a nonnal distribution about a mean of 2.91 M.02 t/m3. 
- 

- - 

E.Bm cINkvo*nk. 

A plot of magnetic susceptibility against density for the Eastern CreE Volcanics and correlates (Fig. 5.6) 

shows several distinct populations. Fresh, unaltered Eastern Creek Volcanics samples are generally both 

highly magnetic and dense, with the obvious exception of the Lena Quartzite which has a signature 

typical of metamorphosed coarse siliciclastics. The two metabasalt members (Cmmwell and Pickwick) 

both have similar properties to undifferentiated 'esh Eastern Creek Volcanics. Differences in density and 

magnetic pmperties of the two members are statistically insignificant at the 95% confidence level (but see 

also chapters 7 and 8). 

The Kamarga Volcanics are considered equivalent to the Eastern Creek Volcanics. Most samples from 

Kamarga Volcanics outcmp were heavily weathered; the single relatively fresh sample plotting close to 

the main ECV field is considered most Likely tn represent the bulk properties of the Kamarga Volcanics. 

Samples classified as Utered'Eastern Creek Volcanics have been obtained from !penstone basement' 

at Mount Isa (Young, 1984; Leaman, 199 1b: this study) and hom similar rocks intercepted in drillcore 

(468, P69, P72) in the vicinity of Lady Loretta. These samples thus have a clear spatial association with 

base metal mineTalisation. The physical pmperties of these samples are quite variable, but magnetic 



-b'@ and density appear signiftcantly reduced from the main body of Eastem Creek V o W c s  

data 

5.4.4 Myally Subgroup and Cover Sequence 3 Sediments 

It was hypothesiscd at the outset of this study that the predominantly siliciclastic formations comprising 

the bulk of the section between the top of the Eastem Creek Volcanics and the onset of carbonate 

s e d h m m h n  in the McNamara Gmup would be geophysically -le, due to their 

compositional s M t y .  A histogram of density values obtained from these units (Fig. 5.7) is presented 

in support of this contention. 

The negative skew of the frequency distribution (the category %=2.54'in Fig. 5.7 includes densities 

ranging as low as 2.12 t/m3) is ascribed to weathering effects on these samples, which are predominantly 

from outcrop. If the unreasonably low (<=2.54 t/m3) samples are excluded, the distribution of the 

nmainder (while not normal) appears to have a meaningful cenhal tendency. No one foxmation (with the 

possible exception of the Bigie Formation. ftom which there are only thne relevant samples) appears to 

occupy any preferred portion of the distribution. This statement is supported by results of an analysis of 

variance test, which shows no s igdcam die- between the stratigraphic tmits at the 5% significanw 

level (Table 5.6). 



r--- 

Surprise Ck Fm 
Bigle Formation 
Quilalar Formation 
L-ochness FormaHon 5 13.1 1695 2.623391 0.001114 
Myally Subgroup 9 23.965 2.662778 0.002207 

ANOVA 
Source of Varletion SS df MS F P-value F crit 

Between Groups 0.01 1476 5 0.002295 0.978313 0.442223 2.437694 
Wmin Gmups 0.098536 42 0.002346 

Total 0.110013 47 

Table 5.6 Analysis of ynnYnnance. Myally Subgroup andpre-Gunpowder Creek Formman sediment densities 

The characterisation of the bulk properties of the Myally SubgroupTorpedo Creek Qurutzite sequence 

sedimentary units (Listed in Table 3.8) is somewhat uncertain due to the scarcity of drillcore and 

underground samples,. The mean density of non-outcrop samples is 2.67M.02 t/m3(median 2.68 t/m3), 

which may be wmpared with a mean of 2.64M.01 t/m3 from aII samples above the 2.54 t/m3 thrrshold. 

The former value might be accepted as representative of the MyaIIy Subgroup to Torpedo Creek Quartzite 

(TCQ) elastic packages, except that the drillhole samples (Torpedo Creek Quamite from GSQ Lawn Hill 

3, Fig. 5.4) are extremely proximal to their sediment sources (Kamarga Volcanics and Yeldham Granite). 

The TCQ bere thus has an unusuaUy h i  proportion of lithic and feldspar grains in wmparison to the 

formation regionally. Signifcant levels of sulphides (maioly pyrite) are also present in TCQ intersected 



in GSQ Lawn Hill 3, possibly associated with the nearby epigenetic Kamarga base metal deposit (Jones, 

1986). Both factors mentioned will contribute to increased local density. A regionally representative 

bulk value for these units probably lies in the range 2.64-2.67 t/m3. Regional spatial variations in this 

value are likely given variations in cementation, metamorphic grade and proportions of fme-grained 

siliciclastics and minor dolostone in the Myally Subgroup and Surprise Creek Formation. 
. - 

Magnetic susceptibility is very low, at around 0.01 SI x lu3.  Velocities are moderately high at around - - - -  . 

5400 m/s, even in samples obtained from outcrop, which were generally highlysilicified?In~unsilicified .- 
. -  - 

samples, weathering effects are quite pronounced, with velocities reduced to around-4000-m/s and - -- 
. - . - .. - -  

- 
resistivities decreased by up to several orders of magnihlde, into the 100~10000'Qm range. Chifgiatiility 

is low, as expected. - .- 
. ---- . - -  

~ -. 
Based on limited measurements on hand specimens, the Lochness Formation (Myally Subgroup), 

- - -. . . , . - -- . - . - 
Surprise Creek Formation (SCF) and TorpedoCreek Quaitzite may be discriminated EinFadiometrtcs - - 
(see also chapter 7). Lochness Formation samples have very high total count rates; four or more times 

. 

those observed from similarly sized SCF and TCQ samples. The SCF, whileof generallj4ow total.count - ---= . ~- -- - 
in the area sampled (inliers north of Lady Loretta), is significantly more radioactive than the TCQ 

according to a t-test at the 95% confidence level. -. - - 
. .- 

. - . . . . . - - -- -. -- -- 
In Table 5.7 cover sequence 2 and cover sequence 3 siliciclastics show slight positive correlation between 

density and IP%, which may be partly though not completely explained by the presence of pyrite in 
~. - 

Torpedo Creek Quartzite samples. A lack of correlation between density and velocity:isfiotable inthis 

suite, as this is usually present to some degree in sedimentary lithologies (Woollard, 1962). This may 

indicate a compositional (that is, non-porosity) control on density. The apparent lack of relationship 

between electrical and radiometric properties is also somewhat surprising, as resistivity and radioactivity 

levels are both otten interpreted as indicating the proportion of fme-grained material in <lziclastic- - 
. . - .-. 

. - 
. . - - - sequences (Telford et al., 1990). 

Porosity SG sat Susc. Velocity Resistivity log R IP% T C l  K U Th KlTh KIU ThlU KITC 
Porosity 1.00 
SG sat -0.34 1.00 
Susc. 0.24 0.12 1.00 
Velocity -0.03 -0.20 -0.01 1.00 
Resistivih, -0.35 0.20 -0.20 0:16 1.00 
lag R -0.72 -0.17 -0.34 0.40 0.69 1.00 
IP% -0.06 0.68 -0.03 -0.43 -0.14 -0.44 1.00 
TCI  0.55 0.41 0.39 0.22 -0.15 -0.58 -0.22 1.00 
K 0.42 0.53 0.26 0.30 -0.07 -0.44 -0.17 0.92 1.00 
U 0.46 0.13 0.28 0.07 -0.21 -0.42 -0.12 0.44 0.33 1.00 . -- 
Th 0.10 0.13 -0.07 0.12 0.22 0.08 -0.36 0.18 0.32 0.04 1.00 - - 
WTh -0.07 0.47 -0.02 0.32 :0.01V:0.16 0.21- 0.24 0.26 0.02 -0.49--1100- -- 
WU -0.05 0.28 0.17 0.09 0.10 -0.06 -0.05 0.47 0.50 -0.49 -0.03 0.30 1.00 
TWU -0.14 -0.23 -0.07 -0.15 0.12 0.29 -0.14 -0.16 -0.15 -0.54 0.35 -0.72 0.32 1.00 
WTC 0.32 0.58 0.29 0.33 0.11 -0.21 -0.08 0.80 0.91 0.24 0.31 0.18 0.55 0.00 1.00 
TCllm 0.08 0.73 0.14 0.28 0.45 0.12 -0.14 0.54 0.54 0.37 -0.01 0.37 0.10 -0.32 0.57 

Table 5.7 Correlation coefiienrs between petrophysicalparanteters, cover sequence 2 & cover sequence 3 

siliciclasrics (SG > 2.54 l/nrJ) 



5.4.5 Fiefy Creek Volcanics, Weberra Granite, Sybella Granite 

These igneous tmita were utlplsced between 1710 Me and 1650 Ma, spadug the period of besin 

evolution from the Bigie Formation to the lower McNamara Gmup. Udorhmakly, no subaorface 

samples of these units were available, and the t h e t  wnsiats entirely of outcrop samples. The effects of 

w~~~onthisrcstrictedsamples*areclearfyspparmtinthedens~histogram(Fig5.8)intheform 

of a severe negative skew. Consequently it is dMcult to dmnnine the sipiiicnnce of the distinct 

~~~betweentheSybcl laGrani teandtheotherfe l s ic~usuni t s ,asmcSeo~arealmost200  

hn apart and thua may have experienced diffncnt weathering regimes. Nomihadugthis,  after 

excluding obviously weatbered samples @ < 2.58 t/m3 it appears likely that the Webew Graojte and 

felsi Fiery Creek Vokanics are of lower bulk densii than the Sybella Graaae, implying a geaerally 

more felsic composition. A hue bulk density value for the Fiery Crwk Volcanic8 basalts pmbably lies in 

the range between 2.94 t/m3 (mean of samples * 2.75 t/m3) and the value of the porosity vs. density 

regression Line at the lowest d porosity value (2.99 ~m';  Fig. 5.9). S i l y ,  densities between 

2.60 tlm3 and 2.6Qt/m3 are indicated for fresh Fiery Creek Volcanics sedimentany and felsic igneous 

Neither the Weberra Graojte nor any components of the Fiery Crwk Volcmics an magnetic (Fig. 5.10). 

The slightly elevated magnetic susceptibility of some Fiery Creek Volcaoica basalt samples is interpreted 

as king due simply to higher wncezlaations of pmmgwtic imn as haematite or ilmtlat (cf. Furanen, 

1989 qtmkd in C W  1997). rather than any diffcrrnw in inm mineralogy. TIm magnetic m q x i b i i  

of the one Sybella Granite samplemeasured in this study (16.2 SI x 10') is unexpededly high, given that 

the Sybclla Gtaoite has not hitherto been considered a signiiicant magnetic unit (Derrick, 1992). although 

it is an Ltype grdnite (Wybom et al., 1992). Unfortunately the affinity of this ssmple, naieved from the 

Geology Depiment &ve, is slightly uncutain given its lack of location dafa. 



Velocity messwemen@ of the Fiery h k  Volcanics bssalts (Fig. 5.1 1) are depresd due to the high 

porosity of many of the samples. A ttut bulk velocity value is pmbably closer to the rrgression line- 

derived low porosity value (0.01; 5060 d s )  thaa the mean value (4670 mh). S i d h l y ,  weathering 

appeam to exert stmug conhol on the nsistivity values maswed on the F i  Creek Volcanics basalts, 

which m only moderately high. 



5.4.6 Gunpowder Creek Fonnation 

A histogram of dd i ty  measwcments of Wcore samples of the Gunpowder Creek Fonnation (Fig 5.12) 

presents a symmetdc dkhibuhn centnd on 2.73 t/m3. 'This is smacvhat higher than expected given 

demiptions of the Gunpowder Creek Formation (GCF) as predominantly siliciclastic m most areas 

(Hutton et al., 1981; Huaon and Wilson, 1985; MoCoaachie et al., 1996; Sami et A. 1997). Significant 

c o n d o n s  of dolomite in the sediments, not d i y  apparent in outcrop, may be responsible for the 

higher than errpected density. Sample bias may also be exerting a control in this respect, as most 

drillholes sampled have been targed on conductive horimlls near the top of the formation and have 

therefore not intersected the -r siliciclastic sequences documented firom lower sections of the 

stratipapby. 

The sample ~ources in Fig 5.12s ere ananged in order from m l b  to south, with the four sample suites at 

the bottom ( i r m s l  members Plug 1-3 and MiseZ) representing o w  samples m i d y  k m  the 

vicinity of Lady Loretta The effects of weathering are clearly apparent; the densities of Mdcrop samples 

are almost exclusively below 2.50 tld. Less obvious in Fig. 3.15a snd Fig. 5.13a is a negative trend in 

density and resistivity firom north to sou& pmbably in -use to an increasing proportion of 

siliciclastics. There ere only modrrate conelations (cornlation coefficients in the nmge 0.3-0.4) between 

density, velocity and resistivity. 



Further geMal ins i i t  into the physical propertie8 of typical lithologies m the GCF (and other 

Rotamoic fomatio~s in the region) may be gleaned from Figs. 5.12b sld 5.13b. The clear (and 

expected) tendency is for dolostones and dolomitic breccias to have densities in excess of 2.74 thd, while 

siliciclaatica tend to be lower. Variations in the plopoaion of these two basic types (i the form of, for 

example, d d m t i c  siltstone or sandy dolarenite) give rise to the ovedap obsend Aa obvious 

implication is that the fmt-order control on the bulk density of formatiom in mixed c a h n a h s i l i c i ~  

sequmoes such as the lower McNsmara Gmup will be the relstive propdon of the litbological types 

depicted in Fig. 5.12b. These lithological conlmls an also manifest in Fig. 5.13b. where a positive 



cornlation between density rmd resistivity map the relative pmportion of dolostone aud siliciclastics m 
the drillwre samples observed. The regional variation m bulk density suggested in Figs. 5.12a and 5.13a 

ismuSmterpretedtonsultfromprhnary~compositional~~,mtberh~~~~such 

as difSerenccs in metamorphic grade. Apart from substaatially lowering deasi ,  weathering tends to 

homogenise conductivity properties at moderste levels (500-4000Rm; Fig. 5.13b). 

F(bwre 5.130 Gvnpowlrr Creek Formdon denslo, ud misf&&, das#led bymmpk DrUlhOb Iislai tn 
& g e n d i n ~ & o n * r f m n r n o l i h t o ~  
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F$urr 5.13~ Gwpnvdrr Cmk F o r m w h  resiwW@ and chogeabilg, daaud by lithology 

Highly dolomitic lithologies are dense, resistive and have high velocities, while fine-grained siliciclastic 

rocks have lower resistivity and density. Elevated densities in the latter are probably due to 

concentrations of pyrite. The coarser siliciclastic rocks (silts and sands) have similar densities to their 

fw-grained counterparts, but their resistivity, while highly variable, is generally higher. Sandstones have 

the highest velocities of the siliciclastic samples followed by siltstones, mudstones and shales 

respectively. 

Fig. 5 .13~ demonstrates that many unmineralised GCF samples have moderately high chsrgeability. 

Shales in particular exhibit a distinct bimodality in LP propemes. Carbonaceous material (possibly 

bearing microscopic pyrite) was noted in most samples comprising the higher IPOh population; also 

notewonhy is that many of these samples are quite resistive. 

Velocities in the GCF are predictably dependent on lithology (Fig. 5.14). High acoustic impedance 

contrasts are indicated for compositional changes. The notably high velocity of sandstones in relation to 

other siliciclastics in Fig. 5. I4 is ascribed to the highly cemented (silicified), ma-porous nature of these 

rocks. Outcrop velocities are up to several thousand metres per second lower than their unweathered 

equivalents. 

Gamma ray spectrometer measurements on the GCF show similar levels of radioactivity to older 

sedimentary units, and ratios of various channels do not vary significantly from older units. Outcrop 

samples have sipi&antly higher total count tban those from drillholes, but K/ThN ratios are statistically 

indistinguishable between the two datasets. The r e m  for the apparent enrichment of radioelements by 

weathering is not known, but may be due to dissolution and removal of carbonate constituents. The 

diierence in proportion of siliciclastics between samples from the north and south of the study area is 

again apparent in total count measurements. with levels measured in drillholes GSQLH3 and GSQLH4 

much lower than those in the south (CM series). Negative correlations between total count and density 



and between velocity and resistivity (see for c x q l e  Fig. 5.15) sre consistent with propmhm of K- 

bearbq siliciclastic grains being the controlling MOT. 



5.4.7 Paradise Creek Formation 

There is a distinct dichotomy in the Paradise Creek Formation (PCF) between carbonatedominant and 

siliciclastic-dominaut samples. The relative propoztions of mck types in the sample set are comided to 

be reawnably reprcsmtative of those in the formation regionally. The most common lithology. 

dolostone, shows a normal distribution eentnd around 2.81 t/m3 (Fig. 5.16), while the siltstones and 

shales have less well developed central tendency in their density histograms. This is likely due to vntying 

proportions of dolomite bntamination'in the h e  siliciclastics and, particularly in the shales, pyrih and 

c a r b o m  material. Based on averages of density measurements, shales and silrstones are likely to 

have density contrasts of around -0.10 t/m3 with dolostones in the PCF. Figs. 5.16 and 5.17 clearly imply 

that at least the cement matrix and some of the elastic component in the grmites'is in fact dolomite. 

M8petic suPceptibiity of all samples is uniformly negligible, the one exception being a fmginoug ooid 

sample fmm near Kamwga Dome (7.85 x 10" SI). One pOBSible cause is nuthigenic magnetite fonned by 

d o n  of hematite in the presmce of hydmcdom (Mschel and Button, 1991). Unfommately this 

specimen, collected for teading purposes, could not be subjected to further testing, so the source of this 

magnaisstion nmaias uaknowu. A thqueacy histogram of velocities of PCF lithologics (Fig 5.17) 

appears simrlar to the equivalent histogram of densities, with dolostoms comprising a distinct 110- 

Wbuted population centred (mean 6200 d s )  signiiicantly above the more scattered velocity 

meaammmts made on shale and sihstm samples (- 4470 and 4950 d s  mspectively). Velocities in 

the PCF are generally gnater than in the Gunpowder Creek Forination mainly due to the inmead 

proportion of carbonate m h m l s .  



There is a distinct bhodality to the &ribution of resistivity measunments (Fig. 5.18) with dolostom, 

while ranging widely, o h  be* ordtrs of msgnihde more resistive than siliciolastica. Msny dolostone 

sampLcs hadresistivitiw too high to be measured with the apparatus used (shown as 5 7.0711 Fig. 5.18 

andmsistivity= 1- &nio Fig. 5.19). The d o - M i  dichotomy is iUustrotedeven 

man M y  by Fig. 5.19, with a highmisth@--high density field defied by dologones and a low 

resistivity-low density field d e w  by shales and siltsfones. These hvo fields overlap because of 

dolomite b m ' h  siltstones and vice-vem. The outlying hi& deasiIyflow nsisrivity shale 

sample contaiDs a significant amount of pyrite. 



The contrast in physical properties between carbonates and siliciclastics in the PCF is reflected in Table 

5.8, with positive comla t io~~~ b a n  dmsity, velocity end (log) resistivity; and negative cornlation 

behmm tbwe pmmtm and total gamma ray couat A positive cormlation (R4.80) behmm 1P.h and 

total count (Table 5.8; Fig. 531) is related to the chargeable nature of many of the fine-@ed 

siliciclastie samples. 

SG dV FWDdW SQ Jet SW. log MS VdodIy RealsbUly log R IPX TC1 KITh KIU ThlU KITC 

so ay 1.00 

Similsrly, in Fig. 5.20, the two samples with both very high density and high chargeability contain 

quantities of sulphides. Hi& ehsrgeability is also aasc&ted with low-Q carbolleccous shales that 

do not contain visible sulphides. Chargeabilities of dolostone samples are variable, but are generally 

moderate to low. 



The distinct dierences in the properties of PCF lithologies make the mean formation values given in 

Table 5.12 somewhat less meaningful, at least in the case of properties relevant to methods sensitive to 

rapid spatial variations (velocity, resistivity, chatgeab'iity). The reliability of putative representative bulk 

values will depend strongly on the relative proportion of carbonates and siliciclastics in any given 

location. Generally, velocities are higher in the PCF than in the GCF, essentially due to the prevalence of 

carbonates in the former. in the light of this, it is surprising that consolidated mean values for electrical 

properties of the Paradise Creek Formation are within error of those of the Gunpowder Creek Formation. 

Gamma ray total counts are lower in weathered and outcropping Paradise Creek Formation samples than 

in equivalent Gunpowder Creek Formation specimens. This is possibly due to silicified outcrop samples 

being over-represented in the dataset because of their greater resistance to weathering than unsilicitied 

samples. That fine silk and muds are responsible for the higher IP responses 0bse~ed  in the Paradise 

Creek Formation is strongly suggested by Fig. 5.21, where the strong positive correlation between shales 

and siltstones. high gamma ray counts (almost certainly sourced from K) and chargeabiii is readily 

obsewed 



5.4.8 Esperanza Formation 

Dolomite is less common in the Esperarua Fo?mation (EF) than in the PCF, rud CO-@ its physical 

pnpedes approach those of typical McNama~s Group shales and siltstones. The histogram of &mi@ 

mawnemea*l (Fig. 5.22) shows a Mnmal dimi'bution c d d  on 2.68 tlm ' collsisting mainly of shales 

and siltstones. There is a d l  outlier of dolostones at densities exceeding 2.84 t/m3. Velocities are also 

lower o d  than in the PCF, again refledinga lower proportion of dolomitic sedimsnts, although both 

dolostom and shale md-mmnbem are present (Fig. 5.23). Even the most dolomitic samples limn the EF 

donotattaintbehighest~tieS~bse~~dinthehecF. 
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'Ihne is ihe usual wmlatioo baweea bgrained siliciclastic content and electtical ptqmies, with 

shales being nssociated with higher chgmbiitics, lower resistivities and higherradioactMy (Figs. 523. 

5.24). The depressive effects of weatherig on dawi  and velocity are clearly m the samples 

a ~ f m m a d a o p , ~ v e l o c ' ~ d o o s n o t a p p e s r t o h s v e b e c a ~ y ~ i n t h e o u t a o p  

samples (&em) ploaing in the 2.4-2.5 tlm3 density w e  (Fie. 523). Jn bulk tenns, the F w .  

F d o n S  slecmiesl propexties are s i tdar t0  those of older McMamam Oroup mi@, while gamma ray 

signahnes measored are similsr to those of the Paradise Cnek Formation (Fig. 524). 



5.49 Lady Loretta Formation 

Samples fimm those porlions of the Lady Loretta mim strahgraphy most distant from the orebody (the 

Upper Clastic and Lower Carbwate uoits of hmpter, 1997) b v e  k mcluded in the r eg id  

compilation classed by source (figures sufiixed 9). and appear idis@&Mk from 0 t h  ngionat 

samples. Samples from the Cyclic Unit'overlying the Lady Loretta ore seq- @tuuter, 1997) wen 

~~ mcluded in f i g u ~ ~ ~  invcstighg lithological prop- (Suaxed b), and some of these 

contain minor qtmtities of sulphides. 

The histogram of density values muuurrd from non-mineralised Lady Lorara Formation (LLF) displays 

a distinct bimodality (Fig. 5.2%). No general regional trend is a p m t ,  though major d ienncw acmas 

sbortdis&mca(< 1 hn)maybeobgervedbyoomparisonofmcssunmentsobtaincdfromdrillholesCM2 

and CM35 (Fig. 526a). At 2.78M.M Vm', the mean deasity of the Lady Lontta F o m a t i ~  is 

sta&icaUy indistinguishable from that of the Parsdise Creek Formation, and their median values are also 
shih (2.79 and 2.78 Vm' respectively). 

The histogram of density for regional samples classed by lithology (Fi. 5.2%) show the usual 

dichotomy between dolomitedominated and siliciclastic-dominated litbologies, though this is not as 

pronoun4 as in the Paradise Creek Formation The presence of sulpbides regionally in the formation as 

well as in the onbody may be responsible for this blurring of the usual d i d  diffe- in density, as 

well as for the msrginally denser character of the Lady Loretta Formarion compand to the Paradisc Creek 

Formetion. Sulphides (usually pyrite) and otber fenuginous minaals have been noted in many samples 

exhibiting the more extreme density propeaies, both hgh and low. The kaer is amibuted to high 

sulphide nadivity resulting in excessive porosity, and the former to the inhinaicaUy dense name of 

uwxidised sulphides and other fenoan mieerals. 



Magnetic suscqtib'ities are very low regionally. Little cornlation is present between density and 

magnetic wsceptib'ity in m o l e  samplea (Fig. 5.26a). There does however appear to be a slight 

cornlation between density and magnetic susceptibility in the case of fine-grained siJicicIastics 

(siltstones, mudstones and Wes; Fig. 5.26b). No wrnlation is apparent in hihighly dolomitic samples, 

whicb invariably have very low magnetic suscaphiility. 

h.wtk-v 

F&um S.26. Lody Lo& Formation denxi@ a n d n o g n r r i C ~ ~  clessrd by driUholr source 



The comlation bctwecn density and velocity is much stronger (R = 0.85; Fig. 5.27a). particularly in 

diillbks with a high pmportim of dolomite (Fig. 5.2%). Associated with this is a clear negative 

comhtion between velocity ad porosity. Velocities in the Lady Loretta Formation regiody are high, 

muging up to 6810 mls. with most centred around 5700 d s .  IncMed in this range arc a dolomitic 

popuMon with velocities centnd on 6000 mls, and a hc-gmhd siliciclastic (mainly siltstone) 

population with velocities mainly lesa than 5500 mls (Fig. 5.2%). 



Electrical pmprties of the Lady Loretta Formation regionally are fairly typical for the McNamara &up. 

R d v i t y  data are diskibuted over an exhwwly wide range, fTan 100 to well wcr 100000 f h  (Fig. 

5.28a), with an o d  geometric mean of 4160 h Dolomitic samples range upwards in resistivity 

from 1000 Qm, though them is cousidersble overlap between this field and that of the siliciclastic 

samples (Fig. 5.28b). A vcry weak positive ~0IIelahon w2 = 0.09) is -b& present between dens~ty 

and resistivity in the dolomitic samples only (Fig. 5.28b). The purest (mdolomitic) siliciclastc 

samples me least resistive, gaexally less than loo0 Qm. Tke wide spread in Mi at this resistivity 

level is due to the presence of &hides; positive vanations where sulpbide minerals have remained 

intact, md negative where they have oxidised (both pre- and post-ddhg) to form slgnificsnt secondary 

pomsity. 

The Lady Loretta Formahon is gennally of tow chargeab'ility, with the majority of regional samples 

measured having IPO/. less than 5 (Fig. 5.2%). Sines are generally slightly more polarisable than 

dolostonw. Most of the mon chargeable samples ploned in Fig. 5.29b are 'om within a few hundred 

metres of the Lady Loretta orebody (Cyclic Unit as well as Lower Carbonate and Upper Clastic unit 

samples which are also plotted in Fig. 5.2%). This may be due to minerals associptcd with the halo to the 

minenibtion (documented in Large and McGoldrick, 1998) as well as to the pyrite common ia this 

section of the -hy. This reMonship is explored fuiher in chapter 6. 





Fig~re Sfk Dens& and cha8pzbiU@ classed by sourer, Ludy Lomila F~ntdion 

F&am 5.2% Lkmi@und chaqspWl@ classed by IiIhoIgy, Ludy Lomila Formdon 

5.4.10 Shady Bore Quartzite 

No drillcore samples of the Shady Bore Quamite were available for this study. Pmperty determinatom 

wen mwk on a few (four) outcmp samples, but these are subject to weathe- effects similar to those 

documented for uoits d i s c d  above (mainly porosity creation and density and rrsistivity duction). 

The vahws measured are thus typical of outcmpping sandstones in the region, most of which are strongly 

atfected by weathering (cf. section 5.4.4, Fig. 5.7). Densities are centred around 2.37 tlm', with very low 

mag~~ctic susceptibilities, moderate to low velocities, very high resistivities and low chageabilities. 



There is a notably law level of gamma radiation emanating from the Shady Bore W t e  samples, 

particulady in the potassium channel; a somewbat surprising result given that over half the samples 

measwed consisted of mud clast conglomerate. For intelpretation purposes, the Shady Bore Quartzite is 

consided to have bulk propatie8 comrmwuate with formations of similar composition and 

owhmorphic grade (Torpedo Creek Quartzite, Sutprise Creek Formation, Myally Subgroup; see section 

5.4.4). 

Mnn 
Standard Error 
Mbdh 
8t.ndudD.vWlon 
5.mphv.rlmo 
Kurtwh 
[#uwmu 

knp. 
Ylnimum 
Muimum 
Count 
CL(O5m) 

Table 5.9 Summary st 

SQdty Pomsiiy SO sat M . g  sure Wlfy Resistivity 1% TC 
(urn') (urn') (SIX id) (rnls) (am) I F )  

2.35 0.02 2.37 0.02 4,953 133,639 2.80 168.5 
0.023 0.003 0.020 0.002 85 40.218 0.223 39 
2.35 0.02 2.37 0.02 4,985 156,123 2.43 161 
0.045 0.008 0.041 0.005 170 60.435 0.448 79 
0.002 0.000 0.002 0.000 29.025 6.5 x 1ff 0.199 6182 
-2.355 0.171 -1.801 4.000 -2.45 0.00 2.529 -3.2 
0.328 0.227 0.136 2.000 0.61 -1.10 1.633 0.326 
0.10 0.01 0.09 0.01 360 173422 0.96 170 
2.30 0.02 2.33 0.02 4740 24444 2.29 91 
2.40 0.03 2.42 0.03 5100 197867 3.25 281 
4 4 4 4 4 4 4 4 

0.044 0.005 0.040 0.005 f67 78825 0.437 77.054 

&tics, Slhorty Bow ~ t e p o a o p h y s i c a l  deto 

5.4.1 1 Riversleigh Siltstone 

Carbonates are much rarer m the Riversleigh S i o n e  than in the lower McNamrm~ Grwp (Lady Lo* 

Fomation and older), and this is reflected in the Riversleigh Sitstoneb physical pmpertics. Density 

dues ~IC s p d  over a smaller range due to the reduced Lithology diversity, centnd on a typical due 

for silicieLstics of 2.67 vm3 (Fii. 5.30). 



Msgnetic su3oeptibilties are very low, m keeping with other M c N a m m  Oroup SilicMcs. Severel 

outliers obscure a weak positive correlation between density and m c  susceptibility (Fig. 5.31). No 

such correlation is apparent in Fig. 5.32, where most velooities measured plot within a narrow band 

between 5400 and 5800 mls. Two Wen with velocities less than 4800 mls am anomalous, aad iadicate 

the median is the best of the bulk velocity of the  rivers^ S i n e ,  at a amdmtcly high 5570 

mls. 



sandstone). The reasons for this are probably not solely compositiod. Many of the low-resistivity 

samples contain visible pyrite aod carbonacaous material, but so too do some of the higher-resistivity 

population. Rather, the main control on d v i t y  llppears to be porosity, as seen in Fig. 5.34. Porosity is 

likely to k ao incnapiogly important corn1  of otbcr physical properties as metamorphic grade 

decreases, with concomitant decreases in density aad velocity. Most Riversleigh Sitstone samples come 

from a drillhole over 100 km to the NNW of Lady L o r n  (Amoeo 83-1; see below), what2 metamorphic 

grade is slightly kss than in the Lady Loretta dishid. 



Cbqgeabi i  am modrrate though variable in the Rimleigb Siltstone (Fig. 5.35). The most 

polarisable samples (Ph > 8) are g e d y  &naceous shales containing visible traces of pyrite. 

Carbonaceom msteriel is interpreted to be responsible for the negative correlation between densily and 

chargeabii observed in much of the Riversleigh Siltstone sample population. Porosity, the other major 

parameter potentidy affecting density, appears to have no correlation with IP dfsd (Fig. 5.36). Pyrite is 

clearly respomible for depamtres from the hormal'density/IPOh trend. 

Most Rivmleigb Sitstone samples are. from the stratigaphic drillhole Amoco 83-1. This subset may be 

used to gain h i i t  into the nature of intrafodonal physical property variations m the upper 



McNamara Group (Figs. 5.37-42). Inferences are obviously limited by the highly aliased nahm of the 

data, which is only a small fraction of the information oMainsble from downhole logging, but 

unfommately no such data were available to this project. 

Apan from isolated anomalous densities caused by concentrations of pyrite, there is a distinct trmd of 

hemsing density with depth. Two p s i b k  causes are indicated; h c m m i i  oMlccnfltion of dolomite 

(but stiU low, since no s i g d i m t  amounts were apparent in hand specimen). or decreasing porosity. 

The porosity wntrol'model is only partially suppotled by the data shown in Fig. 5.38. The expected 

porasity decrease with depth is only &sewed below mound 400 m depth, while this trend is reversed 



ebovs400m. ~ c o u t d b e i n ~ a s a a a l o g ~ ~ ~ t o a n o v e r p ~ u n d p m o i n a m o d Q n s e d i m e n t a r y  

b&, and it is &vabIe that andestMeaopmterozoic equivalent isrcpresentcdbw. Whatcvarthe 

amtmIs on pomity. compositional factors, possibly an i n d  sandy v n t  or a d e m m ~  in 

do1omite~dbnspolrsiblefDrthedaaeaJein~withdepthabove400minAmoco821.  

Fe wmmt as i n d i d  by megaetie s u s c q t i i  mewacmsnts (maximum 2.6 W% Fe, Tollowing tbe 

eqnation of Resnen, 1989 quoted in Clark, 1997) does not appear to bs a si@ilicand control on density. 

Fig. 9.39 ilhstmh that v ~ o n a  and absolute value8 of magnetic swxptibdity are minhnnt in Amoco 

83-1, andcamlation with density is vague at best (comlation d c i e a t  0.13; C£ Fi. 5.32). 

With few exceptions, porosity exerts a sfrong control on resistivity (Fig. 5.40). This is likely to be 

acmrmatedwhereprs~uidsnnmon~etban~watnusedinthtslabo~study. Theinn- 

ofpomiPityappearstobcatlcastasimpoaantaninflusnceon~ityasmdr~ionslfactoR 

such as the pmenm of pyrite d w  shale (cf. Fig. 5.34). l'he presence of a cohemnt 200m-thick low- 

reskdviity layer in Amoeo 83-1 strongly ccatrdled by pmsity (pyrite was noted in half of the samples 

d e w  this Layer) has important implications for ~~ of electricnl and electromegnetic wwey 

data in this ngiOn. 

Maat vclocifies measured on Amoco 83-1 samples are in the band 5500.5800 mls (Fig. 5.41). There is a 
strong nogathe cornlation batween porosity and velocity (correlation coefficient -0.91) and a weaker 

positive correlation between density and velocity (0.42). but this is based on wWely few 

dets*~~~. 





5.4.12 South Nicholson Group 

South Niholson Gmup samples obtained for this study were h m  two Qillholes, Amoco 83-3 n&wWt 

of Lady Lo- and M d n e  1, which penetrated S o d  Nicholson Group e o r r e b  beneath the Undilla 
Basin Cambrian sequence. The latter are supplemented by density and resislivily mewmmcnts reported 

by Stewart and Hoyling (1963). AU are fnw the Cwstawe Sandstom except an &end of a little over 

100 mews at the top of the Recambriaa sqmm in Motstone 1 which may p&bly be Mullera 

Formation. 



Densities of South Nichohn Group drillcore samples are quite variable. Though the distribution is 

irregular (Fig. 5.43). this may be due to insufficient sampling. The effects of anomalous compositions 

(highly fenugiuous chystone) and porosity variability are p a t t i d y  acute in this dataset, beiig 

responsible for both the low- and high-density outliers. Either the mean (2.61 39.04 t /m3 or median (2.60 

t/m3) values are considered reasonable estimates of the bulk properties of this unit. 

Magnetic susceptibilities are low (mean O.16M.05; mdian 0.15 SI x LO'), even in samples sufficiently 

fermginous as to strongly affect their density (samples with density > 2.7 in Fig. 5.44). It is hence 

i n f e d  that the ferruginous material is composed of paramagnetic minerals @robably haematite and 

siderite; see a h  Carter et al., 1961). and that fernmagnetic minerals are not present in more Ulan trace 

~ m ~ m t s .  Porosities are d m n t i d y  higher than in McNamara Group aod older units, but in spite of the 

strong negative cornlation between velocity and porosity, velocities are still reasonably high; generally 

over 5000 mls (Fig. 5.45). 

Porosity again appears to exert the most significant contml on resistivity (Fig. 5.46). with a distinct 

negative correlation (R = -0.5) and generally moderate resistivity values; similar in range to those 

measured in the McNemara Group with the exception that extremely high values were not 0bSe~ed. 

Resistivity is positively correlated with velocity (Fig. 5.47); high values of both beiig associated with 

siticitied sandstones. Chargeabilities are very low and are weakly wmlated with density in Amoco 83-3 

(Fig. 5.48). 

Gamma ray measurements of South Nicholson Group, with the exception of slightly lower KlIb ratios. 

do not appear greatly different from the catbo~mte-dominated McNamara Group samples. 



F@re 5.46 PomdQ and rslslivUy elPssrd by &ho&, South Nicholson Group 



F b n  S47 Vrloei~y and nsinivfry,Som& Nkhobn Gmq~ aandnones 

5.4.13 Cambrian sediments 

Aside from a few values determined in other studies (Hanison, 1980; Neumano, 1964; Gibb, 1967) all 

Cambrian petmphysical data presented are from samples of Thomtonia Limestone, Currant Bush 

L i n e  and V Creek Limestone intemaed in Morstone 1. These include density and resistivity 

determinations recorded in the Morstone 1 weU completion report (Stewatt and Hoyling, 1963) as weU as 

measurements by the author. The prevalence of carbonate over siliciclastics in the Cambrian section of 

this drillhole is typical of the Undilla Bash It is responsible for propeIties that are fairly similar to those 



of the McNamara Group in spite of the great difference in age and metamorph~c grade, wlth mean denslty 

2.65M.11 t/m3 and very low magnetic susceptibility. Variability can be attributed to generally higher 

porosity, ranging up to 0.08 with a mean of 0.04, though massive crystalline limestones of very low 

porosity are not uncommon in outcrop. High porosity is probably responsible for the low resistivities 

observed (ranging from 5 to 2000 nm,  with a geometric mean of 130 Rm). 

Vuggy and cavernous porosity noted in the Cambrian Georgina Basin carbonates by Smith (1972) may 

result in these units having a somewhat lower bulk density than indicated by petrophysical measurements. 

Equivalents of the Colless Volcanics Cambrian basalts near the northern margin of the Georgina Basin 

appear to be moderately magnetic, being associated with low-amplitude shon-wavelength anomalies 

(Wells et al., 1966). De Keyser and Cook (1972) noted Georgina Basin phosphorites as having a high 

specific gravity, presumably relative to other Cambrian sediments. 

5.4.14 Mesozoic sediments 

Densities of 1.75,2.20,2.34,2.10 and 2.50 t/m3 have been given by Neumann (1964), Gibb (1967), 

Tucker et al. (1979), Hanison (1980) and Leaman (1994b), respectively for Mesozoic sandstones in the 

region. The values of Gibb (1967), Tucker et al. (1979) and Harrison (1980) are considered the most 

reasonable bulk values, as they are based on both borehole samples and gravity modelling. Mesozoic 

sediments only occur as a highly weathered thin veneer of sandstone in the Paradise Valley study area, 

however. These may be characterised by densities towards the lower end of the confidence interval listed 

in Table 5.12, closer to the 1.75 t/m' reported for outcrop samples by Neumann (1964). 

5.5 Geochemistry and petrophysics 

5.5.1 Pre-Haslingden Group basement 

Table 5.10 indicates very strong geochemical controls on the density of pre-Haslingden Group felsic 

rocks. As expected, there is negative correlation between density and SO2;  a relationship, which holds 

across all felsic lithologies (Figs. 5.49,5.50), and positive correlation between density and elements 

associated with mafic minerals (MgO, AI2Ol, Fe201, Ti02, CaO; Fig. 5.51). There is also a strong 

negative correlation between density and K20, presumably due to the low density character of felsic 

minerals. The strength of these correlations was somewhat surprising, given that elemental and not 

mineralogical parameters were compared with density. The positive correlations of density with MnO, 

P20s and H20i are presumably due mainly to an association with mafic minerals. 



Porosity SG sat Susc NRM Q 
St02 0.003 -0.892 -0.055 0.010 0.032 
TI02 
AL203 
FE203TOT 
FE203 
FEO 
MNO 
MGO 
CAO 
NA20 
K20 
P205 
H20PLUS 
H20MIN 
C02 
TOTAL 

Table 5.10 Pie-Haslingden Gmupphysical andchemicdpvpeny w m h t w n  +ienls. Fe @,TOT cd&d 

from F e 4 ,  and FeO. Penophysical h a  including namd remanent magnetism (NRM) andKwnigsberger rcuio 

(DJimn Hone el aL (1987); gemkmical dnrafim AGSOJ ROCKCHEM dabhse 

The mag negative cornlation between density and felsic minerals, and positive cornlation between 

density and mafic minerals, demonstrates at least in principle that felsic lithologies may be mapped with 

reasonable wnf~dence and precision using gravity controlled by petrophysical observations. 

Figure 5.49 Relmlon*Ip bahvan Si02 m n i e n i a a d d e n  f o p g  GmwpfeMc mrtr, w M  linear 
r r g r m b n a l r ~ f ~ ~ c o m m o n  mk lypa  



SG @ Line FR Plot 

There is very little correlation between magnetic properties and any element concentration. This is a 

result in the case of Fe, since it was thou@ that st least the low range of magnetic 

susqtibilities might be linearly related to m c  effects of h m & e  and ilmCnite c o d o n s  

(F'uraaen, 1989 quoted in Clark, 1997). Nor is there my clear correlation between magnetic pmpe1tie8 

and Fe oxidation state. Presumably. any such relationships are obscured by the disproportionate effects of 

Trace element cementdons obviously have no dinct discernible effecl on bulk physical propaties 

(gamma ray signahues excepted). It is however beresting to eompm the wncenbahn of base metals 

in these potential mindisation source rocks with their physical properties. 

Them is moderate cornlation between density and ZII abmdance, but link or no correlation between 

density and Pb, and density and Cu (Fii  5.52). Pruwnsbly, this denotes an essociation ktwcen Zsl and 

more d c  minerals, in what is predominantiy a felsic suite. F% displays no such prefennet, while Cu is 

generally low. 



5.5.2 Eastern Creek Volcanics 

Wrosny SGasl Susc NRM Q 

SKn -0.724 0.081 -0.474 0.880 0.893 
TI02 0.099 -0.073 0.833 -0.582 -0.656 
M+A*F 0.910 -0.489 0 . W  -0.298 -0.382 
AU03 0215 0.141 -0.893 0.276 0.353 
FE203TOT 0.074 -0.275 0.933 -0.413 -0.515 
FsZ+IFe3* -0.422 0.507 -0.623 0.342 0.476 
FE209 0.193 -0.455 0.922 -0.391 -0.511 
FEO -029.2 0.342 0.621 -0.325 -0.338 
MNO -0.026 -0.495 0.691 -0271 -0.312 
MOO 0.565 -0.142 -0.626 0.130 0 . W  
CAO -0.041 0.783 -0.849 O.M5 0.148 
NAZO -0.125 -0.574 0.306 0 . M  0.091 
I0 -0.824 0.658 -0.430 0.255 0.351 
PXW 0.121 -0.033 0 . m  -0.849 -0.720 
H2OPLUS 0.839 -0.808 0.249 -0.351 -0.443 
HaOMlN 0.055 -0.016 0.685 0.033 0.008 

CM 0.381 -0.794 0.792 -0255 -0.352 
TOTAL -0.089 -0.617 0.503 0.825 0.509 

Table 5.1 1 Eawern Cleek Volcanics physical and c h i c a l  poprrtres carreLdion melgwmus. Fe fl3T0T 

mlarlnedfmnt Fe@3 andFe0. Petqhysical &a fmnr Hone el 01. (1987); gwehmdd &tafmnr ACSOP 

ROCKCHEM-. M+A+F?s the SYDI 0fMg0. Al 103  a d  Fef13TOT 

Relationships between pehqhysical and geochemical parameters m the ECV maabasalts an less clea~ 

than in the p~-H85h&n Group felsics. and uu- is hampeRd by the faot that there an only 

six samples with both geochemical and physical property analyses. There an few signitlcant wmlations 

betwan densii and elemental wnoentrntio~~ (density and CaO Wig among the exceptions; Table 5.11). 

l k  lack of wmlation between density and S i 9  is a particularty notable conhaa to the pre-Haslingden 



I n c o n I n l 6 t t o t b e f ~ l s i c ~ l m i t s , m g e i s ~ F f J a i t i ~ e ~ ~ ~ ~ b s t w r m ~ ~  
. .. 

and& ocmaamdon(Fig. 5.53). Otha m& elemas (MgO. CaO) m @cly cemlated with 
magncticsusaptibility. ~AcoorBingtothsrolabionofRwncn(1989)~inClarlr(I~,~ 

ei obsavcd cmespond to a nmgneth coment of 6.2-3%. In 4 M o n  with Fig. 5.53. 

t h e i n s , L i e d ~ o n o f n o n - ~ F e ~ r s n g e s b o t w m s i X ~ n i n e ~ c e n t , w i t h u p t o  

5 0 ) 6 0 f t h s F ~ ~ , ~ c o n t e n t i n ~ e ~ 1 0 f 6 5 6 ~ 0 ~ c d i n ~ t e ,  In~oxidation3tatciselso 

associntad with iacreased magnetic swx@ilQ (Table 5.11). Magnetic p p t i e s  ofthe ECV are thus 

colltrollcd by both the o o n w  and mineralogy of Fe. 

5.5.3 McNamara Group 

Meay ofthe mmimmkd McNamara Group samples Snstyssd in this study were previously used in a 

geo&emieal Bttrdy by MoGoldrick (1994b), from which the data ussd in this section was taken. 

SiQ mwentration exerts an extremely strong wntrol on the density ofmmhmIkdMCN- Omup 

ro&s (Table 5.11, Fig. 5.54). The relationship is wry needy Unesr, withjhst a slight suggsstion of a 

IwcWng off W e  2.80 tlm' in samples wbte  SiO* is a relstively minor wtnpOnent. 



S& TiQ 4 0 s  FsOs MnO Fa &@0 sedrx A13 '290 Me (OzO Kd) PnOs Loan S 
+A& A1 +C. 

BDdy 4.96 4.67 4.64 4.59 0.10 4.69 0.97 4.93 4.78 0.80 0.97 4.73 -0.56 -0.51 0.61 4.51 
Pwdly 0.52 0.88 0.71 0.82 4.14 0.82 4.59 0.84 0.74 4.84 4.82 0.20 0.44 0.118 4.56 0.70 
SOml 4.80 4.60 4.82 4.54 0.09 4.53 0.97 4.92 4.75 0.95 0.80 4.78 4.54 4.48 0.95 4.48 
S u a ~  0.53 0.54 0.83 0.88 0.15 0.80 4.54 0.54 0.7? 4.51 4.56 0.20 0.39 0.27 4.67 0.03 
V W  4.82 4.88 4.89 4.75 0.19 4.73 0.M -0.42 4.57 0.73 0.70 O M  4-068 4.76 0.72 4.51 
R d S W y  4.83 4.81 4.83 4.39 0.07 4.38 0.83 4.47 4.46 0.64 0.64 4.27 4.59 4.44 0.68 4.18 

lag r 4.80 4.72 4a 4.75 4.04 4.75 0.85 4.88 4.83 0.88 0.88 4.49 4.51 4.57 0.81 4.40 
IPK 0.34 0.01 0.26 0.26 0.38 0.27 4.38 0.51 0.43 4.34 4.38 0.53 4.15 0.10 4 2 B  0.29 

MgO and CaO are very atmngiy conelated with a ntar-wmtaat ratio, consistent with these elemeats 

mainly being pnssnt in the form of dolomite (McGddrick, 1994b). Their wmb'Imd cmcemah is 

psmted in F i  5.55 a an hkatofof d o b t o ~  content Tbe d i u l r i i  observed is v h d y  a 

m i n o r ~ o f t h a t s c s a i n F i ~ 5 . 5 4 , ~ d o w n t o t b c s l i g h t ~ s t h i g b d m s i t y M L u e s .  Thisis 
~ a s h d i c s t i n g t h e t d a o s i t i e s i n  . ~ M c N ~ ~ a n f o r ~ p r s d i o a l p n p o ~ e ~  

entirely wnmlled by the prop or ti^^^ of silicichtic sediment and osrbonste. 

I t i s ~ ~ y W ~ t y i s m ~ e ~ & ~ W w i t h F ~ t h o m w i t b a n y s t h e r g t o e b e m i c a l  

conatitucnt~&le5.1L,Fig.5.56). Thems~xlsforthisnlationsbipareuaclssr,ginaUladthe~ 

presented m all from drillwre in appsnally good condition. Possibly, a propation of tbs Fe is presmt 

as aulpbides, and this has nsuhed in g m t e ~  susceptibiity to demical reactions involvieg 1088 of volume. 

This may have ocourred in situ or at some stage after drilling. The p d v e  0~101ation between p o d t y  

and S, while not as stmug as that between porosity and Fe203 (Table 5.1 1). tend6 to suppolt this 

hypothesis. 



O.ochrmk(y 6 - Ycllmm Gmup 

- -- 
MD sm ~OAR ism sae~ a.m g ~ g  a~ (~110 ma mm 

llsD*whnU 

Flgurr 555 Rehu&nsh@ baween d r e c t g a w h ~ i ~  of dolom&e cmuen~ (MgO + 010) and d e ~ ,  
MCNUM Cmnp 

The positive correlation (R = 0.68) between FhO, and magnetic susceptibility (Fig. 5.57) has a more self- 

evident cause. It is perhaps surprising that th relationship is as sttong as it is given the virtual absence of 

fenomagnstic (as &fmed by Clark, 1997) minerals in the McNsmara Group, and mn-- 

sample masses and gemnctries. This reinforces the potential for magnetic mcqtibilily to k USHI as a 

guide to the umccnmtiion of paramagnetic as well as fmomagnetic m h d s ,  even at quite low levels 

( h e n ,  1989; quoted in Clark, 1997). Some manganese minerals @simelane, rhod-ite) are 

pmmgmtk to a similar degree of susceptibility to more common weakly ferromg&c orpmmaguetic 



Fe mineads such as heematite, ilmenite, goethite and siderite @lei1 and Petersen, 1982; quoted in Clark, 

1997). In this regard, it is interesting to also compare the sum of Fe 2 0 3  and Mu0 with measured 

ma$netic suwptibility. Thaugb MnO ~ t i o n s  are over an order of magnitude less than those of 

Fa@, the correlation is marginally ktter (R = 0.69; Table 5.1 1) than with Fe 2 0 3  alone, possibly 

reflecting a wnmMon to magnetic susc8ptibility tram Mn minerals. 

Magnetic susceptibility is moderately negatively correlated with MgO and CeO, and moderately 

positively correlated with SiQ, Ti02 and Al20, (Tablc 5.1 I). This mggem that the magnetic minerals 

tend to be associated with silicichics rather than dolosmncs. It is udikeIy that pychtite or m r  yon 

sulphidea svch as smythite or gnigite carry a aiguiticant proportion of the observed magnetic 

wcepWility. since there is no correlation with S (Table 5.1 1). 

Large and McGoldrick (1997) rep& th developmnt of a number of geochemical alteration indices 

designed to operste as indicatom ofthe proximity of &om Zn-Pb-& ore. Two of these, the SEDEX 

Al'aud W have FcO and MnO as their positive ( n m r )  idcator pacmetem (SEDEX A1 = ((Fd) 
+ 10MnO) x 100) 1 (FcO + 10MnO + MgO)). Smce Fe- and bhkarbg miocrels feahae pminently in 

compilations of paramagnetic m i n d  such as that of Clark (1997), the nlationship bstweoll theac 

geochemical indices and msgnetic swccptibility was investigated. It was hoped that this could lead to the 

possibility of using magnetic susceptiity meters in the field as a rapid b indicator for 

SEDEX AI and Ah, consequently reducing the necessity for extensive and e e v e  p c h e m i d  

sampling in explodon. It should be noted that the sample8 used in this portion of the study wm 

originally selected by Large and McGoldrick (1997) fmm core W e d  W to min- in order to 

provide backgmund calibration for their A I 3  and Dthr alteration iadices. It thus contains generally low, 

backgmund'Al values. 



Fig. 5.58 demonstrates that there is a moderate but definite positive correlation (R = 0.71) between All 

and magnetic suscepb'bility (k). The significance of this correlation was tested statistically with a t-test: 

Null hypothesis Ho: p = 0 (no correlation between k and All) 

HI: p#O 

t = d( (n  - 2)/(l - r2)) where r = 0.71 

n = 32 (number of samples) 

sot = 5.5 with 30 degrees of freedom At a = 0.05, t., = 1.70, so reject null hypothesis (no correlation), 

i.e. there is a signif~cant correlation behveen magnetic susceptibility and AI 1 in this rmmineralised 

McNamara Gmup dataset. 

The correlation coefficient between k and A13 is slightly greater than between k and Fe20, alone (Table 

5.1 1). suggesting a possible contribution from Mn as well as Fe to magnetic susceptibility. lo order to 

evaluate the nature of Mn contribution to k (if any), the difference in correlation coeff~cients was tested, 

and found not to be statistically significant (F-Test Two-Sample for Variances, a = 0.05). 

If the high-AI, outlier is removed, the correlation between k and A13 (k\AI]), and between k and Fez01 

(k\FqOl). improves further (to R values of 0.79 and 0.84 respectively), with the correlation now slightly 

better for kWqO3 than for kW3. Again, though, an F-Test Two-Sample for Variances test gave the result 

that the difference is not significant at the 95% confidence level. The question of wbther magnetic 

susceptibility is simply related to Fe concentration, or is also capable of resolving effects from additional 

elements related to prospective alteration such as Mn, remains open. 



Thesc pnliminary results are sufficiently mcouraghg to suggest that foUow-up studies using more 

precise magnetic wceptib' i i  measuring equipment may be warranted. Much of the scatter fium the 

mudline shown in Fig. 5.58 may be due to non-staadardised sample size and geometry for magnetic 

swccptiiity measurements, though some variability is undoubtedly inherent. Inshumeats specifically 

configured for measurement of drillcore magnetic susceptibility are now available which enable 

stan- rapid, high Lkqucncy sampling of Mcore. Further work utilisiig such devices may result 

in chitication of the magnetic suswptibility / A I 3  relatiomhip to a level where MS mamements may be 

used as a direct, real-time indication of the prospectivity of strata in the field. 

Results 6rom testing the hypothesised comlation between magnetic susqtibiity and A13 in a 

mimralised environwnt are p-ad in the fouowing chapter. 

As expected velocity is positively comlated with dolostones (repnsented by MgO and CaO), and is 

negatively wmlated with SiQ, and K20, presumably associated with siliciclastic sediments 

(Table 5.11). Of the latter, however, the strongest cnrtrol on measured velocities is by concentration of 

elements wmprishg clay minerals and other f i e  fractions (&01 and K20; Table 5.1 1. Fig. 5.59). It 

would thus seem that the presence of clays and silts @ossibly also associated with carbonaceous material) 

exerts a stronger negative intluence on sonic velocii than do c-, more quartz-rich sedhem. 

FWM 559 Rd.Ilonship bavem A 1 2 4  and soak v&c&y, McNamwa Grorrp 

Composit~onal controls on resistiv~ty as indicated by geochemistry are similar to those on density and 

velocity. Maintaining the asumption of MgO + CaO as a proxy indicator, dolomite concenhation is 

demomtmted to be positively wmlated with resistivity (Fig. 5.60). Notable excursions fium the gemral 

trtnd, for example in the Riversleigh Siltstone, are primarily caused by the presence of sandstone (above 

the trend) and pyritic black shale (below). Siciclastics generally tend to decrease resistivity, as them is a 

negative correlation between SiQ and resistivity (Table 5.1 1). 





properties. In this regard, the hvo outliers present in Pig. 5.62 are worthy of comment. The high-IP 

sample actuaUy contains visible pyrh, so the analytical result of 0.22% S is pudug, and pmbnbly 

results fran sample heterogeneity. Large and McGoldrick (1997) specifically avoided visible sulphides 

as far as possible in theii geochemical sampling, and the sulphide-khg sample mcamcd fu the 

petmphysical study repremm the sample remnant rejected by Large and McColdrick (1997). so the 

portion of the onginal sample cmmmed in geochemical analysis may well have been significantly lower 

in S. The high4 outlier is similarfy enigmatic, as in hand specimen it is a silty coarse-graiacd saadstolu. 

A possible explanation for this anomaly is the psence of microscopic pyrh. This is supported by high 

levels of Fe also mcasurrd in this sample, and IPOh levels which, while not approachiag the levels of the 

high-IP &r (-22%), are still within the highest guartile of the sample set, 

5.6 Summary and implications for regional geophysical 
Interpretation 

Table 5.12, summarisi data compiled from the literatwe and this study, should form the Wi for all 

gqhysical interpretation in this region. Some stratigraphically adjacent units have been grouped 

together based on their geophysical indkmgdmbility, as detailed in this chapter. Wbnr samples of 

specific units have not been available. qualitative inferences have been made from remotely sensed 

geophysical data and observations contained in the literatwe. 



Table 5.12 Physicalproperties. w s f e m  Mount 1sa Basin; compiled and summarisedfrom this study and various 

published and unpublished data (see text). AN values except for rhe Mesozoic and lowst  7 units (ECVand older) are 

derived mainlyfrom data obtained for thir study. SNG = South Nicholson Group. RS = Riversleigh Siltstone, SBQ = 

Shady Bore Qunrlzite. LLF = Lady Loretta Formation. EF = Esperanza Formation, PCF = Paradise Creek 

Formation. GCF = Gunponder Creek Formatian. FCV = Fiery Creek Volcanics, TCQ = Torpedo Creek Quartzite, 

SCF = Surprise Creek Formatian, BF = Bigie Formation, QF = Quilalar Formation. MS = Myally Subgroup. ECV 

= Eastern Creek Volcanics, HG = Haslingden Group. For units where the distribution of values is significantly 

d~fferent from normal, the geomem'c mean is listed, with alternative indicators of central tendency (median, 

arithmetic mean) in brackets 

The 'pre-Haslingden Group felsics' grouping represents all units dominated by felsic igneous and 

metasedimentary rocks with primary age 1790 Ma or older, including cover sequence 1, Barramundi 

Orogeny and older, basement rocks. Density measurements fiom all units of this grouping (Big Toby 

Granite, Kalkadoon Granodiorite, Leichhardt Volcanics, Yeldham Granite, Tewinga Group, ArgyIla 

Formation, Bottletree Formation, Ewen Granite) fall into two distinct density populations, but these are 



not simply related to mappable units. Possible exceptions to this generalisation include the Leichhardt 

Volcanics which tend to be restricted to the higher density population, but sampling has not been 

adequate to resolve these issues with confidence. All that can be safely concluded is that bulk regional 

density of the pre-Haslingden Group felsic units lies in the range 2.65-2.76 dm3. There is scope for 

refinement during interpretation in local areas well constrained by geological and other geophysical data. 

The density of the pre-Haslingden felsics is very strongly controlled by their chemical composition, such 

that their Si02 content may be confidently estimated to within a few per cent from their density, and vice 

versa. A complementary, strong positive correlation between density and mafic elements (Fe203 ,,, MgO, 

CaO) is also present. This provides clear scope for extension of the relationships between geophysics and 

geochemistry established by Goncharov et al. (1997) in the Mount Isa region. 

Magnetic susceptibility varies over several orders of magnitude in the pre-Haslingden felsics, with the 

bulk effect likely to be one of slight to moderate magnetic susceptibility. No simple relationship could be 

discerned between geochemical abundances and magnetic susceptibility in these rocks, unlike density. 

Velocities are typical of felsic lithologies in the upper crust, at around 5500 mls. Resistivities measured 

are extremely high, and not likely to be representative of bulk rock response due to the effects of broader 

scale discontinuities and associated permeability. Chargeability is low. Of the pre-Haslingden felsic 

suite, only the K-feldspar-rich Yeldham Granite was sampled for gamma ray spectrometry, and the count 

rates recorded were high. 

Density recorded 6om the lower Haslingden siliciclastics is slightly lower than in the underlying rocks, 

though this is based on very limited sampling. Lower density would in any case be expected from the 

mainly quartzites and sandstones of which this grouping (represented by the Leander Quartzite in the 

study region) is comprised. The lower Haslingden siliciclastics are nonmagnetic. 

The metabasaltic Eastern Creek Volcanics are in many ways the dominant geophysical unit in the region. 

They are consistently magnetic, at levels well above those observed from any other volumetrically 

significant unit (in excess of 50 x 10" SI). Densities observed are similarly high (around 2.91 t/m3), 

while the few velocities measured (around 6000 d s )  are generally higher than observed in the pre- 

Haslingden felsics which are of similar or slightly higher metamorphic grade. Resistivities, while still 

high, appear slightly lower than in the pre-Haslingden felsics. 

Probable altered correlatives of the Eastern Creek Volcanics sampled t om deep drilling in the vicinity of 

Lady Loretta and in the Mount Isa Mine ('greenstone basement') have physical properties quite distinct 

from their unaltered counterparts. Their density has been reduced to the moderate level of 2.76 tlm" and 

destruction of their magnetic minerals appears to have been near complete, with measured susceptibilities 

of little more than 1.0 x 10" SI. Velocities and resistivities are also significantly lower than in unaltered 

Eastern Creek Volcanics. This together with geochemical evidence is consistent with the interpretation of 

pervasive alteration by fluids capable of dissolving and removing base metals from the basalt. There is 

also some suggestion that total gamma ray count has been reduced in the altered metabasalt, while the 

ratio of K to other radioelements may have been increased. 



The stratigraphic interval spanning the Myally Subgroup, Quilalar Formation, Bigie Fom~ation, Surprise 

Creek Formation and Torpedo Creek Formation includes a number of unconformities and represents 

several tens of millions of years, but unfortunately is largely petrophysically homogenous. These 

sedimentaryunits have densities in a fairly narrow range between 2.64 and 2.67 t/m3, and are non- 

magnetic. Only seismic reflection profiling is likely to resolve structures within this sequence on a 

regional scale. Pervasive silicification completely filling pore space in many outcrop samples has 

resulted in measured sonic velocities being rather high for exposed specimens, at around 5400 mls. 

Resistivities are extremely high, while chargeability is low. 

The Fiery Creek Volcanics, which occur within the Myally Subgroup-Torpedo Creek Quartzite sequence, 

contains rhyolites and basalts that might be expected to be geophysically prominent. Unfortunately its 

patchy extent and thickness (rarely much in excess of 100 m), as well as the apparent absence of 

magnetite from the basalt, mitigates against its geophysical detectability. The basalt is dense (similar to 

the Eastern Creek Volcanics), and slightly magnetic (around 1.0 x 10" SI, probably from haematite), but 

the lack of volume precludes it from detection in all but near-surface mapping applications so far as 

potential field methods are concerned. Seismic reflection should however reveal the basaltic sequence as 

a strong reflector, having a high acoustic impedance contrast with the enclosing sediments and rhyolites. 

The rhyolites' density and magnetic susceptibility are both very low. Potassic alteration is widespread in 

the Fiery Creek Volcanics, and this is reflected in elevated gamma ray counts from hand specimens, 

particularly of the rhyolites. 

The Weberra Granite is directly related to the Fiery Creek Volcanics rhyolite, and its density and 

magnetic susceptibility are essentially identical to those of the FCV rhyolites. The very low density value 

(2.56 trm3) may be a slight underestimate due to the lack of drillcore sampling - 'outcrop' is synonymous 

with 'weathered' in this region. The Weberra Granite may be a correlate of at least one intrusion episode 

in the multi-phase Sybella Granite, but unfortunately the latter has not been sampled sufficiently to 

characterise it. A magnetic susceptibilityof 16.2 x 10" SI recorded from one sample of the Sybella 

Granite, not hitherto regarded as a significantly magnetic body, is intriguing, but unfortunately its origin 

is not adequately documented to be followed up. 

While the Gunpowder Creek Formation has been intensively sampled in drillcore, the mean density figure 

obtained (2.73 dm3) is somewhat higher than might have been expected from its description in extant 

literature as a predominantly siliciclastic unit. The uppermost, most dolomitic portion of the unit is 

probably over-represented in the sample set used due to the targeting of exploration drillcore on 

conductive black shales near the top of the formation. A regional bulk density value for the formation 

may need to be adjusted slightly downwards from 2.73 t/m3, based on gravity observations. Resistivities 

are highly variable, though again the range given in Table 5.12 may be biased upwards by the over- 

representation of dolomitic lithologies. There is marked contrast between the generally moderate to high 

resistivities measured and the values obtained from several carbonaceous pyritic shale samples, which can 

be up to five orders of magnitude more conductive. This ObSe~atiOn supports the field data of Anderson 

et al. (1993) and Rivera and Challis (1972) who both observed extremely conductive horizons near the 

top of the Gunpowder Creek Formation, and amibuted them to black shales. Velocities in the 

Gunpowder Creek Formation are indistinguishable from those measured in older sedimentary units 



(-5400 d s ) .  Chargeability is also highly variable in the Gunpowder Creek Formation, but elevated 

values tend to be associated with fine-grained siliciclastics including but not restricted to carbonaceous 

pyritic shales. Gunpowder Creek Formation samples from outcrop are more representative of regional 

lithological variation than the drillcore used, but weathering has had severe effects on rock properties, 

well beyond the range due to compositional variation in fresh samples. Outcrop sample densities are 

around 0.4 t/m3 lower than in drillcore samples, while resistivity, chargeability and velocity are all also 

significantly reduced. Gamma ray counts observed from Gunpowder Creek Formation hand specimens 

are generally high, and the unit is essentially non-magnetic. 

Samples fiom the mainly dolomitic Paradise Creek Formation have a mean density typical for this 

composition, 2.77 t/m3. This figure makes it the densest volumetrically significant unit to accumulate in 

the Mount Isa Basin since the Eastern Creek Yolcanics (the Fiery Creek Volcanics basalts are too thin and 

patchy). Mean velocities are similarly high at almost 6000 d s ,  with velocities measured in many of the 

dolostone samples comfortably exceeding this value. The presence of shaly beds amongst the more 

common dolostones makes for a very wide range of resistivities from rather low to extremely high levels; 

hence it is not very meaningful to assign an overall bulk resistivity value to the unit. Many ofthe shale 

samples and even some of the dolostones have unusually high chargeability. Of these samples, most 

contain a significant proportion of carbonaceous material and occasionally visible pyrite. Overall gamma 

ray counts in the Paradise Creek Formation are little more than half those from the Gunpowder Creek 

Formation. However total counts observed from Paradise Creek Formation shales are just as high as from 

similar lithologies in the Gunpowder Creek Formation, and overall K/Th ratios are significantly higher in 

the Paradise Creek Formation. The Paradise Creek Formation is nonmagnetic. Outcrop samples of the 

Paradise Creek Formation are greatly depressed in density and velocity compared to their drillhole 

counterparts, but resistivity is if anything higher. Observed gamma ray counts were roughly the same, 

though K/Th ratios were lower in the weathered samples. Chargeability of outcrop hand specimens 

measured was uniformly low. 

The cherts and shales of the Esperanza Formation are markedly less dense than both the underlying and 

overlying units, but the small thickness of the unit means that its presence may not be significant for 

many regional potential field applications, at least where the strata are only shallowly dipping. Again, the 

mixture of lithologies present makes for a very wide range of observed resistivities, with shales low and 

cherts high. Interpretation of the Esperanza Formation as a strongly conductive unit (Anderson et al., 

1993) may imply that the resistive (in both the weathering and electrical sense) cherts which are a 

distinguishing feature in outcrop are not representative of the Esperanza Formation at depth. Velocities 

are Wical of Palaeoproterozoic sediments in this region at -5500 d s .  As in the Paradise Creek 

Formation, carbonaceous shales, often but not necessarily carrying visible pyrite, are usually highly 

chargeable while cherts and dolostones mostly are not. 

The bulk composition of the Lady Loretta Formation is essentially similar to the Paradise Creek 

Formation, and this similarity extends in most respects to their physical properties. The mean IP% values 

recorded from the Lady Loretta Formation are the lowest of all McNamara Group units sampled in 

drillcore. This unexpected result may be attributable to the large number of siltstones (as distinct from 

shales) present in the sample set used. This factor may also be responsible for mean measured velocities 



being lower (though not significantly so) than in the Paradise Creek Formation. Otherwise properties are 

as would be expected from a mixed dolomitic/fine siliciclastic sequence, with high (for sediments) 

density and velocity, and resistivity highly variable in response to the relative proportion of silt and 

dolomite. 

With the Shady Bore Quartzite the McNamara Group demonstrates a marked change in character, as 

dolostones become much less common. Unfortunately no drillcore of the Shady Bore Quartzite was 

obtainable, but from similar lithologies sampled elsewhere in the sequence, low density (-2.60 - 2.65 

t/m3), non-magnetic, resistive, non-chargeable, moderately low velocity, low gamma-ray-count bulk 

properties may be inferred. Measurements made on outcrop samples do not contradict these inferences. 

The preponderance of siltstones and black shales within the Riversleigh Siltstone results in a rather low 

bulk density compared to other McNamara Group formations (2.67 t/m3 mean value). Density may be 

elevated above this base mean value in proportion to pyrite concentration. The Riversleigh Siltstone as 

with all other McNamara Group units is practically non-magnetic, indicating the continued absence of 

pyrrhotite though pyrite is frequently visible. Velocity is typical for fine-grained McNamara Group 

siliciclastics in this region, at around 5500 d s .  Resistivities are still quite variable in spite of the near- 

absence of dolostone and sandstone, and the reason for the high resistivity of some siltstones and shales is 

not clear, but may be accentuated by the fresh water used in laboratory determinations. Porosity is an 

important control on electrical properties, in addition to compositional factors. However, the Riversleigh 

Siltstone is usually noticeably more conductive than older McNamara Group units. Moderately high 

chargeabilities are not uncommon, particularly in carbonaceous shale samples, many of which are pyritic. 

Total gamma ray counts are high. 

Some general observations may be made on the physical properties of common rock types in the 

McNamara Group. In the majority of cases the petrophysics of a given rock volume can be predicted 

from its position on the compositional continuum between the two end-members of pure shale or siltstone 

and pure dolostone (and vice-versa). The ideal shale end-member has low density (-2.65 t/m3), low 

velocity (-5400 d s ) ,  low resistivity and high total gamma ray count. Coarser-grained siliciclastics i.e. 

sandstones (relatively uncommon from the lower Gunpowder Creek Formation upwards) are similar with 

the exception of slightly lower density and velocity, and lower radioactivity. The reverse is true of the 

ideal pure dolostone, which bas high density (-2.85 t/m3), high velocity (-6500 d s ) ,  extremely high 

resistivity and low total gamma ray count. In the absence of other factors such as porosity and sulphide 

concentration whose effects are reasonably predictable in any case, the composition of a rock may be 

inferred with some confidence once these physical properties are determined. The converse, deriving 

petropbysical properties from compositional data, is also applicable. Controls on 1P properties are much 

less clear cut. While there is a clear correlation between high IP% values and carbonaceous pyritic 

shales, the relationship is far 6om simple. No sulphides are visible in many of the high IP% samples, nor 

even is carbonaceous material in some cases. Also, some carbonaceous pyritic shales were not 

particularly chargeable, though in many ofthese the visible pyrite was both rare and coarse. 

The South Nicholson Group is separated &om the McNamara Group by at least several tens of millions of 

years, the Isan Orogeny and a regional angular unconformity, and its metamorphic grade is 



correspondingly lower. This has undoubtedly been a primary factor in the preservation of porosity at 

levels much higher than is generally the case in the McNamara Group, which in turn exerts marked 

effects on the South Nicholson Group's bulk physical properties. The prevalence of sandstones and 

micaceous siltstones is also a fundamental reason for the South Nicholson Group's low density (-2.62 

t/m3) and velocity (-5100 mts). Resistivities are moderate, with the effects of highly resistive sand grains 

balanced against those arising from the relatively high proportion of pore space. Chargeabilities are 

invariably low, probably mainly due to the lack of carbonaceous and or pyritic shale. Though there is 

some sedimentological evidence for the South Nicholson Group being proximally sourced, no detrital 

magnetite appears to have been preserved, and even in the highly fermginous samples, magnetic 

susceptibilities are very low. 

The Cambrian sediments of the Georgina Basin contain large amounts of massive limestone in this 

region, and this is mainly responsible for the Cambrian sediments actually being significantly denser than 

the South Nicholson Group underlying it, which is 1000 million yearsolder. The purest limestones have 

densities approaching the dolostones of the McNamara Group, but bulk density of the Undilla Basin 

sequence as a whole is diluted to -2.65 t/m3 by the siltstones, shales and cherts also in the sequence. This 

combination of rock t p e s  has predictable effects on resistivity properties, which range from fairly low to 

moderate levels. No Cambrian samples measured had significant magnetic susceptibility, but 

unfortunately no samples of the Colless Volcanics basalt known to outcrop to the northwest of the study 

area were obtainable. 

The density value obtained from the literature for the Mesozoic sandstone of the region is extremely low 

(-2.1 t/m3), but is unlikely to be significant in most regional geophysical models due to its very low 

thickness in the study area (< 50 m). 



6. Base Metal Mineralisation Petrophysics 

6.1 Introduction 

Physical property measurements were made on a large set of samples from the vicinity of the Lady 

Loretta prospect and the Lady Loretta orebody itself The main objective of this work was the detailed 

characterisation of the response of the Lady Loretta orebody to geophysical methods, and its physical 

property contrast with its immediate geological environment. Spatial and stratigraphic variation in 

physical properties within the Lady Loretta mineralised system were intensively examined. 

The physical properties of other Carpentaria Zinc Belt deposits, and their respective host rocks, were also 

investigated. Most of these were sourced from the literame, with some additional determinations made 

on samples obtained from HYC, Hilton and Mount Isa by the author. Inferences made from geophysical 

survey results have also been incorporated as a source of data on ore deposit petrophysics. The results 

from Lady Loretta are compared with those obtained from the other SSHBM deposits in the Carpentaria 

Zinc Belt. 

6.1.1 Sampling 

Samples for this mineralisation-centred phase of the petrophysical study were obtained from some of the 

same sources as the regional study (outlined in section 5.1 .I). Most are from drillcore extracted from the 

Lady Loretta mineralised system. Samples collected from Lady Loretta drillcore by the author are 

numbered between 1000 and 2000 in Appendix 3. The bulk of the Lady Loretta samples were collected 

by several workers (P. McGoldrick, M. Aheimer and J. Dunster) within the last eight years, and retrieved 

from the rock store of the Geology Department at the University of Tasmania. These are identified by 

their original catalogue numbers in Appendix 3. As stated in section 5.1.1, some of the samples 

originating with McGoldrick were collected for a geochemical study of sedimentary alteration, with 

sulphides avoided if possible (Large and McGoldrick, 1998). This bias is largely counterbalanced by 

collection of pyritic samples for a subsequent S isotope study by McGoldrick, and the study by Aheimer 

(1994) which focused on the ore. 

The HYC, Hilton and Mount Isa orebodies are represented by a few samples in the Geology Department 

collection, and these also were retrieved and measured. Some additional samples of the HYC 

mineralisation were obtained from orebodies 2 and 4 during an underground visit by the author. For 

comparison, these were supplemented by samples obtained from barren core drilled over 20 km from 

HYC. 

6.2 Methods 

All methods used in physical property determinations have been documented in section 5.3 



6.3 Previous work 

Petrophysical data obtained from SSHBM mineralisation in the Carpentaria Zinc Belt have mainly been 

reported in studies on single mines. These are reviewed within sub-sections devoted to each deposit in 

section 6.4. Data generated by the author have been combined with all previously published data from 

discrete samples before subsequent review and analysis. All these data are tabulated in Appendix 3, and 

summarised in Table 6.10. 

Physical properties of stratifom sediment-hosted ores were briefly outlined within a more general 

summary of zinc deposit geophysics by Bishop and Emerson (1993,1999). They point out that zinc 

orebodies are likely to present a difficult geophysical target, as sphalerite is resistive, non-magnetic and 

relatively light in comparison to other sulphides. Direct ore detectability is thus largely dependent on the 

nature and proportion of associated sulphide minerals. The most common of these in most stratifom 

sediment-hosted orebodies are galena and iron sulphides (usually pyrite andlor pynhotite). Fortunately, 

these minerals manifest a large contrast in density, conductivity and chargeability (and magnetic 

susceptibility in the case of monoclinic pyrrhotite) to most likely host sediments (Bishop and Emerson, 

1999). 

6.4 Results 

6.4.1 HYC 

The geophysical signature of the HYC orebody has been the subject of articles by Shalley and Harvey 

(1992) and Hishida et al. (1993). The general case history recounted by Shalley and Harvey (1992) 

demonstrates the efficacy of induced polarisation, resistivity, gravity and modem airborne EM 

(GEOTEM and QUESTEM systems) in delineating anomalous responses associated with mineralisation. 

IP values of over 30 m V N  appear associated with areas of strong lateral contrast at the western edge of 

the orebody (where the ore strata steepen towards the surface), but are more subdued (10-13 mVN) over 

the centre of the deposit, where the shallowly-dipping ore is over 300 m deep. Apparent resistivities as 

low as 25 Rm are observed closely associated with the IP anomalies. High IP values and low resistivities 

are also present both in the hanging wall to the orebody and in correlative strata to the south, though the 

electrical response is not quite as pronounced as over the western edge of the deposit. The anomalous 

response in these latter areas has been attributed via drilling to pyritic shales. Direct measurements on 

drillcore (Fig. 5 of Shalley and Harvey, 1992) show generally low resistivities (in the range 100-250 Qm) 

in all but the footwall to the orebody, which has resistivities well in excess of 1000 Qm and IP less than 5 

mVN. The orebody and pyritic carbonaceous shales in the hanging wall have similar electrical 

properties, with measured resistivities -80 Qm and IP 10-1 5 mVN. Shalley and Harvey (1992) noted 

that IP peaks (up to 25 mVN) correspond to resistivity highs in the drillcore measurements. These 

results are somewhat at odds with the field measurements, since the IF' and resistivity responses of 

mineralisation do not appear particularly different kom those of other hanging wall lithologies. Possibly 

the correlation of pronounced IP and resistivity anomalies with known near-surface mineralisation is not 

solely a response unique to mineralisation, but may also be a function of the geometry of the high- 



contrast contact between the base of the HYC Pyritic Shale Member (where the HYC orebody is 

positioned) and the much more resistive, less chargeable and more dolomitic rock; in the footwall. Time- 

domain airborne EM systems have revealed anomalies whose highest apparent conductivity peaks are 

coincident with the centre of the ore deposit, but the relative contribution of base metal mineralisation and 

overlying pyritic shale to these effects is difficult to establish. 

Extensive'density measurements on drill core, surface and underground rock samples from the HYC 

deposit and environs were reported by Shalley and Harvey (1992). They give indicative ranges of 2.4-2.7 

t/ml for clastic units, 2.7-2.9 t/m3 for dolomitic units and 3.2-3.3 t/ml for ore zone samples. Though the 

gravity field in the area of HYC is dominated by a steep gradient caused by the contrast between the 

dolomitic McArthur Group and sandstones of the Roper Group across the Emu Fault, a superimposed 

gravity high is apparent associated with the mineralised zone. This is easily accounted for using the 

properties quoted for ore, though as reported by Shalley and Harvey (1992) such features may also be 

caused by accumulations of highly pyritic sediments, as turned out to be the case for a gravity anomaly of 

similar appearance north of the orebody. 

Geophysically distinguishing base metal sulphides from pyrite thus appears equally difficult with 

electrical as with gravity methods in the HYC environment, with good understanding of local geology 

being particularly important for gravity to be used as a direct ore-fmding method. 

Physical property determinations made for this study are generally in accord with those of Shalley and 

Harvey (1992), but differ somewhat in detail. Petrophysical measurements were performed on samples 

acquired from the No. 2 and No. 4 orebodies at HYC by the author. A summary of these results is 

included in Table 6.10. The mean value of 3.393305 t/ml (saturated) is comparable with the figure of 3.3 

t/m3 (dry) for all mineable ore generally utilised by McArthur Mine persomel (verbal communication), 

and is slightly higher than the figure given by Shalley and Harvey (1992). Magnetic susceptibilities are 

very low. The ore is only moderately conductive at around 500Rm but is highly polarisable, with IP% 

values consistently between 10 and 20. Radiometric observations were made of a few HYC ore samples, 

but no signatures distinct from those of unmineralised dolomitic sediment were noted. 

For comparison purposes, a number of density measurements were made on barren core from holes 

drilled about 25 km away from HYC (Myrtle 4 and Myrtle 5). These are presented in Figures 6.1 and 6.2. 

The contrast between units, even between different members of the same formation, is very striking. 

Clearly, relative proportions of shale and carbonate exert a primary control on bulk density, with second 

order effects arising from pyrite content of the shaly units. Myrtle 4 was targeted on a pronounced 1.5 

mGal anomaly (Bornman, 1982), whose cause is clearly indicated as a consequence of the high contrast 

between shallow, dense Teena and Emmelugga Dolomite and an attenuated shale-dominant sequence. 
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6.4.2 Walford Creek 

Walford Creek is a sub-economic base metal prospect, but is included in this chapter as a demonstration 

of the properties of a significant sulphide deposit in the study region consisting mainly of pyrite, with 

little base metal minemlisation. The main sulphide accumulation at Walford Creek consists of three 

stacked lenses of stratiform massive pyrite; the uppermost (known as No. I )  being the largest and most 

regionally extensive with a strike length of six kilometres. The deposit is bound by the regional-scale 

Fish River Fault separating the host Mount Les Siltstone from older units to the north, and extends over 

1500 m south from the fault. The sulphide lenses are up to 30 m thick. and lie under very thin 

Phanerozoic cover at depths ranging from within a few metres of the surface to over 350 m. The 



subordinate base metal mineralisation is confined to a smaller areal extent than that of the pyrite lenses. It 

is present as both stratiform and a later discordant sphalerite, galena and chalcopyrite overprint associated 

with dolomite talus breccias proximal to the Fish River Fault. 

The main source of data on Walford Creek is a paper by Webb and Rohrlach (1992). They report the use 

of ground-based TEM as the primarygeopbysical exploration tool, which was successful in mapping the 

distribution of theNo. 1 pyrite lens. An interesting feature of the Walford Creek environment noted by 

Webb and Rohrlach (1992) is the apparently poorly conducting nahlre of the highly carbonaceous shales 

hosting the sulphide bodies. Presumably this is because the carbonaceous shales lack either graphite or 

sufficient pyrite, though a depth-conductivity pseudosection presented by Webb and Rohrlach (1992) 

depicts background resistivities of 100 &I - still relatively low in the context of core samples measured 

for this study. Webb and Rohrlach (1992) considered airborne TEM systems to be subject to a conductor 

detection limit of 150 m depth in the generally resistive environment of Walford Creek, though 

conductivity anomalies associated with the No. 1 lens were interpreted at depths exceeding 300 musing 

coincident-loop ground TEM. 

A large density contrast between host carbonaceous dolomitic shale and the pyrite lenses is demonstrated 

by semi-regional gravity data compiled and presented in Webb and Rohrlach (1992). An anomaly of 

around 0.6 mGal over the pyrite bodies is clearly apparent despite the proximity of a steep gradient 

attributable to the Fish River Fault. 

6.4.3 Century 

The zinc-rich Century deposit (I 18 Mt at 10.2% Zn, 1.5% Pb A d  36 g/t Ag; Waltho et al., 1993) 

discovered in 1990 has already been the subject of significant geophysical work. Thomas et al. (1992) 

presented results kom a range of geophysical techniques applied in the exploration of the deposit and its 

environs. They detected little or no distinguishing signal from the ore deposit using gravity, magnetics or 

TEM, but clearly anomalous responses to resistivity and induced polarisation methods. However, while 

Thomas et al. (1992) state that the mineralisation has a "definitive" resistivity response, much of the 

anomalous resistivity is probably due to conductive lithologies including pyritic black shales in the 

hangingwall and footwall, and their contrast with overlying resistive Cambrian limestones. Ore zone 

resistivity is variable (100-300 Om) but generally slightly higher than that of the enclosing 

Mesoproterozoic strata (60-80 Om; Thomas et al., 1992; Table 6.10). Seismic surveying was also 

attempted but adjudged unsuccessful in defining detailed orebody or host rock structure, due to 

insufficient ordhost velocity contrast and the uneven nature of the high velocity Cambrian limestone 

unconformably overlying much of the Mesoproterozoic surface in the Century area (Thomas et al., 1992). 

Importantly, Thomas et al. (1992) also reported extensive use of downhole geophysical logging in 

characterising the petrophysics of the Century deposit and its host rock. These results appear in Table 

6.10 below. Natural gamma levels measured in the ore zone were lower than in the host Proterozoic 

sediments. Also notable are the properties which Thomas et al. (1992) give for Cambrian limestones: 

density 2.8 tlm3, high porosity (from neutron logging), resistivity in excess of 1000 Qm and very low 



total gamma ray counts. These are similar in many respects to the properties observed from correlative 

units in Morstone 1 several tens of kilometres to the south. 

Inversions of DC resistivity and IP phase data performed by Oldenburg et al. (1998) show contrasting 

responses to the ore deposit from these two methods. The ambiguity of the resistivity response is 

emphasised by the lack of correlation between mineralisation and the recovered 2-D resistivity model, 

with the main conductivity contrast being between unmineralised Mesoproterozoic host siltstones and 

shales @articularly at both ancient and contemporary weathering surfaces) and unconformably overlying 

Cambrian limestones. The recovered resistivity model is supported by borehole petrophysical 

measurements given by Oldenburg et al. (1998), which almost certainly are taken from the work reported 

by Thomas et al. (1992; Table 6.10), though Oldenburg et al. (1998) do not mention the earlier paper. IP 

phase values derived from Oldenburg el al.'s (1998) inversion are also given in the relevant column in 

Table 6.10. 

IP data show themselves to be an effective ore detector in this environment, capable of resolving 

structures displacing the ore strata after inversion (Oldenburg et al., 1998). The contrast between ore and 

hanging wall properties is particularly marked, but strongly polarisable rock in the inverted IP model of 

Oldenburg el al. (1998) extends well below the limits of the orebody defmed by drilling. This is ascribed 

by Oldenburg et al. (1998) (supported by unspecified downhole IP and petrophysical data) to the footwall 

sediments being weakly chargeable, as well as to an artefact of the inversion process. 

The Century orebody is notable for its lack of ppite in relation to other stratiform ore deposits in the 

Proterozoic of northern Australia. This along with a high proportion of sphalerite probably accounts for 

the resistive nature of the ore in comparison to its host sediments. That ore minerals are responsible for 

the highly anomalous IP response of the orebody is also self-evident. The reason for the slight to 

moderate chargeability of the footwall sediments is less apparent; however it is pertinent that many 

unmineralised McNamara Group samples, particularly shales, may also be characterised as moderately 

chargeable (sections 5.4.6-5.4.1 1 inclusive), especially when carbonaceous material is present as has been 

noted in this portion of the Lawn Hill Formation (Waltho et al., 1993). 

6.4.4 Hilton & George Fisher 

While the Hilton and George Fisher (formerly lcnown as Hilton North) Pb-Zn-Ag deposits are major base 

metal accumulations in their own right (see section 2.8), little has been published on their geophysical 

signames, probably because much interest has been diverted to their giant sibling metal accumulation 18 

km south - the Mount Isa Mine. Another possible reason for the comparative lack of geophysical 

attention to the Hilton deposits is their similarity in many respects to the Mount Isa Pb-Zn-Ag deposit 

(Myers et al., 1996), so that conclusions on geophysical signahlres drawn from Mount Isa can be applied 

with some confidence to Hilton and George Fisher. Apart from size, the major difference between 

HiltonIGeorge Fisher and Mount Isa is that no Cu accumulation in anything approaching Mount Isa-like 

proportions has been identified to date. 



Hilton was the subject of some of the earliest geophysical work in the Mount Isa region, but the methods 

applied (Turam EM, SP and vertical force magnetics) do not appear to have met with much success in 

defining the ore signature (Shalley, 1997). Technological improvements in these methods since that time 

(1950s) may well justify re-examination of these methods as ore-finders in this environment, since 

minerals sensitive to these methods (monoclinic pyrrhotite, p ~ i t e )  are present in significant quantities 

associated with the sphalerite-galena ore. 

The one physical parameter of the Hilton deposit well defined in extant literature is density. Young 

(1984) gives a figure of 3.03 tfm3 (standard deviation 0.43) derived from almost 2400 samples of the 

Hilton ore zone; a value with which Leaman and Mutton (1993) concurred in their Bouguer gravity 

modelling of the ore deposit and its environs. A mean of 3.52H.32 t/m3 for Hilton ore samples has been 

calculated from determinations by the author on 6 samples from the Geology Department archive, as well 

as 2 others listed by Hone et al. (1987). It would appear likely that unusually sulphide-rich portions of the 

orebody are represented in the latter two data sets, and the 3.03 tfm3 estimate is preferred as best 

characterising the bulk density of the Hilton ore M y .  

The magnetic character of pyrrhotite-rich samples from Hilton implies that the sulphide accumulation 

here should theoretically be detectable with magnetic methods, assuming the dominating effect of the 

Eastern Creek Volcanics against which the Hilton ore host sequence (Urquhart Shale) is faulted can be 

removed. 

Moderately high galvanic resistivities (median 1100 Rm, mean 4700 Rm) measured on samples of Hilton 

ore firom the Geology Department archive are extremely surprising, being several orders of magnitude 

greater than resistivities measured on Mount Isa ore (see section 6.4.5) and should probably be treated 

with some scepticism. The values observed are more akin to what would be expected from unmineralised 

host rock (Urquhart Shale). Possible explanations are that inadequate electrical coupling was made with 

the samples, which were large (around 0.5 kg) and irregularly shaped. They may also have developed a 

resistive oxidised or grimy rind after a long period of storage in the Geology Department. Measurement 

scale effects may also be important, with layers of highly resistive material such as carbonate and 

siltstone interrupting sulphide continuity in the hand specimens tested. The very low salinity of water 

used in these petrophysical experiments is unlikely to be a factor, since the Hilton samples all have very 

low porosity (< 0.01). 

6.4.5 Mount lsa 

Though Mount Isa Pb-Zn ore was discovered in 1923, the first widely circulated publication of 

petrophysical data from Mount Isa ore did not appear until 1984, when Young published tables of density 

and magnetic susceptibility data supporting gravity and magnetic forward models of the Mount Isa 

district. This paper was undoubtedly preceded by many unpublished or otherwise restricted internal 

company reports, whose data are summarised in tables I and 2 of Young (1984). Even this paper omits 

much detail to do with the Pb-Zn ore itself, not giving any value for ore density. Density values from 

several Pb-Zn ore samples are tabulated in Hone et al. (1987), and a high value for ore density is implied 

by Leaman (199 la and b), but the first summary of Pb-Zn ore density from Mount Isa Mines (MIM) 



Ltd.'s considerable petrophysical database did not appear until the publication of Fallon and Busuttil 

(1992), who give a value of 3.48 dm3 based on over a thousand samples. 

The host Urquhart Shale sequence contains significant quantities of pyrite and pynhotite in the vicinity of 

the base metal orebodies, and must be considered as a separate geophysical entity from the host sediment 

distant from mineralisation. Young's (1984) rather ambiguous Table 1 indicates its density as 2.90M.01 

t/m3, as does Leaman (1991b) though the latter figure may be sourced from the same data as Young 

(1984). Leaman (1991a) gives a range of 2.85-3.10 t/m3 for the Urquhart Shale in the mine area, while 

Fallon and Busuttil(1992) state 3.30 t/m3 for 123 'pyitic shale' Urquhart Shale samples and 3.06 t/m3 for 

'disseminated sulphide' Urquhart Shale (8089 samples). Since all these summary figures are in all 

probability based on the same petrophysical database (MIM's), it may be concluded that the different 

means given arise from differences in lithologic and stratigraphic classifications adopted by each author. 

The means given may conceal some systematic variation within the measured values, such as variation 

with distance along strike from the orebodies or some other parameter. The figure of 2.90 t/m3 appears to 

best characterise the bulk properties of the Urquhart Shale in the vicinity of Pb-Zn mineralisation as it or 

a figure within 0.02 t/m3 of it has been utilised in modelling of the ore environment by many of the above 

authors (see for example Leaman's (1991b) Figure 5 and Fallon and Busuttil's (1992) Figure 3). 

'Normal' Urquhart Shale densities relevant to rock volumes outside the sulphide-mineralised system at 

Mount Isa were first reported by Leaman (1991a), who gave a range of 2.75-2.77 t/m3. These values 

were supported by Fallon and Busutti! (1992) with a mean of 2.77 vm3 for unmineralised Urquhart Shale, 

albeit based on an unknown number of samples. 

Magnetic properties of the Mount Isa Pb-Zn orebodies have also only been publicly detailed relatively 

recently. Young (1984) stated only that 'the lead-zinc orebodies ... have moderate susceptibility - 
generally less than 0.001 emu (12.5 x 10" SI)'. This level of susceptibility was also measured in 

pyrrhotite/pyiterich Urquhart Shale. That the entire mineralised system at Mount lsa has a bulk 

magnetic susceptibility of the order of 12.5 x 10') SI was supported by the modelling of Leaman (1991b). 

Again, differences in the definition of what constitutes a 'mineralised' or 'sulphidic' sample probably 

accounts for the discrepancy between this value and the mean of 6.12 x 10" SI given by Fallon and 

Busuttil (1992) for 5699 samples of 'disseminated sulphide' Urquhart Shale. A component of remanent 

magnetism in the same direction as Earth's present magnetic field may also account for some differences 

between measured susceptibilities and bulk properties implied in modelling. Ordinarily the magnetic 

signature resulting from the susceptibilities o b s e ~ e d  would be easily discernible in contrast to the 

remainder of the Mount Isa Group, but the proximity of the Eastern Creek Volcanics against which the 

ore host sequence is faulted obscures the magnetic signal resulting from mineralisation. The Mount Isa 

Cu orebody is essentially non-magnetic (Young, 1984), probably because only minor amounts of 

pyrrhotite are directly associated with it (Fallon and Busuttil, 1992). Similarly, unmineralised (non- 

sulphidic) Urquhart Shale was treated as negligibly magnetic by Young (1994) and Leaman (1991a and 

b); with an arithmetic mean of 0.20 x 10" SI given by Fallon and Busuttil(1992) for 35 samples of 

unmineralised Urquhart Shale. 



Some electrical properties are given by Fallon and Busuttil (1992), but the most comprehensive summary 

of properties to date for the Mount Isa district appears in Jackson et al. (1996), and relevant values from 

this paper appear in Table 6.10. These resistivity values are generally very low in comparison to those 

obtained in this study for similar lithologies. Possible reasons for the systematic difference in absolute 

values include scale of measurement, the use of inductive rather than galvanic resistivity determination 

methods, or the utilisation of more saline pore fluid. Unfortunately, apart from a statement that 

measurements were collected "from drillhole logging and core measurements", no details of property 

determination methodology are given by Jackson et al. (1996). 

The very low resistivity of Mount Isa PbZn ore (cO.01 h) is particularly notable in comparison with 

resistivities measured on ore samples from Hilton (Table 6.10), implying that the sphalerite component 

does not present significant impedance to current flow. Also notable in this context is that the 

metamorphically remobilised Dugald River PbZn ore in the Eastern Fold Belt of the Mount Isa Basin is 

similarly conductive (-0.003 Rm; Macnae and Mutton, 1996), while graphitic sbale hosting this orebody 

has similar properties to that at Mount Isa (-1 Rm). It may be that increasing metamorphic grade and 

recrystallisation tends to decrease the resistivity of stratiform sediment-hosted base metal orebodies. 

Otherwise the relative resistivities of units present in the Mount Isa ore environment are generally as 

expected, with Eastern Creek Volcanics the most resistive (>10000 a m )  followed by background Mount 

Isa Group units (9-1500 Rm) and carbonaceous Mount Isa Group (0.05-50 Rm). 

6.4.6 Lady Loretta 

The Lady Loretta Formation has been locally subdivided into a number of informal members 

encompassing several hundred metres of section intersected by drilling above and below the Lady Loretta 

ore sequence (Hancock and F'urvis, 1990; Fig. 6.3). A slightly simplified version of this scheme is 

referred to extensively in this section, and is briefly reviewed here. A representative cross section of the 

Lady Loretta deposit is shown in Fig. 6.2. 

The lowest informal member recognised, more than 150 m below the ore sequence, is the Lower Siltstone 

(LS) unit, which is characterised by silts, shales and intercalated dolostones with occasional pyite lenses. 

It grades up into the Lower Carbonate (LC) unit, which is composed of generally more dolomitic and 

coarser material than the LS, and also contains minor interbeds of fine laminate pyrite. Siderite becomes 

the dominant carbonate mineral towards the top of the LC, which is up to -170 m thick. 

The Pyritic Unit (PU) overlying the sideritic LC is composed of up to 90% pyrite, the balance being 

mainly pyritic and sideritic sbale and sand. The Ore Horizon (OH) immediately overlying the PU is 

generally even more sulphidic, the major compositional difference being the presence of high 

concentrations of finely banded massive sphalerite and galena. The OH encompasses all ore-grade 

material at Lady Loretta. A barite-chert-sphalerite (galena pwr) facies occurs within the OH, mainly in 

the northeast section of the deposit. Both the PU and OH range up to 50 m thick (usually 25-30 m). An 

apparently unmineralised sediment facies (Ore Sediments or OS) also occurs within the OH, generally 

towards the top. The OH and OS together have been termed the Ore Sequence (Dunster, 1997; Fig. 6.4). 
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The mineralisation is overlain by more than 220 m of rhythmically layered pyitic siltstone, dolomitic 

fine-grained sandstone and minor carbonaceous shale. At the base of this sequence is a single very thick 

(2-15 m, generally 4 m) siltstone/shale depositional cycle known as the Massive Unit (MU). The 

remainder is designated the Cyclic Unit (CU). The uppermost informal member is the Upper Clastic 

(UC) unit, a sequence of mainly carbonaceous shale with fine micaceous sandstone and siltstone towards 

the top. Up to 240 m thick, it is strongly affected by deep surface weathering and has only been 

intersected by drilling in the Big Syncline (Fig. 6.3). 

Most samples obtained for the Lady Loretta petrophysical study were referenced by the original collectors 

to the stratigraphic scheme described above. Although this stratigraphy has since been revised and 

superseded (Dunster, 1997), the former designations have been retained for convenience. 



A series ofpmjeasd long scaions was mated to fxilitate the visualisation of spatial vlviations in 
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geochtmical halo brown to envelop it (Large and McGoIdriolt, 1998). Tbc position of each sample 



defined by its downhole depth had been plotted on mine cross section maps showing the drillholes, and 

the along-hole distance to the nearest significant ore intersection recorded (P. McGoldrick, pers. comm.). 

This distance was corrected to tme'distance-to-ore using the angle of drillhole intersection with the OH, 

with the base of the OH defined as the vertical datum (being generally a sharper contact than the top). 

Samples from below the base of the OH were thus assigned negative elevation values in metres. The 

horizontal coordinate is the Lady Loretta mine grid northing, also in metres. For reference, Fig. 6.4 

represents mine section 2300N, which is positioned in the dxact centre of the Small Syncline 'syncline' 

map symbol in Fig. 6.3, and perpendicular to it. The long sections thus purport to represent an unfolded 

long section of the orebody, with samples projected onto a vertical plane perpendicular to the unfolded 

strata. 

Petrophysical values obtained from each sample were interpolated to a grid using an inverse-distance- 

weighting algorithm with weight factor of 2 (weight falls off with square of distance). A 400 m 

(horizontal) x 100 m (vertical) window was employed in order to account for the stratiform geometry of - -- 
the mineralised system. Sample densities are quite high within a few hundred metres of the OH in the 

Small Syncline, but fall away with vertical distance away from the orebody, and to some extent to the 

southwest in the Big Syncline (on the left-hand-side of all long-section diagrams). This has resulted in a 

number of gridding artefacts in these areas. The area of no data in the centre of long-section diagrams 

showing both Big Syncline and Small Syncline data (suffixed B'in figure numbering) manifests the 

effect of the Syncline Dividing Fault (Fig. 6.3). 

Results from density measurements on samples from the Lady Loretta orehody, its halo and host 

stratigraphy are presented in Figure 6.5. The distribution is clearly bimodal, with the higher peak almost 

entirely composed of ore of various grades. The sampling bias towards sediments in the ore horizon 

(McGoldrick, 1993b) has resulted in a downward skew to the frequency distribution of ore horizon 

samples. Figure 6.5 also suggests that porosity creation is a factor in the observed downward skew of 

density, probably as a result of reactive pyrite (see below). The median (3.90 t/m3) probably better 

represents the bulk density of the in situ ore horizon than the mean. The median is also more in accord 

with the average for ore of 4.0 t/m3 obtained by Rivera and Challis (1972) from 24 samples exceeding 

10% combined ZnE'b. 

The F'yritic Unit'(PU) at Lady Loretta is somewhat surprisingly not well represented in the higher 

density peak. This result should be viewed with a little caution because of the poor condition of many of 

the Lady Loretta pyritic samples, caused by extreme oxidation after exposure to air, with resultant density 

reduction. Pyrite degradation may also be responsible for the Ore Sediment'unitk fairly low density 

with respect to other sedimentary samples more distant from ore, in which pyrite is rarer and possibly less 

reactive. 



Flgure65 LudyLwmsdewsf Iy - r twmu3,draa lbymnlnc~ .  O r e ' n f u s ~ E o m m e r b l  
s u u p b d ~ A k h u r ( Z 9 ~ ) , ~ r r r l * i t l ~ & ~ ~ ~ b y ~ c ~ ~ .  U M % r  
~ & o f o v ~ n ~ a p r t o f L . l y L o ~ c d l u d h f i C r u r b h c o v a a p r t o / f i  WslnnBonler 
Fault (see lud) 

Other host Units in the mine stratigraphy d d h  the lower peak in the density frequency m i  
centred around 2.80 t/m3 (Fig. 6.5) and comprisii the majority of the sample set. The Lower 

Carbonate'unit, whichhas dolomite and siderite as dominant constituents, is seen to occupy the higher 

po&ms of this -re density distribution, with higher densities than the other, more siliciclastic 

(turbiditic) host Units. 

Those samples classed as LA64'in Fig. 6.5 are from a drillhole of this name into correlates of the Lady 

Lo- host sequence on the eastern side of the Westem Border Fault, wed of the deposit. These 

densities were determined by Emerson (1995) on earbonsceous andlor pyritic shale, which was 

selectively sampled, other lithologies present being ignored. They are presented in Fig. 6.5 alongside data 

from Lady Loretta itself to illustrate the density coneast between carbonaceous shale, highly pyritic yet 

base-metal-poor mk, and Zn-Pb ore. 

Generally, as borne out in Figs. 6.6a and 6.6b, the density contrast between the ore and its hod mck is 
seen to be both large and distinct, with host rock largely confined below 3.10 t/m3 (most arc of 

mbstantially lower density than this), and ore samples eemnd around 3.90 tlm3. Specimens occupying 

the range behvm these values are usually the OH or PU q l e s  with an unusually high pmprtion of 

sediment refemd to above. Anomalously high densities observed apparently stratigraphidly well below 

the OH are probably due to a structural npetition of the PU, which is also visible in the grids depicting 

many of the otherpelrophysical parameters. 
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Porosity was obmved to exert a strong control on the densii of host rock samples, but is a less impottant 

coMol on the density of highly sulpbidic specimens (Fig. 6.7). The measured values are likely to be 

ovensthates of m e  in situ values, as the extreme reactivity and umseqmt oxidation and loss of pyrite 

in many specimens has created spurious extra porosity. Thh effect is particduly prevalent in the host 

units closest to the ore, where pyrite is most prevalent. Intaestingly, the more massive pyrite in the 

Pyritic Unit itaelfdoes not appear to he as d v e ,  and its porosity is consequently lower. 

Magnetic sueceptibilities at Lady Loretta arc confmed to low levels (Figs. 6.&6.10), and by reference to 

standard diagrams such as Figure 4 of Clark andEmerson (1991) it may be ooncluded that fnrimagnetic 

minerals (monoclinic +e, magnetite) cannot be present in mom than trace amouats. Such 

magnetic susceptibility levels that are present may be ascribed (in the environs of Lady Loretta) to any or 

dl of: nae imn sulphide species (monoclinic pynhotite, smythik, gnigite), wealdy fe-gmtic 

minerals such as haematite and paramagnetic minerals; pmc~pally siderite with possibly a minor 

mntriiutim fium manganese-bearing ferromagnetic and pammgnetic minerals such as jacobsite, 

rhodochrosite and psdomelane. Pyrite is vimrally non-magnetic (Table I of Clark, 1997). 
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Accordingly, the fact that magnetic susceptibility in Lady Loretta base metal ore is highly variable, but 

ranges betwan 0 and 2.50 x 105 SI, is interpreted in term of miation in non-pyrh Fe-bearing miaval 

wnceatmtion, following Rnanen (1989, quoted in Clark 1997). An exception to this geaaal rehionship 

is observed within the orebody itself, u h a  the presence of high wncenldons of diamagaetic ore 

minerals and the ormuewe of iron almost exclusively as pyrite both mult in subducd magnetic 

susceptibity, psrticulnrfy in the barite-sphalerite facies at the nonh-eastem end of the mioe. More 

broadly, magnetic susceptibility levels obmwd are slightly higher than those masund in the Lady 

Low Formation regionally (see chapter S), reflecting the anomaloys conanhation of Fe around the 

mine. T h i s a l s o ~ x p l a ~ t h e ~ c U U n i t i s t h e m w t ~ o f a l l t h e u n i t s i n t h e l o c a l m i o e  

stratigraphy (Fig. 6.10.3.65). though it must be emphasiid that pyrite itselfwas avoided in sampling, es 

discussed earlier. Other units usually remain at low levels of magnctic w i t y  (c 0.35 x LO" SI), 
with excursion to higher levels (most frequently observed in the Cyclic'and Wive'units) invariably 

due to the presence of relatively rare Fe-bearing (usually siderite) patches. Overall, there is a clear halo 

of higher magnetic mwptib'ility associated with the minerabed system (Figs. 6.8-6.9). 

Few contrasts between local stratigraphic units are apparent from taw velocity meamements. the 

exceptions generally beii carbonates. which tend to have higher velocities than the norm, or base metal 

rich specimens, which are inclined to be of lower velocity. Contrasts behuem the various units are moat 

apparent in density-velocity space (Fig 6.12), in which differently composed units are seen to have 

dMnctly different density-velocity relabonships. These difference are particulsrly marked in the ease of 

sulphide-bearing units. Base metal sulphidic samples overall have slight negative copelation between 

densay and velocity, in alignmat with the trend connecting pure sphalerite (4.0 t/m ', 5100 d s )  and pure. 

galem (7.5 ~m',  3100 ds) shown in Emetscm and Yang (1997), albeit with some . .. 

influences from gangue material such as barite, quartz and sedimentary material, and miwr porosity. 



F i i .  6.1 la and 6.1 1b both demmhate the negative effect which sulpbide mine& have on velocily, as 

velocities are M y  depRssed in the vicinity of the on body. 

Acoustic imped8nas were calculated for all samples fmm which velooity meamemem wen obtaioed, 

and these arc pwmted in Figure 6.13. Those units containing ore-@ base metal samples (ore. OH) 

clearly bve  a significant positive hqedmce contras with their host s- units, far excecditlg the 

ma&ude of the (expected) hpedmce coewst betwem carbonate- and siliciclastic-domhted 

groupings, .such as the Lower Carbonate and Lower Siltstone. Assuming reasonable exploration depths 

and seismic wave parametem for this geological environment (5000 mls velocity, 100 Hz dominant 

m c y ) ,  shatiform bodies greater than 12.5 m thick should be resolvable, amodhg to the Rayleigh 

limit. It is tbnefore concluded that Lady Loretta-style a i m d i d o n  of economic size and burial depth 

W d  be relatively cesily detected by reflection seismic methods in the Carpentaria Zlac Belt. 

0 600 
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Resistivities spaoning over five orders of magnilude have been measured on Lady Loretta samples, even 

within individual local snat@mphic Mits such as the Ore Horizon and Pyritic Unit (Figs. 6.14-6.15). Ihe 

bulk of host mck resistivities tend to lie in the middle of this m g e  (Fig. 6.19, and it h mcularly 

notable that resistivities of the highest grade ore samples (blue in Fig. 6.15) are essent~ally the same as 

those of the host siliciclastios. Resistivibes in carbonatedominant samples are up to tenfold greater than 

in unminnalised sediments w h m  dolomite is uncommon or absent. Ovuall, geometric maas and 

mulians of the sutphidic m t s  (-240-420 b) are only very slightly lower than those of the host units 

(450-550 ih), a difference which is dwarfed by the variatl.ce and total overlapping range observed in 

both groupings (Rigs. 6.14a-6.14b). Even the lowest resistivities observed, in samples rich in pyrite 

a d o r  galena. do not have as gnat a wntrast with the siliciclastic host units as values given in standard 

texts such as Telford et al. (1990) would suggest. This would suggest the presence of Emctum or 

iasul6ting minerals such as sphalerite intempttag c m n t  flow even in quite massive sulphides, or 

wnductive materials (possibly graphite and trace sulphides) in the host rock, or both. Further 

investigation of this issue is w m t e d ,  but beyond the scope of this study. It may be wncluded that 

positive direct detection of a Lady Loretta ore signature relying solely on resistivity techniques is likely to 

be difficult 

Resistivity is quite variable latedly as weU as aaoss local mine stratigraphy (Figs. 6.14% 6.14b). L d  

variability in d v i t y  is particulady apparent between the barite-sphalde facies at the north-eastem 

end of the ore body and the more galena- and pyrite-rich (barite absent) pottiom to the south-east. 



Lady Loretta long section - Small Sytcline 
Vertical datum = base of OH 



Crossplots with respect to densii give much insight ~nto  the various conhIs on mistivity pmperties 

(Fig. 6.15). The very wide range observed in the sulphide-bearing units is seen to be the result of a 

number of competing influ- from d&mnt colnpositional oomponents of the Ledy Loretta 

mineralid system. Of the u t u n i a a  host units, it may be seen that the higher nsistlvias (> 1000 

h) tend to be asswiatcd with higher densities, as would be expected in dolostones. S q l e s  consis@ 

mainly of siltstone and shale ars largely nsponsible for the bost rock resistivities observedbetwcen 100 

and 1000 !&I. with the spread in dcnsities between 2.25 and 2.90 t/m ' apparent in this field probably 

controlled by pomity. A s~ronger negative correlation betwem density and resistivity within this field is 

thus likely to become apparent in the case of more saline pore fluid. 

In the mineraliscd system, the presence of pyrite and galena tends to drive resistivities lower. 

ammqmied by strongly elevated density. A rise in resistivity up to almost 2000 Ch as 4.0 t/m3 is 

approached is iaterpreted as mapping immmed sphalnite concentration. Very hi& resistivities observed 

in the Ore Horizon arc almost invariably observed in samples consisting mainly of b i t e  and sphalerite. 

Dilution of barite by pyrite andgalena results in elevated density and greatly reduced mistivity, while the 

presence of sediment in the barite-rich samples has marked effccts on density and depresses resistivity by 

around an order of magnitude. The high resistivitynow density samples from the Pyritic Unit and Ore 

Horizon are highly cheny or otherwise silicified. 

A plot of resistivity agai& magnetic susoeptibiity (Fig. 6.16) is instnrctive for its insight into iron 

geochemistry at Lady Loretta. The wealmesa of the negtive correlation between magnetic susceptibiliry 

and resistivity (R = -0.26; Table 6.1) is consistent with pyrite b e i i  the dominant Fe phase at Lady 

Lontta. but the existence of the cornlation suggests that other iron sulphides may be exerting some 

control on magnetic susceptibility througb much of the meralised system. 



64.66 Chargeability 

Most highly chargeable Lady Loretta samples are from within the OH, but this association is far fmm 

uniform (Fig. 6.17). A significant number of high (>LO IF?h values are also observed outside the 

OH, particularly in the footwall. There are also significant latual chargeabibiy vatintiom within the local 

Lady Loretta s t d p p h i c  units, espeoially the OH. Some of the highest IF?? values were me& on 

OH samples in the Big Syncline (southwestneft of 2000E in Fig. 6.178). where base metal miaml idon  

is much reduced in comparison to the Small Syncline. Conversely, chargeabilities an subdued in 

substPotial d 1 1 8  of the Smell Syucline, particularly towad6 the nonbeastrm end (right of 2320E in 

Fig. 6.17b) where the OH assemblage mainly comprises barite and spbalerite. 

Figures 6.18-6.20 depicting IP propnties against density, magnetic susceptib'i and nsistivity 

nspsaively confirm that, as expected, sulphide-kakg units tend to be more chargeable than the more 

baaen rocks of the Lady Loretta halo. Thi.9 grouping is far from clearcut. however. as a significant 

M t y  of host rock unit samples overlap with the rmge (> 10 IP%) occupied by many ore horizon and 

Pyritic unit samples. 
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Oalvaaic electrical properties of the Lady Loretta sample set are presented in Fig. 6.20. Thc main feature 

of note is the correlation between resistivity and IP?k reasonable in PU samples, but fairly we& to non- 

existent in the other units. 



64.67 Physicalproperly summary, mine strafgraphic units 

Table 6.1 reflecta to some extent the influmce of sulphide minerals on the physical pmpmties of rocks in 

the Lady Lonna a h  envirommt. This influence is most marked in the case of dmsity and velocity, 

and to a lesser degme in the weak conelation behveen density and chargeability. As ks above, the 

comIation hetween susceptib'dty and chgeab'ity is mostly atIributed to pyrite. 

The following tables (Tables 6.1-6.9) and diagrrrms (Figs. 6.21-6.25) statistically summarise the data 

pnsented above in tenus of the local stratigraphic units, m order that canclusions may be drawn re- 

them hulk properties. 

Base metal o n  at Lady Loretta clearly manifests a strong positive density colltmsi with the sumnmding 

rock, not excluding that of the pyritic unit (Fig. 621; Tables 6.2-6.9). Tbe median density value ofthe 

PU is only slightly elevated above the other host units, in which @hide is less common. 

There is some mpprt in Fig. 6.21 for Dusters (1997) redetinihon awl simplification of the lo& mine 

stratigraphy as consisting only of the ore sequence, contained wholly within a pyritic unit, with two 

p r e d o n k d y  c h i c  units (Cyclic Unit'and Upper Clastic Unit'sbave the pyritic mil and a carbonate 

unit below it. 



The pyritic unit is the only clearly distinguishable one in the vicinity of Lady Loretta on the bnsii of 

magnetic awceptibiity (Fig. 6.22; Tables 6.2-6.9). There is a -stion that units above the ore body 

t a d  to be more magnetic than those below. At these very low levels, none of tbese contrasts in magnetic 

properties between the individual units an likely to be si&CBnt in an explomtion smse except possibly 

to downhole, ctrillcore and detailed ground surveys. Taken as a whole, the general ore body envim-t 

may theoretically be detectable to high resolution, low level airborne surveys, but in plaaice would be 

extremely difticult to dkthpkb from geological and other noise. The logarithmic nature of the 

distribution is indicsted by the consistent skewing of the confidence intervals upwards from the medians. 



Velocities are clearly depnssed in the vicinity of the orebody at Lady Loretta (Fig. 6.23). The presence 

of carboa- material in the Upper Carbonaceous unit also appean to have caused lower v e l m e s  in 

thisunit, in~tothemontypicalLadyLarrttaF~on~observedintbe lower 

carbonate and siltstone uoits. The latter also serve to demonsbate the geaMlal velocity conlmt between 

carbonate-dominated (higher) and siltstonedominated (lower) samples. 

Fig. 6.24 summarises the effects of various sulphide resistivity properties in the Lady Lontls mine 

envimnmmt. Pyrite has depressed resistivities immediately adjacent to the orebody, though spbalerite in 

the ore body itself nsults in it achdly be@ rather more resistive than in the most proximal halo'units 

(m sediments and pyritic m). Resiivities are g e d y  slightly lower than in lbe Lady Lorrtta 
Formstion regionally, with the exception of the lower carbonate unit. These properties, observed from 

ddlwre samples, are bmadly wnsistent with the resuits of field surveys carried out over tbe ore body, 

including the airborne EM survey  ported in Anderson et d. (1993) and older surveys detailed in 

numem~s unpublished qmts beld on-site at Lady Lordts. Condudivity anomalies an observed in the 

location of the Small Syncline in these studies, but these are far from the most wnductive tcahaes 
observed in the Lady Loreltn Formation and other McNamara Oroup uoits. 

The Lady Lorrtta Zn-F'b mineralisation is clearly highly chargeable, with OH IPh values clearly higher 

tbsn in any other unu pig. 6.25: Tables 6.2-6.9). Footwall lmits are a ~ c a n t l y  more chargeable than 

those in the hanging wall. The apparent equivalence of the Lower Carbonate'and Lower Siltstone' 

units with the Pyritic Unit'm terms of IP properties is unexpwted, given the generally bigha +bide 

wncenkmtio~w h w n  to be present in the latter. This may be due in part to the sampling bias against 

sulphides noted previously, though bedded pyrite w m d o n s  well in excess of 50% are present in the 

LC as well as the PU (Can; 1984). The moderately hgb IP respollge of the LS may be wnhibuted to by 

the mon dheminated W e s a t i o n  of pyrite at this level in contrast to the bedded massive dphides 

obwwed higher in the local stratigraphy. 



F&nm 6.25 ChqabMq of Lcldy Lorma mine vnis Cdoumlbmes denole median nlus; whkhen Wlnm 
m p d M c e l t t r n r b ( 9 5 9 b ~ P b w l I k r ~ m d i c m m ~  Numberqfsap lcs inhhblgad  

Mean 3.76 0.009 3.77 0.41 4749 7086 17.0 32 8.2 25 0.4 

Std. En. 0.05 0.W1 0.05 0.04 58 2423 1.9 5 0.4 0.3 0.1 

Median 3.88 0.005 3.90 0.28 4730 245 13.4 37 5.8 22 0.4 

Sld. Dev. 0.54 0.014 0.59 0.44 359 19980 15.7 13 0.90 0.62 0.13 

Mlnimum 2.37 0.W 2.46 0.02 3880 3.8 0.9 7 5.8 2 0.3 

Maximum 4.70 0.W 4.71 2.57 5450 111724 72.8 41 71) 3.4 0.6 

Count 121 93 122 102 38 8 8 8 8 6  5 5 5 

Conf. Level 0.10 0.003 0.09 0.09 114 4749 3.7 10 0.8 0.5 0 1 
jssa 
Table 6 2  SiaUs~ical summary ofpeb~plrgsical dolo. Lmly lQreIIa o d 0 H  

SG dry Pwosny SG sat Susc. Ve!ucify Resistlvyl IP% 

Mean 
SM En 
Medlan 
SMDev 
Sample Var 

Kumds 
Sksmsu, 
Minlmum 
Maxlmum 

Count 
Conf Level 

Table 6.3 Smrisrical summary ofpe~rophysical mearuremenrs. Ludy Loreffa Ore SedimenfsVS) 



A small number o f  gamma ray spectrometric measurements were made on drillcore samples from the OH, 

MU and LC (Tables 6.2,6.5,6.6).  These indicate that the presence of base metal minerals substantially 

reduces count rates observed from hand specimens, but this is not obviously reflected in airborne 

radiometric data from Lady Loretta (see section 7.4.10). 

SG dry Porosity SG sat Susc. Velocily Resistivily IP% TCl KlTh KIU ThiU 

Mean 

Std Err 

Median 

Std Dev 

Kurtosis 
Skewness 

Minimum 

Maximum 

Count 

Conf Level 

Table 6.4 Sfarisrical suntmay ojpe~roph.vsical measurenrenls. Ladv Lorerro Pyi r ic  Unif '(PO) 

SG dw Porositv SG sat Susc. Velocilv Resistivilv lP% TCl KlTh KiU ThlU 

Mean 
Std Err 

Median 
Std Dev 

Kurtosis 

Skewness 
Minimum 

Maximum 
Count 
Conf Level 

Table 6.5 Smrisrical sunrnmnz ojperrophvsical nreasurenrenls. Lady Lorello Massive Unir ' 

SG dry Porosity SG sal Susc. Velocity Resistivily iP% TCl  KlTh KiU ThiU 

Mean 2.75 0.016 2.77 0.18 5269 2088 8.7 1126 8.3 3.4 0.4 

Std En 0.03 0.005 0.02 0.02 230 449 1.3 117 0.8 0.4 0.1 

Median 2.75 0.009 2.76 0.17 5525 1147 8.2 1047 8.2 2.9 0.4 

Std Dev 0.14 0.022 0.12 0.11 651 2060 6.1 332 2.4 1.1 0.2 

Kurtosis 5.61 7.37 4.94 8.70 -1.24 -0.10 0.72 -1.21 0.01 -0.83 -0.80 

Skewness -1.85 2.70 -1.59 2.37 -0.49 1.02 1.00 0.37 -0.16 0.83 -0.44 

Minimum 2.26 0.000 2.37 0.01 4260 82 1.1 708 4.3 2.1 0.2 

Maximum 2.95 0.094 2.95 0.59 6100 6486 23.9 1640 11.8 5.0 0.6 

Count 23 23 23 25 8 2 1 2 1  8 8 8 8 

Conf Level 0.06 0.009 0.05 0.04 451 881 2.6 230 1.6 0.7 0.1 
195%) 

Table 6.6 Slarisrical sunrnray ofperroph.vsica1 nreosuremenrs. Lady Loretta Lower Corbonare Unit' 



SG dry Porosity SG sat Susc. Velocity Resistiviiv IP% 

Mean 

Std Err 
Median 

Std Dev 

Kurtosis 

Skewness 

Minimum 

Maximum 

Count 

Conf Level 

Table 6.7 Statistical summary of pemphysical measurements, Lady Loretta 'Cyclic Unit' 

SG dry Porosity SG sat Susc. Velocity Resistivity IP% 

Mean 2.66 0.032 2.69 0.22 4970 683 8.4 
Std Err 0.03 0.007 0.02 0.04 135 206 1.0 
Median 2.70 0.018 2.71 0.18 4990 355 8.5 
Std Dev 0.12 0.029 0.09 0.16 330 848 4.2 
Kurtosis -0.78 -0.97 -0.51 8.68 1.44 8.51 0.44 
Skewness -0.85 0.73 -0.84 2.70 -0.07 2.71 0.77 
Minimum 2.44 0.003 2.51 0.09 4460 103 2.8 
Maximum 2.77 0.088 2.81 0.77 5470 3558 17.8 
Count 18 18 18 18 6 17 17 
Cont Level 0.05 0.013 0.04 0.07 264 403 2.0 
(95%) 

Table 6.8 Statistical summary ofpetrophysical mearurements. Lady Loretta 'Lower Siltstone Unit' 

SG dry Porosity SG sat Susc. Resistivity IP% 

Mean 

Std Err 
Median 

Std Dev 

Kurtosis 

Skewness 

Minimum 

Maximum 

Count 

Conf Level 

Toble 6.9 Statistical summary ofpefrophysical mearurernenfs. Lady Loretta 'Upper Clastic Unit' 

6.5 Summary 

Direct comparisons of bulk ore physical properties are difficult because the delinition of 'ore' is 

dependent on economic factors. Notwithstanding this, some general observations and contrasts may be 

drawn. 



All SSHBM deposits examined have a positive density contrast with their immediate host rocks, but the 

magnitude of this is variable (Table 6.10). Lady Loretta ore has the highest density in absolute terms, as 

well as the greatest contrast with its host. Even the 'Pyritic Unit' component of the Lady Loretta host 

stratigraphy is significantly less dense than the Zn-Pb ore material. The Century mineralisation has the 

poorest density contrast with non-sulphidic host rocks, though at Hilton there is evidently little contrast 

between the base metal mineralisation and strongly pyritic components of the host Urquhart Shale. The 

relatively low density of the Century orebody is presumably due to the lack of associated pyrite and 

unusually low galena content in comparison to other SSHBM deposits. 

Only the Hilton and Mount Isa ore systems are significantly magnetic (Table 6.10). This is presumably 

due to their higher metamorphic grade (greenschist facies) in comparison to that of the other SSHBM 

deposits studied (sub-greenschist or lower), with concomitant creation of monoclinic pyrrhotite from 

precursor Fe sulphides. The much lower but still distinctly elevated magnetic susceptibility of the Lady 

Loretta mineralised system may also be partly due to trace monoclinic pyrhotite or other rare 

ferromagnetic Fe sulphide minerals. However, paramagnetic Fe- and Mn-carbonate minerals, principally 

siderite, also appear to contribute to the higher magnetic susceptibilities associated with the Lady Loretta 

ore environment, in particular the 'Pyritic Unit'. 

All the SSHBM ores examined are highly chargeable, with mean IP%values exceeding 15. While this 

generally presents a significant contrast to barren host units, the chargeability ofhost rocks adjacent to 

mineralisation can approach similar values. 

The resistivity of SSHBM deposits appears to decrease with increasing metamorphic grade. The virtually 

unmetamorphosed HYC ore is distinctly more resistive than its mainly pyritic carbonaceous shale host. 

The Century orebody, while of a slightly higher metamorphic grade than HYC, is a similarly poor 

conductor in comparison to its host rock, which may be related to a comparative lack of galena as well as 

associated pyrite. The Lady Loretta mineralised system is generally slightly more conductive than the 

host Lady Loretta Formation regionally. However, large quantities of pyrite and carbonaceous shale in 

the rocks enveloping the Lady Loretta ore sequence as well as within it mean that there is little 

conductivity wntrast directly associated with the ore. Strata immediately adjacent to it are actually 

slightly more conductive than the ore itself. Only highly dolomitic portions of the host stratigraphy are 

significant more resistive than base metal mineralisation. 

Sonic velocities of Lady Loretta ore samples are generally not greatly different from those of their host 

rocks, though higher velocities are observed in more carbonate-rich parts of the local host sequence. 

Impedance contrast calculations indicate that Lady Loretta-style mineralisation should be detectable with 

seismic reflection methods in most circumstances relevant to base metal exploration. 

Gamma ray emissions from strata hosting base metal mineralisation appear subdued in comparison to 

those from adjacent host rocks. This is presumably due to the attenuating effect of massive sulphides, 

particularly galena, as well the obvious low concentration of clay, silt and organic material implied by 

high sulphide concentrations. Consequently, outcropping equivalents of mineralised strata may not 

necessarily manifest as areas of anomalously low count rate in airborne radiometric surveys, as sulphides 

are likely to be preferentially removed by weathering. 



Table 6.10 Compilation ofpefrophysical data for s f r a ~ o n n  PbZn  deposits in the Proterozoic of northern Australia. 

Direct mennrremenrs are given where available, orhenrise estimations from interpretation of fe ld  data have been 

used. MS = magnetic swceptibility, TC = total count, cpm = countsper minute 



7. Airborne Geophysical Image Processing and 

Interpretation 

7.7 Introduction 

Airborne magnetic and gamma-ray radiometric data are now in common use as aids to geological 

mapping and mineral exploration in many areas, including the Mount Isa Basin. However, there are some 

particular (but far from unique) factors to consider in the Paradise Valley study area. There are no units 

with significant magnetic susceptibility stratigraphically higher than the Eastern Creek Volcanics in the 

southern Mount Isa Basin; the only possible exceptions being doleritedykes and sills and rare metabasalts 

in the l ows  Myally Subgroup (see chapter 5). Consequently there is a lack of high-frequency magnetic 

information to assist in structural mapping through most of the region, giving rise to the need to extract 

information in the z-dimension (detailed in chapter 8). In addition, good quality 1: 100,000 geological 

maps already exist for the study area, and the airborne geophysical data does not contribute significantly 

to redefinition of the distribution of major rock units. 

These considerations contributed to the approaches taken in this study, which were firstly to map facies 

variations, alteration systems and other 'anomalous compositions' in outcrop or subcrop within the 

mapped geological units, and secondly to extract as much three-dimensional information from the 

geophysical data as practical (see chapter 8). The former approach is detailed in this chapter. 

7.2 Data 

Airborne geophysical data have been acquired by several surveys in the Paradise Valley region. One of 

these, flown by Geoterrex for Ashton Mining in 1987 (Queensland Dept. of Mines and Energy open file 

report CR18153B; Keith Jones, winen communication 1995), is now in the public domain. This survey 

is the source of airborne magnetic (Fig. 7.1) and four-channel (potassium-uranium-thorium + total count) 

radiometric data (Figs. 7.2 and 7.3) displayed in this thesis. Flight lines were oriented north-south, with a 

nominal spacing of 250 m and terrain clearance 80 m. The data presented in the images have been 

gridded to a 50 m by 50 m grid cell size by Ashton Mining, after the IGRF was removed and 5000nT 

added to the magnetic data. This data was then reduced to the pole (RTP) using ER Mapper software, and 

the RTP version of the data is displayed in all figures in this chapter unless stated otherwise. 







Histograms of the K, Th and U-chsnnel &meIcic data taken as a whole (Fig. 7.4) are pcsitively 

skewed, with peaks around a few tens of counts-per-sewnd (qts), and tails extending up through the 

hundred cps range (several hundred, in the case of K). There are suggestions of a number of sub- 

populations with different means and variances in the histograms, particularly that of the K channeL 



7.3 Method 

h ~ i o n o f s h u c b w l ~ m ~ t h e m a g a e t i c d a t a w i t b ~ ~ ~ ~ o n  

from the radiometric data was attempted. The magnetic data wad iacfuded as a fornth band in &ition to 

thc & Th and U chanuek of radiometric data, snd an unsupsrviKd ISODATA c h d b l i o o  slgoritbm 

applied to the ktegwed dataset. Successful convexgena of the algorithm was only achieved when an 

d l y  high number of classes was allowed (> 220). many of which had li#ls comiguity. Tbe lsclr of a 

ussll nsult from the rmwtpervised chwification may be attributable to hi& levck of codation behvwn 

~ m h i c ~ w k i n h n e D t i n t h e r a d i d c d s s a ~ t h e ~ ~ l ) m d g e o m s P i c  

effects in the magnetic data. The unsupervised chdication would be impiu~ed by tXte&g sad 

pshciptd ~ n e u t s  d y s i s  of the radio- data in ordn to duce noise and oomlation berwem 



bands, and conversion of the magnetic data to apparent magnetic susceptibility. This was beyond the 

scope of this study. 

An approach integrating CIS with the geophysical image processing and interpretation was adopted, 

utilising the good geological data available for the study area (Hutton and W~lson, 1985). Each 

geological unit investigated was selected in the GIS and used as a mask for subsequent image processing 

and enhancement. This had the effect of limiting the range of the geophysical data to that observed in the 

geological unit of interest. Areas of anomalous structures or radioelement concentration in the context of 

the unit were thus highlighted following histogram-stretch enhancements. These hit-specific stretches' 

were interpreted in terms of basin architecture and structure, sedimentology and alteration systems. 

7.4 Interpretation 

The radiometric data are generally presumed to reflect bedrock composition, although the signal is 

modified by a number of factors resulting from regolith processes. Weathering tends to result in K 

depletion (Dickson and Scott, 1997), but this will not unduly affect the interpretation as long as all units 

studied are affected similarly or in predictably systematic fashion. While shales tend to be more 

susceptible to relative K depletion than arenites (Dickson and Scott, 1997), these lithologies may still be 

easily distinguished by their contrast in overall count rates (high and low respectively). The presence of 

transported material will tend to mask the signal of bedrock-derived radioelements, but there is little 

evidence that such processes (colluvial and aeolian transport, soil movement, clay eluviation) have 

operated in the region except in well-defined Cainozoic deposits. There is sufficient relief in most areas 

of Proterozoic outcrop to minimise the possibility of a significant buildup of an aeolian Th- and U- , 

bearing fine dust component in soils, but not so much relief as to indicate extensive soil movement. 

Neither is there sufficient topographic relief to greatly influence the signal through source/detector 

geometry changes. Some possible exceptions are indicated within section 7.4. Overall, the congruence of 

most observed radiometric signatures with mapped geological features and strike directions increases 

confidence to the assumption of a direct relationship between radiometric signal and exposed Proterozoic 

rock composition in most of the study area. 

7.4.1 Leander Quartzite 

Both RTP (reduced-to-pole) magnetics and radiometrics are low over the Leander Quartzite, with all 

radiometric channel values falling within the lowest quartile of the total dataset. The apparent difference 

in magnetic base level from west (low) to east (high) probably arises from a magnetic unit still deeper in 

the section (Bottletree Formation or other pre-Haslingden Group felsic and mafic igneous units are likely 

candidates), or possibly residual geometric effects from the adjacent Eastern Creek Volcanics. Overall 

negative magnetic field strength values tend to confirm the laner as being the primary control in this area 
1 

(Fig. 7.6). 



Another possibility is that the eagtem domain Leander Quartzite has been thus over Eastem Creek 

Volcaaics. There is a long-wavelength increase in magnetic values towards the southern fault contact of 

the most extensive Leander Quamite outcrop, indicating a possible deep magnetic souroc. Additionally 

the prrscnce of a N-S oriented buncation at 336100E 7793500N, and another linear high at 335700E 

7792750N in a NW orientation, suggest magnetic sources at shallow depths beneath the Leander 



Q d t e .  Increased dyke density within the area bounded by these two feahtreJ is another possible 

cause; this would need to be investigated through field obsewatio~l~. 

Fignw 7.7 Lcrudrr Quartzite mdiomtlric ha&% Grdogy o d h c  over& in this and s ~ ~ f i e v r e s  mopyLl 
clfler H ~ o n  and W h  (1985) 

Downward continuation of the magnetic field by 25 metres coupled with automatic gain control filtering 

reveals struchual trends to the NNW, parallel to dolerite dykes mapped in the region; and NE, mwrdant  

with bedding (Fig. 7.6). Most of the mapped dykes appear to be associated with high TMI linear features, 

but some correspond to magnetic lows, implying both magnetisation in a direction bmadiy reverse to that 

of the Eslthb present field. and high Koenigsberger ratios. This may imply at least two generations of 

dyke inmion, or slightly different Curie temperature cooling ages and coercivities ansing from factors 

such as dierent cooling histories or gmin size. 



Radiometric data acquired over the Leander Quartzite (Fig. 7.7) show no apparent geological character, 

having a speckled appearance which is indicative of a high signaynoise ratio and generally low count 

rates for this unit. Ratios of radiometric bands do not appear to convey additional geological information, 

which is also the case for all other units investigated. 

7.4.2 Eastern Creek Volcanics 

There is little change of magnetic character in the vicinity of Leander QuartziteICromwell Metahasalt 

Member conformable contacts (Fig. 7. I), a surprising observation given the generally highly magnetic 

nature of the Cromwell Metabasalt (see below, also chapter 5). Reasons for this may be effective 

thinning of the Eastern Creek Volcanics (ECV) towards the Leander Quartzite (LQ) contact; or 

magnetite-destructive alteration at the base of the Cromwell Metabasalt Member. The lack of high 

frequency character in the ECV near (-I km) the stratigraphic contacts would suggest the latter. In this 

case, any magnetite-destructivc: alteration is likely to have taken place before these units were faulted into 

their present position, given the apparent stratigraphic control. 

The magnetic data suggest that the Phanerozoic cover units obscuring the LQECV contact in fact largely 

overlie the ECV, consistent with the generally recessive nature of this unit in comparison to the LQ. 

Magnetic effects from the dykes mentioned in section 7.4.1 appear to penetrate a short distance (less than 

a kilometre) into the ECV, and it appears likely that they have acted as feeders to the Cromwell 

Metahasalt. 

Increases in TMI with stratigraphic level through the Cromwell Metabasalt (Figs. 7.8 and 7.9) are 

consistent with the north-plunging anticlinal overall geometry of the ECV in the study area, but there may 

he a petrophysical component additionally controlling this variation. A slight hut distinct increase in 

radiometric counts in the direction of stratigraphic younging in the Cromwell Metabasalt supports the 

notion that the change in magnetic field strength may be partly controlled by compositional variations. 

The radiometric data are discussed further below. 



Tlw mapetic response fmm the Pickwick Metabasah suggests that it is less magnetic than the Cmmwell 

Mctabdt  (Fig. 7.8). The clearest example ofthis is in the fauIt-bounded block of Cmmwell Metahah 



flooring the upstream end of Waggaboonya Lake 3 km east of Mammoth (332000E 7821000N), which is 

marked by a magnetic high of almost 1000 nT amplitude above levels recorded over the surrounding 

Pickwick Metabasalt. From the extension of this anomaly beneath lower Myally Subgroup sediments, it 

may be inferred that the Mammoth Extended Fault is a north-dipping normal fault in this area. Elsewhere 

in the limbs of the major anticlinal structure encompassing the Eastern Creek Volcanics, the Pickwick 

Metabasalt manifests as a horizon of distinctly lower TMI than the Cromwell Metabasalt immediately 

underlying the intervening nonmagnetic Lena Quartzite. 

The magnetic signature of tightly folded Pickwick Metabasalt outcrops in the Mount Gordon Fault Zone 

and in the extreme south-eastern corner of the study area are more enigmatic. The very high TMI values 

recorded in some of these areas, for example around 321500E 7789000N, suggest anomalously high 

concentrations of magnetite in comparison to the majority of Pickwick Metabasalt outcrops in the study 

area. A curious association of signatures occurs in the westemmost outcrop of ECV, in the Mount 

Gordon Fault Zone between 320000E 7802000N and 325000E 7821000N. A highly magnetic bed with 

coincident potassium-dominant radiometric signature is consistent with Pickwick Metabasalt seen 

elsewhere, and is mapped as such by Hunon and Wilson (1985), but the all-channel radiometric 

highlmagnetic low signature encasing it is unlike any other observed in the Eastem Creek Volcanics in 

the study region. 

Trends concordant with bedding are evident in the magnetic data from both volcanic members, implying 

differences in magnetic properties across strike, possibly between (meta-)basalt flows as well as 

intercalated sediments. 

There are also significant differences between the radiometric signatures of the Cromwell and Pickwick 

Metabasalt Members. The bluish-green colours of the Cromwell Metabasalt in Figs. 7.10 and 7.1 1 denote 

higher concentrations of Th and U than in the Pickwick Metabasalt, whose generally reddish or dark 

colour reflects relatively high potassium and overall low radioelement concentration, respectively. An 

anomaly in the Cromwell Metabasaltk radiometric signature occurs a linle over a kilometre east-south- 

east of the Mammoth Cu mineralisation (most apparent in Fig. 7.10), where the typical Th-dominant 

response is less prominent but a whitish colour indicates moderate to high levels of all radioelements. 

The K channel shows around 180 cps in this area (-331500E 7821000N), compared to 120 cps typically 

elsewhere. The Cromwell Metabasalt appears to have been progressively enriched in radioelements as 

the magmatic system evolved, manifest as an increase from dark through bluish-green shades to near- 

white with successive stratigraphic horizons. The origin of discordant reddish (K-rich) patches in the 

Cromwell Metabasalt is uncertain, but may relate to alteration systems or thin Cainozoic veneers and soil 

development. 



For the most part, sedimentary interbeds within the Eastern Creek Volcanin,, inetndiqg tbs Lena 

Quamite Member, appear to have very low rndioekment concenhations. A notable exception is the 



puartzite'sub-member of the Cromwell Metabasalt (Phc ,), which is high in all channels (for example at 

335600E 7816800N). 

The Pickwick Metabasalt exhibits discrete variations in radiometric signature across the study area. 

Within most of the main anticlinal body of the Leichhardt River Fault Trough, the Pickwick Metabasalt 

appears red with various levels of saturation. The implied potassium concentration is comparable to or 

even higher than that observed in the uppermost Cromwell Metabasalt. Very little signal is present in the 

thorium and uranium channels in the Pickwick Metabasalt. A trend of decreasing K concentration from 

west to east is superimposed on this general pichlre around the northing of the Mammoth Cu deposit 

(-7820000N-7825000N), such that around 337000E and 340000E there is little or no radiometric signal. 

Elsewhere the Pickwick Metabasalt radiometric signature is both different and highly variable, 

particularly within the Mount Gordon Fault Zone. The sinuous strip of red in the Mount Gordon Fault 

Zone between 320000E 7802000N and 325000E 7821000N whose magnetic signature was discussed 

above is typical of the main Pickwick Metabasalt radiometric signature, but it is encased by outcrop with 

apparently very high overall radioelement levels, also mapped as Pickwick Metabasalt. This radiometric 

signature is similar to that observed from undifferentiated Eastem Creek Volcanics mapped around 

320000E 7800000N, but the latter differs in having a variably high magnetic signature, while the former 

is low. A further example of this highly radioactivelnon-magnetic Pickwick Metabasalt association 

occurs at 320000E 7789000N, where it is separated by faults from reddish white (still highly radioactive, 

but with slightly lower levels of thorium and uranium), extremely magnetic Pickwick Metabasalt' 

immediately to the east. 

Both the radiometric and magnetic signatures of this latter Pickwick Metabasalt'outcrop appear similar 

to that of the Cromwell Metabasalt a few kilometres further east. The radiometric and magnetic 

signatures arising from the inner portion of the Pickwick Metabasalt'outlier in the south-eastern comer 

of the study area (around 340000E 7790000N) are also similar to those typical of the Cromwell 

Metabasalt, and it may be that these are in fact outcrops of Cromwell rather than Pickwick Metabasalt as 

mapped by Hutton and Wilson (1985). 

The outcrop area of dolerite dykes intruding the Eastern Creek Volcanics appears to have been 

exaggerated by the mapping of Hutton and Wilson (1985), particularly in the block south of the 

Investigator Fault. Both magnetic and radiometric images of the Eastern Creek Volcanics (Figs. 7.10 and 

7.1 I) show the extremely subdued magnetic and radiometric signatures of the dolerite dykes to be less 

extensive than the boundaries indicated by the outlined geology polygons would suggest. 



Kilometers 



Ncitherthe magnetic nor the d d c  data furnish much support for Htdton and W i k  (1985) 

conclusion from geochemical similarities tha~ the wide N-S trending dolerite dykes wen coxnagmatic 



with the Eastern Creek Volcanics. Based on their similar geophysical signatures (non-magnetic, very low 

i radiometric signal) it is more likely that these dykes are comagmatic with sills in the overlying Myally 

Subgroup. This statement does not apply to dolerite sills intruding tuffs at the top of the Cromwell 

Metahasalt, which from their geophysical resemblance (slightly magnetic, similar K signal) may very 

well be comagmatic with the Pickwick Metahasalt. 

I 7.4.2. I Relationships to geochemistry andpetrologyl 

The magnetic and radiometric signatures of the Eastern Creek Volcanics may be calibrated by 

geochemical and petrological studies of the Eastern Creek Volcanics and associated mafic intrusives in 

the study area by Scon and Taylor (1982), Ellis and Wybom (1984), Wilson et al. (1985) and Wyborn 

(1987). Many of these authors identified alteration systems in 6 e  Eastem Creek Volcanics that they 

related to copper mineralisation in the region, in particular the Mount Isa and Mammoth deposits. 

Geochemical species most affected by alteration identified by Wilson el al. (1985) included Cu, Zn, K 

and the oxidation state of Fe. This reinforces the prospect that alteration assemblages in the Eastern 

Creek Volcanics firstly may be important to base metal metallogeny, and secondly may be mappable with 

airborne geophysics. 

Eastern Creek Volcanics geochemical data used by Wilson et al. (1985) and Wyhorn (1987) were sourced 

from AGSOS ROCKCHEM database, and are presented in Figs. 7.12-7.19. Strike is generally E-W in 

the areas sampled (locations shown in Fig. 7.12), with northward younging direction caused by regional 

plunge. Nonhing can thus be used as a proxy for stratigraphic position in Figs. 7.13-7.19, with the 

sequence being intermpted and repeated by the Investigator Fault around 7809000N. 

7.4.2.1.1 Metabasalt member signatures 

The geophysical signatures discussed above imply differences in K, Th, U and Fe geochemistry across the 

stratigraphic components of the Eastern Creek Volcanics. These trends are discernible but have not been 

emphasised in previous geochemical studies, which have instead concentrated on alteration systems as the 

major controls on metahasalt geochemistry. Such observations as have been made of stratigraphically 

systematic geochemical differences within the ECV are summarised in Table 7.1, together with the 

concomitant observed geophysical response. 



undv. ECV scndsDne 



Table 7.1. Slm@n&ic d m n c e s  in Eortem Creek VoIeMics &misoy - geoplysica@ ond meiahgenicdly 

impWtant elemem. P k  = Crmwell M e ~ c r l r  Memter, Php = Pickwick Me&busdt Member, S & T (1982) = 

Scoff and Taylor, 1982; W. D & P (1985) = Wilson et d., 1985 

Scoll and Taylor (1982) noted dmt the middle to upper portion of the Cmmwell Metabasalt sppcand to be 

Gcophydcd response 

mad-uppr C-ll highly mgnct~c 
- 

Nm .ppuc~ - lower Phc wt blghly uugne~. low III R d Tb. A@Iy W W P  

(1985)t obmsnon ~snolsvo. qpmcd by thagcocbcrmcal du8Bigs 7.14-16; 

also W,D&P 1985. thnr FIE 4) 

Stmngly suppod - vay httle ih rrgnsl in Php U dmlu 

OeocbcaJcd obrewntion 

mid-uppcr Pbc FeaVicbed 

basslPhchighmFe, 

also hlgh m KjQ, Th(?) 

Thm, > Thp$ (ratlo -21) 

U,.>V,(ratio-kl) 

enriched in Fe, cm&tent with the highly magnetic nahne of this portion of the Eastern C m k  Volcauics. 

Auibor(3 

S & T (1982) 

W. D & P (1985) 

W, D & P (1985); 

lhnr Table I 

Wilson et al. (1985) did examine the h of geochemical difFerences between the metalmalt 

componsnts of the Eastern Creek Volcauics, with statistical aaalyses performed separately on both 

m*abgsalt members, but few cliffmaces in element eonceahation are apparent m their data prrsmtation. 

They recognhl the basal quarter of the Cmmwell Metahasalt Member ( 0  as marked by high levels 

of total Fe, KzO, Cu, Zn and less cettainly, Th; wlule the overlying sequence had a Pery consistent" 

composition. The Pickwick Metabasalt Member (PMM) was regarded as being less 6actiomted than the 

upper CMM by W i n  ct al. (1985). with only half as much Th. In both dstasets, the highest levels of 

K20 aad Th were invariably recorded in the siltstones and luffs intercaQted with the maabasalt flows 

No systematic geochemical diffances between metabasalt members of the Eastern Creek Volcanics 

were mentioned by Wyborn (1987). 





Figure 7.1 7 lkfem Creek Vdnrnh Th concacimUon duvd by d g r q p h k  unit cud or&hk?r 

There are major differences across the Investigator Fault, across whlch the Eastem Creek Volcanics 

stratigraphy is repeated. Fe in the CmmweU Metabasalt appears si&cantly more oxidised in the upper 

portion of the member south of the Investigator Fault, with Fe20,/Fe0 ratios around double those 

observed north of the fault in a lower section of the stratigraphy (Fig. 7.14). It is possible that this may be 

caused by dierent alteration systems, but a stratigraphic control is inmcated by upward trends in the 

Fe20,/Fe0 ratio within the CMM on both sides of the fault A similar (upward-increasing) trend is 



exhibited within the PMM, but the Fe203/Fe0 ratio appears to be teset'to levels similar to the basal 

CmmweU Metabaaah at the basc of the Pikwiik Metdmalt amund 7819000N. Total Fe content (Fig. 

7.15)exprsss#lsimilar~,thougbthomislessdiff-in~MetamsacrosstheInv~ 

Fault then in the plot of Fe241FeO ratio. Sautigraphie controls, ~ i b l y  reflecting evolution of tho 

source magma -air with timr, sn again indicated. A prominent feature of Fi. 7.15 is the much 

lower cmcmtdon of Fe in the Pickwick Merabesalt, which may at kast p d y  explain why the 

Pickwick Metabrselt s p p c a ~ ~  less magnetic than the Cromwell Mstabasalr The Pickwick Mctabadt 

rmmsdiately south of tho lnwstigwx Fsult defies this genedidon,  but 1mfomaate1y is only 

rrprrwntcd by one sample, which is one of several anomdous F% analyses h m  near the InvdgatOr 

Fault 

Figurn 7.18 Emern Cmk Vdronln U mncennvlh  claued by s a d g ~ h k  unit andorighator. S.mplfs 
s h u n  w&h 0 ppn were kbw the 4 p p  Pardon lhil norlnakdfor WDod&md do* k ROCKCHEM 

K levels appear slightly lower in the Pickwick Metabasalt than in the Cromwell Metabasalt (Fig. 7.16). 

Although a one-tailed t-test fmds no significant difference in means at the 90% confidence level, the 

difference in medians is 0.42 weight %. The highest levels observed in the radiometric data for the PMM 

implies that K is higher in this unit, at least in the weathered profile, in appamt contradiction to the 

geochemical data. Differences between the Th and U content of the CMM and PMM, while unclear in 

the geochemical data (Figs. 7.17 and 7.18). are obvious in the radiometric data (Figs. 7.10 and 7.1 1). 

Of some concern for attempts to draw conclusions from the two combined geochemical datasets (Figs. 

7.17 and 7.18) is a systematic difference between the Th and U data from Wilson et al. (1985) and 

Wyborn (1987) across the same stratigraphic section of Eastem Creek Volcanics between 7810000N and 

7821000N. Wilson et al. (1985)b analyses are sigruficaatly higher, though this may possibly be due to 

differences in sampling strategy rather than analytical emr. Notwithstanding this, the geochemical data 

show Th and U to be higher in the Cromwell Metabasalt north of the Investigator Fault than that to the 

south. The radiometric data are more equivocal on this point. 





Samples with C 0 2  > 0.20% were identified with alteration by Wilson el al. (1985), and high CO levels 

were identified with magnetite creation in this context by Wyborn @en. comm., 1996); thus the altered 

rock described by Wilson et al. (1985) in their Gunpowder section (between the Investigator Fault at 

336700E 7809800N and 333500E 7819900N) should he highly magnetic. This section of the ECV 

generally appears to have moderate to high susceptibility, but the C02-rich assemblage is not localised to 

any particular area within the study region (Wilson et al., 1985), and in detail the association between 

altered samples (as defined by the C a  > 0.20% criterion) and local magnetic highs is not strong. It may 

be concluded there are additional controls on magnetite creation in the ECV as well as CO concentration. 

Other characteristics of samples identified as altered by Wilson et al. (1985, their Table 1) include slightly 

increased Fe20JFe0 ratios (from 0.42 to 0.68), depleted K 2 0  (1.97 to 1.65) and slightly decreased Th 

and U (10 to 8 and 4 to 3, respectively). This style of alteration would therefore be expected to produce 

slightly subdued magnetic and radiometric signatures. Unfortunately, it is difficult to explicitly identify 

and spatially locate the samples assigned to the various alteration types of Wilson el al. (1985) from their 

paper. 

Wyborn (1987) recognised four alteration assemblages, and established paragenetic relationships between 

them. Their characteristics are listed in Tables 7.2 and 7.3 below. 

Table 7.2 Geoph.vsical!v inlporranfjealrrres ojEaslern Creek Volcanics alrerolion assenrblages defined b.v Wvborn 

(1987) 

Alteratiori type 
after wybom (1987) 
albite + actinolite 

epidotc* sphcne 

calcite + magnetite 

chloritc + albite 

The albite + actinolite alteration type probably corresponds to the albite-rich Eastern Creek assemblage 

identified by Scott and Taylor (1982). Its end-member composition may be represented by the K- 

metasomatised, Cu-depleted Pickwick Metabasalt from a drillhole immediately ENE of Mammoth 

described by Scott and Taylor (1982) and discussed above. However, these correlations are uncertain as 

Wyborn (1987) unfortunately did not refer to Scott and TaylorS (1982) work in her paper. A noteworthy 

feature of geochemical data representing albite (Na-rich) alteration (Table 2 of Scott and Taylor, 1982) is 

a very high level (6.60%) of C 0 2  (probably as calcite). Wyborn (pers. comm., 1996) suggested that C 0 2  

is an important accessory to magnetite formation. This is in accord with WybomS (1987) description of 

the albite + actinolite assemblage as being highly magnetic. Albite + actinolite alteration constitutes 70% 

of samples collected in traverses south-east of Gunpowder and north of the Investigator Fault (Fig.7.12) 

according to Wyborn (1987). 

The epidote + sphene and calcite + magnetite alteration types are compositionally quite similar apart from 

increased C 0 2  and the presence of magnetite in the latter (Wyborn, 1987). Both types are spatially 

associated with relatively intense deformation and faulting, with alteration intensity greatest adjacent to 

Radiogenic & magnetic 

minor sphene. K-feldspar, biotite; 
magnetite 

sphene, minar biotite. K-feldspar 

minor biotite. K-feldspar 

sphene. minor biotite 

Other features (Wybom. 
1987) 

high magnetic susceptibility; 
possibly nmoc. with Zn-Pb 
mineralisation at MI. Isa 
end-member "an-magnetic; as%. 
with major faula & fractures near 
Gunpowder 
nre near Gunpowder 

mainly occurs in subsurface at Mt,  
Im Mine 

Expected geophysical 
signature 
high K, mod. Th & U in sphene: 
magnetic 

mod.-high K, high Th & U: nan- 
magnetic 

mod.-low K. low Th & U; 
magnetic 
very low K, mod. Th & U: non- 
maenetic 



faults (Wyborn, pers. comm.). Samples identified by Wybom @ers. conlm.) as belonging to the epidote + 
sphene alteration assemblage do in fact come from locations within magnetically quiet areas observed 

around 335000E 7818000N and 334800E 7814500N. Calcite + magnetite alteration is rare in the study 

area (Wybom, 1987), but there is an association between high CaO samples and magnetic highs, in 

particular the high at 333000E 7807000N. 

Chlorite + albite, the final alteration type described by Wybom (1987), is mainly known from the 

subsurface at Mount Isa Mine, and has not previously been identified at all in the study area. As seen in 

Table 7.3, K is strongly depleted in this assemblage, as is Fe203, resulting in low FeO31FeO ratios and 

low total Fe. This Fe loss, coupled with Wyborn's (1987) observation that chlorite + albite alteration 

apparently formed by destruction of the calcite + magnetite assemblage, leads to the expectation that 

magnetic susceptibility of chlorite + albite altered metabasalt w l l  be low, while low levels of K have 

obvious implications for its radiometric signature. This is in accord with the geophysical interpretation of 

a large volume of low-susceptibility ECV beneath the Mount Isa mine (Leaman, 1991a). 

The summary of geochemical data in Table 7.3 shows significant variations in KzO between several of 

the alteration assemblages, with consequent implications for their radionleiric signahue. Based on this 

data, albite + actinolite alteration should result in elevated counts in the K channel, while epidote + 

sphene and calcite +magnetite alteration will have more subdued K response. Chlorite + albite alteration, 

directly associated by Wybom (1987) with the Mount Isa Cu mineralisation, is predicted to result in very 

low K-channel counts. Unfortunately W y h m  (1987) did not present Th and U analyses; and no 

confident inferences on magnetite concentration can be made,from the geochemical data alone. 

Analysis of Eastern Creek Volcanics geochemical data does not show any strong correlation between 

geophysically important elements (Fe, K, Th, U) and base metal concentrations, apart from a correlation 

coefficient of 0.99 between Pb and U. I 

Table 7.3. Summary geochemical data for base metals andgeophysically signijicant elements in Eastern Creek 

Volcanicr alteration assemblages, ofier Wyborn (1987) and Wilson (1982, quoted in Hutton and Wilson. 1985). 

7.4.2.2 Implications for base metal nretallogeny 

While alteration may be ubiquitous in the Eastern Creek Volcanics (Wilson et al., 1985), it is clear that 

stratigraphic differences are an important, and perhaps the dominant control on geochemistry so far as 

geophysically measurable parameters are concerned. The Cromwell Metabasalt contains higher levels of 



FezO3, Fe,,,, Th, U, Pb, Zn and Cu than the Pickwick Metabasalt, and the general geochemical 

homogeneity along strike implied by the geophysical data implies a strong primary compositional control 

on the geochemical data observed. Alteration systems in the Eastern Creek Volcanics must be viewed in 

this context. 

At least two and possibly three alteration types have been associated with the passage of base metal 

mineralised fluids passing through or sourced from the Eastern Creek Volcanics. These, derived from 

reviews of geochemical analyses reported in Scott and Taylor (1982), Hutton and Wilson (1985), Wilson 

et al. (1985) and Wyborn (1987) are summarised in Table 7.4. Mammoth Cu mineralisation is associated 

with extreme K enrichment of the Pickwick Metabasalt in the subsurface nearby (Scott and Taylor, 1982). 

While K-enrichment is not prominent in proximal outcropping equivalents observed geophysically, it is 

likely that this would be the case if the extreme KzO levels measured in drillcore (up to I I%) extended to 

nearby outcropping Pickwick Metabasalt. K20  concentrations approaching 4% in Pickwick Metabasalt 

outcropping 1 ion east of Mammoth do manifest as highs in the K channel. A 'Mammoth-type' Eastern 

Creek Volcanics geophysical alteration signature should include high K levels coupled with low apparent 

magnetic susceptibility. Th levels may also be slightly elevated in Mammoth-type alteration, based on 

inspection of the airborne radiometric data. Other areas where this alteration may be present in the study 

area include the Pickwick Metabasalt overlying the lens of Php, (Pickwick Metabasalt Member quartzite) 

around 332500E 7816000N, and extending ESE from where the Pickwick Metabasalt is truncated by the 

Investigator Fault at 337000E 7809600N. Structural environments favourable for Mammoth-style Cu 

mineralisation associated with the latter alteration system may exist within the Myally Subgroup adjacent 

to the Investigator Fault. 

Table 7.4. Geophysical signatures of rnetallogenically significant Eastern Creek Volcanics alteration 

No author has examined the alteration systems of the Eastern Creek Volcanics in terms of Pb-Zn 

metallogeny in detail. Wyborn (1987) mentioned that the albite + actinolite alteration may have been 

related to the Mount Isa Pb-Zn orebodies, but only on the basis of its relatively early timing. In this 

regard, it is notable that of the four alteration types defined by Wyborn (1987), chlorite + albite has by far 

the lowest average Zn concentration (Table 7.3). In this context it is interesting that ofall the alteration 

types shown in Table 7.3, chloritic metabasalt sampled from drillhole P69 less than 2 km NW of the Lady 

Loretta Pb-Zn deposit is most chemically similar to the average composition of the chlorite + albite 

assemblage. They share very low Fe203ffeO ratios, low total Fe, low MnO, very high MgO, very low 

CaO, very low Cu and low Zn (Table 7.3). K20 at 1.35% in P69 is also slightly lower than in unaltered 

Eastern Creek Volcanics regionally. 

Gcochrmir~l cause 

K metasomatism (microdine, mica). Fe depletion 

&possibly magnnite destruction 

Fc depletion, chlorite + albite allnation? 

K IDSS, magnetite destruction 

&avcrall Fc depletion 

Alteration lype 

Mammoth Cu 

~ b z n  (P69) 

Mount Isa Cu (chlorite + albite) 

Geophysical eftecl 

K high, mag low 

mag low, K -law. U lour? 

K low, mag low 



Mitigating against a genetic relationship between the chlorite + albite alteration and Pb-Zn mineralisation 

at Mount Isa is its late timing (late Isan Orogeny; syn-Cu mineralisation according to Wyborn, 1987). 

This assumes hypotheses of early diagenetic timing for Pb-Zn mineralisation are correct. Additionally, 

Wyborn (1987) ascribed chlorite + albite alteration to low pH reduced fluids, whereas Cooke et al. (1998) 

have suggested that fluids carrying base metals to stratiform sediment-hosted base metal mineralised sites 

in the north Australian Proterozoic are oxidised and near-neutral. 

The spatial association of chlorite + albite-like alteration in P69 with a sizeable PbZn deposit (Lady 

Loretta), coupled with a clear depletion in Zn (Table 7.3), provides some support for the association of 

chlorite + albite alteration with Pb-Zn mineralisation. Unfortgnately (though possibly not coincidentally; 

see McGoldrick and Keays, 1990), at Lady Loretta as at Mount Isa, the relationship is clouded by the 

presence of a significant Cu deposit (Lady Annie) nearby. 

Wyborn (1987) has concluded that formation of the chlorite + albite alteration was probably genetically 

related to the formation of the Mount Isa Cu ore bodies. Based on the geochemical data presented, the 

chlorite + albite assemblage is expected to be low both in K-channel radiometric signature and apparent 

magnetic susceptibility. Such signatures are not uncommon in the Pickwick Metabasalt, particularly 

north and east of 336000E 7820000N, in the southern two-thirds of the small outcrop west of Mammoth, 

and through much of the N- to NNE-striking uppermost Eastern Creek Volcanics extending north from 

325000E 7787000N. Additional possibilities include the area around 3 19000E 7795000N and around the 

rim of the inlier in the southeastern comer of the study area, though here the metabasalt signatures are 

obscured by intercalated quartzite. Any of these regions may possibly have sourced Mount Isa-style Cu 

mineralising fluids, but of the examples mentioned only the latter two are proximal to potentially suitable 

(similar to Urquhart Shale) trap rocks, in the form of the Paradise Creek Formation and Mwndarra 

Siltstone respectively. Similar alteration may be present in the Cromwell Metabasalt, but it is difficult to 

identify due to the relatively low levels of K in the member regionally. One possibly prospective 

example is at 365000E 7792500N, where Cromwell Metabasalt with the chlorite + albite alteration 

signature (K low, reduced magnetic response) is faulted against the Moondma Siltstone. 

The only sample of (probable) Eastern Creek Volcanics in the study area with a chlorite + albite-like 

alteration signature is the sample from drillbole P69 near Lady Loretta referred to above. Its very low Cu 

concentration compared to the Eastern Creek Volcanics regionally (Table 7.3) constitutesprima facie 

evidence that the rocks intersected have sourced Cu-bearing fluids. Direct physical measurements on the 

P69 metabasalt (chapters 5 and 6, Appendix 3) demonstrate the low magnetic susceptibility predicted for 

the chlorite + albite alteration. The magnetic high immediately north of Lady Loretta (see section 7.4.5) 

is subdued in comparison to what might have been expected given that Eastern Creek Volcanics 

correlates are known fiom drilling to occur close to the surface (<600 m), but the fact that a magnetic 

high exists at all is an indication that the altered volumemaybe limited (see also interpretation of line 170 

in chapter 8). 

Other alteration assemblages worthy of mention in terms of metallogeny are the epidote + sphene and 

calcite + magnetite alteration related by Wyborn (1987) to small U deposits hosted within the Eastern 

Creek Volcanics. A number of these occur in the undivided Eastern Creek Volcanics outcropping within 



the Mount Gordon Fault Zone, part of which (including the area hosting the mineralisation) possesses an 

unusual radiometric signature (very high in all channels) and highly variable apparent magnetic 

susceptibility (best illustrated around 320000E 7800000N). These signatures are consistent with the 

presence of both epidote + sphene and calcite + magnetite alteration (sphene being an important carrier of 

Th and U). 

7.4.3 Myally Subgroup 

The Myally Subgroup is shown by the near complete absence of high Frequency character in the 

highlighted areas of Fig. 7.20 to be uniformly non-magnetic, the sole exception being a basalt flow in the 

Whitworth Quartzite ('40 m metabasalt' of Scott and Taylor, 1982) where it strikes south from the 

Mammoth Cu deposit (329000E 7821000N). Variations in the pseudocolour rendering of the magnetic 

field in Fig. 7.20 are related almost entirely to the geometry of the underlying Eastern Creek Volcanics. 

Fig. 7.20 hence generally maps the preserved thickness of Myally Subgroup, so that outcrops of the 

Alsace Quartzite (lowermost unit of the Myally Subgroup) tend to be marked by magnetic highs, and 

those of the Lochness Formation (uppermost Myally Subgroup) are associated with magnetic lows. Some 

interesting exceptions to this general rule occur at 332000E 7838000N in the Mount Gordon Fault Zone 

and 309000E 7797000N, where magnetic highs m w  over the Whitworth Quartzite, which is relatively 

high in the Myally Subgroup. In both these cases, it appears likely that major fault displacements have 

introduced elements of the Eastern Creek Volcanics into juxtaposition with upperunits of the Myally 

Subgroup. In the case of the magnetic high at 309000E 7797000N, a shallowly-dipping fault has 

apparently transported younger rocks over the Eastern Creek Volcanics, which may only be a few 

hundred metres below the surface at this location. As well as this, it may also be that the Myally 

Subgroup is much thinner west of the Mount Gordon Fault Zone, which would also at least partly account 

for the Eastern Creek Volcanics being at very shallow depths beneath the Myally Subgroup inlier at 

309000E7797000N. 

Also notable in Fig. 7.20 is the virtually non-magnetic character of the post-Myally Subgroup intrusive 

dolerites. The N-S trending dykes in the Eastern Creek Volcanics appear to have similar properties, 

though these are obscured by geometric effects arising from the enclosing metabasalt. The only magnetic 

character arising from dolerites intruding the Myally Subgroup appears to be a small edge effect on the 

(stratigraphic) upper edge of the dolerite sill centred on 338200E 7834500N. This signature appears to 

continue concordant with bedding along or near the upper surface of a recessive subunit of the 

Whitworth Quartzite (Phw') mapped as 'feldspathic sandstone' (Hutton and Wilson, 1985). This unit 

may incorporate a continuation of the dolerite sill, or its highly weathered equivalent. 

Figs. 7.21 and 7.22 show the Myally Subgroup formations to be quite distinct in their radiometric 

signatures, with this treatment (unit-specific stretch) of the data throwing them into sharp contrast, in spite 

of their broadly similar composition (predominantly feldspathic sandstone). The signature of the Alsace 

Quartzite is dominated by the Th-channel response, which is interpreted as being caused by palaeoplacer 

concentrations of heavy minerals including sphene and possibly allanite sourced from the underlying 

Eastern Creek Volcanics. Any feldspathic component in the sandstone is likely to be mainly composed of 

plagioclase rather than K-feldspar, since K appears virtually absent. This signature appears fairly uniforn~ 



1 
through all outcrops of Alsace Quartzite in the study area. The rad~ometric signature suggests that the 

Alsace Quartzite comprises the base of the undivided Myally s4bgroup within the Mount Gordon Fault 

Zone between 322000E and 324000E, but if present, it can only be very thin. 

The Bortala FormationS near-white colour with greenish blue oiertones in Fig. 7.21 is interpreted as 

representing a greater concentration of mica and clay minerals than in the Alsace Quartzite. The slight 

predominance of U and Th over K is ascribed to high concentrations of heavy minerals in the sandstones. 

There appears to he little regional variation in the radiometric signature of the Bortala Formation. 







The Wbitwonb Qumate is the least radiogenic of Myally Sub- ~mits, but a potassium-ricb layer 

probably representing a collceotration of interbedded siltstone, poorty sorted muddy sdstone andlor K- 



feldspar-rich sandstone, not mapped by Hunon and Wilson (1985), is persistent throughout the formation 

regionally. This hitherto-unrecognised informal member appears red with purple and yellow patches in 

Figs. 7.21 and 7.22, and attains a thickness of at least several hundred metres in the northern part of the 

study area. The gradational nature ofthe increase in K is best seen by comparing the width of the K-rich 

layer in Figs. 7.21 and 7.22 (linear and histogram-equalised treatments). K (and hence the silt/clay 

component) reaches a maximum towards the top of the layer, which may represent a first-order maximum 

flooding surface. This horizon5 distinctive radiometric signature is identifiable on both limbs of the tight 

syncline in the southem part of the study area at 323000E, and in other areas mapped as undivided Myally 

Subgroup. This provides support to Hunon and Wilsonh (1985) conjecture that the lower portion of the 

Myally Subgroup is absent and generally thinner west of the Leichhardt River Fault Trough, as a thinned 

Whitworth Quartzite directly overlies the Pickwick Metabasalt. The inlier of undivided Myally Subgroup 

at 309000E 7797000N also has a signature typical of the siltylclayey informal member of the Whitworth 

Quartzite. The lower Myally Subgroup may however be present in the core of an anticline at 321000E 

7796500N, wherein occurs a radiometric signature typical of the Bortala Formation. 

The Lochness Formation is one of the more radiogenic Myaily Subgroup units, and has similar 

radiometric characteristics to the Bortala Formation. This is in keeping with its lithology (Hunon and 

Wilson, 1985) which is notably lacking in quartzite compared to the Whitworth and Alsace Quartzites. 

However, its radiometric signature does vary regionally, with outcrops east of the Mount Gordon Fault 

Zone appearing distinctly more reddish (higher in K), particularly in Fig. 7.21, possibly resulting from 

sediments in the palaeo-depocentre containing a higher percentage of mica and clay minerals. The SW- 

lo S-dipping area of Lochness Formation around 326000E 7836000N contains a bed with high Th and 

total gamma counts. This may indicate a sequence of heavy mineral-bearing, fermginous or low-K 

clayey sandstone in the middle of the formation. 



7.4.4 Bigie FormationlFiery Creek Volcanics 

Small magnetic responses are associated with thicker, more extensive outcrops of the Fiery Creek 

Volcanics north of the study area (Betts et al., 1994), but scant evidence for even this slight level of 

magnetic susceptibility can he found in the Paradise Valley study area (Fig. 7.23). An isolated magnetic 

high occurs at the southern end of the fault-bounded block of Bigie Formation immediately to the north of 

Lady Loretta (298200E 7814100N). This may denote preservation of a small amount of slightly magnetic 

Fiery Creek Volcanics basalt down-dip of the Bigie Formation exposure in a palaeo-half-graben adjacent 

to what is now the Westem Border Fault. Otherwise there is little indication that Fe in the Fiery Creek 

Volcanics exists except as a constituent of non-magnetic silicate minerals and haematite. The lack of any 

magnetic anomaly associated with the most extensive Fiery Creek Volcanics outcrop (around 323000E 

7835000N) is important evidence in support of this conclusion. This interpretation is supported by low 

magnetic susceptibility measurements (< 1.2 x 10" St) observed by the author on the basalt outcrop 

coincident with the magnetic high at 296000E 7814300N. The preferred interpretation for this and other 

magnetic anomalies north and west of Lady Loretta is that they arise from Eastern Creek Volcanics lying 

at shallow depths beneath thinned Surprise Creek Formation and extremely attenuated, possibly even 

absent Myally Subgroup. 

The Bigie Formation and the Fiery Creek Volcanics appear to be generally low in all radiometric 

channels (Figs. 7.2, 7.24). This is surprising given the level of potassic alteration reported elsewhere 

(Hutton and Wilson, 1984). Only one outcrop of Fiery Creek Volcanics is of sufficient extent in this area 

to have its radiometric signature mapped reliably given the 50x50 m grid cell size, and here all channels 

are low, with the exception of a local U- and K-enriched patch on the eastem side (324000E 7835000N). 

The massive rhyolite mapped 1 km SSE of the McLeod Hill Cu prospect (307000E 7793000N), where a 

sample containing 7.56% K has been recorded (Pfc,; Hutton and Wilson, 1985) marks the only other 

possible occurrence of this very high K Fiery Creek Volcanics signature in the study area. 

Spatial variation is more extreme in the Bigie Formation, ranging from high count rates in the northem 

Mount Gordon Fault Zone (though due to the small, narrow nature of the outcrops, there is contamination 

by overlapping signals from the adjacent proximal units) to extremely low in the outcrop north of Lady 

Loretta abutting the Western Border Fault. The signature of the only major outcrop of Bigie Formation in 

the study area, adjacent to the southern Mount Gordon Fault at 319000E, is reminiscent of the Alsace 

Quartzite at the base of the Myally Subgroup, and may indicate a similar lithology and tectonic 

environment, i.e. heavy mineral-rich clastics symptomatic of the onset of a new cycle of rifting. 







I 

I 
I 7.4.5 Surprise Creek Formation 

I There is no suggestion that the Surprise Creek Formation (SCF) itself is magnetic (contrary to Anderson 
I 
I et al., 1993), but there are a number of prominent magnetic features within its outcrop area (Fig. 7.25), 

attributed to ECV at depth. Thinning or absence of the Myally Subgroup is indicated in these areas, but ~ 
! whether lack of deposition or faulting is responsible is not immediately apparent. A linearly extensive 

I NNW-trending anomaly centred at 3 19000E 7835000N is broadly associated with a regional anticline 

While this feature represents elevated Eastern Creek Volcanics in the subsurface, its breadth indicates that 
I 
I 

the ECV remain at some depth in this area. The culmination of this TMI high at 319000E 7835000N is 

I particularly anomalous in that overlying it is the informal mid-SCF member Pra ,, rather than one of the 

I lower members which might have been expected to accompany such an anomaly if the entire basin fill 
I 

had only undergone simple competent folding. Any faulting inbolved is likely to be at a low angle, since 
I no fault has been mapped at the location of the steeper eastern edge of the magnetic anomaly. A 

concealed thrust may be responsible. An alternative hypothesis is that this feature was an elevated fault 
I 

scarp in pre-SCF (hut post-Eastem Creek Volcanics) time. 

I Such concepts may be invoked for the magnetic features NNW,of Lady Loretta, where NNE trends in the 

! magnetic anomalies can be directly related to similarly oriented faults bounding the eastern edge of the 

I SCF blocks. The magnetic data imply that these faults continue through (or at least beneath) the SCF, 

contrary to indications from mapping (Hunon and Wilson, 1985). This may also constitute evidence 
! 
I 

either for movement on faults displacing the Eastem Creek Volcanics prior to SCF deposition, or for vely 

i low angle t h s t s  formed during the E-W shortening phase of ttie lsan Orogeny. 

I 
Also notable in Fig. 7.25 is that the three largest known minerai deposits in the study area (Lady Loretta, 

1 Mammoth, Mount Kelly) are adjacent to regions of low TMI relative to other areas where SCF is 

I exposed. Apparent changes in the magnetic properties of subsurface Eastern Creek Volcanics (i.e. 

I magnetite-destructive, epidote k sphene or chlorite + albite alteration) are especially evident in the 
I generally N-dipping blocks of SCF SE and E of Mount Kelly (306000~ 7799000N), and immediately 
I west of the Western Border Fault at Lady Loretta (298000E 78'14000~). This anomalously low SCF 
! magnetic field signature is also present in an area (315000E 7742000~) not currently known to contain 
I 
I base metal mineralisation, but which may be prospective wher? it is faulted against potential host rocks in 

I the lower McNamara Group. In the Mount Kelly region the bdundaries of the anomalously low TMI 

I areas appear to constitute (possibly subsurface) extensions to faults which have only been recognised in 
1 field mapping where they have cut marker units such as the Toipedo Creek Quartzite. 

I 



Therr is a strong radiometric cMeast between the lower and uppg ~ m b u n  of the Suprise Cnek 

Fomratioa (Figs. 7.26 snd 7.27). Across most of the only the lower, at maw^ unit (coded PR 



by Hutton and Wilson, 1985) bas been preserved/deposited, and outcrops of it generally display low 

radiometric response, with the green shades indicating a predominance of thorium. In some of these 

areas, there are indications that this thorium concentration is stratigraphically controlled, in particular by 

the informal sandstone member Pra2, which according to Hutton and Wilson (1985) is feldspatbic, clayey 

and micaceous. All these characteristics will tend to enhance radioelement concentration; in addition, the 

relatively high concentration of thorium may imply the presence of heavy minerals. A corollary of this 

correlation is that stratigraphically concordant thorium highs in undivided Pra may represent unmapped 

equivalents of Pra2. Examples occur in the vicinity of 308200E 7812500N, and at the very top of the 

preserved SCF east of Mount Kelly and Mount McLeod (e.g. 31 IOOOE 7796000N and 313000E 

7790500N). The correlation of these horizons with Pra2 implies that the overlying McNaman Group has 

incised progressively more deeply in to the SCF southwards from the area of maximum preservation 

nonh of 7830000N. 

An anomalous response in the context of the lower SCF occurs at the eastem end of the Redie Creek Fault 

(319000E 7806500N) where K rather than Th is predominant. This possibly reflects increased 

feldspathic, micaceous or heavy mineral detrital components sourced from the east, or an unmapped 

equivalent of the upper SCF (see below). A third possibility for this area is an alteration system 

associated with Cu mineralisation at the nearby Big Bend prospect, which is hosted within the Lady 

Loretta Formation on the other side of the Redie Creek Fault. 

The upper unit of the SCF (Prd of Hutton and Wilson, 1985) is strikingly high in all channels, consequent 

from its much more argillaceous composition than the lower unit. The radiometric signal tends to 

diminish in outcrops to the west due to increasing masking effects from Phanerozoic weathering and 

cover, or dilution by a mature, quartzose sedimentary source. ~ h o u g h  this unit was not subdivided by 

Hunon and Wilson (1985), the radiometric data clearly indicate some systematic stratigraphic variations 

within it. The lower portion of the unit in the northem pan of the study area is characterised mainly by 

Tb and K signal (yellowish green in Fig. 7.26), changing to a more U-dominated response (bluish) higher 

up. The implied Th IossIU gain over time may be due to a loss of heavy mineral detrital input and 

commensurate increase in a dolomitic component, while relativkly steady deposition of clay minerals and 

micaceous silts continued. The K (red) component in the lower portion of Prd appears progressively 

more pronounced south from 7834000N, where there is also a noticeably heterogenous aspect to the 

lower Prd'signature, which indicates significant lateral variability in sedimentation at this stratigraphic 

level. The reasons for this are not apparent, though structural factors are obviously important; the high 

K'Prd is confined to a syncline south of 7823000N by a fault. There are indications of a transitional 

contact between the SCF and the overlying, low-count Torpedo Creek Quartzite in this area. 





The discussion above mainly refers to the Surprise Creek Formation west of the Mount Gordon Fault 

Zone. Witbin the fault zone itself and the Leichhardt River Fault Tmugh, the character of the SCF 



radiometric signal changes markedly from that of the flatter-lying strata to the west. While Pra retains a 

low-count response indicating mature quartz sandstone composition, Prdk appearance in Fig. 7.26 is red 

to purple in colour but less intense than in equivalent outcrops to the west, implying lower levels of Th 

and U, and to a lesser extent K. No variation in this signature is obviously visible in the vicinity of the 

Mammoth Cu deposit. Taken together with an apparent thinning, the SCF in this area is interpreted as 

consisting mainly of feldspathic sandstone deposited in a region of less accommodation space than the 

more clay- and silt-rich part of the sub-basin to the west. However, the clay-rich, high-count SCF 

signature is not observed anywhere west of 314000E, which may define a western limit to the sub-basin 

apparently present during Surprise Creek Formation time. 

7.4.6 Torpedo Creek Quartzite 

The Torpedo Creek Quartzite at the base of the McNamara Group is often too thin (less than 100 metres) 

to be delineated by airborne radiometrics, especially where it directly overlies the compositionally similar 

arenaceous unit of the Surprise Creek Formation. Only where the argillaceous Surprise Creek Formation 

has been preserved beneath relatively flat-lying Torpedo Creek Quartzite can the Torpedo Creek 

Quanzite be clearly distinguished as a dark (low count), arenaceous unit (Fig. 7.3). The Torpedo Creek 

Quartzite signature can be discerned more easily when depicted with the Gunpowder Creek Formation 

(Figs. 7.28 and 7.29) with which it has a high radiometric contrast. This presentation clearly 

demonstrates the near absence of radioelements in the Torpedo Creek Quartzite (exemplified around 

3 14800E 7809100N and 324500E 7828400N), as would be expected from a clean quartzite. 

7.4.7 Gunpowder Creek Formation 

The Gunpowder Creek Formation is one of the most radioactive of all outcropping units in this region, 

equalled only by the upper argillaceous1micaceous member of the Surprise Creek Formation. At least four 

members of the Gunpowder Creek Formation are discernible from the radiometric images (Figs. 7.29 and 

7.30). A thin, patchy basal member of low readings in all channels, albeit relatively Th-rich, is transitional 

from the underlying Torpedo Creek Quartzite. I t  soon gives way to high-count micaceous siltstones, 

sandstones and carbonaceous shales (e.g. 3 1000OE 7795000N, 308700E 7805000N, 3 15000E 

7810000N). This response diminishes slightly near the middle of the formation (e.g. 3 l2OOOE 7794500N, 

307600E 7808700N, 321000E 7815000N), possibly resulting from an increase in proponion of 

carbonates, before increasing again at the top of the formation (e.g. 310000E 7790000N, 310800E 

7804000N, 319800E 7820000N). The latter signature, which is often K-dominated, is interpreted to 

correspond to carbonaceous shales known to occur at the top of the Gunpowder Creek Formation (Hutton 

and Wilson, 1985). 
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Regional variability in the Gunpowdu Creek FomatbnL r s d i o d c  s i p l u r e  is coosiderable. Ths 

high-camt layer near the base is not pment everywhere, but is best developed in the fault-repeated south- 

dipping blocks east of Mount McLeod (ammd 310000E 7795000N) where they diminish in intensity 



eastwards, in patches north of the Redie Creek Fault (315000E 7810000N), on the eastem limb of the 

anticline NNW of Lady Loretta (296000E 7822000N), in the core of the very open, broad anticline 

centred around 308000E 7805000N, and in the east-dipping strata west of the Mount Gordon Fault Zone 

extending several kilometres north and south from 7829000N. 

A bluish-green'overlying layer indicating high relative Th and U count rates is generally representative 

of the informal member designated Pmw2 by Hutton and Wilson (1985), exemplified by the area around 

321000E 7815000N. Given that this unit is distinguished by micaceous (and therefore presumably K- 

rich) siltstones and sandstones, it is not clear why its radiometric signature should be dominated by Th 

and not K. It may be that this unit contains a high proportion of  Th- and U-bearing phosphates and oxides 

as well as mica, all of which may have been sourced from an older S-type granitic terrain, or even tuffs 

associated with the contemporaneous emplacement of the Sybella Granite. Alternatively, anomalous Th 

and U may be associated with the fermginous sandstone recorded in the Gunpowder Creek Formation 

(Hutton and Wilson, 1985). Slightly higher levels of K are apparent in irregular patches north of the 

mapped facies boundary separating Pmw2 from undivided Gunpowder Creek Formation (3 19000E 

I 
7824000N), but otherwise this area could also be assigned to Pmw~.  Pmw2 is also interpreted to be 

present through much of the Gunpowder Creek Formation outcrop surrounding 326000E 7840000N and 

in other areas within the Mount Gordon Fault Zone, but it generally thins westwards to the point of 

complete absence west of the Westem Border Fault. 

A yellowish (higher K) facies, probably indicating a higher proportion of shale, overlies the green Th- 

dominant Pmw2-type signature in many areas, particularly in the central corridor of the study area 

between the Mount Gordon and Western Border Faults. This signature becomes confused on the western 

limb of the broad, open dome structure centred several kilometres north of Mount Kelly (305000E 

7807000N), where blue (U-rich) patches probably indicate residual Cambrian phosphates. The K-rich 

facies may be represented a few kilometres west of Lady Lorepa and in the central and northem parts of 

the Mount Gordon Fault Zone. K levels (and, presumably, proportions of shale in the sequence) continue 

to increase towards the top of the Gunpowder Creek Formation in the eastern half of the study area, but 

this is generally not true of outcrops to the west. A maximumflooding surface is indicated, but may be 
I 

confined to a small meridional area centred north of the Redie Creek Fault and close to what is now the 

Mount Gordon Fault Zone, where the carbonaceous shale-rich informal member Pmw, was mapped by 

I Hutton and Wilson (1985). In some areas radioelement concentrations actually appear to decrease as the 
I 

contact with the Paradise Creek Formation is approached. Both the increasing and decreasing trends in K 

concentration are frequently continued into the overlying Paradise Creek Formation in their respective 
I 

I areas. 
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Lo- (298000E 78 12500N). where tbc radiometric signal is subdued but U is nhtively promiaml and 



in the north-western and south-eastern corners of the study areaiwhere large areas of low count rate in a 

generally thinner sequence may indicate mature sandstone depo:ition in relatively elevated areas. 

Outcrops of the lower Gunpowder Creek Formation in the fault-bounded blocks north of Lady Loretta 

appear less radioactive than their counterparts west of Lady Loretta and elsewhere. This may result from 

a higher proportion of coarser siliciclastic sediments, possibly reflecting proximity to syn-sedimentary 

faults. Alternatively, the subdued responses may he due to lack of continuity and areal extent of the 

lower GCF outcrops immediately north of the Carlton Fault. 

The strongest magnetic field in the Gunpowder Creek Formation (Fig. 7.30) is associated with the region 

of the possible maximum flooding surface inferred from the radiometric data. This may indicate that the 

Myally Subgroup is greatly thinned or largely absent in much of the region west of the Mount Gordon 

Fault Zone, as suggested above. Peaks in TMI in this area are attributed to faulting of Eastern Creek 

Volcanics into higher levels. In the case of the southern anomaiy near the intersection of the Redie Creek 

and Mount Gordon Faults (320000E 7806500N) this is supported by recognition of thrust repetition of the 

Torpedo Creek Quartzite in this area (McConachie et al., 1996). Substantial thicknesses of Myally 

Subgroup or other nonmagnetic sediment may be preserved south of the Redie Creek Fault and west of 

the Mount Gordon Fault Zone, as indicated by the low TMI values over the Gunpowder Creek Formation 

in this area. 

7.4.8 Paradise Creek Formation 

The dichotomy in magnetic field signatures north and south of the Redie Creek Fault over the Gunpowder 

Creek Formation is even more pronounced in the Paradise Creek Formation (Fig. 7.31), and is consistent 

with the sedimentruy section from the Gunpowder Creek Formation to Myally Subgroup inclusive being 

considerably thicker south of the Redie Creek Fault than to the north. Higher TMI north of the Redie 

Creek Fault may also be contributed to by thickening of the Eastern Creek Volcanics at depth. South- 

dipping tilt blocks bounded by north-dipping normal faults are indicated east of Mount Kelly. This is best 

demonstrated by the magnetic high extending north from the E-W fault centred at 310000E 7797000N 

separating the Paradise Creek Formation from the Surprise Creek FormatinnlFiery Creek 

Volcanics/?Whitworth Quartzite sequence, where there is clearly only a small thickness of sediments 

overlying a significant volume of Eastern Creek Volcanics. Localised magnetic lows in this central 

southern portion of the study area are related to those interpreted as possible magnetite-depleted alteration 

systems within the Eastern Creek Volcanics in section 7.5. 



R a d i o d c  sigpmms in the Paradise Creek Formation (Figs. 7.32 and 7.33) vsry considerably both 

auws md aloq strike. Potassium dominates the r a d i d  signabln of a Letge pottioa of the PMdise 



Creek Formation, although its influence diminishes considerably to the south and west. This K- 

dominance is surprising given that most authors have de~cribed~carbonate (usually dolomite) rather than 

fine siliciclastics as being the main constituent of the Paradise Creek Formation. The blue and green hues 

observed adjacent to the Russell Creek Fault in the north-westem quadrant of the study area are more 

typical of what might have been expected based on lithological descriptions of the Paradise Creek 

Formation. 

A number of factors could be responsible for the variability in K relative to other radioelements, including 

changes in the proportion of tuffaceous input to sedimentation (Page, 1981), and reductions in total 

siliciclastic input, with a corresponding increase in dolomite content. Heterogeneity of radiometric 

signature is most clearly demonstrated north and south of the Redie Creek Fault, where a low-K bed at the 

top of the formation (GR 313000E 7815000N) has no counterpart below the Esperanza Formation south 

of the fault (GR 317000E 7804000N). This bed overlies a highcount rate layer which reaches its greatest 

intensity behveen Paradise Creek and the Redie Creek Fault, but is also traceable to the north and west. 

This unit may also be represented in the Mount Gordon Fault Zone; but again has no apparent equivalent 

south of 7807000N. A common feature through much of the K-poor (and presumably dolostone-rich) 

portion of the Paradise Creek Formation in the south and west of the study area is a U-rich layer at its 

base. This unit is in the same position but is thicker than the Mount Oxide Chert Member. The 

significance of this layer is not clear, but may possibly be associated with concentrations of carbonaceous 

material or phosphatic minerals. Overall, the radiometric data may be interpreted as indicating a 

siliciclastic- and possibly tuff-rich portion of the depositional basin in the centre of the study area, with 

fine detritus possibly being received from what is now the Leichhardt River Fault Trough (Mount 

Gordon Arch'of Derrick, 1982; possibly an inversion of the ~eichhardt Rift of ODea et al., 1997a). This 

was accompanied by contemporaneous carbonate deposition on a platform west of the Western Border 

Fault and Mount Kelly. The low count rate layer near the contact with the Esperanza Formation in the 

centre of the area is interpreted as arising from chert layers loca!ised in this region at this stratigraphic 

level (Hutton and Wilson, 1985). 

In the areas where no clear layered structure can he defined from the radiometric signature, such as the 

south-eastem comer of the study area, it is possible that much of the radiometric signal (particularly in the 

U and Th channels) has been derived from transported colluvium, soil or residual Cambrian cover. This 

possibility is reinforced by the fact that the predominant U and k h  signals observed in these areas are very 

similar to those mapped as Cainnzoic cover. The low count rate patches in the far north-western comer of 

the study area are also notable in this regard, as they are associated with extensive outcrops (usually 10- 

20 m high mesas) of Mesozoic sandstone. 



0 2  4 6 8 1 0  
P 

Kilometers 



Tke signahm of h e  P8di.w C e k  Formetion in the Lady AnnieLady Lonna area is atypical ofthe 

fomratiw tegiwally, b e i i  quite quitesubdued l a d i d d y .  This pmtlern is is* to valiari01~~ observed 



in the Gunpowder Creek Formation in the same area, and may indicate locally sandier composition or 

attenuation of the formation radiometric signal due to the effects of deep prolonged weathering (Lewis, 

1975). The former hypothesis is supported by geological observations by the author and unpublished 

exploration reports stored at Lady Loretta, and also by Hutton and Sweet (1982) who inferred a possible 

landmass to the west during Paradise Creek Formation deposition. Vimally the only exception to the 

reduced Paradise Creek Formation radiometric signature is a small strip about 4 km N W  of Lady Annie 

(292500E 7816500N) which appearj similar to the K-rich facies observed in the centre of the study area. 

7.4.9 Esperanza Formation 

Few anomalous regions are apparent in the generally low magnetic field over the Esperanza Formation 

(Fig. 7.34). A notable exception is the small zone of high TMI north of the fault at 7797000N, which has 

been discussed in the section on the Paradise Creek Formation. Another is the high a few kilometres west 

of Lady Annie (293000E 781 1000N) where north-dipping Eastern Creek Volcanics at depth may be 

separated from overlying Esperanza Formation by a south-dipping fault. This stmctural configuration is 

the mirror image of that envisaged to explain the anomaly associated with the fault at 7797000N. Sub- 

basins may be indicated by the magnetic lows south of the Redie Creek Fault and east of the Western 

Border Fault east of Lady Loretta, though geometric effects arising from the Redie Creek Fault itself are 

also present in the former case. 

The Esperanza Formationh low thickness (as little as the equivalent of five grid cells in the many 

moderately steeply dipping areas) makes its radiometric signature (Figs. 7.35 and 7.36) difficult to 

characterise. A potassium-rich horizon marks its base where it is thickest (> 350 m; Hunon and Wilson, 

1985) in the centre of the study area on either side of Paradise Creek. This probably corresponds to the 

maximum flooding surface identified from gamma ray logging by Southgate et al. (1996). It is similar in 

signature to much of the underlying Paradise Creek Formation. However, this distinctive layer is 

obscured in areas where bedding is steeply inclined, thus restricting outcrop area. The remainder of the 

Esperanza Formation is generally low in all channels, consistent with its major lithology noted in outcrop 

being stromatolitic chert beds. Thin silty bands of high K similar to but not as prominent as the basal 

layer only become apparent where shallow dips enable apparent bed thicknesses to exceed the sample 

spacing. An exception to this generally low radioelement signature is the thin band of Esperanza 

Formation immediately south of the Redie Creek Fault, where the basal K-rich horizon may be thicker. 
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and to a lesser extent Th must be treated with caution. Within the remaining areas, where outcrop 

signatures may be interpreted with reasonable confidence, spatial variations are quite pronounced. The 

high count rate K-rich layer at the base of the Esperanza Formation appears fairly ubiquitous, but is 

subdued in many areas. Relative proportions of K and Th also appear to fluctuate along strike within the 

basal layer. In contrast, the large low count rate area around Paradise Creek in the centre of Figs. 7.34 

and 7.35 presumably resulting from shallowly dipping cherts is only replicated in one fairly small region 

centred on a pair of faulted synclines at the south-eastem extremity of Esperanza Formation outcrop south 

of the Investigator Cu prospect (326000E 7806000N). Hence it may be that the proportion of chert in the 

Esperanza Formation regionally is not as large as implied in much of the literature (Hutton et al., 1981; 

Hutton and Wilson, 1985), with the central region of shallowly dipping rocks being an exception rather 

than the rule. 

Implications of these radiometric facies variations for palaeo-basin geometry are not entirely clear. Basin 

subsidence was maximised in the vicinity of Paradise Creek north of the Redie Creek Fault (based on 

measured thicknesses given in Hunon and Wilson, 1985), but this portion of the basin was completely 

starved of clastic sediments for much of Esperanza Formation time, with only occasional incursions of K- 

bearing muds. Silt and shale sedimentation was more prevalent south of the Redie Creek Fault, along 

with minor dolostone which is iflterpreted as being responsible for the less K-rich zones observed, at least 

in those areas where the radiometric signal is inferred to result mainly from Proterozoic sources. This 

north-south dichotomy is reversed east of the Mount Gordon Fault. Th presents a strong component of 

the Esperanza FormationS radiometric signature west of the Western Border Fault from the greater Lady 

Loretta Syncline northwards, and the signal in this region is generally more subdued than in the silt-rich 

outcrops to the east. A relatively high percentage of carbonate may be indicated, but the possibility of 

contamination and masking by Phanerozoic material is considered particularly acute given this reginnk 

proximity to a number of outliers of Cambrian, Mesozoic and Cainozoic sediment. 







7.4.10 Lady Loretta Formation 

The magnetic field intensity over the Lady Loretta Formation is generally low (Fig. 7.37), as might be 

expected given that thousands of metres of stratigraphy separate the Lady Loretta Formation from the 

magnetic sources of the Eastern Creek Volcanics. One area in which this stratigraphy may be 

anomalously thick is in the magnetic low centred beneath the outlying Cambrian Lady Annie phosphate 

deposits east of Lady Loretta, adjacent to the Western Border Fault (298500E 7813000N). As discussed 

in section 7.4.2.1.2 and chapters 6 and 8, this magnetic low may also arise from depression of the Eastern 

Creek Volcanics'magnetic susceptibility in this region. This explanation for the magnetic low beneath 

and to the east of the Lady Loretta deposit entails magnetite-destructive alteration of ECV by 

hydrothermal fluids, similar to that mapped on a wider scale in the footwall of the Mount Isa Mine by 

Leaman (l99la). The Blteration'model for the low is supported by relatively very low magnetic 

susceptibilities (0 .25~10 .~  SI) measured on greenstones drilled from over 500 m depth 1.5 km north of 

Lady Annie. The spatial association of the magnetic low with the Lady Annie Cu deposit on its western 

edge as well as the Lady Loretta Zn-Ph deposit near its centre is suggestive that magnetite-destructive 

alteration may be significant for both Cu and Zn-Pb metallogeny. 

There is no direct ore response in the aeromagnetic data over Lady Loretta itself, consistent with the 

virtual absence of magnetite or pyrrhotite from the ore sequence and associated sulphides. 

Other than the area affected by geometric distortions arising from a major discontinuity at depth 

associated with the Redie Creek Fault, only one area in the Lady Loretta Formation appears to have 

unusually high TMI. This is the anomaly a few kilometres west of Lady Loretta, which is also apparent 

in the adjacent Esperanza, Paradise Creek, and Gunpowder Creek Formations, all of which the Lady 

Loretta Formation is faulted against in this structurally complex zone. Clearly, a block of Eastern Creek 

Volcanics has been introduced into higher stratigraphic levels in this region, but the structural nature of 

this emplacement is not clear. 

The Lady Loretta Formation marks a return to the generally higher-count, more potassic signatures of the 

Paradise Creek Formation, though the Lady Loretta Formation is the most heterogeneous of all 

McNamara Group units (Figs. 7.38 and 7.39). A distinct absence of radioelements at the base possibly 

denotes the onset of a new depositional cycle marked by fine sandstone noted in the greater Lady Lorena 

Syncline (295000E 7807000N) by Hunon and Wilson (1985), as well as the basal fermginous chetty 

breccia noted by many authors and summarised by Dunster (1997). 
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areas in the Lady Loretta Formation are observed in the core of a south-plunging syncline west of Lady 

Loretta (291000E 7814000N), a few kilometres south-west of Lady Annie (292500E 7810000N), in the 

location of the Lady Annie phosphate processing plant (302200E 7814000N), and in the north-westem 

comer of the study area (where scattered Mesozoic sandstone mesa outliers may be responsible). A 

common factor in all these locations is the proximity of Cambrian outliers, which may lend these dark 

areas their slight bluish tinge from uranium associated with the Cambrian phosphatic sediments. 

The Lady Loretta Formationk radiometric signahlre in the north-westem comer of the study area is 

largely interpretable on the basis of Hutton and Wilson (1985) who observed that the Lady Loretta 

Formation may be divided into a lower dolomite-rich and an upper clastic-rich unit in this region. The 

radiometric detection of generally low count layers with patchy Th and U signals overlain by brighter K- 

and Th-rich facies is entirely consistent with lower dolostones and cherts giving way to a more shale and 

silt rich sequence in this area. In this scenario the Lady Loretta Formation in the Dayview Syncline is 

assessed as being entirely composed of the lower dolomitic unit, possibly overlying the basal low count 

rate sandstone or cherty breccia layer noted above. 

Considerable regional sedimentary diachroneity is implied. The entire sequence observed in the north- 

western comer discussed above (650-1000 rn thick according to Hunon and Wilson, 1985) is confined to 

the lower half of the thicker (1800 m) Lady Loretta Syncline, and also correlates to the Lady Loretta 

Formation facies association preserved south of the Redie Creek Fault. This makes the sedimentaly 

sequence containing the Lady Loretta mineralisation unique in the Paradise Valley study area. Whether 

this is the result of an anomalous kxua'episode of sub-basin development in the Lady Loretta district, or 

extensive removal of the Lady Loretta Formation by the overlying Shady Bore Quartzite to the north-west 

is beyond the scope of this study. The former hypothesis may be indicated by the presence of a darker 

horizon at the top ofthe formation in the north-west, interpreted as due to increasing prevalence of 

sandstone marking a transitional contact with the Shady Bore Quartzite, as described by Dunster (1997). 

No distinct signature related to the Lady Loretta mineralisation itself is manifest except for slightly 

subdued counts in all channels in the vicinity of the Small and Big Synclines, probably influenced by high 

local topographic relief as well as geology. The host stratigraphy of the Lady Loretta deposit (297200E 

7812600N) does however appear quite distinct from the rest of the Lady Loretta Formation, with Th and 

to a lesser extent U prominent to an extent not observed elsewhere. This signature is consistent with the 

presence of dolomitic shales rich in carbonaceous material (with which U is frequently associated). Also 

notable is a high count rate layer in the footwall strata, which is most prominently developed in the nose 

of the Big Syncline (296000E 781 1000N). 
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Lady Loretta Formation and the Shady Bore Quamite is apparent in the extreme north-westem comer of 

the study area, and in fact this boundary between the two formations could on this evidence easily be 

placed a few hundred metres further west. 

The Riversleigh Siltstone is confined to a fairly small region in the north-west of the study area, west of 

the Russell Creek Fault, but is still sufficiently extensive for its radiometric signature to be readily 

defmed. It is marked by high count rates, but not to the same degree as the Gunpowder Creek and 

Surprise Creek Formations. Two radiometric facies are distinguishable, one prevalent to the north and the 

other to the south. The northern type is slightly more K-rich (reddish) than its southern counterpa, and 

is probably composed mainly of the micaceous siltstone recorded by Hutton and Wilson (1985). The 

more yellowish tinge of the southem signature type indicates a higher concentration of Th, which may he 

borne by carbonaceous shales interbedded with siltstones. This signature appears very similar to that of 

the Paradise Creek Formation on the other (eastem) side of the Russell Creek Fault, so the possibility of 

the Th being contained in dolostones or tuffs within the Riversleigh Siltstone sequence cannot be 

discounted. 

7.4.12 Phanerozoic 

Patches of high U-channel count within Phanerozoic cover east of Lady Loretta relate to uranium 

associated with major Cambrian accumulations of phosphate. These are the Lady Annie Phosphate 

deposits (not to be confused with the nearby Lady Annie Cu deposit west of Lady Loretta), from which 

some extraction has taken place intermittently over the last few decades. Many other Cambrian outliers 

also appear anomalous in U, presumably associated with phosphatic minerals, while others have low 

count rates in all channels. 

Mesozoic outliers show a pronounced dichotomy. The most common radiometric signature is of high 

levels of Th and very little else. The origin of this Th is not clear, but may be palaeoplacer heavy 

minerals. Exceptions occur in the south-east of the study area, where a yellowish tinge from a K 

component in some outcrops (Fig 7.4) presumably denotes a silty matrix. Many other outliers, 

particularly towards the north-westem comer of the study area, have low count rates in all channels and 

are probably composed of relatively clean sandstones. 

Th is also present in much of the area mapped as Tertiary deep-weathering profiles (Tpf), with very high 

concentrations observed around the margins of the Tertiary weathering surface developed on Mesozoic 

rocks known as The Desert (approximately 305000E to 3 15000E and 7825000N to the northern edge of 

the study area), associated with a zone of elevated U signal. Elsewhere this unit (Tpf) is quite low in 

radioelements, with K and U almost completely absent. Cainozoic iron-cemented gravels mapped as Czg 

are extremely low in all radioelements. These were described as late Cainozoic fan or outwash deposits 

by Hutton and Wilson (1985). 

The extensive Cainozoic covering soils and colluvium in the south-eastem region of the study area are 

commonly characterised by moderate to high levels of Th. The cautionary implications of this for 



interpretation of Proterozoic signatures have been noted above. Patches of higher K and U are associated 

with reworking of older weathering profiles surrounding inliers of Proterozoic bedrock. 

7.5 Summary 

The 'unit-specific stretch' image processing technique applied to radiometric images effectively 

emphasises radioelement compositional variations within basin components. Application to magnetic 

units such as the Eastern Creek Volcanics enables additional information on magnetic susceptibility 

variability to be derived from magnetic data, while unit-specific stretches of magnetic data from non- 

magnetic units is useful in highlighting anomalous subsurface structures. Both stratigraphically- 

controlled and lateral (along strike) changes have been identified. These can be used to interpret aspects 

of basin evolution and distinguish various alteration systems. 

Several alteration systems affecting the Eastern Creek Volcanics are distinguishable from the magnetic 

and radiometric data. These can be related to various alteration assemblages defined by previous 

geochemical studies of the Eastern Creek Volcanics. The rock volumes affected by the alteration may 

constitute source, transport or outflow zones in mineral system terms (Wyborn et al., 1995b). 

Anomalously high K and subdued magnetic susceptibility, possibly associated with epidote * sphene 

alteration, are observed in the Eastern Creek ~olcanics adjacent to the Mammoth Cu deposits. Magnetic 

susceptibility reduction and K-depletion associated with chlorite + albite alteration of the Eastern Creek 

Volcanics enable this assemblage to be mapped using airborne geophysics. Geochemical data and spatial 

association with ore deposits implicate chlorite + albite alteration as a possible source of both Cu and Zo- 

Pb mineralisation. 

All McNamara Group formations with the possible exception of the Gunpowder Creek Formation exhibit 

a distinct increase in K and Th from west to east, approaching the Mount Gordon Fault. This may reflect 

increasing immaturity, tuffaceous input to sedimentation or proximity to a mixed felsic/mafic sediment 

source. These and other regional intraformational radiometric variations detailed above appear likely to 

arise from sources other than eustatic sea level changes. Possible pitfalls in attempts to construct a 

regional sequence stratigraphic kamework based on gamma logs from a small number of locations (for 

example Southgate et al., 1996) may be indicated, in that gamma ray peaks and cycles present in some 

areas appear likely from the remotely-sensed data to be subdued or completely absent in others. This 

problem may however represent an opportunity, in that remotely-sensed radiometric data may be used to 

track at least the low frequency variations in gamma-ray signature across the entire outcrop area of the 

basin, thus assisting in correlation between detailed logging sites and possibly defining areas of 

anomalous subbasin development. 



8. Quantitative gravity and magnetic 
interpretation 

8.0 Introduction 

This chapter presents quantitative analyses of gravity and magnetic data 6om the Paradise Valley area 

described in chapters 1 and 2. This portion of the shldy sought to define Mount Isa Basin subsurface 

structures, in particular those which may have sourced and focused base metal-bearing fluids similar to 

those responsible for the formation of the Lady Loretta Zn-Pb deposit. Basin sequences are examined in 

as much stratigraphic detail as possible within the density and magnetic susceptibility contrasts and 

constraints identified in chapter 5. Each McNamara Group unit up to and including the Lady Loretta 

Formation is assessed. The Torpedo Creek Quartzite bas been grouped with the Surprise Creek 

Formation, Bigie Formation and Myally Subgroup on the basis of similar composition (predominantly 

sandstones and quartzites, with some siltstones). 

8.0.1 Geology 

The Palaeoproterozoic Mount Isa Basin sequences outcrop over a substantial proportion of the Paradise 

Valley area (Figure 8.1), thus enforcing stringent controls on the geometry of geophysical models. 

Siliciclastic sediments and voluminous mafic volcanics of the Haslingden Group (cover sequence 2 of 

Blake, 1987 and O'Dea et al., 1997) dominate the area east of the Mount Gordon Fault Zone. The oldest 

exposed unit is the h d e r  Quartzite, though older rocks @wen Granite, Leichhardt Volcanics) outcrop 

just beyond the eastern edge of the area. The Haslingden Group sequence generally youngs northwards, a 

trend which is interrupted and repeated by a series of E-W striking faults. 

' West of the Mount Gordon Fault Zone, both the exposed structural level and structural style change 

markedly. Dolomites, dolomitic siltstones and shales of the McNamara Group are the main exposed 

lithology, overlying siliciclastics and minor bimodal volcanics (Surprise Creek Formation, Bigie 

Formation, Fiery Creek Volcanics) which in turn lie unconformably on the Haslingden Group and 

Quilalar Formation. The Quilalar Formation, a mixed carbonateJsiliciclastic sequence correlated with the 

sag or thermal subsidence phase of Blake's cover sequence 2 (1987), is only apparent in the northern half 

of the region. 

The dominant structural style is one of basin-and-dome folding with wavelengths of many kilometres. 

The gross sense of regional plunge is reversed when compared to the Leichhardt Rift, with older units 

generally more prevalent northwards. An overall N-S tectonic grain was imposed on the region during E- 

W shortening (D2) of the Isan Orogeny. Isan Orogeny deformation appears to be accentuated in a north- 

trending zone of higher strain bounded by the Russell Creek and Western Border Faults in the western 

portion of the region (Keele et al., 1996). 



GedoOY 
0 Lake 

0 catnozo~c cover 

M MBSOZOIC sediments 

Cambnan (Georglm Basan) 

RWersIelgil SlltStoilB 

Shady Bore Quamlte 

Lady Loretta FmatIon 

Esperanza Formatlon 

rn Pamd~se Creek Fonatlon 

Gunpowder Creak Formahon 

Tomedo Creak Quartzlta 

Mount ha Group 

Surprise Creek Formahon 

Fiery Creek volcancs~ B~gle Formation 

dotelite 

Qullaler Formatlon 

I Myally Subgoup 

Eastern Creak Volcancs 

48 Leander ouarmte 

I 

- 2D modd cmss-sedrons 

* M b - & I  deposits - Copper ocwnnnces 

Fluits 
- tam 

- Inferred fault 
- - taut (approx I 
. . . . . . . . . . mtea led  tw i l  
- - -  ~nferred concealed fault 

F&(vc &I Pcvrdiv Valley-, mInemldrposllr and 2-Dpmfucs (lobdlal.brJglv Mack k). Cdo&y 
WHUaOrr a l S w d ,  1985 



8.0.2 Mineralisation 

Locations of base metal mineralisation are shown in Fig. 8.1. The only notable stratiform sediment- 

hosted Pb-Zn deposit amongst these is the Lady Loretta Pb-Zn-Ag orebody (see chapters 2 and 6; 

Hancock and Purvis (l990), McGoldrick et al. (1996) and Dunster (1996)). 

Other base metal mineralisation consists mainly of copper occurrences; the largest of these being the 

stratabound Mammoth orebodies. Mammoth Cu is hosted by the Whitworth Quartzite of the Myally 

Subgroup, and is thought to have been sourced from the Eastern Creek Volcanics via fluids that migrated 

up the Mammoth Extended and associated faults (Scott and Taylor, 1982). It is currently being mined by 

Western Metals Ltd. Other notable copper deposits in the Paradise Valley area include Mount Oxide 

(Hutton and Sweet, 1982), Mount Kelly (Bampton et al., 1977) and Lady Annie, near Lady Loretta 

(Lewis, 1975). 

8.1 Geophysical data 

8.1.1 Gravity 

Gravity data were acquired at two scales, the fust at approximately 250 m spacing in a 6 x 5 km area 

centred on the Lady Loretta deposit, and the second at 1 km spacing on vehicular tracks within 30 km of 

Lady Loretta (Fig. 8.2, Appendix 2). These were observed over two field seasons in I993 and 1994. A 

base station established by Western Mining Corporation personnel at Lady Loretta (M. Webb, pers. 

comm.; Appendix I) was utilised as the primary base for all subsequent gravity work. 

Height control for the higher resolution survey was mainly from spot heights on detailed topographic 

maps derived from controlled photogrammetry, as well as numerous surveyed trigonometric points and 

drill collars, with independent control from a pair of microbarometers. Stations were observed on a semi- 

regular basis depending on the availability of elevational and positional control, with a nominal spacing 

of 250 m. Height accuracy for the local survey is estimated at better than i1 .5  m, while many stations 

will be of substantially better accuracy than this. Overall accuracy in Bouguer anomaly is estimated at 

about 10.25 mGal. 

Elevation determinations for the semi-regional survey were derived from loop traverses with three 

microbarometers, utilising the methods of Leaman (1984) and absolute height controls from state 

permanent marks, bench marks and spot heights wherever practicable. However, absolute elevation 

controls are much scarcer than in the vicinity of Lady Annie and Lady Loretta, and hence height accuracy 

is poorer (*2 m). Horizontal positions were determined with the aid of a hand-held Magellan GPS unit, 

but are also less precise than in the area of detailed mapping covered by the Lady Annie-Lady Loretta 

prospect-scale survey (180 m). The resulting unceltainty in absolute Bouguer gravity values for this 

survey is estimated not to exceed 0.5 mGal. 





All prospect-scale gravity data were fully terrain-corrected out to a radius of 21 km, as well as the semi- 

regional traverse data wherever the terrain effect was judged likely to exceed 0.05 milligals. These data 

have been merged with regional Geological Survey of Queensland 1 km spaced traverse data (B. Stockill, 

pers. comm.) and Australian Geological Survey Organisation I I km spaced reconnaissance data as well 

as a limited number of stations acquired by mineral exploration companies (C. Stegman, Rio Tinto 

Exploration, pers. comm.; R. Myers, Western Mining Corporation, pen. comm.). All externally sourced 

data were thoroughly checked, and stations apparently in error (identified by Bouguer anomaly values 

well outside the range defined by nearby stations) removed. 

Bouguer anomaly values were gridded to a cell size of 200 m using minimum-curvature spline 

interpolation. Data for 2D modelling was extracted by automatically sampling 299 points (the maximum 

allowed by the modelling software) from the grid at equal distances along the line of the modelled 

profiles. This equates to a sub-sampling interval of approximately 350 to 650 metres, depending on the 

length of the profile. Observed gravity'data points in the profiles presented (section 8.6.1) represent 

these sub-sampled points, and are not actual gravity stations. This represents an oversampling of the 

gravity data in some profile sections that pass through areas of sparse gravity stations. Such instances, 

where trends apparent in the bbserved'data are largely the result of interpolation and are not well 

controlled by gravity station data, are noted in section 8.6.1. Conversely, the interpolated gravity data are 

somewhat aliased in profile sections within the area of dense data coverage around Lady Loretta. 

8.1.2 Magnetics 

The principal sowce for airborne magnetic data (Fig. 8.3) displayed in this paper is a survey flown by 

Geoterrex for Ashton Mining in 1987 (Queensland Dept. of Mines and Energy open file report 

CR18153B; Keith Jones, written communication 1995), described in chapter 7. Data from this survey 

was upward continued to a height of 150 m in order to match with AGSO regional data (see below). 

The Ashton data were merged with aeromagnetic data from four separate AGSO surveys on 1:250,000 

map sheets that join at the south-eastem comer of the study area (Camooweal, Dobbyn, Cloncuny and 

Mount Isa). These were flown at a nominal terrain clearance of 150 m. The rectangular hole'in the 

south-western comer of the magnetic map (Fig. 8.3) denotes missing data on a number of flight lines from 

the Camooweal survey as received from AGSO. Both the Dobbyn and Cloncuny surveys (east and 

south-east of Camooweal, respectively) have an east-west line direction and a line spacing of 1500 m; the 

older Camooweal and Mount Isa surveys have east-west flight lines approximately 3000 m (2 miles) 

apart. 

All data were gridded to a 50 m by 50 m cell size, then merged using ECS'AGP software. The AGSO 

survey flown most recently (Dobbyn; 1985) was used as the datum for the grid joining algorithm. The 

resulting unified aeromagnetic map shows residual data (IGRF removed), with a dc shift of 5000 nT 

added. For 2D modelling purposes, the magnetic data grid was subsampled using the same method as for 

the gravity data (see above, section 8.1.1). 





8.2 Potential field description 

Both gravity and magnetic data are dominated by NNW to NNE oriented features, though sub E-W trends 

are also apparent. Among the most prominent features in the combined gravity (Fig 8.2) and magnetic 

(Fig. 8.3) data are coincident gravity and magnetic highs associated with the Eastem Creek Volcanics 

either in outcrop or at shallow depths in the Cloncurry Orogen (east of the Mount Gordon Fault Zone). 

High frequency trends within the volcanics define the position and orientation of intercalated siliciclastic 

sedimentary layers. N-S trending dolerite dykes, clearly less magnetic than the volcanics that they 

intrude, are visible as prominent magnetic lows. 

Over most of the study area the gravity field slopes decreases gradually to the west, with an abrupt 

negative gradient and low Bouguer values (< -30 mGal) approximately 30-35 kilometres west of Paradise 

Valley. Magnetic data only trace this apparent major gravimetric boundary in a limited fashion, with a 

high amplitude, long wavelength magnetic anomaly partly coincident with the gravity low. Far-field 

effects of these features extend into the study area. 

To the north, a NE-SW oriented coincident gravity and magnetic low is clearly associated with the 

Weberra Granite. Emplacement of the granite beneath the Fie j Creek Dome and further to the south- 

west, terminating near the extreme north-westem comer of the Paradise Valley study area, is implied. 

The geophysical data tend to confirm that the Weberra Granite and Fiery Creek Volcanics may be 

comagmatic, as suggested by Wyborn et al. (1988), as there is an obvious spatial association of the 

gravity and magnetic low with the most extensive and voluminous occurrences of Fiery Creek Volcanics. 

The absence of any similarly obvious granitoid-related geophysical features in Paradise Valley may 

explain the comparative thinness or absence of Fiery Creek Volcanics in much of the study area. 

8.3 Previous work 

Some interpretation of AGSO regional geophysical data has been undertaken previously in the region of 

Paradise Valley, but this has generally been only semi-quantitative at most. Wellman (l992a,b) has 

subdivided the Mount Isa Basin region (Mount Isa Geophysical Domain) into a number of zones based 

on qualitative assessments of gravity and magnetics. He fixed the western boundary of the Mount Isa 

Domain' east of outcropping Mount Isa Basin rocks based on truncation of structures in the data, though 

a discrepancy between indications from gravity and magnetic data was noted in the Camooweal region. 

Wellman suggested that the keophysical boundary'might be gradational in this area. He also observed 

the Mount Isa region to be a relative high on continental Bouguer and free-air gravity maps, and ascribed 

this to the Mount Isa Domain'crust being of relatively high density. 

Control of the regional gravity field by relief on the Moho has been postulated by a number of authors. 

Crustal thinning from 40 km to 38 km coincident with outcrop and subsurface extensions of the 

Cloncurry Orogen was interpreted principally from regional gravity by Shirley (1979). However, this 

work did not adequately define crustal thickness on the western margin of the Mount Isa Basin. 

Variations in crustal thickness ranging from 33 to over 35 km were invoked to account for regional 

Bouguer gravity gradients by Tucker et al. (1979) in their regional gravity and magnetic study of the 



Georgina Basii though the possibility of gross latad density chenges in the awl contribtittg to the 

regional gravity gradient was also e a n d  

A cornbkned sedimentary accumulahon of up to 13 km including 5000 m of Xdelaidean'sedimeats 

@osJibly intended to refer to equivalents of the South Nicholson Group) and 8000 m of 

Lawn Hill Formation'was modelled to M th large gmity low west of the sl& area by Tucker U aL 

(1979). Marked basement shallowing eaPtwsrds over a d i  of a few teas of kilommrs from 13 km 

depth to less thaa 200 metres beneath subcrop of Mount Isa Basin roch was thereby infmed This 

bnsement was suggested to be composed of KO& with -ties to the Hatches Creek Group and 

Wauamunga Gioup of the Teanant Cnek Inlier. The boundary between these units ('Ajawarm C m n )  

and the Mount Isa Omgen'was placed 20 km east of the wildcat hydmcahn exploration drillhole 

Morstone No.l (-239000E 7834000N). hence about 15 hn beyond the westurn edge of the Parsdise 

Valley study area, by Tucker et al. (1979). 

Seismic refraction dsts provide some information on upper cxustal geology m the region F i y s o n  

(1987) quobd a Moho de@ of between 51 and 54 km for the region between Tennaat Creek and Mount 

Isa Low velocity zones (5.9-6.25 Ms) were amibuted to Leichhardt Metamorphicn wiIh intmspased 

graaites: a d  interpnted to persist to depths of at least 15 km (Fiiysoo, 1982). Lower velocities penkit 

to gnster (middle-lower crustal; 25-35 km) depth6 at Mount Isa compared to other Fmtemzoic rratonic 

areas in northern Ausealia (Fig. 8.4). F i y s o n  (1987) noted unusually thick high-velocity laye16 in the 

lower crust beneath fold belt provinces sucb as the Cloacuny Orogen/Rivenleigh Fold Zone compared to 

muorling innumatonic basins. Such features are likely to be a sigdicmd conbml on regional gmvity 

gradients. 

C d  seismic velocity models for the southan portion of the Mount Isa Basin have becn re- in the 

come of AGSOb seismic refleaidrefraction traverse across l&e Rivetsleigh Fold ZQIE and Cloncuny 

Orogen (Gmchamv et al, 1996). CwNll thickness was aasesecd at 5055 loa, thoughthis was at the bas.$ 



of a €ransitionel layu up to IS km thick (Goleby et al., 1996). Velocities west of Mount isa are seen to be 

geMallg relatively lower at qpx to lower-mid crustal depths in camparison to the ceatral Cloaany 

O r o p  (Fi. 8.4.8.5). The impmved seismic re6action model, still esscarialy consistent with the 

velocity model of Finlayson (1982), can be used as evidence for gross cnrstal density changes and 

arguably uustal tbi- chmp @ i i  8.5). 

A seismic reflection survey (Robemon, 1963) conducted in the Undilla region neat Mondone No. 1 was 

only prtially successful obtaining refledions ftom a meximum dspth of 3000 m. This pmvides partial 

support for Tucker ct a1.8 (1979) hypothesis of a massive d b a t a ~ ~  ascwmkion below this part of 

t h e G w ~ B a s i  

Le- (1998) modelled much of the Carpentaria Zlnc &It region cxtadiog north from lbe study area to 

the westam Gutf of CarpantariP, using similar methods to those adopted io this study. Maay features of 

this baprct&on was related by Leaman (1998) to elements of the scq- exposed in the westem 

Mamt Isa Bank Among these faturzs were ex&ensive voluminous M t s  with propertits similar to 

those of the Eartern Creek Voleanios, and dwper, similarly extensive, modgately ma&c (up to 40x10- 

SF) aud moderately dense (22.77 ttmJ) sources ascribed to massive felsic v o k u 1  with a small 

preponion of mafie volcnnics. Thc latter were tearatively related to the Cliffdale Volranics of the 

Mutpby Inlia and &c Leichhard~ Voleanics. The igneous bodies were dopasited in a complex netwo* of 

nR cells 1998). 

The d i i  betwe8n ~ y - d e r i v c d  csustal thickness values (50-55 hn) and those dmved fmm 

gravity (33-40 km) probably srises from differences m definition of the Moho and density wntmt 
. . ~ w h i e h ~ i n t u m b c h a c e d t o ~ ~ i t i ~ n a t u r e o f t h e c r u s t - ~ ~ i n t h i s  

region. Gn~vity mmods suggest a depth comqwnding to the top of the transitional lnyer as tbe base of 

the uu& while seismic methods place the boundary beneath the tfausitional layer. Whattver the 

d&&ion, lateral density variations at al l  levels within and at th base of the crust defined by pmrious 

regional gravity and seismic studies are likely to farm a signifscaat wmpoMnt of ngional gravity 

gmdirmts. Contrasts in magnetic properties are also likely to accampany lbe lateral density and velocity 

chPagt s ideo t i f i ed inpnv i~ l sgaophys i ea lwods ,~ to theCur ie~depth .  Heatflow 



measurements in this part of Australia (Cull, 1991) arenormal for continental crust at -70 mW/m2, 

implying attainment of the Curie temperature for magnetite (-575'C) at a depth of around 20 km. The 

probability of crustal-scale sources contributing very long wavelength components to the observed 

gravity and magnetic fields in the Paradise Valley areamust therefore be recognised. 

8.4 Rock properties and other constraints 

The physical properties of the units modelled in Paradise Valley have been discussed in chapter 5. Table 

5.12 has been used as the basis for interpretation. While the Lady Loretta Formation and the Paradise 

Creek Formation are virtually indistinguishable in terms of density and magnetic susceptibility, 

constraints derived from outcrop geology enable them to be modelled separately. The relatively thin 

Esperanza Formation was only included in models where it was sufficiently thick or close to the surface 

to exert a discernible influence on the gravity field; otherwise it was incorporated in the Lady Loretta 

Formation. The Gunpowder Creek Formation was generally modelled with a density intermediate 

between the Paradise Creek Formation and the underlying sandy units. However, in some areas where its 

upper, more dolomitic and silty section (Xighly over-represented in the petrophysical data set) was 

demonstrably missing or highly attenuated this unit was assigned a lower density befitting a sandier 

composition. 

The Torpedo Creek Quartzite, Surprise Creek Formation, Fiery Creek Volcanics, Bigie Formation and 

Myally Subgroup are indistinguishable in terms of gravity and magnetics at the scale modelled (see 

chapter 5). Nevertheless, for reasons of stratigraphic clarity the Surprise Creek Formation (incorporating 

the Torpedo Creek Quartzite, Bigie Formation and Fiery Creek Volcanics if present) and the Myally 

Subgroup were retained as separate entities in most models. Older Haslingden Group units (Eastern 

Creek Volcanics, Leander Quartzite) have been assigned the bulk properties shown for them in Table 

5.12, with some exceptions, which are detailed in the text below. 

In some profiles there is evidence for magnetic bodies beneath the Leander Quartzite. Where these have 

been included, they have been given properties consistent with those measured from the Argylla 

Formation, Bottletree Formation or units with similar composition (generally felsic igneous) outcropping 

east of the study area. These, designated 'pre-Haslingden felsics' in Table 5.12, have been assigned 

intermediate magnetic susceptibilities and moderately low densities (less than 2.70 t/m3), which are 

estimated bulk averages of what in reality are highly heterogeneous units (cf. Leaman, 1998). 

These rock properties, along with surface and stratigraphic geological constraints on modelling and 

previous geophysical work, form the foundation for interpretation. The only other notable geological data 

available is from the borehole Morstone No.1, drilled about 60 km west-northwest of Lady Loretta to test 

the hydrocarbon potential of the northeastern Georgina Basin. It intersected little more than 300 m of 

Cambrian Georgina Basin sediments, but then continued through another several hundred metres of 

alternating sandstones and siltstones, which are tentatively correlated with the Constance Sandstone or 

Mullera Formation of the Mesoproterozoic South Nicholson Group. 



8.5 Modelling methods 

Forward modelling methods were applied to interpretation. The software used, MODEL2D developed by 

Michael Roach (U. Tas.), utilises standard 2D polygonal algorithms (Talwani eta]., 1959; Talwani and 

Heirtzler, 1964). The interpretation was designed and canied out using the methods of Leaman (1994). 

Twelve cross sectional models incorporating geological information with corresponding gravity and 

magnetic data were constructed across the Paradise Valley study area (Fig. 8.1). All extend at least 25 km 

beyond the area of interest shown in Fig. 8.1 in order to minimise edge effects, but only those parts of the 

models within the study area are depicted in section 8.6.1 below. The 2-D profiles have been positioned 

and oriented in order to sample as many geophysical and geological features across strike as possible, in 

areas of reasonable data coverage. Due to the complex and intense deformation in this region compared 

to areas further north in the Bowthom Block and north of the Murphy Inlier, 3-D (off line) effects have 

been unavoidable in many areas, particularly on the western and eastern edges ofthe study area, and near 

the Mount Gordon Fault Zone and Lady Loretta. 

Earth's magnetic field parameters used were: Total strength 50500 nT, inclination -50°, declination 6", 

estimated from charts of the Australian Geomagnetic Reference Field published by AGSO for the 1990.0 

epoch. All models interlock consistently at their intersection points. Reference properties employed in 

modelling are 2.74 t/m3 and 0.0 SI, representative of nonmagnetic metamorphic basement, following the 

standard used by Leaman (1996, 1998) elsewhere in the Carpentaria Zinc Belt. The models have a depth 

extent of 15 km, but to maximise clarity of stratigraphic detail in the depth dimension only the upper 7 

km is shown, except where there are features of interest in the 7-15 km depth range. 

8.6 Interpretation 

A base level of 5000 nT was used in all modelling, being the dc shift added to the original data after 

lGRF removal. In order to account for a very long wavelength gradient in the magnetic field across the 

region (possibly caused by the presence of mafic material at upper mid-crustal levels beneath the 

Leichhardt Rift; see Gunn, 1983; Goncharov et a]., 1996), magnetic base level was shifted upwards by 50 

nT in north-south oriented profiles on the eastern edge of the study area, and 50 nT downwards in N-S 

profiles on the western edge. 

A granitic basement with density contrast -0.05 t/m3 and nil magnetic susceptibility contrast, consistent 

with basement granitoids outcropping elsewhere in the Mount Isa Basin (chapter 5; Hone et al., 1987) has 

been modelled at the base of all profiles (1 5 km depth). This layer's thickness varies from zero up to 

around 4 km, generally decreasing westwards from the eastem edge of the study area. Relief on the upper 

surface of this granitoid basement is very low, and a component of the long wavelength variations in the 

gravity field modelled by it may actually be due to gross lateral variations in crustal properties (density, 

thickness) discussed above in section 8.3. 

The extensive magnetic low on the western side of the study area is apparently a geometric effect 

associated with a very large (high amplitude, long wavelength) magnetic high still further west. It is 

associated with a major N-S trending gravity low, which has a steep gradient on its eastern flank. These 



features were modelled in western extensions to E-W oriented models of the study area in order to 

minimise edge effects. Siliciclastics ofthe South Nicholson Group account for a portion of the gravity 

low, but the gross features of the combined magnetic highlgravity low are best explained by a body of 

density -2.69 dm3 and magnetic susceptibility 30 x lo.'SI, extending to as much as 15 km depth. 

Alternatives involving low density South Nicholson Group sandstones overlying a magnetic basaltic 

basement similar to the Eastern Creek Volcanics were examined, but found unable to co~cumently 

account for both the gravityand magnetic fields. Physical properties of the hypothesised body are 

consistent with a limited set of lithologies, among them felsic to intermediatdandesitic volcanics and I- 

type granitoids, and their metamorphic equivalents (Clark and Emerson, 1991). The Cliffdale Volcanics, 

Bottletree Formation and Argylla Formation, all mainly consisting of metamorphosed felsic volcanics, are 

hence possible candidate units to account for this body, but its shape as modelled (15 lon depth, rounded 

top) is suggestive of a granitoid intrusion. While I-type granites are prevalent over S-types in the Mount 

Isa Basin (Wyborn et al., 1987), the majority, including the nearest outcropping examples (Webema 

Granite, Yeldham Granite, Sybella Granite) are not particularly magnetic. The body may actually be part 

of an entirely separate terrane. Whatever the nature and origin of the body, its exact geometry and 

composition are not critical to accounting for the long wavelength component of the gravity and magnetic 

fields affecting the study area. Further investigation of the nahue of the speculated boundary between the 

Mount Isa Basin and the adjoining terrane is beyond the scope of this thesis. 

8.6.1 2D models 

The profiles have informal working titles based either on their orientation (in degrees kom true north) or 

localities which they were designed to investigate. These designations have no particular significance 

other than as a mechanism to link the profiles presented (Figs. 8.6-8.17) to their position in plan view 

shown in Fig. 8.1. 

Observed gravity and magnetic data points extracted from gridded data as described in section 8.1 are 

shown on all models as open squares (gravity) and triangles (magnetic), connected by dotted line 

segments. Bouguer gravity and magnetic anomalies calculated from the modelled bodies are shown as 

lighter and darker solid lines, respectively. 



Unit Abbreviation Density k 
(tlrn') (x 10" SI) 

Mesozoic M 2.18 0 
Cambrian C 2.66 0.05 

South Nicholson Group PS 2.61 0.15 

Riversleigh Siltstone Pmr 2.67 0.15 
Shady Bore Quartzite Pms 2.62 0.02 

Lady Loretta Formation Prnl 2.78 0.15 

Esperanza Formation Pmz 2.67 0.15 
Paradise Creek Formation Pmx 2.77 0.10 

Gunpowder Creek Formation Pmw 2.72 0.30 
undifferentiated Torpedo Creek Quartzite, Surprise Creek 
Formation. Fiery Creek Volcanics, Bigie Formation Pr 2.64-2.67 0.10 
Fiery Creek Volcanics Phr 2.8 0.50 

undifferentiated Torpedo Creek Quartzite-Myally Subgroup Pr-hm 2.64-2.67 0.10 
inclusive 
Myally Subgroup Phm 2.64-2.67 0.10 

Eastern Creek Volcanics Phe 2.91 55 
Leander Quartzite Phq 2.64 0.10 
'pre-Haslingden Group felsics' Phl 2.65-2.76 0.4-65 

Table 8.1 Busin unir abbreviations used in models (Figs. 8.6-8.17) rrirh represenrarivephysi~alproper~ies b m d  on 

Table 5.12 

The profiles in approximately west-east orientation tend to be dominated by structures attributed to the 

main east-west compressional phase of the Isan Orogeny. In profile SO89 (Fig. 8.6), lsan Orogeny folds 

' increase in intensity eom west to east. The Mount Gordon Fault separating the Riversleigh Fold Zone 

from the Leichhardt Rift at 149000 m dips moderately steeply to the west. A similar interpretation was 

made by Goleby et al. (1997) from a regional east-west seismic traverse tens of kilometres to the south. 



SO89 was extended over 100 km past the eastern edge of the study area, beyond the eastern limit of 

outcropping rocks of the Cloncuny Orogen, in order to characterise the geophysical response of units 

postulated to comprise 'basement' to much of the Mount Isa Basin, particularly 'pre-Haslingden felsics' 

mentioned in chapter 5. This confirmed the highly variable signatures of these units, especially their 

magnetic properties. Outcropping Bottletree Formation, Argylla Formation and Leichhardt Volcanics, 

representative of the 'pre-Haslingden felsics' suite, appeared highly magnetic in some sections and 

virtually nonmagnetic in others. Both these units consist mainly of varying proportions of felsic and 

mafic igneous lithologies, implying similar variability in density. The pre-Haslingden felsics are 

represented on profile SO89 by a moderately dense, slightly magnetic body (2.80 t/ni3 0.001 SI) beneath 

the Leander Quartzite around 165000 m. This body (labelled Pht) was inserted mainly to satisfy the 

requirements of the gravity data. 

The inlier of Surprise Creek Formation crossed by profile 078 (Fig. 8.7) at 13 I000 m contains a core of 

Eastern Creek Volcanics extending to within 1500 m ofthe surface. This inlier appears to have been 

faulted into place along steeply west-dipping faults, similar in orientation to the Western Border Fault 

(136000 m on profile 078) as suggested by van Dijk (1991), who interpreted the Western Border Fault as 

a thrust soling out at a depth of several kilometres. Also noteworthy is the extreme attenuation of the 

Myally Subgroup-Torpedo Creek Quanzite sequence (Pr-Phm) in the middle of profile 078 (Fig. 8.7). 

Diruncr (m) 

Figure 8.7 Profile '078' 

The 'dayview' profile was positioned to sample the Dayview Syncline (also known as the Debut 

Syncline) which is centred around 39000 m in Fig. 8.8. This profile also samples the Russell Creek Fault, 

which is here interpreted as a near-vertical fault with over 2 km of apparent vertical displacement. The 

misfit between the observed and calculated magnetic data in the vicinity of the Mount Gordon Fault at 
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CAMOOWEAL - BEARING 091 
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Figure 8.9 Profile '091 ' 

There is a caveat on this aspect of the interpretation. As the ECV are the only significant magnetic unit in 

each model, fault dip information can only be extracted where faults comprise bounding surfaces of the 

ECV. Accordingly, the orientation of boundaries separating model bodies with the same properties is 

arbitrary, except where these boundaries are collinear with significant offsets in the upper or lower 

bounding surfaces. The disposition of faults affecting the Eastern Creek Volcanics is also subject to 

considerable uncertainty because of the ubiquitous alteration discussed in chapter 7. The fluids 

responsible for this alteration are most likely to have been concentrated in and near major fadts, as has 

clearly occurred in the foim of magnetite-desbuctive alteration along faults as described in chapter 7 (see 

Fig. 7.9; Wyborn, 1987). Magnetite creation as a result of albite + actinolite or calcite + magnetite 

alteration is also a potential source of variability in ECV magnetic properties (see section 7.2.1.2; Fig. 

7.9; Wyborn, 1987). If these alteration systems affect the bulk properties of volumetrically significant 

ECV rock masses adjacent to fault planes, estimations of fault dip will be strongly affected, and possibly 

invalidated. This may be occurring north of the Investigator Fault (-1 10000 m, Fig. 8. lo), where a better 

fit was obtained by removing a small section of ECV at the surface north of the fault - effectively 

assigning zero magnetic susceptibility and a neutral density of 2.74 t/m3 to this volume. These properties 

are consistent with chlorite + albite and epidote 4 sphene alteration, or simply deep, intense weathering. 



E EDGE CAMOOWEAL 
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Figure 8.10 Profile '1 78' 

Extensional structures are better preserved in the line to the west (Profile 175, Figure 8.1 1) north of the 

Mammoth Extended Fault (-102000 m). This configuration is consistent with northsouth extension 

resulting in E-W oriented structures which controlled deposition of the sequence ranging from the 

Pickwick Metabasalt to the Whitworth Quartzite in the Myally Subgroup, as proposed by O'Dea and 

Lister (1995) and O'Dea et al. (199%). Compressional structures are more prevalent at the southern end 

of the line, where the Leander Quartzite is interpreted to be thrust over younger strata including the 

Mount Isa Group (lower McNamara Group equivalents) and Myally Subgroup. 
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Figure 8.11 Profile '1 75' 



It is impractical to exactly model the higher kequency magnetic signal observed in line 175 over 

outcropping ECV. This character may be due to combinations of a number of factors such as weathering 

depth, primary lithological variation, magnetite-affecting alteration and remanence variation. The sharp 

magnetic high at 116000 m mainly coincides with Pickwick Metzbasalt outcrop, and may be caused by 

increased magnetite created during stratigraphically-controlled alteration of this unit, as discussed in 

chapter 7. This uncertainty in local magnetic properties means that the orientation of the Investigator 

Fault at -1 15000 m is ambiguous. 
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Figure 8.12 Profle '016' 

The Redie Creek Fault crossed by Profile 016 (Figure 8.12) at 50000 m is modelled as a north-dipping 

thrust fault. This structure may represent the southern boundary of an inverted half-graben active during 

ECV or earlier time, but the possibility that this fault may have had a different orientation or sense of 

displacement at other stages during its history cannot be discounted. Additional uncertainty is introduced 

by the violation of 2-D assunlptions introduced by the N-S trending folds fonned during the Isan 

Orogeny. The much thicker Myally Subgroup - Paradise Creek Formation sequence to the south ofthe 

Redie Creek Fault suggests a depocentre in this area during this period. The modelling indicates that 

mapped faults bounding Surprise Creek Formation inliers towards the southern end of the profile are 

south-dipping thrusts. 

The Redie Creek Fault is interpreted to be near-vertical on the mt-kelly profile (51000 m in Fig. 8.13), 

west of profile 016. South-dipping faults are again observed towards the southern end ofthe profile, but 

here they appear to have a normal sense of displacement. There are indications of reverse faulting 

affecting the Eastern Creek Volcanics at depth towards the northern end of the mt-kelly model (Fig. 

8.13), but the relationship between these inferred structures and faults within the Myally Subgroup- 

Gunpowder Creek Formation sequence exposed in this area is not clear. 
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Figure 8.13 ProJle 'mr-kelly' 
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Figure 8. I 4  P r o m  'de se~ '  

Still further west, the Redie Creek Fault at 56000 m on the 'desert' profile (Fig. 8.14) appears to have a 

southerly dip. This model was positioned to traverse the extensive area covered by Tertiary duricrust and 

Mesozoic sediments known locally as The Desert, centred around 40000 m in Fig. 8.14. This area is 

interpreted to be underlain by shallowly dipping Paradise Creek Formation. The line almost coincides 

with an anticlinal axis towards its southern end, which caused some difficulty in fitting the gravity data. 

The problem is apparently most acute around 67000 m, hut the sharp 'observed' gravity low interpolated 



in this area (corresponding to 308400E 7801500N, Fig. 8.2) is poorly controlled by gravity station data, 

and may be spurious. Bener definition of the gravity field in this region may result in a reduction in 

thickness of the wedge of Leander Quartzite currently modelled north of 70000 m (Fig. 8.14). 

The 'koolarnra' profile (Figure 8.15) was designed to investigate areas blanketed extensively by 

Phanerozoic sediments. These are interpreted to cover flat-lying Shady Bore Quartzite (around 35000 m) 

and Paradise Creek Formation (70000-85000 m). A southern extension of the Russell Creek Fault (sensu 

van Dijk, 1991) is crossed at 43000 m where Gunpowder Creek Formation is faulted against Shady Bore 

Quartzite, with over 2 km of apparent vertical displacement. As the ECV are interpreted to be very thin 

in this area, the fault having no associated magnetic signature, it is difficult to glean information on its 

dip. The line also crosses the Western Border Fault but does so obliquely, so linle confidence can be 

attached to the steep south-westerly dip shown in Fig. 8.15. The magnetic signal in this area (51000- 

61000 m; around 298000E 7813000N, Fig. 8.3) is strongly affected by geometric effects arising from the 

upfaulted mass of Eastern Creek Volcanics less than a kilometre off-line to the north-west, on the north- 

western side ofthe Western Border and Carlton Faults. 

Figrrrc 8.15 Profile 'koolarnra' 

The host sequence for the Lady Loretta Pb-Zn-Ag deposit is sampled by profile 170 (Figure 8.16). The 

deposit itself is located on and just to the east of the line at 113000 m. Immediately north of the deposit, 

the Carlton Fault dips south. This interpretation is informed by drilling in the vicinity of Lady Loretta 

and Lady Annie documented in unpublished data stored at the mine site. The hypothesis that the arcuate 

Leopard-Carlton Fault system is a north- and northeast-dipping spoon-like fault thrusting units at least as 

old as Bigie Formation over younger McNarnara Group sediments (van Dijk, 1991) is not supported by 

this interpretation of the potential field data or by local drilling data. Other faults dissecting the inliers 

north of Lady Loretta apparently dip steeply southwards. Structures north of and including the Russell 

Creek Fault at 93000 m are crossed obliquely by this profile, which in conjunction with extremely thinned 



ECV means that little can safely be concluded regarding their orientation. The Surprise Creek Formation- 

Myally Subgroup sequence (Pr-Phm) is extremely attenuated in the fault block north of Lady Loretta, to 

the point that the Myally Subgroup, several kilometres thick elsewhere, is virtually absent. South of the 

Carlton Fault, this sequence is up to 2 km thick. 
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Figure 8.16 Profile 170 

An important feature of the profile 170 model is the volume of altered volcanics (labelled 'alt-v' in Fig. 

8.16) within the upfaulted ECV north of Lady Loretta. The altered volcanics have been assigned 

depressed density and magnetic suseeptibilityproperties (2.76 t/m3, I x 10" SI; cf. 'normal ECV 2.91tlm3 

and > 50 x 10" SI) consistent with those measured on the chloritic metabasalt intersected at around 500 m 

depth in the 468  drillhole, which is located less than 2 km west of the 11 1000 m point on the profile. 

Apart from the indications from drilling, models containing altered volcanics most easily satisfy the 

requirenlents of the gravity and magnetic data in this area. As discussed in chapter 5, this alteration is 

thought to be of the chlorite + albite type, and may have sourced Zn-Pb and Cu-mineralising fluids. 

The disposition of the Eastern Creek Volcanics in profile 124 (Fig. 8.17) indicates that the Russell Creek 

Fault at 153000 m is a steeply WNW-dipping normal fault, but the magnetic signature observed is mainly 

due to the effects of the faulted anticline a few kilometres to the south-east. The fault cutting this 

anticline may also be related to the Russell Creek Fault system. Vertical faults including the Western 

Border Fault around 161000 and 164000 m have decreasing apparent vertical displacement with depth, 

indicating lateral wrenching as the major component of movement on these slructures. The Mount 

Gordon Fault which is exposed near 185000 m is again interpreted to be west-dipping, but the structure is 

obscured by bedding king near-parallel to the fault as a result of major synclines and anticlines west and 

east of the fault, respectively. It appears likely that both wrenching and thrusting have occurred to 

varying degrees in the complexly faulted zone up 7 km southeastwards i?om the main Mount Gordon 



Fault. Further southeast along the profile the macro-structure is that of a relatively simple anticline, 

though this is again truncated by a major fault at 206000 m where Mount Isa Group has been faulted 

against Leander Quartzite, possibly by approximately S-directed thrusting as discussed above in relation 

to profiles 175 and 178 which also traverse this area. 
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8.6.2 2.5-D structural surfaces 

2.5-D structural surfaces (equivalent to structure contours) which together describe a 3-D model for the 

Paradise Valley region were constructed from the 2-D models. Picks of the upper and lower contacts of 

modelled basin units @dy Loretta Formation, Paradise Creek Formation, Gunpowder Creek Fonnation, 

Torpedo Creek Quartzite-Myally Subgroup inclusive, Eastern Creek Volcanics, Leander Quartzite) were 

taken fiom the 2-D model cross-sections, transferred onto a plan view map of the study area and digitised 

into a GIs. These were interpolated into a 2.5-D surfaceusing the ANUDEM algorithm (Hutchinson, 

1989). This procedure incorporated additional elevation constraints from geological map data in the GIs, 

with all outcrops equivalent to or older than the unit modelled assigned a depth of zero. This ensures that 

all interpolated structural surfaces intersect the topographic surface in the correct location, so that, for 

example, the surface describing the base of the Paradise Creek Formation reaches zero depth (i.e. is 

exposed) at the contact between the Paradise Creek Formation and the underlying Gunpowder Creek 

Formation. Topographic relief in the study area is not significant on the scale of this modelling. 

Grids describing the thickness of modelled units (equivalent to isopachs) were obtained by raster 

subtraction of each modelled unit's lower structural surface from its upper one. The thickness maps 

derived are interpreted to indicate the volume and shape of the accommodation space developed during 

deposition of the modelled unit, subject to limitations inherent in the method used to derive thickness. 



The thicknesses shown in the models will be less than true pre-orogenic stratigraphic thicknesses where a 

portion of the unit has been removed by erosion, and will be exaggerated in areas of steep dip. 

Notwithstanding these restrictions, useful indications of syn-deposition basin structure may still be 

extracted. 

8.6.2.1 Leander Quartzite 

Pre-Leander Quartzite basement is inferred to occur within 1000 metres of the surface in the core of the 

Leichhardt River Fault Trough regional anticline in the south-eastern corner of the study area (Fig. 8.18). 

Evidence for the N-S-trending Leichhardt Rift hypotbesised by O'Dea et al. (1997a; similar to the 

Leichhardt River Fault Trough of Derrick, 1982) is seen in the much thicker Leander Quartzite deposits in 

the eastern third of the area (Fig. 8.19), though it should be noted that a proportion of the apparent 

thickening observed on the western flanks of this structure is due to steeper dips in the vicinity of the 

Mount Gordon Fault zone. The western boundary of the Leichhardt River Fault TroughLeichhardt Rift 

has hitherto been difficult to define (Sweet, 1983; O'Dea et at., 1997b), hut based on Figs. 8.19 and 8.21 

it should be placed between 3 IOOOOE and 3 15000E, several kilometres west of the Mount Gordon Fault. 

Leander Quartzite west of the former Leichhardt Rift is generally much thinner or absent. Some of the 

Leander Quartzite sequence apparently missing around 7795000N and 7830000N within the Leichhardt 

Rift may have been removed by erosion before further deposition, possibly on rift shoulders associated 

with the Myally Rift event of O'Dea et al. (199%; see below). 

8.6.2.2 Leander Quartzite / Eastern Creek Volcanics contact 

Fig. 8.20 shows a structure map for the base of the Eastern Creek Volcanics, which provides a clear 

indication of the nature and magnitude of deformation in the region. The ambiguity of this surface 

inherent in the magnetic modelling is reduced by the requirements ofthe gravity data, which enforce 

strong constraints on the thickness of the Eastern Creek Volcanics. Long wavelength magnetic effects 

also provide useful indications of the form of the basal ECV at the scale of this modelling. 

Greatest uplifl of the basal Eastern Creek Volcanics has occurred in the south-eastern comer of the study 

area (Fig. 8.20), while north-side-down displacement on the Investigator (-78 1000ON) and Mammoth 

Extended (7823000N) Faults is indicated. 









8.6.2.3 Eastern Creek Volcanics thickness 

Further evidence for the existence and location of the Leichhardt Rift can he seen in Fig. 8.21, as the 

isopach panem of the Eastern Creek Volcanics is similar to that of the Leander Quartzite with the largest 

volumes contained in a N-S-trending strip in the eastern third of the area, in particular just east of the 

Mammoth Cu deposit. There are also suggestions of WNW-trending depocentres extending away from 

the Leichhardt Rift, in particular north of Lady Loretta. These may be structures arising from the Myally 

Rift event, which ODea et al. (1997b) defined as an episode of N-S directed extension resulting in E-W 

striking half-grabens. The Myally Rift event spanned the stratigraphic interval from the Pickwick 

Metahasalt to the Whitwonh Quartzite, so accumulations of Eastern Creek Volcanics in the WNW- 

trending structures may mostly consist of Pickwick Metabasalt. The ECV have been largely removed by 

erosion in the south-eastem comer of the study area. 

8.6.2.4 Eastern Creek Volcanics /Myally Subgroup contact 

Overall, the gravity and magnetic field interpretation is most sensitive to the contrast between the Eastern 

Creek Volcanics and the overlying Myally Subgroup, so Fig. 8.22 provides the best representation of 

present-day regional structure. The N-S grain imparted by the main E-W compression phase of the lsan 

Orogeny is the most prominent feature, but there are also other trends of more uncertain tectonic aftinity. 

The NE-trending break extending between 290000E 7820000N and 320000E 78450000N is the most 

prominent of these, and may be related to the Mount Isa Rift Event as described by Betts et al. (1999). 

8.6.2.5 Myally Sitbgroup - Torpedo Creek Qiiarfzite sequence tltickness 

It is difficult to separate the effects of syn-depositional structures from subsequent erosion in units 

younger than the Myally Subgroup, since these units outcrop extensively in the study area, and are 

therefore eroded to some degree. In spite of, and allowing for this, some syn-depositional structures may 

still he inferred from Fig. 8.23. The clearest of these is a -12 km-wide zone extending WNW north of the 

Redie Creek Fault from the Mount Gordon Fault at 7810000N. In much of this area the Myally 

Subgroup-Torpedo Creek Quartzite (MS-TCQ) sequence is thinned to the point where the entire Myally 

Suhgroup may be absent in some places, including the zone immediately north of Lady Loretta where 

apparently thickened areas are due to steeply dipping Surprise Creek and Bigie Formations. The zone 

north of the Redie Creek Fault is thought have been elevated throughout MS-TCQ time. Conversely, to 

the south and nolth of the uplifted zone the MS-TCQ sequence attains thicknesses in excess of 2.5 km in 

E-W to WNW-ESE oriented sub-basins. The meridional zones of thinned material at -306000E and 

-3 17000E intempting the sub-basins may represent transfer fault zones between half-graben, though 

some of the MS-TCQ sediments have also been removed by erosion in both these areas. The entire MS- 

TCQ sequence appears to lens out to the west, as the interpreted edge of the Mount Isa Basin is 

approached. 
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8.6.2.6 Torpedo Creek Quartzite /Gunpowder Creek Formation contact 

The depth to the base of the geophysically distinguishable McNamara Group is shown in Fig. 8.24. 

Relative magnitudes of vertical displacement are evident at this stratigraphic level. The Russell Creek 

Fault appears to diminish in magnitude southwards from about 291600E 7823000N to near zero by 

290200E 7820000N. It may he that the Russell Creek Fault terminates here. The southem extension of 

the Russell Creek Fault as mapped by van Dijk (1991) and shown in Fig. 8.24 extending SSE from the 

Torpedo Creek Quartzite inlier at 287000E 7807000N may be a separate fault. It may also be that the 

Russell Creek Fault is a major wrench structure postdating the main E-W compressional phase of the lsan 

Orogeny (cf. ODea et al., 1997a) -the relationships shown in Fig. 8.24 are consistent with many 

kilometres of sinistral movement on the Russell Creek Fault. The Westem Border and Carlton Faults 

attain maximum apparent vertical displacement at the point where they intersect (297600E 781 1800N), 

near Lady Loretta. 

8.6.2.7 Gunpowder Creek Formation thickness 

Less weight is placed on the interpretation of Gunpowder Creek Formation (GCF) thickness (Fig. 8.25) in 

terms of basin development than that of older units because of the extent of the area affected by recent 

removal of material through erosion, the overall thin nature of the unit in comparison to the other basin 

entities modelled, and fairly low density contrast (0.05 dm3 or less) with the underlying MS-TCQ 

sequence. However, there are some indications that the uplift of the WNW-trending area north of the 

Redie Creek Fault continued into GCF time. Much of the Paradise Creek Formation and younger units 

(i.e. where a complete section of GCF is present) outcropping in this area cover only a thin layer of GCF; 

less than 330 m. Sections up to -1500 m thick are preserved in equivalent shallowly-dipping areas south 

of the Redie Creek Fault. The crescent-shaped trench of apparently thickened GCF (around 29700E 

7790000N) is mainly an artefact caused by a narrow inlier exposing the Gunpowder Creek 

FormatiodParadise Creek Formation contact, but may also be partly due to steep dips associated with the 

nearby faults. An ENE- to NE-trending zone of thicker GCF, in the northwestern comer of Fig. 8.25, is 

one of the few indications of half-graben caused by a NW-SE extensional event (Mount Isa Rift Event of 

ODea et al., 1997a) documented by Bens et al. (1999) north of the study area. Other rapid thickness 

variations seen in Fig. 8.25 may be related to active extensional structures (pull-apart basins, pop-ups) 

associated with the Mount Isa Rift event. 

8.6.2.8 Gunpowder Creek Formation /Paradise Creek Formation contact 

Differences in structural elevation from south to north across the Redie Creek Fault are accentuated in 

Fig. 8.26, where the Paradise Creek FormatiodGunpowder Creek Formation contact is displaced by as 

much as 2 km. This map serves to emphasise the importance of structures other than the meridional 

anticlines and synclines caused by the main E-W compression of the Isan Orogeny, though whether these 

are due to other post-depositional or syn-depositional events is not apparent from Fig. 8.26. 
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8.6.2.9 Paradise Creek Formation thickness 

The proximity of the westem edge of the Mount Isa Basin may be inferred from the thinning of the 

Paradise Creek Formation (PCF) westward in Fig. 8.27, though there are indications from increased PCF 

thickness that the basin extends northwestwards from that comer of the study area. The comparative 

scarcity of complete PCF sections in the central portion of the Paradise Valley region makes it difficult to 

infer depositional patterns for this period of basin histoty. It is nonetheless clear that the areas 

immediately south of Lady Loretta and the Redie Creek Fault remained as substantial depocentres during 

PCF time. Major sub-basin development in the north-western comer of the region is also inferred to have 

occurred during PCF time. 

The differences in accommodation space created north and south of the Redie Creek Fault noted for older 

units are less pronounced in the PCF. Over 1000 m of Paradise Creek Formatioo are interpreted to be 

present beneath extensive nearly flat-lying Esperanza Formation outcrop just north of the centre of the 

study area (Fig. 8.27). This reduced differentiation across basin structures is consistent with the PCF 

being deposited in a period of regional sag following the Mount Isa Rift event (ODea et al., 1997a: 

1997b). 

8.6.2.10 Paradise Creek Forn~ation top 

Fig. 8.28 shows that the Paradise Creek Formatioo is interpreted to underlie much of the Mesozoic and 

Cainozoic cover in the central portion of the Paradise Valley between the Westem Border and Mount 

Gordon Faults. A WNW-trendillg zone of uplift over 15 km wide is inferred beneath Cambrian cover 

west of Lady Loretta, around 282000E 7817000N. 

8.6.2.11 Lady Loretta Formation base 

The base of the Lady Loretta Formation (LLF) closely corresponds to the trend defined by the top of the 

PCF (Fig. 8.29). The magnitude of displacement on the Russell Creek Fault and its putative southern 

extension (van Dijk, 1991) is again emphasised, while the Western Border Fault appears to have 

experienced little vertical movement south of Lady Loretta (297500E 781 1000N), as evidenced by the 

continuity of the basal LLF surface across it. 

8.6.2.12 Lady Loretta Formation thickness 

The thickness of the Lady Loretta Formation (Fig. 8.30) appears to increase from south to north, 

suggesting a basin deepening in this direction during LLF time. The host sequence of the Lady Loretta 

Zn-Pb deposit is included in this trend, as the thickness in this area exceeds that in the southwestern 

comer of the study area, in spite of exposure and consequent sediment removal. The northward- 

deepening trend is intempted by the presumed preCambrian uplift and erosion west of Lady Loretta 

referred to in sub-sections 8.6.2.10 and 8.6.2.1 1 above. 
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8.6.2.13 Lady Loretta Formation top 

Fig. 8.3 1 mainly serves to depict the extent of Lady Loretta Formation beneath Phanerozoic cover. It is 

not thought to range far east of the Western Border Fault (roughly 7 km north and south of Lady Loretta), 

but does occur extensively beneath Cambrian cover of the Undilla basin to the west. Depths of the upper 

LLF surface exceeding about 100 m (the maximum likely thickness of Cambrian sediments in the study 

area) denote areas where the Shady Bore Quartzite and Riversleigh Siltstone overlie the Lady Loretta 

Formation. 

The impression given in Fig. 8.3 1 and other structural surfaces described above is that the Mount lsa 

Basin sequence dips gradually from east to west, with exposed lower Haslingden Group stratigraphy in 

the east giving way to upper McNamara Group disappearing beneath Cambrian cover in the west. This 

impression is reinforced by the presence of presumed South Nicholson Group equivalents in the Morstone 

No.1 drillhole 30 km west of the study area. 

8.7 Summary 

No units older than the Leander Quartzite were modelled explicitly, although they are have been 

described elsewhere in the Mount Isa Basin (Bottletree Formation, Argylla Formation, Leichhardt 

Volcanics; Blake, 1987). Large volumes of these or other predominantly felsic units could exist at depth 

in the Paradise Valley region. In fact it is quite likely that these or similar units, metamorphosed to 

varying grades, form a substantial proportion of the large volumes of undifferentiated, nonmagnetic 

basement'at the reference density of 2.74 t/m ' modelled in many profiles. All that can be said is that at 

most only a small proportion of these possess the distinctive moderate to high magnetic susceptibility and 

density which characterise the substantial accumulations of felsic magmatic material hypothesised to 

occur further north in the Carpentaria Zinc Belt (Leaman, 1996; 1998h). 

The unit which most controls both gravity and magnetic response in the fonvard models in the Eastem 

Creek Volcanics. Extensive outcrops of the ECV east of the Mount Gordon Fault Zone place tight 

constraints on interpretation, and generally confirm the petrophysical properties assigned from Table 

5.12. A thickness of in excess of 8 km of lower Haslingden Group (Leander Quartzite and Eastern Creek 

Volcanics combined) has been deposited in much of the meridional Leichhardt Rift (ODea et al., 1997a). 

The westem boundary of the Leichhardt Rift may be redefined to around 315000E, west of the Leichhardt 

River Fault Trough as originally defined by Derrick (1982), as substantial thicknesses of lower 

Haslingden Group extend west of the Mount Gordon Fault. The Mount Gordon Fault dips steeply west, 

and as such is generally a normal fault in the Paradise Valley area (cf. Bell, 1991), though the main sense 

of movement on it may have been lateral for much of its history (Hutton and Wilson, 1985). The Mount 

Gordon Fault may have acted as an accommodation zone within the Leichhardt Rift, foreshadowing its 

role as a major wrench fault during the latter stages of the lsan Orogeny. Its activity over a substantial 

period during basin development is likely to have been a significant control on migration of mineralising 

fluids which resulted in the numerous base metal accumulations such as the Mammoth and Mount Oxide 

Cu deposits which occur in close spatial association with the fault zone. 
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dipping half-grabens. These may have formed during N-S extension of the Myally Rift event, postulated 

by O'Dea et al. (1997b) to have been active during deposition of the upper Haslingden Group sequence 

6om the Pickwick Metabasalt to the Whitworth Quartzite. To the south, E-W-oriented faults in the 

Leichhardt Rift including the Investigator Fault are interpreted to be north-dipping reverse faults or 

thrusts, though this conclusion is somewhat tentative due to the complicating effects of various magnetite- 

creating and magnetite-destroying alteration pracesses urncentrated near the faults. The inferred 

movement on these faults is consistent with the DL south-directed thrusting suggested by Bell (1991), but 

the fault displacements appear to be much less than the hundreds of kilometres hypothesised (Bell, 1991). 

Basin structures in the Paradise Valley region have been strongly overprinted by Isan Orogeny 

deformation, particularly by east-west compression. This has served to obscure earlier structural 

geometries that may carry information on basin development. However, some areas exhibit less 

deformation, including the area between the Mount Gordon Fault Zone and Lady Loretta. The most 

significant structures in this zone are WNW-trending features similar in orientation to the Redie Creek 

Fault. This is in contrast to sub-N-S to NE-SW trends developed in higher strain zones to the east and 

west. The WNW structures are considered to have developed concurrently with the basin, and are likely 

to have influenced sedimentation patterns. The earliest evidence of the influence of WNW structures is 

seen in the preserved thickness of Eastern Creek Volcanics, which changes abruptly across a line drawn 

along the Redie Creek Fault WNW through Lady Loretta. The thickness of the volcanic sequence is 

greater to the north of this line. The relative sense of displacement on this structure appears to have 

reversed shortly afler ECV deposition, as very little of the Myally Subgroup is preserved in a zone over 

10 km wide to the north. The effect of this WNW structure is less pronounced in overlying units, but the 

Bigie Formation, Surprise Creek Formation, Torpedo Creek Quartzite and Gunpowder Creek Formation 

all appear to be thicker in a zone -10 km wide south of the fault than in the area immediately to the north. 

This WNW-trending accumulation approximately corresponds to the eastern portion of the"~aradise 

Graben' of Dunnet (1976). The Lady Loretta Zn-Pb deposit is situated near the northwestern edge of this 

inferred depocentre or sub-basin. 

Only the Pickwick Metabasalt-Whitworth Quartzite portion of the basin fill is consistent with the 

orientation and timing of the Myally Rifl Event proposed by O'Dea et al. (1997b). A sub E-W oriented 

pattern of depocentres alternating with uplifts and connated by N-S oriented transfer fault zones is here 

interpreted to have persisted kom late ECV to as late as early Paradise Creek Formation time. There is 

little evidence of NW-SE extension resulting in SW-NE oriented structures during Fiery Creek 

VolcanicslBigie Formation to Gunpowder Creek Formation time (Mount Isa Rifl Event; O'Dea et al., 

1997b; Betts et al., 1999), except possibly in the north-western corner of the study area where a larger 

thickness of Gunpowder Creek Formation is inferred. lkis  does not constitute decisive evidence against 

the Mount Isa Rift Event having affected the study area, as the largely siliciclastic units deposited during 

it are difficult to distinguish with gravity and magnetic methods. 

The Paradise Creek Formation to Lady Loretta Formation sections of the Mount Isa Basin are interpreted 

to have been deposited more evenly across the study area than older units. This may be related to a 

period of regional sag following the earlier rift events. The thickness variations that do exist indicate 

northward deepening of the Mount Isa Basin during PCF-LLF time. 



The Mount Isa Basin does not extend in any substantive fashion far beyond the western edge of the study 

area, though it may do so to the northwest. The basin may have been overtopped, or subsequent 

depocentres formed in a foreland basin as the Isan Orogeny progressed. This would account for the 

presence of South Nicholson Group (whicb unconformably overlies the McNamara Group elsewhere) 

equivalents beneath the Cambrian Undilla basin. While the nature of the western boundary of the Mount 

Isa Basin is beyond the scope of this thesis, westward extensions of some of the E-W models across major 

negative gravity and positive magnetic anomalies suggested the existence of a major tectonic break 

between the Mount Isa Basin and an adjoining terrane which may have affinities to the Tennant Creek 

Inliex or the 'Aljawarra Craton' of Tucker et al. (1979). 

There is a clear association between Cu mineralisation andmajor regional faults. There is also some 

suggestion of a preferential distribution of Cu occurrences near major early structures that controlled 

ECV deposition. The Lady Loretta Zn-Pb deposit lies close to a major structure that actively controlled 

sedimentation during a long period of earlier sub-basin development. It is also proximal to an 

accumulation of ECV, of whicb a significant portion has experienced alteration resulting in base metal 

. depletion. These two factors may have important implications for exploration for similar mineralisation 

in the region. 



9. Summary and Conclusions 

9.1 Overview 

The three-dimensional basin evolution of two regions within the Carpentaria Zinc Belt metallogenic 

province has been examined using geophysical and GIs methods. A GIs was constructed for a region in 

the McArthur Basin encompassing the HYC Zn-Pb deposit, incorporating available geophysical 

interpretations and detailed geological and geochemical data. The GIS was designed for the specific 

purpose of extracting and visualising 3D spatial and temporal information. Analysis of the GIs data has 

led to an improved understanding of basin architecture and metallogenic constraints in the region of 

HYC. 

Lady Loretta, a smaller Zn-Pb deposit in the Mount Isa Basin, was the focus of a complementary 

qualitative and quantitative regional geophysical interpretation. An extensive examination of the 

petrophysical properties of regional basin units and base metal-bearing mineralised systems was used to 

provide additional information to help constrain 2D potential field modelling. A 2.5D interpretation of all 

important basin units in the Lady Loretta area was completed to highlight basin architecture. 

9.2 Summary of results 

9.2.1 McArthur Basin GIS analysis 

A technique was developed for semi-automatic generation of coverages representing 'predicted' structural 

elevation for any given stratigraphic unit, based purely on outcrop geology and measured stratigraphic 

thicknesses. The geological data were thus used to generate a baseline prediction for @resent) basin 

geometry, by making the simplifying assumption of 'layer cake' stratigraphy. The resulting maps provide 

a quantitative visualisation of basin structure not obvious on casual inspection. They particularly 

emphasise the magnitudes of vertical displacements across faults. 

A method for the automatic detection of unwnformities in geological maps was developed, which utilised 

the GIs topological data structure and a look-up table based on the stratigraphic column. This method 

was extended to calculate the 'magnitude' or thickness of missing sedimentary section represented by 

each unwnfonnity. The resulting unwnformity map clearly indicates areas of uplift or low subsidence 

during basin development; where stratigraphic units are absent due to erosion or lack of deposition, or 

both. The unconfonnity magnitude indicates the extent and persistence of locally elevated regions within 

the basin, while the relative age of the missing units gives an indication of the time during which these 

features were present. 

Direct indications of 3D structure were obtained by incorporation of geophysical interpretations based on 

regional gravity and magnetic data. Grid surfaces defining major basin components in 2.5D were created 

in the GIS from structure contour and isopach maps, which were in turn derived &om intensive 2D 



potential field fonvard modelling (Leaman, 1998). These grids show the 3D structure of basin inferred to 

be capable of sourcing or transporting base metals, and enable inference and visualisation of bounding 

faults and other possible fluid conduit structures concealed beneath younger rocks. Volumes of major 

basin components were calculated from the grids and combined with reasonable estimates of the bulk 

average Zn and Pb concentration in order to assess the likely sources of metals to the HYC deposit. An 

unreasonably large proportion of the McArthur Group volume would have been required to source 

sufficient base metal to form HYC. A substantial base metal contribution was probably required from 

older, richer andlor more voluminous basin units. 

A geophysically-derived model for the thickness of the McArthur Group was subtracted from a model of 

'predicted McArthur Group thickness' derived purely from outcrop geology to produce a map depicting 

areas of 'anomalously high' or 'anomalously low' thickness. These zones may be directly interpreted as 

representing sub-basins and relatively elevated areas present during McArthur Group time. This basin 

geometry is inferred to have exerted a direct influence on basin fluid flow at the time the HYC ore deposit 

was formed. 

9.2.2 Regional petrophysics 

Regional petrophysical data were acquired from a comprehensive suite of samples collected from the 

Mount Isa Basin in the Paradise Valley area. There are two distinct density populations present in the 

pre-Haslingden Group, predominantly felsic meta-igneous rocks of the central and western Mount Isa 

Basin. Density is strongly related to these rocks' position on the felsi~mafic compositional continuum as 

indicated by corresponding geochemical data. The Eastern Creek Volcanics are generally dense and 

highly magnetic, but alteration spatially associated with base metal mineralisation has resulted in 

significant reductions in both density and magnetic susceptibility. 

Bulk density, sonic velocity and resistivity of the Proterozoic sedimentary units investigated, particularly 

the lower McNamara Group, are strongly dependent on the relative proportions of carbonate and 

siliciclastic material present. Dolostones have high density, velocity and resistivity, while a 

predominance of siliciclastic material results in low values for these parameters. Porosity also exerts 

some control on resistivity in McNamara Group rocks, and may be of primary importance in the 

interpretation of electrical and electromagnetic surveys in areas of both low metamorphic grade and saline 

groundwater. The reliability of the estimated bulk values derived for each stratigraphic unit is strongly 

dependent on the assumption that the samples measured are representative of the unit regionally. 

Systematic compositional variations within formations such the gradational regional change from 

argillaceous (south) to dolomitic (north) within the Lady Loretta and Gunpowder Creek Formations mean 

that tbe bulk property estimations derived should be applied with caution outside the study area. 

Differences in metamorphic grade are also likely to affect bulk formation physical properties across the 

region. 

The McNamara Group in the Paradise Valley region is compositionally less heterogeneous than the 

McArthur Group, and this is reflected in a smaller range of petrophysical properties. The physical 

property distribution in the McNamara Group north of the study area, around Kamarga Dome where at 



least the Lady Loretta Formation is more dolomitic than its equivalent to the south, may more closely 

resemble that sampled in the McArthur Group. 

There is a definite positive relationship between magnetic susceptibility and geochemical indices 

incorporating Fe and Mn, presumably due to weakly ferromagnetic and paramagnetic Fe- and Mn-bearing 

minerals. Positive correlation between the 'SEDEX alteration index' (Large and McGoldrick, 1998) and 

magnetic susceptibility indicates magnetic susceptibility logging as a potential tool for rapid 

reco~aissance detection of alteration spatially associated with stratiform Zn-PbAg deposits in dolomitic 

sedimentary basins. 

9.2.3 Base metal deposit petrophysics 

The high grade of the Lady Loretta ore deposit makes it particularly amenable to geophysical detection. 

Its ore is generally the densest of any of the deposits examined. Lady Loretta ore, particularly the galena- 

rich portions, also has a high density contrast with the enclosing highly pyritic strata, which are in turn 

denser than the surrounding sediments. The orehost density distinction is not as pronounced in other 

Carpentaria Zinc Belt Zn-Pb deposits as at Lady Lorettq presumably due to their lower grades. 

The presence of large quantities of iron sulphides associated with all deposits (Century being a major 

exception) significantly improves their physical property contrast with their respective host rocks. This is 

particularly the case at Hilton, George Fisher and Mount Isa, where monoclinic pyrrhotite causes 

significant magnetic anomalies in conjunction with the ore (e.g. Learnan, 1991a,b). The presence of 

monoclinic pyrrhotite is apparently the result of higher metamorphic grades than those experienced by the 

other deposits studied. Pjrite is virtually the only iron sulphide mineral associated with the other 

Carpentaria Zinc Belt Zn-Pb deposits (HYC, Walford Creek, Lady Loretta). Despite generally low 

values, magnetic susceptibility may still be used to broadly track non-pyrite Fe concentration in these 

less-metamorphosed deposits, as was demonstrated at Lady Loretta, even though only weakly 

ferromagnetic or paramagnetic minerals are present. 

Metamorphic grade may also govern the resistivity contrast of Zn-Pb ores with their host sedimentary 

strata. HYC and Century ores, the least metamorphosed deposits studied, are both more resistive than 

their respective host rocks, while the opposite is tme of Mount Isa, which has experienced the highest 

metamorphic grades. At Lady Loretta, where metamorphic grade is intermediate within the range defined 

by HYC and Mount Isa, ore resistivities are little different from those of the enclosing pyritic 

carbonaceous shales and siltstones. A metamorphic recrystallisation control on the grain size and 

connectivity of galena, pyrite and other conductive sulphide minerals is indicated. 

Carpentaria Zinc Belt Zn-Pb ores are generally more chargeable than their host rocks, even when the host 

rock is strongly pyritic. The potential for IP to discriminate base metal mineralisation from 

concentrations of other, more common sulphide minerals makes it a high priority for base metal 

exploration in the region. 

Ore velocities are slightly less than those of their host sediments. In spite of this, the ores' high density 

imparts a strong positive acoustic impedance contrast with their enveloping sedimentary strata, even if the 



' host is strongly dolomitic. Seismic reflection methods should therefore be able to detect buried base 

metal mineralisation in largely flat-lying sequences. 

9.2.4 Paradise Valley qualitative geophysical image interpretation 

Unit-specific enhancements of airborne magnetic and radiometric data emphasised a number of intra- 

formational anomalies, which are interpretable in terms of stratigraphic compositional variations, 

localised alteration and basin sedimentology. 

The magnetic data suggest a stratigraphic control on magnetic susceptibilities in the Eastern Creek 

Volcanics. The Pickwick Metabasalt Member of the Eastern Creek Volcanics is generally slightly less 

magnetic than the Cromwell Metabasalt Member. The Pickwick Metabasalt also has lower Th- and U- 

channel radiometric signatures than the Cromwell Metabasalt, but comparable or higher K 

Areas of anomalous magnetic intensity with respect to normal Eastern Creek Volcanics signatures are 

interpreted as due to alteration either creating or destroying magnetite. Alteration systems are also clearly 

. apparent in the radiometric data. Particularly high levels of K and suMued magnetic signal are observed 

from the Pickwick Metabasalt closest to the Mammoth Cu deposits. This is interpreted as due to epidote- 

sphene (Wyborn, 1987) or Mg chlorite-mtile (Heinrich et al., 1995) alteration which may be related to the 

Cu mineralisation at Mammoth. The magnetic low around Lady Loretta is interpreted to partially result 

ffom magnetite-destructive chlorite + albite alteration resulting in depletion of base metals from the 

Eastern Creek Volcanics at depth (see also Leaman, 1991a). 

Magnetic data show that the thickness of the Myally Subgroup varies significantly across the study area. 

Dolerite sills within the Myally Subgroup are non-magnetic. Hitherto unmapped members within 

formations of the Myally Subgroup can be identified fiom their distinctive radiometric signatures, which 

may be used to improve the stratigraphic resolution of the Myally Subgroup. Most units mapped as 

'undivided Myally Subgroup' on the 1:100,000 geological map sheet (Hutton and Wilson, 1985) are 

interpreted as Whitworth Quartzite ffom the radiometric data. Radiometrics also indicates the absence of 

much of the lower Myally Subgroup from the region of the Mount Gordon Fault zone. 

The Fiery Creek Volcanics are very weakly to non-magnetic in the study area. Their radiometric 

signahlre is very patchy with some areas clearly K-altered, and others radiometrically quiet. Large spatial 

variation is also observed in the radiometric signature of the Bigie Formation, consistent with deposition 

in a syn-rift setting. 

Magnetic anomalies within the Surprise Creek Formation are mostly interpreted as representing syn- 

depositional uplifts of Eastern Creek Volcanics-bearing sequences beneath the Surprise Creek Formation, 

though some of these apparent uplifts may have been emplaced by th~usting associated with the early 

stages of the Isan Orogeny. Radiometric data may be used to extend mapping of the informal 

stratigraphic subdivision of the Surprise Creek Formation (Hutton and Wilson, 1985) across the study 

area. Mappable lateral variations in Surprise Creek Formation radiometric signature are interpreted in 

terms of variations in provenance and basin setting, with higher radioelement concentrations generally 



indicating low-energy depositional environments. The Surprise Creek Formation in the Mount Gordon 

Fault zone is interpreted to have been deposited proximal to a sediment source to the east. 

Lateral variations in radiometric signature are also present in the Gunpowder Creek Formation. A 

carbonaceous shalerich facies is inferred at the top of the Gunpowder Creek Formation immediately west 

of the Mount Gordon Fault zone, which may indicate the onset of quieter, deeper water deposition and 

generally more subdued basin palaeotopography. A coarser siliciclastic Gunpowder Creek Formation is 

interpreted north and west of Lady Loretta, consistent with proximity to a local sediment source andlor a 

(sub)basin-bounding fault. 

Magnetic field variations within individual McNamara Group formations can be interpreted in tenns of 

syn-depositional basin structure. Intra-formational differences in composition and inferred basin setting 

across the Redie Creek Fault persist into the Paradise Creek Formation, though in an opposite sense, with 

a depocentre interpreted to be located north rather than south of the Redie Creek Fault at this time. Low 

radiometric signal 6om the Paradise Creek Formation near Lady Loretta is interpreted to be due to an 

elevated siliciclastic component in this area, with corresponding implications for proximity to 

palaeotopography. 

A K-rich horizon at the base of the Esperanza Formation may mark a maximum flooding surface. 

Otherwise the Esperanza Formation is generally low in radiometric signal, presumably due to chert which 

is a characteristic feature of the Esperanza Formation in outcrop. 

A magnetic low within the Lady Loretta Formation in the vicinity of the Lady Loretta Zn-Pb deposit is 

caused by magnetite-destructive alteration of Eastern Creek Volcanics. At least two sub-units within the 

LLF may be distinguished 6om the radiomehic data; a lower dolomite-rich member and an upper shale- 

rich member. The upper shale-rich facies is best developed in the sequence hosting the Lady Loretta 

deposit, consistent with development of a sub-basin in this region. Elevated levels of Th and U are 

observed in conjunction with carbonaceous shales which host base metal mineralisation in this area. 

9.2.5 Paradise Valley modelling 

Pre-Haslingden Group felsic igneous units probably occur at the base of the Mount Isa Basin sequence in 

the Paradise Valley region, but cannot be quantitatively mapped with confidence due to large, non- 

systematic variability in physical properties and the influence of the Eastern Creek Volcanics on gravity 

and 'magnetic fields. 

The main volume of the Eastern Creek Volcanics is preserved within the Leicbhardt Rifl, but the western 

boundary of the original Leichhardt Rifl is inferred &om the distribution of the Eastern Creek Volcanics 

to lie a few kilometres west of Mount Gordon Fault zone, rather than coincident with the Mount Gordon 

Fault itself as implied by O'Dea et al. (1997a). The Mount Gordon Fault currently dips west. The gravity 

and magnetic modelling defines large variations in magnetic and possibly density properties near major 

faults in the Eastern Creek Volcanics. East-west trending faults in the Leichhardt Rifl south of and 

including the Investigator Fault are interpreted as northdipping reverse faults or thrusts (cf. Bell, 1983), 

but may originally have been normal extensional faults, since inverted. Faults north of the Investigator 



Fault are south-dipping and separate north-tilted half-grabens, consistent with N-S extension in Eastern 

Creek Volcanics time. While the Eastern Creek Volcanics is present to some extent through most of the 

study area, its greatest volume outside the Leichhardt Rift occurs in an inferred WNW-oriented graben 

north of the Redie Creek Fault, which possibly developed during later Eastern Creek Volcanics (Pickwick 

Metabasalt) time. The Eastern Creek Volcanics appear not to persist far beyond the western edge of 

study area. 

The thickness of the Myally Subgroup is highly variable. The predominantly siliciclastic Myally 

Subgroup-Gunpowder Creek Formation sequence is generally attenuated north of the Redie Creek Fault- 

Lady Loretta trend. This represents a reversal in the sense of displacement across the Redie Creek Fault 

trend inferred for the Eastern Creek Volcanics. Thickening of the Myally Subgroup-Gunpowder Creek 

Formation succession south of the Redie Creek Fault, extending WNW to south of Lady Loretta, 

corresponds to the Paradise Graben of Dunnet (1976), but this depositional centre only appears to have 

been active during Myally Subgroup-Gunpowder Creek Formation time. 

Lady Loretta is situated on the northwestern edge of the Paradise Graben depocentre, albeit within 

younger, finer, more dolomitic sediments, which is consistent with deposition in an intracontinental sag or 

passive margin. This palinspastic interpretation is supported by the more even distribution of post- 

Gunpowder Creek Formation McNamara Group sedimentation, with only subdued variation in 

palaeobathymetry. Some indication of basin deepening to the north and northwest of the study area 

during Paradise Creek Formation-Lady Loretta Formation time is one of the few indications of spatial 

variation in accommodation space development during deposition of the middle to upper McNamara 

Group. 

. 9.3 Synthesis and Conclusions 

The enormous mass of Zn and Pb tonnage contained in many stratifom sediment-hosted deposits in the 

Proterozoic Carpentaria Zinc Belt of northern Australia requires special conjunctions of geological 

circumstances for their genesis, arguably to a greater degree than any other base metal deposit style. GIS 

and geophysics can be used at ail exploration scales to identify areas where such conjunctions have 

occurred. This study has identified a number of ways in which geophysics and GIS can be applied to the 

identification and mapping of potential rnineralising fluid sources, conduits and deposit locations. 

Felsic igneous, mafic igneous and feldspathic sedimentary sequences all contain moderate amounts of 

zinc and lead. Even so, enrichment factors of approximately three orders of magnitude are required to 

form an ore deposit, and hence correspondingly large volumes of source rocks are required. The 

distribution of potential base metal source rocks (felsic igneous, mafic igneous and feldspathic 

sedimentary sequences) can be mapped at depth using gravity and magnetics, and their basin-scale 

architecture and metallogenic capacity visuaiised and evaluated using GIS. These methods have been 

used to demonstrate the presence of sufficient quantities of potential base metal source lithologies to 

comfortably account for known base metal mineralisation. Source factors alone do not exert strong 

spatial control on mineralisation, although obviously the chances of producing a significant base metal 



deposit are enhanced in the vicinity of large accumulations of source material. Ample metal is available 

as long as suitable hydrogeological systems operate to tap it. 

More stringent requirements are demanded of basin fluid flow systems to source and transport sufficient 

base metals to form a major deposit. Large, porous and permeable 'percolator' volumes may be needed 

to both contain and circulate sufficient quantities of fluids and to produce an ore deposit. Subbasins 

developed during basin evolution are suitable settings for the deposition of source rocks and the 

maintenance of long-lived fluid circulation. Gravity and magnetics can be used to help delineate these 

sub-basins and hence to assist in exploration area selection using a GIS. 

The large volume of Eastern Creek Volcanics contained within the Leichhardt Rift and to a lesser extent 

north of the Redie Creek Fault is a potential base metal source in the Paradise Valley study area. 

Magnetite destruction, density reduction and K reduction are all associated with epidote + spbene 

alteration, which may be linked with base metal depletion. Altered Eastern Creek Volcanics that have 

been depleted in base metals can potentially be detected with magnetics, radiometrics and gravity. 

Unfortunately radiometric detection of epidote + sphene alteration is limited by the need for surface 

exposure, hence any mineralisation generated is likely to have been eroded except in special structural 

circumstances. 

Mineralising fluid conduits are the most critical spatial control on the localisation ofbase metal 

deposition. Growth faults controlling basin or sub-basin edges are particularly suited to such a role. 

Mapping of syn-deposition basin geometry is thus critical. Automated unconformity detection and 

integration of geological data with geophysical interpretation are GIS techniques devised and used in the 

Mckthur Basin to infer anomalous sub-basin development during McArthur Group time, around the 

period of HYC mineralisation. HYC lies at the confluence of basin-controlling structures at the north- 

eastern comer of the Hot Spring-Emu subbasin, where a number of permeable active or former growth 

faults are likely to have been present. 

Gravity and magnetic modelling demonstrates the presence of a sub-basin developed from Myally 

Subgroup to Gunpowder Creek Formation time in the WNW-trending Paradise Graben. This basin 

contains a large volume of siliciclastic sediments, and hence a large potential base metal tonnage. This 

material may comprise at least part of the source of base metals at Lady Loretta, which is situated at the 

northwestern comer of the subbasin, above a likely location of growth fault intersection. 

An additional or alternative contribution to the Lady Loretta base metal mineralisation may have been 

derived from epidote + sphene altered Eastern Creek Volcanics in the vicinity, characterised by low 

magnetic susceptibility and density, which has been both directly sampled and mapped in the subsurface 

using gravity and magnetics. The presence of Eastern Creek Volcanics with similar physical properties 

immediately beneath the Mount Isa Zn-Pb deposit (Leaman, 1991a) reinforces the possibility of a genetic 

association between magnetite destructive Eastern Creek Volcanics alteration and base metal 

mineralisation. 

The final major required factor for localisation ofbase metal mineralisation is suitably located host 

lithologies. These lithologies must be reducing in their chemical properties in order to sequester the 



metals from the basin brine into the sedimentary sequence in ore-level concentrations. Carbonaceous 

. and/or pyritic fine-grained siliciclastics are generally accepted to be prime candidates (McGoldrick and 

Large, 1998). These are usually detectable using electtical and EM methods. However, there is not 

always a significant conductivity contrast with more oxidised sediments. Porosity variations operating in 

addition to lithological factors may also confound methods relying on resistivity variations to detect 

suitable ore host strata. 

Radiometrics provide an additional avenue for detection of carbonaceous shales in well-exposed 

dolomitic sequences. Radiometric data indicate that a number of potential host horizons are present in the 

McNamara Group in addition to the Lady Loretta host sequence. Within these prospective strata, widely 

dispersed geochemical haloes around stratiform base metal deposits should be mappable with precise 

magnetic susceptibility measurements, if not with magnetic surveys. 

Effective geophysical detection of orebodies depends on contrast with their host units. Petrophysical data 

indicate that Carpentaria Zinc Belt deposits have variable physical property contrasts with their host units. 

Some positive density contrast is usually present, with Lady Loretta by far the densest of the Carpentaria 

Zinc Belt deposits examined. Gravity is effective in detecting the contribution of base metal 

mineralisation to positive Bouguer anomalies, in addition to that from pyrite at Lady Loretta (Duffett, 

1998). Other major deposits have less contrast with pyritic material associated with base metal 

mineralisation, but the presence of associated pyrite (Century excepted) nonetheless ensures the presence 

of a positive Bouguer anomaly directly associated with mineralisation. 

Ores are consistently more chargeable than their host rock, so IP should also be a primary direct ore 

detection tool. There is also potential for seismic reflection to detect concealed mineralisation in 

shallowly-dipping sequences. Sulphide accumulation will only be directly detected with magnetics in 

regions of moderate to high metamorphic grade where monoclinic pyrrhotite has been produced. Non-IP 

electrical and EM techniques, while effective in some circumstances, sbould not be solely relied on for 

direct ore detection, as there is often little conductivity contrast between ores and host material, and the 

sign of what contrast there may be is uncertain. 

GIs and geophysics, used together, are effective tools in the identification and visualisation of sub-hasins 

in the Proterozoic sequences of the Carpentaria Zinc Belt. The two main stratifom sediment-hosted base 

metal deposits investigated, Lady Loretta and HYC, are both located on the edge of contemporaneous or 

immediately antecedent sub-basins. Similar situations should be sought in exploration for further 

examples of stratiform sediment-hosted base metal ore deposits in the Carpentaria Zinc Belt. 
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Appendix 2 

Gravity data acquired around Lady Loretta and Paradise Valley 
1993 and 1994 field seasons 

Column heading abbreviations: 

STN-CODE 8-digit unique integer ID comprising concatenation of YR, SVY 
and STATN 

YR 2-digit year 

S W  Survey number (70) 

STATN 4-digit gravity station field number 

ELEV Station elevation in metres above the Australian Height Datum 

GOBS Observed gravitational acceleration in milligals 

GTHEO Theoretical (GRS67) latitude-corrected gravitational acceleration 
in milligals 

TC Terrain correction in milligals 

BOUG Bouguer anomaly value in milligals; Bouguer reduction density 
2.67 t/m3 

FLAG Text field usually denoting g-meter model used in station 
observations. All 1993 stations were observed with a Model G 
Lacoste & Romberg gravity meter (G-326) hired from Geoterrex; 
1994 stations were observed with a Worden gravity meter 
(W818) hired from the University of Queensland. '93RPT' 
indicates stations which were observed in both 1993 and 1994; 
'94RPT' indicates secondary and tertiary base stations in the 
1994 survey. 

EASTING Zone 54, Universal Transverse Mercator projection on the 
Australian Geodetic Datum 1966 

NORTHING as above 

Copies of field notebooks including local terrain descriptions and 
microbarometric observations at stations are available fiom the author on 
request. 



Appendix 2, gravdata 



Appendix 2, gravdata 



Appendix 2, gravdala 



Appendix 2, gravdata 



Appendu 2, gravdata 



Appendix 2, gravdata 



Appendix 2, gravdata 



Appendix 2, gravdata 



Appendix 2, gravdata 







Appendix 2, gravdata 



Appendix 2, gravdata 



Appendix 2, gravdata 

Page 14 of 14 



Appendix 3 

Carpentaria Zinc Belt Petrophysical Data 
including data from previous studies 

and properties inferred from field data, listed in stratigraphic order 

Abbreviations and units used: 

sort  
Dry wt  
SG sat  
Susc 
Velocity 
Resistivity 
IP% 
T C l  
K 
T b  
u 
Source 

ID 
M b r  

Unique ID number linking to U.Tas. Geology Dept. catalogue (Appendix 4) 
Weight after oven-drying, in grams 
Specific gravity (water-saturated), in g/cm3 (tonnes/m3) 
Magnetic susceptibility, in SI x 10' 
Sonic velocity, in metres per second 
Galvanic resistivity, in ohm-metres 
Chargeability 
Gamma ray spectrometer total count channel 1, in counts per minute (cpm) 
Gamma ray spectrometer K channel count (cpm) 
Gamma ray spectrometer Th channel count (cpm) 
Gamma ray spectrometer U channel count (cpm) 
Refers to either a drillhole, sample or literature source; see also 'Notes' column 
Abbreviation Meaning 
AMcP sample collected by A. McPherson (see McPherson, 1994) 
B.C. Jones sample collected by B. lanes, Uoi. of Tas. 
Clark Clark, 1980 
Cooper sample collected by S. Cooper, Uni. of Tas. 
DEL Leaman 1991a&b, 1996,1998, pen. comm. 
Est Estimated from field data by the author 
F&B Fallon and Busunil, 1992 
Gibb Gibb, 1967 
GW sample collected by G. Webber, Lady Loretta 
Harrison; PLH Harrison, 1980 
Hilton Hilton Mine sample 
Hone et al Hone et al., 1987 
HYC HYC (McArhur River Mine) sample 
Isa Mount Isa Mine sample 
Mammoth Mammoth Cu ore sample 
Mt. Oxide Mt. Oxide Cu ore sample 
Neumann Neumann, 1964 
P. A. P.A. Cu mine ore sample 
R&C Rivera and Challis, 1972 
S&H Stewart and Hoyling, 1963 
Shirley Shirley, 1976 
Silver King Silver King mine sample 
Young Young, 1984 

Field or Uni. of Tas. Geology Dept. catalogue ID number 
Stratigraphic member or locality 
Abbreviations used Meaning 
CFZ Carlton Fault Zone 
CU 'Cyclic unit' 
LC 'Lower Carbonate unit' 
LS 'Lower Sillstone unit' 
MU 'Massive unit' 
OH 'Ore horizon' 
0s 'Ore sediments' 
PU 'Pyritic unit' 
UC 'Upper Carbonate unit' 

Lithology Described using standard AGSO abbreviations (see Appendix 7) 
E Sample location easting in UTM Zone 54, Australian Geodetic Datum 1966 
N Sample location northing in UTM Zone 54, Australian Geodetic Datum 1966 
Depth in metres (if drillhole sample) 

'S' = 'surface', 'F' = 'fresh', 'SW' = 'slightly weathered 
Notes 'DSO' = 'Direct Shipping Ore' 
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Appendix 4 

University of Tasmania School of Earth Sciences 
Rock Store Catalogue extract 

showing samples catalogued by the author 

Unlabelled field at left (bottom) contains 6-digit unique Rock Catalogue ID 
numbers assigned to catalogued specimens by the curator. 

'Field ID' corresponds to the field titled 'ID' in Appendix 3. 

'Sort' contains unique ID numbers linking the Rock Catalogue database with 
the petrophysical database listed in Appendix 3. 

'Rock' and 'Description' contain lithological identifiers and qualifiers coded 
using standard AGSO abbreviations (Appendix 7). 

'AMG E' and 'AMG N' locate all catalogued specimens on AGD66, UTM 
Zone 54, with the exception of McArthur River area samples which are in 
UTM Zone 53. 











Appendix 7 

GIs Authority Tables and Key Databases 

This appendix lists the key GIs attribute tables (stratigraphy STRAT.DAT, 

lithology LITH.DAT and mineral occurrences MINOCC.PAT). These may 

be related to the accompanying authority tables which defme the codes used. 

Most authority tables have been adopted from those of the Australian 

Geological Survey Organisation; other, minor tables were developed by the 

author. The lithological name and qualifier abbreviations encoded in these 

authority tables have also been used throughout the main text and figures, and 

in Appendices 3 and 4. 













Anpendii 7. lith dat - 
CODE 
3000 
3WO 
3000 

LITH-ID 
123 
124 
125 

TYPE 
CHEM 
EPC 
EPC 

CLASS 
S 
S ----- 
S 

COMP 
CARE 

GEN 
C 
M 
C 

ENV 

S 

LITH 
OLST 
SLST 
ARNT 

PROP 
50 
40 
10 

QUAI. 
SLY 
DM1 

MIN WEATH 
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i- Gravity, Magnetic and Kadiometric Evidence for the Geological Setting of 
the Lady Loretta Pb-Zn-Ag Deposit-A Qualitative Appraisal 

Cer~frefor Ore Ilepo.~if Rescorch, Ur~iticrsily of Tnsmor~io, Ilobnri, 'li~s!?r~.r,urnin 7001, r\ttsfrnlin 

Ahstract 

Sctni-region;tl grstviy, ~r?ag~rctic and radiotnetric data sets, ; ~ ~ ~ g ~ n e n t e d  by s prospect-scale gravity sllwey, 
ha\,c been trsed to qoalitati\sely assess the ge~rlogical setting of the L ~ l y  Loretta Pb-Zn-Ag deposit. Regional 
gravity and inagnetic fields are inlluenced chielly by the Eastern Creek \'nluanics and are sensitive to the thick- 
nesses of o\zerlying elastic and dulu~nitic sedi~nentav sequences, including the McNnrnara Croup \r.l~iclr llosts 
the ininectliz;ttion. These are primarily contrnlled hy lsan orogenry defonnationr, but a number of earlier stnlc- 
tures :Ire discenrible. The lnost i~rlport;trlt of tl~esc pr,stnlatcd synrdepositional stnictures arc $1 west-rrorthwest- 
oriented ho,~niling fault extending fro111 Lady lnretta to the h1o111rt Gordon fault along the Redie Creek fault, 
and :I pnssil~le sub-basin or zone of altcratiorl benalth the l.ady luretta orebody, which manifests ;IS a man~etic 

.A - 
in lithology or mc;rthering char;steristics. tligher l3ougt1er gravity signatures tend to be associated wltlr the 
mom: ilolnanitic units. 

The rarliometric data set allows for the ilrapping of surface gcoche~nical signatures that are sensitive to a 
no~rll)er of geulogical p;llxlncters. Tltese include sedirne~rtological facturs stlclr as provenance, n~:~turit): and 
proportio~l of argillaceot~s material, ;a well :a chelnical iilteration. This variation occttrs within as well ;IS he- 
hwen mapped stc~tigraphic units, anrl is itself variable across the region. Pot;issirrnr-channel sign;ttrlres are an 
ex;i~n~~le of this. iml,lvine a eeneral westerlv ilecre:tse in ereillaceo~~s or felds~rathic content witl~in sorne for- 

u .  . L 

seqrlencc str;,tignq)hic fi.,~lnework based orr gi:;lmn~a ray logs frorrl relatively few lociltions. 

In t ruduc t i~~n  

- GEOI'IIYSICAI. ~ I E T H O I ) S  can be applied to esplor;~tion for 
stratifbr~n sediment-l~osted hese metal deposits at all scales, 
ranging from the identification of prospecti\.c rift/s;~g basin 
settings to direct detection of ore. Althotlgh genetic models 
for this type of base metal ~ninerali~l;~tion are still the subject 
of I I I I I C ~  debate (see for example, Table 1 of Eldridge et  al., 
1993; Perkins, 1995; Large ct  al., 1996; I-linman, 1996), most 
a t~ t l~ors  agree on the importance of understanding structures 
controlling basi~r evolt~tion, defor~n;~tion lristory, and miner;il- 
izing fluid pat1rw:iys. By providing crucial three-dimensional 
perspective and region;tl scope, gravity, magnetic and radio- 
metric  neth hods can contributc sienificantlv to deter~nination 

;rdditional copper resources to the nearby L;tdy Annie Cu de. 
posit, known since before 1920 (Lewis, 1975). Tlre Pb-Zn-Ap 
mineralization was discovered in 1969 by drilling on ;I soil 
geochemical ;u~omaly (Cox and Curtis, 1977), althouglr un- 
pl~blislred internal company reports, stored on-site, srlggesl 
i~rduce(l pol:~rization anomdies coi~~cident  with the Lad} 
Loretta orebody were defined almost simt~ltaneonsly Mort 
recently, Anderson et  al. (1993) reported results from a neu 
airborne electro~nagnetic (EM) system flo\wn over the deposil 
;md surrounding areas, which appeared to map con(lnctivt 
strata effectively, althongh no signature unique to the locatior 
of known ore was apparent. A mining feasibility st t~dy is being 
conducted by the current owners of tlre prospect, Buka ivlin- 

a 

of basin geometry, nature of sedimentary 611, and st~bsequent ""Is NL. 

dtcr;rtion end deforlllation (e,g,, L ~ ~ ~ ~ ~ ,  19g1), in This paper describes preli~ninary results from studies o~ 

to detection "fore sigllatl,ies at the prospect scale. ~ l ~ i ~  paper gravity, magnetic and radiometric data from the immediate 

;linls to delllonstrilte rlllalitative applicatiolls of these lnetllo(ls urea and hroxler setting of Lady Loretta, which were under- 

with reference to the geologic;~l setting of a particular deposit, tnken with the goal of better defining the e\.olution and de- 

Lady Loretta. formation history of the host basin. Qualitative interprets- 

kaly L~~~~~~ is a stratiforln sec~i,nent-~loste~ base me, tinns of regional data sets are presented, along with an 

(leposit aplIroxilnately 135 kin north.nortllwest of M~~~~ Isa, assesstirent of additional gravity data acquired at closer spac- 

Most reccntlv ~ t ~ b l i s h e d  reserves are 8.3 million metric tons ing around ' ~ ~~~ ~ -~~~~ ~ - ~ ~ -  

(Mt) of massive s ~ ~ l f i d e  ore at 8.5 percent Pb, 18.4 percent Zn Regional Geology 
and (25 d t  Ag (Hancock and Punis. 1990). Geophysiail 

The La+ Loretta mineralization lies near the westerr, edge I ~netliods (~nainly induced polarizrtion) have been applied to 
, the prospect area since 1964, osnally in efforts to discover of the exposed Mount Isa inlier (reintelpreted in tertns of a 

basin by McConachie et  al., 1993), within a structr~ral domain 

1 I<~t~ail: dt~ffettt~~@pi~.nto~,c~I~~.i~~~ 
defined by WConachie et  al. (1993) as the Riversleigl~ fold 

~ ' ~ ~ ~ ~ ~ t  addresr: 1 7 ~ ~ ~ 1 t ~  of science, ~ ~ l r h ~ ~  ~ ~ l ~ i t , , ~ , ,  Univerriv, zone (Fig. ,I). The Riversleigh fold zone l;rrgely corresponds 
win, NT 0909, i\urtr~lis. to the area widely kno\vn (e.g., Blake and Stewart, 1992) as 



FIG. I. .\l;tjor sulrli\~sa,ns of the utllcroppi~>g .\l<,unt lsa b;sin, after 
Z1vCon;tchie et :,I. (1993) 

290000E 300000E 310000E 320000E 

the L;I\VII Hill platforin, \vliile the "Cloncurry Orogen" de- 
picted I I ~  Figure I ,  also after McConilchie et al. (1993). is :I 

Inore highly deforined region encoinp~ssiiig all other tectuiiic ' 
s~ib-units of tlre Mont~t Isa inlier east of the Mo~~trt  Conloii 
fillllt. 

The oldest rocks exlx~sed in tlie study ~ r e ; ~  (Figs. 1, 2, T;ililc 
1)  are tliose of tlie Hasliilgdetr Gn)np, comprising thick l~asnl 
rp~artzite (Inander Q~~artzite), voluminotis 11i;ific v~~lc;tnics 
(Eastent Creek \'olcanics), and predoininantly siliciclastic 
sediments (blydly Sul>group). The Ensteni Creck \'olcmics, 
tlie ini~~iinnin rneasnred tliichess of \\~liich exceeds 7 kt11 
(Blake ;tnd Stewart, 1992). 11;1\,e I ~ e e i ~  subdi\ided into tl~rcc 
members: tlie Crom\\'ell inetabasalt and Pick\\ick meteb;~salt, 
sep ;~i ted  by hu~~dreds of ineters of siliciclastic sedi~t~cnts 
(Lena Q~iartzite ble~nber). Both \.olcanic ~ne~nbers I I ; I \ ~  
compositio~~s similar to tlhose of cl~~ttinentdl tholeiites (\Vilso~~ 
et al., 1985). A nuinbcr of sandstoile beds ;Ire also interc;~. 
lated within the w~lcaiiic meinbers, pnrtici~l:~rly tl~wnnls the 
top of the Pick\\ick inetnbas;llt, but these are not \poluii~etri- 
a~lly significant. There is sunie persistence IIF tn;lfic volcanic 
n~cks into the overlying siliciclastic hqplly S l ~ b g r ~ ~ ~ t p .  

The base of the Haslingdeti G n ~ t ~ p  is thoiigl~t to mxrk tllc 
onset of an episode of -1st-west extensioi~al rifting, \\it11 a re- 
ne\ved plrasc of rifting resultii~g ~ I - I I I ~  11ortl1-soutl~ extcttsi~~ii 

330000~ Phanerozoic cover 

upper McNamara Group 

Lady Loretta Formation 

Esperanza Formation 

Paradise Creek Formation 

Gunpowder Creek Formation 

Torpedo Creek Quartzite 

Surprise Creek Formation 

Fiery Creek Volcanics 

Bigie Formation 

Myally Subgroup 

undiv. Eastern Creek Volcanics 

Pickwick Metabasalt 

Lena Quartzite 

Cromwell Metabasalt 

290000E ~OOOOOE 31ooooE 32000oE 330000E bander  Quartzite 
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u - w 

kilometers 
Grid: Australian Map Grid, Zone 54 

Flr:. 2. Geologj of tl~c Lady lnretta region, modilied after Huttor, ct d. (1985). See text for nwre dcrviled description 
of units. Bmed nwa ir that depicted in Figures 4a and b. 
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TABLE I. Unit Descriptions 

; I'ln;~nerozcic (Ceow~ric, Siltstone, mnglomente, sandstone, 
Meruzoic, C;mbrian) limestone, phnsph<rite, mlluviam, blurk 

soil, duticmst 

Alc~V~mnrn Croup 
Hiversleich Siltstone Fine siltstone. shale: thin cuarse siltstor>e 

it~tcrbccls 
Sh;aly Hore Qnzrti.ite Orthoquartzite; fine sandstone :md 

siltrtone interbeds 

I;dy Loretta Formntion Dolomite, dolan~itic siltstone, limestone, 
carbonamour and rulfidilic rhde 

Esper;mm Formnt io~~  Chert. dulomitc, siliceotls and dolomitic 
siltstone 

I'nndire Creek Formation Dolomite. dolomitic siltstone, minor tun 
Gunpowder Creek Formation Siltstone, dolomitic and carl>onace<rs 

siltstone, fine sandstone, feldpathic 
and pyritic quartzite 

Toryedo Creek Quamite hledium orthoquarti.ite. conglomentr 

Surprist: Creek Fortrvation Siltstone, felhpathic sandstone, quatzite 
Fiery Creek \'olcanics Rhyolite, agglomerate, basalt and 

trachylmsdt 
Iligic Form;xtion Feldspatlaic and lithic s;a~dstone, pebbly 

sandstone 

Ilnrlir~g~/or~ Gmnp 
Myblly Subgmup Feldspathic quamite and sandstone, 

dolomitic siltrtone 
13;utem Creek Volcanics Metabxalt.  lehlspathic cit>nrtzite, 
(Pickuick mctahasalt, orthoquamite 
I.en;t Qoartzite, 
CrolnweII nnetabwalt) 
I ~ ; a ~ d e r  Q~rartzite Orthoquartzite. feldspathic quamite 

.commencing with the Pickwick metabasalt and extending 
through to near the top of the Myally Subgroup (O'Dea et al. 
1997). The I-laslingden Grortp was deposited behveen 1790 * 
1018 Ma and 1737 * 15 Ma (Page, 1983). All Haslingden 
Croup units are intn~ded by dolerite [likes and sills of unde- 
termined age. A subsequent sag phase unit, the dolomitic- 
arenaceoits Quilalar Formation, was apparently either com- 
pletely eroded or never deposited in the Lady Loretta region. 

Onset of anotlrer rift-sag cycle is recorded by deposition of 
the Bigie Formation, a redbed conglomerate and sandstone 
segucncc. It is overlain confor~nably by the bimodal, in- 
tensely altered Fiery Creek Volcanics, which have been dated 
by R .  Page at I709 * 3 Ma (written commun. quoted in Betts 
et d., 1996). Post-rift sedi~r~e~ltation resulted in deposition of 
the fitring-upwan1 siliciclastic Surprise Creek Formation over 
the Fiery Creek \'olcanics disconformably or with slight an- 
gular unconformity (Derrick et al., 1980). Betts et al. (1996) 
judged this contact to be conforinable at the Fiery Creek 
Dome, 11ort11 of Lady Loretta, but this is inconsistent with 
pre-Snlpise Creek Formation weathering of Fiery Creek 
Volcanics observed in the same area by McPherson (1994). 
Another unconfortnity separates the Surprise Creek Forma- 
tion from the basal formation of the McNa~nara Group: the 

- Torpedo Creek Quartzite (Hutton et al., 1981); however, this 
is claimed to be a conformable contact by Betts et al. (1996), 
who consider the Torpedo Creek Quartzite an upper member 

- of the Surprise Creek Formation. 
The sag phase of the rift-sag cycle continued with deposition 

of the McNaniara Croup, a sedimentary sequence dominated 

by varying proportions of carbonate and fine-grained clastic 
rocks. Broadly spcaking, dolomite increases with stratigraphic 
level at the expense of the siliciclastic component, with silt- 
stone and sandstone dominant overall in the Torpedo Creek 
Quartzite and Gunpowder Creek Formation giving way to 
dolo~nites and dolomitic shales in the overlying Pacldise 
Creek, Esperanzn, and Lady Loretta Formations. The Lady 
Loretta Formation is host to the Lady Loretta Pb-Zn-Ag min- 
eraliultion. Renewed clastic sedimentation is recorded by 
subsequent McNamara Croup forinations outcropping in the 
area; the Shady Bore Quartzite and the Riversleigh Siltstone. 
The depos~tional age of the McNa~nara Group is constrained 
by a Paradise Creek Fonnation zircon-bearing tuff dated at 
1653 Ma by Page et al. (1994a), and a similar tuff in the Lawn 
Hill Formation (Upper McNamara Group; host to the Cen- 
tury Zn-Pb deposit) with an age of 1595 * 6 Ma (Page et al., 
1994b). 

At least three post-McNamara Group regional deformation 
events have heen recognized by previous workers in the 
Mount Isa Basin. Dl has been interpreted as extensive north- 
to-sout11-directed thrusting (Bell, 1983). DI accompanied 
peak regional metamorphism (lower to sub-greenschist facies 
in this region), and caused major tigllt to open, upright, gen- 
tly north- or south-plunging folds. The D3 event is predomi- 
nantly strike-slip faulting as a result of brittle style sub-east- 
west compression (Richard Keele, written commun., 1995). 
The Mount Gordon fault (separating the Riversleigh fold 
zone from the Cloncurry orogen to the east) is a typical D3 
fault; whilst its total magnitude of displacement is unknown, 
similar faults in the Mount Isa Basin record strike-slip dis- 
placements of many kilometers. 

Prospect Geology 

A local stratigraphic subdivision within the Lady Loretta 
Formation has been established and refined by previous 
workers on the deposit (Hancock and Punis, 1990, and asso- 
ciated references). Siderite, massive pyrite, and carbonaceous 
shale-bearing units, as well as the ore sequence itself, are of 
particular geophysical interest due to high density and or 
electrical conductivity. Sulfides constitute over 75 percent of 
the ore beds, comprising finely banded sphalerite, galena, 
and pyrite, and up to 90 percent of the pyritic unit immedi- 
ately stratigraphically below the ore (Fig. 5; Hancock and 
Punis, 1990). Carr (1984) also recorded significant propor- 
tions of pyrite (up to over 50%) extending farther into both 
the footwall and hanging-wall calcareous fine-grained silici- 
clastic sequences. The ore sequence contains a barite-chert 
Zn-rich, Pb-poor facies, mainly confined to the northeastern 
edge of the orebody. Further details may be found in Han- 
cock and Punis (1990) and Carr (1981). 

Economic mineralization at Lady Loretta is confined to the 
limbs and keel of a syncline, locally lolourn as the "Small syn- 
cline" (Fig. 4a). Plunge is gently to the southwest in the 
northern part of the syncline, but to the northeast in the 
southern part, imparting an overall rough canoe-shape to the 
orebody such that depth of the ore sequence nowhere ex- 
ceeds 500 m. The stratigraphic equivalent of the ore se- 
quence can be traced within another, north-plunging syncline 
immediately to the southwest ("Big syncline"), but the origi- 
nal geometric relationship between the two synclines, now 



separated by the north-south-trending Syncline Dividing 
fault, is not clear. The Big syncbe equivalent of the ore se- 
quence is dominantly @tic, with only minor base metal min- 
eralization present (Hanwck and Rwis, 19W)). 

Ihe Lady Loretta depostt lies near the convergence of a 
number of sigmhmt st~ctures, at least some of which ap 

from g e o l e  su~vey (Fig. 2; Hutton et al., 1985) and E3 prospect mapping (Hanwck and Rwis, lm) to have 
been readhted a number of times during the structural 
h ' y  (Richard Keele, written commun., 1995). The ore 
sequence is truncated to the northwest by the northeast- 
trending Cartton fault zone (Fig. 4a), which juxEaposes older 
bosh units to the north against the Loretta Formation 
to the south (Fi 2.44 The Carlton ? ult swings into am- 

nce witb tE nor th iow-t rending  Western  order 
=which truncates ~anermoic  (Cambrian and Mesaoic) 
mver mcks 1.5 km east 
dred meters north of the fault 
de&Ks the southern 
CIW~ Formation, 

has been found. Cam (1981) pmposed the Cerlton 
the sourre conduit for PbZn mineralizing fluids, but 

tbis has not been borne out by later work (Aheimer, 1994). 

Data So- 

Gravity data have been uired at two scales, the k t  at l- ' 
kmspecing~vehi&~within30irmofLadyLoretta 

mated at 1.5 m, while many stations will be of substaotjaJly 
better accuracy than this. Overall accuracy for the local sur- 
vey is estimated at 0.25 mgal. 

Elevation determinations for the semi-regional survey were 
chiefly derived from loop traverses with three mimobamme- 
ters, utilizin the methods of Leaman (1984) and absolute 
he&t amtro 5.9 fmm state permanent marks, bench marks, and 

heights wherever practicable. Horizontal positions were 
E r m i n e d  witb the aid of a hand-held Global Positioning 
System (GPS) unit. The d t l n g  uncertainty in absolute 
Bou r gravi values for this survey is estimated not to ex- 
e d Y 5  mgr? Nl prospect-scale data were M y  
t e r r a i n a d  out to a radius of 21 km, as well as the semi- 
regional haverse data wherever the terrain effect was judged 
likely to d 0.05 mgals. These data have been merged 
with regional Geological Survey of Queensland 1-Ian-Jpaoed 
traverse and Australian Geological Survey Organisation 

Idamh*r 
krt. Map Grid. Zone 54 
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system; boxed line (gcalc, py and sid only) is the calculated signature in the ahsen& of Pb-Zn ore; "gobs" (triangles and 
dashes) is obsetved Bauguer anomaly. "Pra" denotes low-density (2.63 Vm3) sandstones of the Surprise Creek Formation. 
Geology fmm mine section 2300 N. after fig. 3 of Hilnmck and Punis (1990). 

reconnaissance data, as well as a limited number of stations 
acquired by mineral exploration companies. The principal 
source for airborne magnetic (Fig. 6) and four-channel 
(potassium-uranium-thorium + total-count) radiometric data 
(Fig. 7) displayed in this paper is a survey flown by Geoterrex 
for Ashton Mining in 1987 (Qneensland Dept. of Mines and 
Energy open file report CR18153B; Keith Jones, writ. com- 
mun., 1995). Flight lines were oriented north-south, with a 
nominal spacing of 250 m and terrain clearance 80 m. The 
data presented in the images (Figs. 6,7) have been resampled 
to a 50 m by 50 m grid cell size by Ashton Mining. 

Rock Properties 
Published petrophysical data from rocks of the Lady 

Loretta region are scarce; however, large data sets (Young, 
1984; Fallon and Busuttil, 1992) are available from correlative 
units in the vicinity of the Mount Isa Cu-Pb-Zn mine some 
130 km to the south-southeast. These, together.with data 
from a province-wide study by Hone et al. (1987), new Lady 
Loretta region data from the author's unpublished data, and 
bulk properties inferred by Leaman (1991) are summarized 

in Table 2. Density values given are broad, probable bulk wet 
specific gravity ranges for unweathered, typical samples of 
the formations listed; full statistical analysis of the most re- 
cent work being not yet completed. For all units except the 
Cambrian sediments and the Myally Subgroup to Surprise 
Creek Formation inclusive, the values given in Table 2 are 
based on at least 10 (usually many more) measurements of 
drill &re samples. In the case where units have not been ad- 
equately characterized by previous interpretations (Leaman, 
1991) or directly measured data on fresh samples, and for all 
radiometric signatures, the qualitative interpretation has as- 
sumed likely properties inferred from lithological and petro- 
logical descriptions. 

Gravity 
On regional compilations of the Bouguer gravity anomaly . 

(e.g., Wellman, 1992), the Mount Isa inlier can be discerned 
as a series of sublongitudinal, gently arcuate belts of alternat- 
ing highs and lows, superimposed on a general regional high. - 
The arcuate belts roughly correspond to major geological 
divisions defined from surface mapping. The Lady Loretta 



) .. .. . . 8 .  ' 1' '. , . '  , 

L O m A  C R A m .  MAGNmCS AND RADIOMETAICS 

0 5 10 15 20 25 

Kilometers 

FIG. 6. Toal rmepstic hkmtty pleudmdor inuge. 1- warlay dmuLta illumhtkm 6w1 the epR Ceohpjosl h r l r i n  whk.  

Kilometers 



Dcnrity Susceptil>ility 
t/m3 SI X 103 

Cnmbri;as sediments 2.52-2.66 
Iddy Lnretta Formation 2.75-2.78 
l ~ s p c r ; ~ ~ ~ , ~ ~  Formation 2.65-2.69 
I'aradisc Creek Formation 2.70-2.76 
Gunpowder Creek Fannntion 2.67-2.74 
Torpedo Creek Quartzite 2.64-2.66 
Surprise Creek Formation 2.61-2.65 
Fiery Crcek Vcrlcanics 2.62-2.72 
Hi@ Formation 2.57-2.62 
Myally Suhgn~up 2.61-2.65 
Eatem Creek Volcartics 2 .85291 

region lies s tr ide the edge of the westernmost of these belts; 
the gravity field here (Fig. 3) decreases gently weshvard to- 
ward the edge of the inlier Supelilnposed on this regional 
gr;~dient is a gravity high east of the Mount Gordon fault zone 
associated with exposure of the Eastern Creek Volcanics, end 
a low west of Lady Loretta caused by I'aleozoic and, probably, 
Ncoproterozoic sediments of the Georgina basin. The highest 
Bouguer gravity values are observed north of the east-west- 
trending Investigator fault, implying an apparent thicker ac- 
c~~~nulation of Eastern Creek Volcanics here compared to the 
rest of tlre area e a t  of the Mount Gordon fault zone ("Leich- 
hardt Rift" of O'Dea et al., 1997). Much Bouguer anomaly 
character in areas of McNamara Group outcrop is inter- 
pretable in terms of an inverse relationship with preserved 
thickness of McNamara Croup, Surprise Creek Formation 
and Myally subgroup metasediments overlying the dense 
Eastem Creek Volcanics. This is, in turn, primarily controlled 
by north-south-trending Dp fold structures formed during 
the Isan orogeny; thus the linear gravity high splaying north 
away from the Mount Gordon fault zone is interpreted as an 
anticline bringing the Eastern Creek Volcanics near to the 
surface. 

I-Iowever, more subtle effects can also be interpreted from 
sequences within the McNa~nar;~ G r o ~ ~ p  on close inspection. 
A gross fining-upward trend, in conjunction with an increas- 
ing proportion of dolomitic sediments, leads to implied in- 
creased density values in the McNamara Croup from the Tor- 
pedo Creek Quartzite to the Lady Loretta Formation, partly 
offsetting the effect of increasing vertical distance from the 
Eastern Creek Volcanics. 

There are suggestions of east-west to west-northwest and 
sub-northeast trends offsetting the major north-sonth struc- 
tures. The west-northwest-trending low passing through the 
Lady Loretta and Lady Annie deposits and continuing south 
of the west-northwest-trending Redie Creek fault (GR 
315M)OE 7808000N) may be a manifestation of thicker 
McNamara Group sediments filling the "Paradise Graben" of 
Dunnet (1976). This trend has also been noted as a regional 
axis defining a change in fold plunge direction by R. Reele 
(writ. commun., 1995). Alternatively, the thicker develop- 
ment of McNamara Group may simply be an artifact of basin 
inversion geometry, in which case the (half) graben would 
have been located north of the Redie Creek fault. 

Prospect Grnvity 

In the Lady Loretta area (Fig. 4h), v;~riations within , 
McNamara Group sequences are more apparent. The most 
prominent structure is c~~incident with the western e ~ l d  of the 
mapped Carlton Fa~~lt, but diverges along or, more precisely, 
beneath the Gunpowtler Creek For~natio~dSnrprise Creek 
Formation unconformity north of the deposit. Another struc- 
ture mapped ;LS a major fault, the Western Border fault, h;~s a 
more subdued expression. This makes significant vertical dis- 
placement on the fault appear unlikely, though large strike- 
slip displacement is not precluded (cf. Van Ilijk, 1991). luw- 
est Bouguer values are associated with the Paradise Creek 
Formation, while tlre highest are ;~ssoci;~ted with o~ltcrops of 
Lady Loretta Formati011 both so11t11 of the C;lrltun L I I I ~ ~ ,  and 
inferred beneath Cambrian cover ~ 1 s t  of the Western Bor<Icr 
fault. The more siliciclastic and hence less d e ~ ~ s e  units- 
Torpedo Creek Quartzite, Surprise Creek Formatio~~, and 
Bigie Fonnation, paraduxic;rIly are also associated with rel;~- 
tively high Bouguer val~~es, reflecting the lower stn~ctnrnl 
level exposed. This is especially apparent across the arcuate 
west-northwest- to north-nurtl1west-tre11di11g Leopard Fault, 
which juxtaposes a block of Surprise Creek Formation 
(Bor~guer high) against Paradise Creek Formation (irregular 
but generally lower Bouguer vatlues) northwest of Lady 
Lorktta. 

Subtle character within for~nations may be partktlly due to 
differential weathering of various lithologies. An example of 
this is a shallow (amplitude approxi~nately 1 ingal) gravity low 
at GR 294800 7812800, immediately west of the lady Annie ' 
Cu deposit, which is the position of the "Mor~nt lurrie Deep , 

\Ireathering Trough," defined by drilling as a zone of deep ox- 
idation extending below 320 m depth (Lewis, 1975). Eqlo-  ' 
ration drilling (unpub. company data held on-site) demon- 
strates that depth of weathering, though variable, frequently 
exceeds 100 m in this region; deepest oxidation usually being 
associated with faults. 

The Lady Loretta mineralization is evident as a high of 
about 1 rrrgal amplitude, spatially assock~ted with tlre keel of 
the Small syncline (Fig. 4h). Pb-Zn ore, with a bulk density 
(dty) of 4.0 + 0.5 Wm3 (alvverage hased on an ~lnspecificd 
number-probably hundreds--of samples, R.A. Rivera and 
A. Clrallis, 1972; Placer Prospecting Ltd. unpub. date) is ;a 
least partially responsible for the anomaly, though massive 
pyrite above and below the ore sequence, barite within the 
ore sequence, especially near the surface, and tlre sideritic 
halo are all likely to be sig~lificant additional corrtributors 
(Fig. 5). A weaker gravity high over the axis of the Big syn- 
cline (GH 296200 7812000), deeper than the keel of the Small 
syncline, is also interpreted as being due to pyrite and siderite 
in and surrounding the correlative ore sequence. As the Big 
and Small synclines have similar geometries, and tlie sulfidic 
ore sequence is known to be present in the Big syncline, it is 
reasonable to propose that the increased intensity of the 
anomaly (implying greater excess mass) in the Small syncline 
is due wholly to the presence of galena-rich ore. A gravity for- ' 
ward model based on a published cross section of the ore de- , 
posit (Fig. 5) supports this contention, as the anomaly calcu- 
lated for the mineralized system is up to a factor of two ' 
greater in amplitude (and matches the observed data better) 
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with L'IPZII ore present than for the associ;~ted pyrite and 
siderite alone. The slight discrep~ncy hehveen obsen,ed d;~ta 
and the calculated signature of the preferred model in the 
foohrrall on the southeastern li~nh of the syncline may be due 
to anomalo~~sly intense and deep weathering of sullide min- 
erals in this area. 

An irregu1;rrly developed nortlr-northeast-trending linear 
fc;~ture betwcen the orebody and the Western Border fault 
occllrs over o~~tcropping 1,ady Loretta Fomiation hundreds 
of meters stratigraphically below the ore sequence. Evidently 
~~ntested by drilling, it may denote another horizon of anon- 
alor~s mineralization (snlfide and or siderite), hut is more 
likely to arise from a more dolomite-rich or weathering-resis- 
txnt facies of the Lady Loretta Fornution, based on consid- 
erations of si~rface dips, anomaly ;unrplitude, and anomaly 
wavelength. The latter option is preferred because any strati- 
form sulfide hotly of sufficient grade and dimensions to give 
rise to the observed ano~naly slronld possess some surface 
indications, whether geological or geocl~en~ical, given the 
steep (>60°) dips and consistent northeast to north-northeast 
strikcs ohserved fro~rr outcrops in the corresponding area. 

Magnetics 

The :leri~rrragtretic data (Fig. 6) are vely effective in map- 
ping tlre Eastern Creek Volcanics hoth in outcrop and sub- 
crop as well as beneath the Monnt Isa basin sediments. 
bvitliin the Emtern Creek Volcanics, the Pickwick metahesalt 

. appears less magnetic tlran the thicker mafic member be- 
ne;~th it (Cramwell metabasalt). Caution must be exercised, 

. however, in interpreting these units as coherent magnetic en- 

. tities, ;IS magnetite abundance in the Eastern Creek Volca~iics 
appears largely controlled by alteration systems (Wyhorn, 
1987). Clear alteration effects can be observed along many 
faults cutting the Eastern Creek \'olcanics, both as magnetic 
highs (mapetite productive) and lows (mapetite destructive). 

Remanent megnetiz;~tion is dominant over induced magne- 
tization hy a factor (Koenigsherger ratio) of around 20 in this 
region, but the highly variable directions of the remanent 
magnetization on scales from tens to a hundred meters tend 
to cancel out at aeromagnetic survey altitudes (Clark, 1980). 
The high frequency variations in remanent rnagnetiwtion di- 
rection possibly arise frorn a combination of lightning strikes, 
exposure effects during the Tertiary, and remanent magneti- 
zation directions acquired at different times, implying consid- 
erable heterogeneity in magnetic mineralogy within the East- 
em Creek Volcanics (Clark, 1980). Some residual variability 
from this source may be responsible for the high frequency 
mabmetic character observed over outcropping Eastern Creek 
Volcanics. No magnetic response is discernible either frorn 
the sediments (compare with Anderson et al., 1993) or the 
Fiery Creek Volcanics, though further processing and filter- 
ing may enable recognition of a magnetic signature from 
hasalts contained in the latter (Betts et al., 1994), which field 

. and hand specimen measurements show to have a suscepti- 
bility of around 1 x 103 SI. 

As with the gravity, broad linear anomalies associated with 
. north-south-trending uplifts correspond to anticlines mapped 

at the surface. These uplifts or domes may have been em- 
placed during Dl north-south-directed thrusting (Van' Dijk, 

1991), or may be a simple consequence of 13, east-west short- 
ening. h,lore intense, localized anomalies denote uplifts of 
possibly earlier origin in the vicinity of Redie Creek, Mount 
Kelly, and beneath outcrops of Snrprise Creek Formation 
north of Lady Luretta. Tlre largest magnetic anomaly in the 
Mount Kclly area (GH 310000E. 7798000N) surprisi~rgly co- 
incides with i)utcrops of I'aradise Creek ;und Esperan7a For- 
mations. If this magnetic anomaly is wholly due to Eastern 
Creek \'olcanics metal~asalts, as has been assu~ned throogh- 
out this region, this implies that ;L great deal of the inter- 
vening sedimentary section (from My~lly Subgroup to Gun- 
powder Creek Forrnatio~r) is missing, having been removed 
stnrctr~rally (by a fanlt dipping shallowly to the north), ero- 
sionally, or never deposited. The latter hvo possibilities would 
suggest that this area may have been on the uplifted foohvall 
or llexrlral margin of a west-northwest-trending rift gc~ben 
during deposition of the lower McNamar;~ Group. This inter- 
pretation is supported by a ~aliometric sibmature distinctly 
lacking in potassinm relative to Paradise Creek Fornuation 
outcrops elsewhere (see helow), explicable as a near-absence 
of clastic sedimentation in this area. 

A northeast-trending break in the magnetic field extending 
parallel i i t h  the Carlton fault from GR 290000E 7815000N 
toward tlre Mount Oxide Cu deposit 25 km north of Mam- 
moth, with implied north-side-r~p displacement, corresponds 
to an extended version of a dextral "megashearkink banC 
identified by Keele (writ. commun., 1995). A linear magnetic 
low superi~nposed on (or overprinted by) other structures 
links Lady Loretta with the Hedie Creek and Investigator 
fa~~lts,  corresponding to the prvity sibmature of the "Pafi~dise 
Graben." An alternative or additional explanation for the 
magnetic low beneath and to the east of the Lady Loretta de- 
posit is magnetite-destnrctive alteration of Eastern Creek 
Volcanics by hydrothermal fluids, as mapped on a wider scale 
in the footwall of the Mount Isa mine by Leaman (1991). This 
interpretation is supported by relatively very low magnetic 
susceptibilities (0.25 X 103 SI) measured on greenstones 
drilled from over 500 m depth, 1.5 km north of Lady Annie. 
It is interesting to note that the areal extents of the magnetic 
low at Lady Loretta and the magnetite-destructive alteration 
mapped by Leaman at Mount lsa (2-3 krnzvs. 18-20 km2) are 
in similar proportion to that of total amounts of I'b-Zn min- 
eralization present at each deposit (-2.2 Mt combined Pb-Zn 
metal at Lady Loretta versus -20 Mt estimated pre-mining 
combined Pb-Zn metal at Mor~nt Isa, calculated from figures 
contained in Hancock and Punis, 1990, and Forrestal, 1990). 
There is no direct ore response in the aero~nagnetic data over 
Lady Loretta, which is consistent with the virtual ahsence of 
magnetite or pyrrhotite from the ore sequence and associated 
sulfides. 

As at Mount Kelly, the presence of high-frequency, high- 
amplitude anomalies coincident with outcrops of the Surprise 
Creek Formation and Fiery Creek Volcanics north of Lady 
Loretta implies the presence of magnetic Eastern Creek Vol- 
canic~ at relatively shallow depths (of the order of hundreds 
of meters) in these areas. The sedimentary section between 
the Myally Subgroup and Surprise Creek Formation, inclu- 
sively, is therefore interpreted to be greatly thinned in this re- 
gion also, consistent with the area having been relatively high 
during the corresponding period of basin evolution. 
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Radinmetrics 

Radiometric data (Fig. 7) reveal many stratigrapliic details 
not present in geological mapping, as well ;LS map- 
ping intraforrnational variations in K, U, and Tlr abundance. 
K-enrichment of the I'ickwick met;~hasalt is disceniible near 
the Mammoth Cu mine, an alteration effect related by Wilson 
et al. (1985) to Cu removal from the E t~~ te rn  Creek Volcanics, 
supporting the conclusion of Scott and Taylor (1982) that the 
Eastern Creck Volcanics were the source fur the Ma~nmoth 
Cu. K-enrichment of Eastenr Creek Volc;mics has also been 
linked to the pacsage i1f Ph-Zn ~ni~ieralizing fluids (Wyhorn, 
1987). The Pickwick metal~asalt also appears generally depleted 
in U and Th in comparison to the Cromwell metahasalt. 
Higher in the M;rslingden Croup, feldspathic sandstones are 
picked out by high K-channel conrlts, while micaceous and 
argillaceol~s strata are high in all three channels. 

The Higie Formation anbsurprisingly, giver1 the level of 
potaFsic alteration mapped elsewhere (I-lutton and Wilson, 
1984)-the Fiery Creek Volcanics appear to Be generally low 
in all clrannels. Only orre outcrop of Fiery Creek \'olcanics is 
of sufficient extent iri this area to have its radio~netric signa- 
ture mapped reliably, given tlie 50 X 50-111 grid cell size, end 
here dl clrannels are low, with the exception of a 1oc;dly K- 
and U-enriched patch on the eastern side (CR 324000E 
7835000N). 

There is a striking centrayt hehveen the lower and upper 
members of the Surprise Creek Formation. Through most of 
the region, or~ly the lower, arenaceoos unit has been pre- 
sewe~l/deposited, and outcrops of it displiiy very little radio- 
metric response. An exception is a small area at the eastern 
end of the Hedie Creek fanlt, possibly reflecting an increased 
feldspathic, micaceous or liynea\y ~ n i ~ ~ e r a l  detrital component 
sourced from the e a t  (see below). The upper unit is strikingly 
high in all ch;~nnels, consequerrt from its much more argilla- 
ceous composition. The radiometric signal tends to diminish 
in or~tcrops to the west due to increasing masking effects frnm 
Pl~anerozoic weathering and cover, or dilution hy a mature, 
quartzose sedimentary source. 

The Torpedo Creek Qr~artzite at the base of the McNam;ira 
Group is often too thin ( ~ 1 0 0  in) to be delirreated by airhorne 
radiornatrics, especially where it directly overlies the compo- 
sitionally simil;~r arenaceous unit of the Surprise Creek For- 
mation. Only where the argillaceous Surprise Creek Forma- 
tion has been presenred heneath relatively flat-lying Torpedo 
Creek Quartzite can the Torpedo Creek Quartzite be clearly 
distinbwished as a low-count, arenaceous unit. 

The Gunpowder Creek Fonnation is one of the most ra- 
dioactive of all outcropping units in this region, equaled orily 
by the upper argillaceo~~s/micaceous member of the Surprise 
Creek Formation. At least four members of the Gunpowder 
Creek Formation are discen~ible from the radiometric image. 
A thin, patchy basal mernber of low readings in all channels, 
albeit relatively TII-rich, soon gives way to high-count mica- 
ceous siltstones, sandstones, and carbonaceous shales. These 
diminish slightly near the middle of the formation, possibly 
resulting from an increase in proportion of carbonates, before 
increasing again at the top of the formation, interpreted to 
correspond to carbonaceous shales known to occur in this 
stratigraphic position (Hutton and Wilson, 1985). 

Pok~ssium dominates the radiometric signature of much of 
the Paradise Creek Formation in a relative sense, tliougliyn this ' 

influence diminishes to the south and west. A number of file- 
tors could he responsible for the reduction in K relative to 
other radioelements, including variations in the proportion of 
tuffaceor~s input to sedimentation (Page, 1981), and reduc- 
tions in total siliciclastic input, with a corresponding increase 
in dolomite content. Heterogeneity of radiometric signat~rre 
is most clearly demonstrated north and soutli of tlie Hedie 
Creek fault, an example being a low-K bed at the top of the 
fomration (GR 313000E T815000N) which has no counter- 
part below the Esperanza For~rration sorrth of the fault (GH 
31 7000E 7804000N). 

A potassium-rich horizon clearly marks the base of the Es- 
peranla Formation, probably corrcsponding to the nxuimuni 
lloodirrg surface ide~rtified from gunma ray logging by So~~tlr- 
gate et al. (1996). This signature is obscured, l~owe\~er, in 
areas where beddi~~g is steeply inclined, thns restricting out- 
crop area. The remainder of the Esperanza For~iration, on the 
other hand, is generally low in all channels. Thin, silty bands 
of high-K only become apparent where sh;~llow dips ellable 
apparent bed thicknesses to cxceetl sample spacing. A promi- 
nent exception to this generally low radioele~nent signatnre is 
the band of Esperanza Formation immediately soutli of the 
Redie Creek fault, where tlie bas;il K-rich horizon ~ r ~ a y  be 
thicker. 

Tlie Lady Loretta Forination marks a retllm to the gener- 
ally higher-count, more potassic signatures of tlic I'arndise 
Creek Formation. though the Lady Loretta Formation is the , 
most heterogeneons of all McNk~mera Group 1111its. A distinct 
absence of potassium at the base possil~ly denotes the onset of . 
a new depositional cycle. Res~~nlption of shale- :und siltstone- . 
dominant deposition can be seen regionally in the red bands 
overlying the basal unit, but this facies is either ohsc~~red or 
absent in tlie Dayiew or Ilehut syncline north of Lady 
Loretta (GR 299OOOE 7826000N). No distinct signature re- 
lxted to the Lady Loretta rnineralizatio~~ is ~n;~~dfest  except for 
low counts in all ch;~nncls in the Gcinity of the S~nall end Big 
synclines, probably influenced hy topography as well as geol- 
ogy, :and a possible slight increase in counts tliynro~rgliyn all three 
clrar~nels relative to other Lady Loretta Formation outcrops 
in the core of the greater Lady Loretta syncline (a megascupic 
~rranifestation of the Big syiyncline, located ;it GR 295600E 
7810700N). A sioiil;~r signature to tlie latter, thouglr sliglrtly 
more K-dominated, may he replic;~ted in the Lady Loretta 
Formation abutting the Redie Creek fault. 

Patches of high U-channel count wvitliin Phanerozoic cover 
west of Lady Loretta relate to uranirtm associated with ~najor 
Cambrian accomulations of phospliate. Soii~e extraction of 
these deposits has taken place intermittently over the last few 
decades at the Lady Annie Phosphate mine (1;theled as "Lady 
Annie I'h on Fig. 4a; not to be confiised with the nearby 
Lady Annie Co deposit). 

All McNamara Group fonnations with the possible cxcep- 
tion of the Gunpowder Creek Formatio~~ exhibit ;I distinct in- . 
crease in K andTh from west to east, approaching the Mount 
Gordon fanlt, possibly reflecting increasing immaturity, tuffa- . 
ceous input to sedimentation or proximity to a mixed felsic/ . 
mafrc sediment source. These and other regional intraforma- 
tional radiometric variabilities detailed above appear likely to 
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arise fro111 sources other than enstatic sea-level changes. Pos- 
sil~le pitfalls in attempts to construct a regional seqllellce - stratigrsplric fr;~me\vork b;aed on gniirna logs from a small 
n111n11er of locatio~is (e.g., Soutl~gate et al., 1996) may be in- 
dicated, in t1i;lt garnula ray peaks w d  cycles present in some 
nreas'appear likely from the remotely sensed data to hc sub- 
clued or a,~npletely absent in others. This proble~n, ho\vever, 
may represent ;ui opportunity, in that remotely sensed radio- 
metric data might be used to track at l a s t  the low frequency 
varintii~ns in galnilra-ray signature across the entire outcrop 
area of tlie besin. Such data \vould assist in tlie correlation be- 
hveen <let;liled logging sites a d ,  p~~ssihly, in defining areas of 
;~~~o~na lous  sub-basin develop~nent. 

Conclusions 

T l ~ e  gravity field i n  tlle region of Lady h r e t t ; ~  is pri~narily 
co~~tr~,lletl By v;~ri;itions in both co~nposition and geonietry of 
the I~ ; i s e~ne~~ t  ~ I I  the McN;unac~ Group, with relative gra\lty 
lows generally corresponding to increases i i ~  preserved tlrick- 
ness of the McNatnara Gmnp. \Tanations on this general 
theme c;ui he interpreted in ternrs of pri~nary hasin structures 
on a regintxll scale. An example of this is a possible west- 
~~o~tlrwest-trending paleo-gr;111en bounded by the Redie 
Creek and lnopard fa~~lts,  ;uid adjacent to the Lady Loretta 
~ni~~erelization. Such putative hasin develop~ne~~t structnres 
;uid later 1s;ui orogeny o\,erprints are difficult, however, to 
separate 11). qnalit;~tive inspection. Si~nil;~r principles and lim- 
itations 'ilpply to tlie magnetic field, altl~ougli its interprets- 
ti011 is better constrained by the assu~nption tlrat tlie Eastern 
Creek \7olcnnics arc thc do~r~inant niegnetic unit, and consti- 
. tute "~nagnetic hascmcnt" ill tlris region. An uplifted foohv;~ll 
or llcx~~ral inargin ho~~nding a half-gral~en, which developed 
to the nortl~ c111ri11g lower h~lcNamari~ Group time, is implied 
11y a inagnctic high directly underljlng Paradise Creek and 
1Ssperimza Forn~ ;~ t i~~n  in the Mount Kelly area. 

Se~r~idet;iiIed gravity data centered on Lady Loretta clearly 
clemonstratc ;I paradoxical positive Bnuper anomaly contrsat 
hehveen tlre Lady Loretta and Par~tdise Creek For~natiorrs, 
;III effect opposite to that expected from tlie implied in- 
cre;~sed vertical deptl~ to "base~nent" (Eastern Creek Vol- 
canic~). This may rellect ;I gross up-sequence change in 
McNamar:~ Group l i tholo~,  with predo~ninantly siliciclastic 
sedimentation giving way to denser dolomitic a ~ ~ d  sh;~ly 
litliologies; stnlctur;llly controlled variatiol~ i n  tlie lower silici- 
clestic units; or simply differential weathering. I'rospect-scale 
gravity data de~iro~~strate tlie pi~ssibility of detecting sedi- 
ment-lrostcd 1'11:Zn mineralization (Small s,mcline) within a 
clolo~nitc/sllalc l~ost, standing out above ano~nalies arising 
frnm other s~~lfididsideritic accumulatii~ns (Big syncline) and 
differential weathering. 

Altcc~tion types in the Eastern Creek \'olcanics, possibly 
related to Pb-ZII and Cu mineralizing events, call be distin- 
g~lisl~ed and mapped using a combination of aero~nagnetic 

. and radio~netric data sets. Snc21 a base metal-mobilizing al- 

. teration event siglatt~re may be present as a coinponent of 

. the n~agnetic low centered near the L ~ d y  Loretta mineraliza- . tion. \'anations in the broader 1n;lbmetic signature of the East- 
em Creek \'olcanics  nay be ascribed to gross structrlral con- 
trols, n~~mely dip and preserved thickness. 

I<atliometric data are clearly useful in this environment as ;I 

means of defining litlrological ck~nges within formations, as 
well as being an aid ti1 general geological tnappi~~g. They are 
capaI~le of discriminating quite subtle litlrogeocliemic~~l dif- 
ferences, pro\iding i~~siglits into the regional variations of 
sediment inatuiity, provenance, and carl~onaceo~ls content. 
As such, tlie bn~ad spatial coverage of airborne radiometrics 
sl~ould be used wherever possible to n~mple~nent  attetnpts to 
erect ;I sequence stratigr;~l~liic framework using detailed 
gatnm;i ray logging at few, widely spaced locations. 

Acknowledgnlents 

Stuart Bull, John Dunster, Richard Keele, and I ~ s l e y  
\\1yhor11 are thanked for fn1itf111 discussions ;uid re\ie\vs, as is 
Peter McColdrick, who s~~ggested tlris paper. I'rovision of 
gcoplrysical data by Bernie Stockill of tlie Geolo@c;~l Snrvey 
of Ql~eensland, Keitli Jones of Ashton Mining and CHA Ex- 
ploration personnel is appreciated. S~~pp ly  of digital geologi- 
c;ll data by the Australian Geological Snnrey Organisation is 
gratefully ackno\vledge:ed. Michael Hoach assiste'il with image 
processing. The paper \\.as substantially i~npro\zed by conl- 
~nents fio~n Nick Sheanl, Gary Fallon, and Pat \\'illiams. This 
work is supported by an Austra1i;ur Geological Survey Organ- 
isation Postgr;~duate Award, and received invalu;tble assis- 
t~uice from the former I'a~icontiriental Mining Ltd. Thc Cen- 
tre for Ore Deposit I%esearcli generously spo~rsored tlie color 
plates presented here. This researclr was supported by the 
Australian Research Council's Research Centres Progran~. 

REFERENCES 
Ahcimer, h1.A.. 1894. Cccllogy ;~nd get,chc:mistry of the Lady larct ta SSll 

base n~etal  dcporit, northwest Qoccnsland: Unpublished B.Sc. honon thc- 
sir, ilobnrt, University of Tsana~~ia. Centre for Ore 1)rpusit and Explo- 
ration Studies, 130 p. 

Andcison, I1.E. Ilencan. l\.C., ;and Ly~cl~. S.hl., 1993. Geologicnl mapping 
~ ; ~ ~ ~ a l ~ i l i t i c s  oftlrc QUESTEM uirl,on~e rlectmm;~gnetic system fur mineral 
erplaratioo-.\It. Ira Inlier. Queensl;~nd: Exploration Ceopl~ysicr. \,. 24, p. 
3 M O .  

~eli,  T I I .  1983, Thn~sting ;md duplex fortnation at blount  IS;^. Q~~ce~~slan~l. 
At~str;dia: N;~ture, \- 004, p. 49M97. 

Hells, I'G.. Jones, M..  and \'alc:t!ta, R.K., 1994, Utilisation of ;tenrmagnetic 
d;ata for stnrcturd nsalysir-the Fiely Creek Dornc Hegirn~, MI. Isa Inlisr: 
ill! Anstdnsian Remote Sensing Conference, hlellx,onle, March 1994, - 
Proceedings, p. 3338. 

I3elts. I'., Pound, K . ,  :md Lister. G., 1996, lcpisodic lift-sog sequence in mrcr 
seouencc three. sorthwertcn~ Mount Im lnlier labr.1: Ceolozical Socicwuf . . 
Au;tndia Abstracts, r 41, p. 32. 

" 

Make. U l l .  ;md Stewart. A.1.. 1982. Stratiemnllic and tectonic fr;lmework. 

9.43, p. 1-11. 
Carr, C.R.. 1981. The minemlogy, petrology rnld gcoulncrnistly of the zinc- 

Iwd-silver ores und their host scdintcntary mcks at I;t<ly Loretta, north- 
west Queenrland: Unpublished Ph.1). thesis, University of\\'ullu~,grrsg. 

-1984, Prirnaly gmchemical and nn~ir~eralogic~l dispcrsiun ill the viciuity 
of the Lldy Luretta %n-l'b-Ag deposit, N\\' Queensland: Jo!tmal of Cco- 
cl,en!ic;~l Exploration. v. 22, p. 217-238. 

Clark, D.A., 1980, Magnetic propertics of rock? from the hluunl Isa area: 
North Ryde, Atzstmlirrt Commonwealth Scientific and isdustrial Researcll 
Organization (CSIHO) Division of Stinera1 Pllysics, Herttictrd Investiga- 
tion Report 114911.20 p. 

Cox, H., ;and Curtis. R., 1977, The dismvely of the Loretta 7iec-lead- - 
silver deposit, North-west Queenrland: A geochemical exploration case his- 
toly: Journal of Geochemical E*plor;~tion, \,. 8, p. 189-202. 

Denick. G.M..  Wilson. I.H., and Sweet, I .P ,  1980, The Quildar and Soqvise 
Creck I~onnntions-new Pmternznic nnils frum the Mow11 Ira Inlier: 



'Their mgiond redimentology and applicntion to regional correlation: Hu- 
rcm of Mineriil Rcsur~rues (B.\IIl) JotnrnJ of Australiatn Geology and Cco- 
~~lrysics. v. 5. p. 215-223. 

Ilttnnet, I)., 1976, Some aspects of the I'annntilrutic cratunic mnrgio in Aur- 
trdin: Philosaphicd Tranractianr of the ilo)-.d Society of lnn<lon, \,, 14280. 
p. MIL6.54. 

ICl~lti~lge. C.S.. \\'illi;arnr. N., and \\'dsLc, J.L., 1993, Sulhlr isotope vntiabil- 
ity in se~lilnent-hosted massive sulfide deposits as rlutennined using the ion 
micrclpr<!be SIIRIMI': II, A sturly of the 1l.Y.C. rlep<,sit at McArtller River, 
Sortltem Territory Austcdia: ECONOMIC GEOU,CY. v. 88, p. 1-26. 

Fnllon. G.S.. and Bt~snttil. S., 1992. An appniral of the geophysicitl i:ffects 
of tlre hto~mt Isa core b l i e s :  Exl>loloratiun C . e ~ ~ p l ~ ~ ~ i i c s ,  c 23, p. 133-14. 

Forreslal, P.J., 1990, Moc~nt Isa :md llilton silver-le;~d-zinc depusits: Aur- 
tr;d;skm Institute of Mining imd Metallurgy Mut~ugrnpll 14. 1). 927-934. 

Golson. R.L.. Perkins, \!'.<:., nnrl blizu~l, K.J.. 1983, 1r:ad ikotupc stutlirs 
beating o n  the genesis of copper ore bodies at hlcrnnt is;,, Queenslanrl: 
Ecosorllc C ~ o w c u .  \,. is. n. 146615M. . .. 

Ilanxock, M.C. and I'oMs, A.ll., 1990. lady  lyretta silver-lead-i.jncdcporit: 
Austr;d;eian lnstil~ttc of Mining a~ncl M e r d l u w  hIo18ngmph 14, p. 
9J.LCldX " . - * . .. . 

Ilinman, XI., 1996, Conslraimts, timing and processes of striatifornr h;m 
tmetal miner~liz;~tion at the HYC Ag-Pb-Zn deposit, hlui\nhur River: James 
Cook Uoivcrsity of North Qoecnsland Emnomic Geology Research Unit 
Contribution 55. p. 56-59. 

Ilollc. I.G.. Carbcrry, \!l'., ;and Rcith, II.C., 1987, Pllysiual pnrpcrty me;,- 
snrementr on nlck rrrnples from the hlount Ira Inliar, nortlrwcst Qocet~s- 
land: Australia Htlntru of hlinend Rea~uraes. Repoll 265, 30 p. 

Ilutton. L.J., iard \\'ilron. I.H.. l9M, hluunt Oxide Region. Quee~lsliind- 
I: 100.000 geological map co~nnscntar).: Bureau of &linerdl Hesources, 4 i  p. 

-1985, Ma~nmoth Mines Rugioll, Quecnslnncl-l:ll)O,W geological map 
mrmment;tr).: Bt~rentl of h1inc:ral Hesources. A~~strilliix. 

Ilutton. L.J., Cavanex 1i.J.. and Sweet, I.F, 1981, New and revised strati- 
graphic units. IAWTI llill pltxtfonn, nonhwest Queensland: Queensland 
Governtnenl hlirlirng Journal, v. 82, p. 4-34, 

I l u t l~~n .  L.J., Oertick, G.M.. and Callaghrr, J., 1985, Cecllogy uf the hlam- 
~noth Mines region: Ccolc,gictll map, H I I I C ~ ~ U  of Minerd Ilcn,orccs, htts-  
tralia, scale, I:IlM,W. 

I ~ r g e ,  H., Ilull. S.. Cmke. I).. and McColrlrick. P, 1996, Heview of genetic 
mvdels at IIYC: m~~striuots frorn new sedinnentology, aheration halo stucl- 
ies ;md fluid chcnrical rnodellit~g: James Ccmk University of North Qocens- 
land Economic Geology Hese;irul~ Unit, Contrihntiorl 55. p. 7%74. 

Irarnan. D.E.. 1984. Notes ou rnicrobnrometar elev;ttiotl determinitions: 
Exploration Ceophyrics, v 15, p. 53-59, 

-1991. Geophysicul constraints and alten~tio~t of the Emtcrn Creek \'"I- 
canics. MI Is;,. Queenrland: Australian Journal of Earth Sciences, \,. 38, p. 
"q7L7.7 ~.".-,-. 

h w i r ,  H.\\'., IQi5, Lady Annie secondary copper depurit, in Knight, C.L.. 
cd.. Economic ~eolom.ofAurlmalin and I'aoua New Cnineu: I. hlekds: Aus- 

. . 0~ 

"logy: Australian Pelrolcurn Elplomtion Associ:atir,n (APEA) Journi~l, v 33. 
p. 237-2.57. 

hlcPherson, r\.L., 1994. \'olc;~nulogy ;n~d serlimc~,tology of  the: I ' ;d;~ca~m- . 
tcromic Fie? Crrek \'oluanin and nclj:sent onits, inort l~~~~cst  Qtn:e~tsl;a~d: ' 
Unpublished H.Sc. honors tlresis. University of Tasmania, 123 p. 

O'llea, M.C.. Lister, G.S., hlauCready,T.. Betts, P.C.,Oliver, S.1I.S.. I'otal~I. 
K.S., Illt;mg. \\!, and \';hlcnle. H.K.. 1997. Ce<,d)~nalnic erolutian of the 
I'mlemzoic Mcr~tnl Is;, termin, in Borg, J.l'., :lnd Forrl, hl.. cclr., 0pgt:ny 
through time: Geological Society Speci;d l'ohlic;itir,~~ 121. 1). 9'J-122 

I'agc:, ll.!!'. 1981, Depc~sitinn;,l ages of the stcttihmn base met;d deposits ;XI 
hloellt Ira and hlc,\rtlrur Hi\,er. hustntli;~, bzerl on U-l'b zircc~n dating of 
ccmcurd:mt tllffirt~"zanr: ECONO~IIC CEOI.OCY. \' 76, p. MS-CGS. 

-19W. limning uf a ~ p c r p u c d  volc;,nis~n in the I'roterrrmic hlr,~tt,t Ira 1x1- 
lier, hnstralia: Prccan11,rian Res<:arch. v. 21. p. 22S245. 

I'age, H.\\'.. Sun, S.. and C;rm, C., 19948, Pmtcrozuic seclimenl-l,ostccI le;cd- 
xire-silver deposits in nortlnem A,~stralkt-U-I'll zirmn ;md PI, isot<>pe 
sttldicr [nbs]: Ceulugicnl Society of ,\ostrnlia ,\hrtravts. \. 37. p. 334-335 

-199411. U-1'1, drcott and Pb isutupe rtrldius in rcl;atiun to Pn>ten,mic 
sediment-br,rtccl 1r:ad-zinc-silvc~. deposits itr inorthem Austr;tlia [ails]: ill 
Lorpbere, hl.i\.. 1):tll)lnple G.B., itnd Turtitl. B.D.. ells., Abstracts of the 
Eighth Intemntion;~l Co~>ferencs on Gc~d~ronolog):  C u s ~ n ~ , c l ~ m ~ ~ o l u ~  
m d  Isotope Gecrlum. US. Geo1ngic;~l Sun.ey Circrnlar 1 107, p. 240. 

I'erkinr. UI.. 1995, Feeh~res of the Mount Isa Cu-Pb-Zn dqmrit and cum- 
pnlisrrn with Hilton, hlcArtlrur Hiver ntlrl Moulrt Nobit: ICvldel~t f ir  a Ihte 
s)?~~lcfor~~~ation:tl n:pl;~cemcnt origitl?: Mct;dlr>gc!8y of I'rr,t<:rrrzoic Btains: 
Uni\.enityof Britisl, Ccrlunabia, \'ancon\,er hlil~enal I)ep<sil Hese;xrcl~ Unit. 
h l ; ~ :  1995, Short Ccrurse Soter, v. 19. 

Scott, K.S1.. and Tatylnr C.F., 1982. Eistcrn Creek \'olc;~~~ics ;a the source of 
copper at tlrc: h1;untnuth inline. ~rort ln~~cst  Qtacensla~cl: Hureno of hliner;d 
Resnt~rces (BMR) Juurnnl of Austr;!lian Cr!olclgy illld G c o ~ l ~ y s i ~ s .  \: 7. P. 
93-98. 

Southgate, I'.S., llra~lsha~v. I1.E.. j;tck5on. \l.J.. Kr,$s~il)., <\.I\.. h I~Cu~v ,~cb i~ .  
B.A.. Scott, D.L., nnd\\'ells, A.T., 1996, Integr;ale<l Pmtemn,ic h;lril, nnnly- 
sis: constructing a rrgion;d stn~ctnrral ;or1 icquevce stratigral,hic fnimc- 
work for i~orthern /\nstr;ali;~: J;xmcr Cook University af North l.)uccn~sln~~~l 
Econolnic Gnolclgy Hcsearch Unit G , o l t i b ~ ~ t i o ~ ~ .  55, P. 132-136. 

\';,TI IDijk, l'bl.. 1991. Regional g~alefonnntional copper rni~,cr:nli,inti<rlr i t )  

the wcrtern hlonnt i s i  Block. r\ustralil: Ecososrlc C ~ o ~ o c u .  \,. 86. ID. . 
278301. 

\\%llln;io, I:, 1992. Structun: of tllc hluunt l ~ n  regios iltf~1rrt:d lion, priwity. 
and rnikgn<:tic ano,n;tlies: Evlnr;atioa, Ccophysicn, b,. 23. 1,. 417-422. : 

\\'iln,n, I.H., Ilertick, G.bI.. and Perkin, l ~ . J . ,  1 9 6  E;etern Cna:k \'crl- 
c a n i c ~  their geochemist? and possible mle in copper ininenili,~~tion at 
Motmt Is;,. Quceoslmtl: Bureau of hlinen~l Ren,urcer (HhIR) Joumnl of 
Australian Geolcrgy ixrd Geopl~yrics. \. 9. p. 31'9428. 

\\'yborn, L.A.I.. I98i. The lxtn,logy and gecnhomistry of dtcraticnt ;usc~~a- 
blager in the Eastern Creek \'ulc;mior ;a a guirlc to copper n ~ r l  ilrixnitnnl 
tnallility associated \vitll regio~\al metamoq,lrisnr snrl deformation. hl<rmt 
Ina. Quecltsland, in Plmrilolr, T.C.. Beckinsale, 1{.D.. and llicknrrl, D.T. 
d s . .  (:<:ochc~~~istr). and minrr;dic;atic,n of Pmteraruic vulc;a~ic suites: Ceo- 
logical Societ). Spcci;~l I'lthlication X3, p. 4254,W. 

linmg. h1.E.. 1984, Gravity ;and m;~gnrtic res~llts front hlorlnt Isa ~listticl. 
Australia: Transactiuns of the Institute of blining ;rind hlekdlurgy, v. 1193, p, 
7 W 6 .  



Exploration Geophysics (1997) 28, 39-42 

McArthur Basin Architecture - a New Perspective 
from Geophysics and GIs 

I 

Mark L. Duffeti 
Centre for Ore Deposit and Exploration Studies, 
University of Tasmania. 

. GPO Box 252-79C, 
. Hobart. Tas 7W1. 

i' Phone (03) 6220 2391 
Facsimile (03) 6220 2547 
e-mad (prefemd): M.DuffenOgeoLotas.edu.au 

David E. Leaman 
Leaman Geophysics, 
GPO Box 320D, 
Hoban, lks 7001. 
(also Centre for Ore Deposit and Exploration Studies) 

ABSTRACT 

Interpretations of the gross geometry of the McArthur 
Basin from regional potential field data are presented as a 
2.5-D component of a metallogenic geographic information . . 
system (GIs) developed for the region. The McArthur 
Group, host to the major HYC P b Z n  deposit, is,seen to 
extend well bevond its eastern limit of outcroo as defined bv 
the Emu Fault. Units identified as prospective using 
lithological criteria encoded in the GIS contain all known 
stratiform base metal mineralisation. Such deposits are 
preferentially located on the periphery of the thickest 
accumulations of McArthur Group sedimentary rocks. 

Volcanism in the upper and lower Tawallah Group is 
much more voluminous than its comparatively small strati- 
graphic thickness measured in outcrop would suggest. Over 
15 km of basin fill (including volcanic rocks) is implied in 
some areas, but this may vary rapidly, implying consider- 
able pre,-.McArthur Group structural development. A 
number of lineaments visible in the isochore images 
converge at the position of HYC, indicating bounding fault 
and strike-slip fault activity at this location during a large 
portion of basin evolution. These structures do not 
necessarily correspond to major regional faults interpreted 
from surface mapping. 

Keywords McAnhur Barin, basin architeelure. gravity. magnetics. GIs. metal- 
logcny, structure. ~rotcrozoic 

INTRODUCTION 

The ~ c ~ i h u r  Basin contains a world-class, stratiform 
sediment-hosted base metal (SSHBM) deposit (HYC) 
which, because of its relatively undeformed and unmeta- 
morphosed state, has been widely used as a basis for models 
of SSHBM mineralisation. Many of these models postulate 
ore deposition as a result of fluid flow within a rift-sag tect- 
onic environment, although basin morphology is not well 
constrained by surface mapping due to very limited 
exposure of many of the deeper basin units. It is necessary 
to constrain such models in the third dimension by defining 
the geometry of basins and the bounding faults which may 
control fluid migration. This has been attempted by .. integrating geophysical interpretation results as a 3-D 

, component in a metallogenic geographical information 
8 system (CIS). 

:a 
GEOPHYSICAL ANALYSIS 

Rigorous quantitative analysis of Australian Geological 
Survey Organisation (AGSO) regional Bouguer gravity and 
magnetic data has been employed to investigate the 
geometry of the McArthur and Tawallah Groups, as well as 
that of the underlying 'basement' units. Complementary 
interpretation of an interlocking m y  of 2-D gravity and 
magnetic profiles was undertaken by forward modelling 
rnno,rrinnrl h., ~nnl:mt:-." ..'-.La --:*-.-:- ^C, ̂ ^ ,Inn"\ 

The results were used to generate isochore and structure 
contour maps of all major basin components. These maps 
reveal the gross morphology of the basin fill, its basement, 
and units which, while correlated with exposed rocks, are 
much more voluminous than hitherto suspected from their 
exposure. Further details of some of the issues faced during 
interpretation may be found in Leaman (1996). 

MCARTHUR BASIN CIS 

Structure and isochore contours were digitised using the 
Arc/lnfom GIS software. The process of contouring and 
gridding, while inevitably leading to some smoothing of 
discontinuities, enabled redisplay and analysis of the 
geophysically derived structural information with respect to 
other geoscientific data in the CIS. These data included 
AGSO and Northern Territory Geological - Survey 
1:250 000, 1 5 0 0  000 and 1: 1 000 000 scale geological 
mapping (Pietsch et al., 1991; Blake, 1987; and Plumb, 
1988. r&pectively). lithogeochemistry from a number of 
sources, and a mineral deposit database modified from that 
of the Northern Territory Geological Survey (B. Roberts, 
pers. comm., 1995). The gross basin units are presented in 
the poster accompanying this paper as a series of 3;D 
rendered (isometric) views displayed in relation to their 
outcropping equivalents, regional first-order fault structures 
and various mineral occurrence types. 

(Upper) McArthur Group 

The upper McArthur Group (incorporating the upper 
Umbolooga and Batten Subgroups, Figure 1) is generally 
more dolomitic and hence denser than the coarser, more 
siliciclastic sequences above and below it. The Group is 
largely truncated by the Tawallah Fault to the west, but 
extends beyond the Emu Fault to the east, though there are 
some indications of rapid thickness variation associated 
with the Emu Fault. The thick accumulation of McArthur 
Group sedimentary section south of HYC supports inter- 
pretations of transpressional or transtensional sub-basin 
development associated with the Emu Fault. 

'Prospective units'depicted in Figure I are defined as all 
McArthur Group formations with a significant component 
of reducing lithologies. These were extracted from the GIS 
by selecting all McArthur Group units with a proportion of 
carbonaceous or sulphidic lithologies exceeding 5% of the .-.- 8 ..., .c . L ~ -  ~~ ~ . .  - . .. - . . . . .. . 
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Yeldham Granite in the core of the Kamarga Dome, may geometry, faults and mineral occurrences. Syngeneticl 
penetrate basin units. The Murphy lnlier occurs near a major diagenetic mineralisation is not only spatially associated 
change in granitoid character. with faults m a ~ ~ e d  at the surface, but also with discon- - - 

CONCLUDING REMARKS 

Combination of rigorous geophysical analysis and GIS- 
supported display and integration with other datasets , permits a new view of the McArthur Basin and its 
mineralisation. Though other authors have pointed out the 
need to incorporate gravity and magnetic datasets into 

\ metallogenic GIS (see, for example. Knox-Robinson et al., 
1992: Wyborn el al.. 1994). the three-dimensional utility of 
such data is not fully realised without the capacity to include 
quantit~tive interpretations based on these data in the 
CIS. Isometric views of structure contours and isochores 
enable easier visualisation of relationships between basin 

. . 
tinuities in gross basin components interpreted as basin- 
bounding structures active during deposition. 

Many units which comprise a small proportion of 
outcropping McArthur Basin and basement rocks are seen to 
be more volumetrically significant. Total preserved thick- 
ness of the basin is over 15 km, and may exceed 20 km, 
when volcanic components of the basin fill are considered. 
Geologically interpreted major structures mapped at the 
surface may not necessarily have been significant, or 
possessed their present geometry. throughout the basin's 
evolution. Such information must be considered in 
developing metallogenic models incorporating tectonic 
setting and regional fluid flow. 
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