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Abstract 10 

Iron oxide-copper-gold (IOCG) systems are typically associated with large-scale hydrothermal 11 

circulaƟon along long-lived structural pathways, however, the three-dimensional lithospheric 12 

architecture connecƟng deep Ňuid sources to upper-crustal mineralisaƟon remains poorly 13 

understood. Here, we present 3D magnetotelluric (MT) imaging from over 1,300 broadband 14 

sites across the eastern Gawler Craton and Olympic Domain in South Australia. The model 15 

images a series of conducƟve lower-crustal zones and verƟcally extensive pathways, which 16 

are interpreted as the preserved electrical footprint of deep Ňuid Ňow. In the northern 17 

Olympic Domain, including IOCG deposits at Olympic Dam, Acropolis, and Vulcan, these 18 

conductors form a strong linkage from the lower to upper crust, spaƟally associated with 19 

major IOCG systems, gravity highs, and displaced magneƟc anomalies. We interpret this 20 

architecture as evidence for focused CO₂-rich supercriƟcal Ňuid ascent, graphite precipitaƟon 21 

and repeated structural reacƟvaƟon linked to Hiltaba Suite-Gawler Range Volcanics 22 



magmaƟsm. In the southern Olympic Domain, including IOCG deposits at Oak Dam, 23 

Carrapateena, Emmie Bluī and Mount Gunson, deep conductors are present but do not 24 

exhibit the same clear connecƟon to the upper-crust. These results suggest that IOCG 25 

prospecƟvity beneath cover is imaged not only by the presence of deep conductors but also 26 

by the conƟnuity, geometry, and preservaƟon of conducƟve Ňuid pathways between lower-27 

crustal roots and upper-crustal mineral systems. 28 

(206 Words) 29 

 30 
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 33 

IntroducƟon 34 

Iron oxide-copper-gold deposits are among the most geologically complex hydrothermal 35 

mineral systems, integraƟng deep heat sources, mulƟple Ňuid reservoirs and structurally 36 

focused Ňuid Ňow across crustal-scales1-5. FormaƟon processes are oŌen explained by 37 

models involving magmaƟc-hydrothermal, metamorphic and basinal Ňuid contribuƟons 4-8. A 38 

primary challenge in exploraƟon is idenƟfying how Ňuids and metals were transported 39 

through the crust. Consequently, the geometry of Ňuid pathways and crustal structures can 40 

be considered as signiĮcant as the ore bodies themselves1,2,9. 41 

 42 

Magnetotelluric imaging is an eīecƟve tool for invesƟgaƟng this issue because electrical 43 

resisƟvity is sensiƟve to interconnected conducƟve phases and pathways10,11. Factors that 44 

inŇuence the resisƟvity include the presence of graphite, sulphides, saline Ňuids, 45 

hydrothermal alteraƟon products10-12. At regional to crustal scales, resisƟvity reŇects 46 



broader mineral-system architecture, such as graphite-bearing lower-crustal roots, 47 

reacƟvated Ňuid pathways and preserved products of ancient Ňuid-rock interacƟon4,10,11,13. 48 

Therefore, the strongest contribuƟon of MT is not necessarily idenƟfying where copper was 49 

deposited but imaging the architecture of deep Ňuid pathways that may have focused 50 

mineralising systems. 51 

 52 

The Olympic Cu-Au Province in the eastern Gawler Craton (Figure 1) is one of the most 53 

important IOCG provinces globally. It hosts the supergiant Olympic Dam Cu-U-Au-Ag deposit 54 

and several other major deposits and prospects, including Acropolis (AC), Wirrda Well (WW), 55 

Oak Dam (OD), Carrapateena (CP), Emmie Bluī (EB), Mount Gunson (MG), Titan (TI) and 56 

Vulcan (VU)2,3,7. These systems are largely concealed beneath post-mineral sedimentary 57 

cover, necessitaƟng the reconstrucƟon of their crustal architecture through integrated 58 

geological and geophysical datasets, such as gravity, magneƟcs, MT, seismic imaging, and 59 

drilling constraints2,14-18. The broader eastern Gawler Craton records a long-lived crustal 60 

evoluƟon from the Archean to the Mesoproterozoic, involving the Archean-61 

Palaeoproterozoic basement, Mulgathing Complex, Donington Suite, Wallaroo Group, and 62 

Mesoproterozoic Hiltaba Suite-Gawler Range Volcanics magmaƟsm2,19. This inherited 63 

architecture established major crustal weaknesses that were reacƟvated during IOCG 64 

mineralisaƟon around 1.6 Ga8,17,19. The late Palaeoproterozoic-early Mesoproterozoic 65 

tectonic seƫng of the eastern Gawler Craton remains debated, but regional models invoke 66 

subducƟon-related modiĮcaƟon of the lithosphere before ca. 1.6 Ga IOCG mineralisaƟon. 67 

BeƩs et al. (2009)20 proposed plume-modiĮed orogenesis involving Ňat subducƟon, slab 68 

delaminaƟon and a subsequent switch to extension, whereas Skirrow et al. (2018)8 linked 69 

convergence and accreƟon to referƟlisaƟon and metasomaƟsm of the lithospheric mantle, 70 



followed by gravitaƟonal foundering. Although they diīer in the inferred geodynamic driver, 71 

both models provide a mechanism for exposing previously modiĮed mantle to 72 

asthenospheric heat, promoƟng mantle-derived magmaƟsm, and lower-crustal melƟng. 73 

 74 

The crustal framework of the eastern Gawler Craton is fundamental for interpreƟng regional 75 

scale MT models. Deep seismic reŇecƟon data indicate that Olympic Dam is located near a 76 

boundary between disƟnct crustal domains, and that the crust beneath the deposit is 77 

characterised by a complex thrust-related architecture rather than a simple extensional 78 

geometry21. The Roxby Downs Granite, which hosts Olympic Dam, is posiƟoned above a 79 

lower-crustal reduced-impedance "bland zone" interpreted as a potenƟal source region for 80 

high-temperature (~ 1000 °C) Hiltaba Suite magmaƟsm21. Regional analyses of basement 81 

structures further demonstrate that Mesoproterozoic metallogenic provinces in the Gawler 82 

Craton are spaƟally associated with gravity, magneƟc, and resisƟvity gradients, many of 83 

which lack a clear surface expression17.  84 

 85 

Geochemical and geochronological constraints at the deposit scale supports a model of 86 

episodically reacƟvated pathways. For example, Olympic Dam records a long-lived, 87 

mulƟstage hydrothermal history from ca. 1.59 Ga to ca. 0.5 Ga, with Mesoproterozoic IOCG 88 

mineralisaƟon, interacƟon with sedimentary or basinal materials, and later uranium addiƟon 89 

during Neoproterozoic to Cambrian reacƟvaƟon22-24. The Acropolis prospect, approximately 90 

20 km southwest of Olympic Dam, is a magneƟte ± apaƟte ± haemaƟte system in which Cu 91 

mineralisaƟon is oīset from early Fe-rich veins, implying overprinƟng by later Cu-bearing 92 

Ňuids25. ApaƟte chemistry at Acropolis and Wirrda Well records evolving Ňuid condiƟons and 93 

supports a broader district-scale hydrothermal evoluƟon26. In the southern Olympic Domain, 94 



Carrapateena records major IOCG mineralisaƟon at ca. 1585 Ma and later hydrothermal or 95 

uranium-related events at ca. 600-500 Ma27, whereas Oak Dam East is a breccia-hosted Fe 96 

oxide Cu-U-Au system formed through mulƟple high-temperature, hypersaline and Fe oxide 97 

alteraƟon stages28. 98 

 99 

A geological and geophysical framework of the Olympic Domain is shown in Figure 1. The 100 

simpliĮed geology disƟnguishes between a northern IOCG domain, comprising Titan, Vulcan, 101 

Olympic Dam, Acropolis and Wirrda Well, and a southern domain, which includes Oak Dam, 102 

Carrapateena, Emmie Bluī and Mount Gunson2,8. The Bouguer gravity map in Figure 1 103 

illustrates a consistent belt of posiƟve anomalies across the northern Olympic Domain. 104 

Olympic Dam, Acropolis and Wirrda Well are located within or adjacent to this gravity-high 105 

corridor, which is consistent with dense source rocks and alteraƟon products such as iron 106 

oxide-rich breccias, magneƟte- or haemaƟte-bearing alteraƟon zones, and maĮc to 107 

intermediate basement components2,8. In contrast, the southern domain exhibits localised 108 

gravity highs near speciĮc systems, but these anomalies appear more fragmented and do 109 

not form a conƟnuous regional belt. 110 

 111 

The TMI RTP magneƟc response in Figure 1 is more heterogeneous than the Bouguer gravity 112 

map. Anomalies have shorter wavelengths, reŇecƟng variaƟons in magneƟte abundance and 113 

structural boundaries2,17. In the northern domain, magneƟc anomalies are large and locally 114 

displaced relaƟve to the gravity highs and deposit centres. This displacement is important 115 

because it suggests that magneƟte-rich alteraƟon, magneƟc basement units and deposit-116 

scale density anomalies are related, but not spaƟally idenƟcal. In the southern domain, 117 

magneƟc anomalies are weaker and fragmented. The sedimentary-cover map conĮrms that 118 



both domains are buried under signiĮcant post-mineral cover, with thickness increasing in 119 

parts of the northeastern Olympic Domain.  120 

 121 

 122 

Figure 1: Regional geological and geophysical framework of the Olympic Domain, eastern 123 

Gawler Craton. Panels show simpliĮed basement geology, Bouguer gravity, total magneƟc 124 

intensity (RTP) and sedimentary cover thickness. Black circles mark major IOCG deposits and 125 

prospects, including Titan (TI), Vulcan (VU), Olympic Dam, Acropolis (AC), Wirrda Well (WW), 126 

Oak Dam (OD), Emmie Bluī (EB), Carrapateena (CP) and Mount Gunson (MG). Red dashed 127 

boxes outline the northern and southern Olympic Domain subregions. Red lines (A-A’, B-B’, 128 

and C-C’) indicate the main cross-secƟons used for structural and resisƟvity comparison. 129 

White lines on the sedimentary cover map show seismic traverses OD1 and OD2. MagneƟcs 130 

and gravity datasets were obtained from Geoscience Australia’s Geophysical Archive Data 131 

Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) and are released under 132 

the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). 133 



ElevaƟon of Proterozoic basement were sourced from GeognosƟcs OZ SEEBASE 2021 134 

(hƩps://www.geognosƟcs.com/oz-seebase-2021), also distributed under a CC BY 4.0 licence. 135 

Background geology, sedimentary cover, faults and mineral deposit’s locaƟons were 136 

obtained from Department for Energy and Mining SA (hƩps://map.sarig.sa.gov.au/). All 137 

Įgures were produced using Viridien Geotools v.4.0.6.12598 138 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 139 

v1.2.1 (hƩps://inkscape.org). 140 

 141 

Previous MT studies have established that Olympic Dam is underlain by a lower crustal 142 

electrically conducƟve system, with narrow conducƟve zones connecƟng lower-crustal 143 

conductors with upper-crustal IOCG systems11,12. Broader AusLAMP and Gawler Craton MT 144 

research outputs have extended this framework to lithospheric-scale resisƟvity structures, 145 

including mantle anomalies, metasomaƟsm, electrical anisotropy and craton-scale structural 146 

architecture13,29-33. Deposit-scale geophysical invesƟgaƟons beneath thick cover around the 147 

Vulcan deposit, incorporaƟng MT, natural-source induced polarisaƟon and ambient noise 148 

tomography demonstrate that covered IOCG systems can be characterised more robustly 149 

when mulƟple geophysical methods are integrated14-16,18.  150 

 151 

In this study, 3D MT imaging is used to evaluate whether northern and southern IOCG 152 

systems in the Olympic Domain are connected to lower-crustal conducƟve zones in a 153 

consistent manner. The primary objecƟve is to examine whether the MT model reveals deep 154 

conducƟve pathways that pan crustal depths. Such pathways may represent the preserved 155 

signatures of CO₂-rich supercriƟcal Ňuid Ňow leading to graphite precipitaƟon, and sustained 156 

permeability along inherited structures. 157 



 158 

Results 159 

Phase-invariant maps for periods of 0.02, 0.2, 2, 20, and 200 s are shown in Figure 2 as a 160 

means of summarising the electrical response and aperture for the measured bandwidth 161 

and provide an assessment of the MT dataset's spaƟal coherence. In general, red colours 162 

indicate that the Earth is more conducƟve with depth, blue regions are more resisƟve, and 163 

phases around 45 degrees suggest a reasonably uniform resisƟve structure with depth.  164 

Although the phase changes with period, all plots have the same dynamic colour range 165 

spanning 30 degrees.  For the periods of 0.02 – 0.2 s, the phase responses closely reŇect 166 

shallow sedimentary cover and near-surface heterogeneity, as shown in Figure 1d.  167 

 168 

Figure 2: Maps show phase-invariant responses at 0.02 s, 0.2 s, 2 s, 20 s and 200 s across the 169 

Olympic Domain. Large black circles mark major IOCG deposits and prospects idenƟĮed in 170 

Figure 1. Black lines denote Archean to Mesoproterozoic faults; and blue outlines indicate 171 

salt lakes. In the 200 s panel, small black dots indicate MT staƟon locaƟons. Areas are shown 172 

in UTM 53S projecƟon. Faults and mineral deposit’s locaƟons were obtained from 173 

Department for Energy and Mining SA (hƩps://map.sarig.sa.gov.au/). All Įgures were 174 



produced using Viridien Geotools v.4.0.6.12598 175 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 176 

v1.2.1 (hƩps://inkscape.org). 177 

 178 

At a period of 2 s, the response begins to image upper-crustal structure, although this period 179 

lies close to the MT dead band and therefore contains more scaƩer and local noise than the 180 

neighbouring periods. However, small regions of higher phase (red colours) are notable 181 

around Olympic Dam, Acropolis and Vulcan IOCG deposits.  At 20 seconds, the response 182 

shows signiĮcant sensiƟvity to deeper crustal structures, revealing a strong boundary 183 

between the resisƟve (blue colours) southwestern domain and the more conducƟve 184 

northeastern margin (red colours) of the Olympic Domain. At 200 seconds, the phase 185 

response remains remarkably stable across most of the survey area (~45 degrees), with 186 

variaƟons generally limited to a few degrees, indicates a relaƟve uniform regional scale 187 

resisƟvity at sub-crustal depths. Consequently, Figure 2 supports a depth-dependent 188 

interpretaƟon where the north-south electrical contrast evolves from shallow cover and 189 

upper-crustal heterogeneity into a broader, crustal-scale resisƟvity paƩern. 190 

 191 

The northen Olympic Domain is characterised by a prominent Bouguer gravity anomaly and 192 

a strong TMI RTP magneƟc response that is locally oīset from the gravity high and known 193 

deposit posiƟons, as shown in Figure 3. This oīset suggests that the dense and magneƟc 194 

source regions are not idenƟcal, reŇecƟng diīerences between the depth-dependent redox 195 

state of iron oxides2,8. The potenƟal-Įeld paƩerns are also segmented by strong boundaries 196 

that separate domains with contrasƟng gravity, magneƟc and resisƟvity character. These 197 

relaƟonships demonstrate that the northern IOCG systems are situated within a structurally 198 



complex basement architecture, as opposed to a simple, laterally uniform anomaly. At 199 

depths of 1-2 km in the resisƟvity slices, low-resisƟvity anomalies occur near IOCG deposits 200 

at Acropolois, Olympic Dam and the broader Vulcan region, though these features are 201 

laterally disconƟnuous and locally oīset from depost centres. There are no publically 202 

available MT data around the Titan depsoit, and thus there is liƩle constraint on the 203 

resisƟvity mode; this region has thus been shaded out.  Shallow conductors frequently 204 

appear near major structures and along the margins of gravity and magneƟc anomalies, 205 

suggesƟng that upper-crustal resisƟvity is likely inŇuenced by lithological contrasts, Fe-oxide 206 

alteraƟon and structurally focused Ňuid pathways rather than a single homogeneous 207 

conducƟve layer25,26. 208 

 209 

At depths of 5-10 km, conducƟve anomalies become broader and laterally extensive. These 210 

zones align with regional structural trends. This transiƟon suggests that the shallow 211 

conducƟve responses near known deposits are not isolated upper-crustal anomalies but 212 

likely connect to deeper conducƟve corridors. At 20 km depth, the northern conductors 213 

merge into larger lower-crustal conducƟve trends. The northern domain contains a clear 214 

lower- to upper-crustal conducƟve linkage, with shallow IOCG systems located above or 215 

beside conducƟve corridors that connect downward into a broader lower-crustal conductor. 216 

This is consistent with the previous MT interpretaƟons of Olympic Dam as overlying a deep 217 

crustal mineral-system conductor11,12, but the present 3D model extends that concept across 218 

the northern Olympic Domain. 219 

 220 



 221 

Figure 3: Maps are arranged from top leŌ to boƩom right and show Bouguer gravity, TMI 222 

RTP, elevaƟon, sedimentary-cover thickness, and MT resisƟvity depth slices at 1, 2, 5, 10 and 223 

20 km. Large black circles mark major IOCG deposits and prospects in the northern Olympic 224 



Domain. Small black dots on the elevaƟon map indicate MT sites. Black lines represent 225 

Archean to early Mesoproterozoic faults. The area to the northwest has no MT sites and 226 

hence has been shaded to indicate there is less model constraint.  Areas are shown in UTM 227 

53S projecƟon. MagneƟcs and gravity datasets were obtained from Geoscience Australia’s 228 

Geophysical Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) 229 

and are released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 230 

(hƩps://www.ga.gov.au/copyright). ElevaƟon of Proterozoic basement were sourced from 231 

GeognosƟcs OZ SEEBASE 2021 (hƩps://www.geognosƟcs.com/oz-seebase-2021), also 232 

distributed under a CC BY 4.0 licence. Background geology, sedimentary cover, faults and 233 

mineral deposit’s locaƟons were obtained from Department for Energy and Mining SA 234 

(hƩps://map.sarig.sa.gov.au/). All Įgures were produced using Viridien Geotools 235 

v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 236 

and Inkscape v1.2.1 (hƩps://inkscape.org). 237 

 238 

Figure 4 provides the equivalent comparison for the southern Olympic Domain, showing the 239 

maps of Bouguer gravity, TMI RTP, elevaƟon, sedimentary cover, and MT resisƟvity depth 240 

slices. In contrast to the northern domain, the southern domain does not show the same 241 

coherent gravity and magneƟc architecture. Local gravity and magneƟc highs are present, 242 

and several coincide with major structural boundaries, but the potenƟal-Įeld response is 243 

more fragmented and cannot be assigned simply to each individual deposit. This is 244 

consistent with the more heterogeneous geology of the southern domain, where deposits 245 

such as Carrapateena and Oak Dam are signiĮcant IOCG systems but are hosted in diīerent 246 

structural and lithological seƫngs27,28. 247 

 248 



The southern resisƟvity maps fundamentally diīer from the northern domain. The shallow 249 

resisƟvity slices at 1-2 km show that much of the southern upper crust is resisƟve. 250 

ConducƟve features are present locally, but they are more isolated and less clearly linked to 251 

the deposits than in the northern domain. At 5-10 km depth, the southern domain is 252 

dominated by broader resisƟve (>1000 Ω.m) regions, and the conducƟve features are more 253 

laterally oīset or diĸcult to trace through the middle crust. Several northeast-southeast-254 

trending resisƟvity boundaries are visible; these appear to be truncated or disrupted toward 255 

the southern domain, but their relaƟonship to the upper-crustal deposits is less apparent 256 

than in the northern domain. At 20 km depth, conducƟve structures appear more clearly in 257 

the southern domain, forming broad northeast-southwest trending belts that are locally 258 

truncated or segmented by larger structural boundaries. Thus, the southern domain does 259 

image deep conductors, but they do not show the same verƟcally conƟnuous connecƟon to 260 

upper-crustal deposits. This suggests that the southern IOCG systems may have been fed by 261 

smaller, cooler, less carbon-rich or less well-preserved Ňuid pathways, or that the relevant 262 

pathways are below the resoluƟon of the regional MT model. 263 

 264 

 265 



266 

Figure 4: Maps are arranged from top leŌ to boƩom right and show Bouguer gravity, 267 

magneƟc intensity, elevaƟon, sedimentary-cover thickness, and MT resisƟvity depth slices at 268 

1, 2, 5, 10 and 20 km. Large black circles mark major IOCG deposits and prospects in the 269 



southern Olympic Domain. Small black dots on the elevaƟon map indicate MT sites. Black 270 

lines represent Archean to early Mesoproterozoic faults. Areas are shown in UTM 53S 271 

projecƟon. MagneƟcs and gravity datasets were obtained from Geoscience Australia’s 272 

Geophysical Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) 273 

and are released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 274 

(hƩps://www.ga.gov.au/copyright). ElevaƟon of Proterozoic basement were sourced from 275 

GeognosƟcs OZ SEEBASE 2021 (hƩps://www.geognosƟcs.com/oz-seebase-2021), also 276 

distributed under a CC BY 4.0 licence. Background geology, sedimentary cover, faults and 277 

mineral deposit’s locaƟons were obtained from Department for Energy and Mining SA 278 

(hƩps://map.sarig.sa.gov.au/). All Įgures were produced using Viridien Geotools 279 

v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 280 

and Inkscape v1.2.1 (hƩps://inkscape.org). 281 

 282 

Figure 5 focuses on Olympic Dam and provides the deposit-scale example of the northern 283 

system. The upper panels demonstrate that Olympic Dam is associated with a prominent 284 

Bouguer gravity anomaly and a strong TMI anomaly, though the magneƟc maximum is 285 

spaƟally oīset from the primary gravity response and the known posiƟon of the deposit. 286 

This oīset suggests that the dense haemaƟte and magneƟte source regions are disƟnct, 287 

which aligns with the complex nature of the deposit-scale system. This system comprises 288 

haemaƟte-rich breccias, magneƟte-bearing alteraƟon or lithologies, maĮc to ultramaĮc 289 

intrusions, altered Roxby Downs Granite and structurally juxtaposed volcanic-sedimentary 290 

units2,24,34-36. The gravity and magneƟc anomalies therefore should not be interpreted as 291 

direct images of ore alone, but as the integrated response of Fe oxide alteraƟon, brecciaƟon, 292 

intrusive components and basement architecture12,17,21. 293 



 294 

The plan-view geology and NW-SE geological secƟon of D-D’ line emphasise that Olympic 295 

Dam is not a simple verƟcal pipe, but a structurally complex and mulƟstage breccia-hosted 296 

IOCG-U-Au-Ag system22-24,36. Major structures, including the Oreskes, Conor, Jubilee and 297 

Woodall fault systems, dissect and reorganise the breccia complex and control the present 298 

geometry of lithological contacts, alteraƟon zones and mineralisaƟon22,24,36. The 299 

incorporaƟon of quartz-rich sandstone and bedded clasƟc facies within the breccia complex 300 

indicates interacƟon with basin materials and post-mineral structural reworking, rather than 301 

a purely magmaƟc pipe-like system22,24. In addiƟon, U-Pb and trace-element data from 302 

uraninite show that a signiĮcant part of the present uranium endowment, including high-303 

grade U zones, was added or upgraded during later hydrothermal events at ca. 0.7-0.5 Ga, 304 

long aŌer the iniƟal Mesoproterozoic IOCG mineralisaƟon23. 305 

 306 



 307 

Figure 5: Deposit-scale geological and geophysical framework of Olympic Dam.  Upper 308 

panels show, from leŌ to right, simpliĮed geology23, Bouguer gravity, TMI, and MT resisƟvity 309 

slices at 0.5, 1 and 10 km depth. Black triangles indicate MT staƟon locaƟons, and the red 310 

line, D-D’, marks the posiƟon of the geological cross-secƟon through the Olympic Dam 311 

Breccia Complex. Areas are shown in UTM 53S projecƟon. MagneƟcs and gravity datasets 312 

were obtained from Geoscience Australia’s Geophysical Archive Data Delivery System 313 

(GADDS) (hƩps://portal.ga.gov.au/persona/gadds) and are released under the CreaƟve 314 

Commons AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). Faults and 315 

geology are from Ehrig et al., (2021). All Įgures were produced using Viridien Geotools 316 



v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 317 

and Inkscape v1.2.1 (hƩps://inkscape.org). 318 

 319 

The resisƟvity maps show shallow to upper-crustal conducƟve responses around Olympic 320 

Dam at 0.5-1 km depth, coincident with the breccia complex. At 10 km depth, the 321 

conducƟve anomaly is broader, indicaƟng that the Olympic Dam conducƟve expression is 322 

embedded within a larger crustal-scale electrical architecture rather than being restricted to 323 

the deposit envelope. This interpretaƟon is consistent with previous MT and seismic studies 324 

that imaged a deep conducƟve system beneath Olympic Dam and narrow conducƟve 325 

pathways linking lower-crustal conductors to upper-crustal IOCG systems11,12,21, and similarly 326 

with the Vulcan deposit 40 km to the northeast15. Therefore, Figure 5 supports the 327 

interpretaƟon that Olympic Dam represents a structurally modiĮed upper-crustal trap 328 

developed above or adjacent to deeper conducƟve corridors, rather than the surface 329 

expression of a single simple verƟcal conductor2,8,11,12,17. In the D–D′ resisƟvity cross-secƟon, 330 

the shallow conducƟve zone is not centred symmetrically beneath the deposit, but appears 331 

slightly asymmetric towards the east and is broadly aligned with the Jubilee and Woodall 332 

fault corridor. This geometry suggests that the Olympic Dam conducƟve response is 333 

structurally controlled, with the faults likely acƟng as upper-crustal pathways or boundaries 334 

for hydrothermal alteraƟon. 335 

 336 

Figure 6 presents a comparison of Bouguer gravity, magneƟc intensity, and MT resisƟvity 337 

depth slices for the Acropolis and Vulcan IOCG deposits in the northern Olympic Domain. 338 

The potenƟal Įeld responses at Acropolis are larger, but similar in style to those over 339 

Olympic Dam, with the Bouguer gravity anomaly being of smaller wavelength centred over 340 



the deposit, and a larger wavelength TMI anomaly towards the northeast. This discrepancy 341 

indicates that the dense and magneƟc source regions are disƟnct, which is consistent with 342 

the Olympic Dam deposit. In such systems, magneƟte-rich alteraƟon, haemaƟte overprints, 343 

maĮc to intermediate lithologies, and brecciaƟon contribute variably to the gravity and 344 

magneƟc signatures25,26. At a depth of 2 km, the resisƟvity map shows localised conducƟve 345 

zones slightly east of Acropolis, and by 10 km depth the resisƟvity paƩern appears broader 346 

and more structurally deĮned, suggesƟng that the shallow Acropolis features are part of a 347 

larger crustal-scale conducƟve framework. 348 

 349 

 350 

Figure 6: Deposit-scale geophysical and resisƟvity comparison for Acropolis (AC) and Vulcan 351 

(VU).  Upper panels show Bouguer gravity, TMI, and the 3D MT model resisƟvity slices at 2 352 

and 10 km depth for the AC prospect, and similarly in the lower panels for VU. Large black 353 

dots mark the main prospect locaƟons, black triangles indicate MT staƟon locaƟons, and 354 

black lines represent Archean to early Mesoproterozoic faults. Areas are shown in UTM 53S 355 

projecƟon. MagneƟcs and gravity datasets were obtained from Geoscience Australia’s 356 

Geophysical Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) 357 



and are released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 358 

(hƩps://www.ga.gov.au/copyright). Faults and mineral deposit’s locaƟons were obtained 359 

from Department for Energy and Mining SA (hƩps://map.sarig.sa.gov.au/). All Įgures were 360 

produced using Viridien Geotools v.4.0.6.12598 361 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 362 

v1.2.1 (hƩps://inkscape.org). 363 

 364 

Vulcan also exhibits a disƟnct geophysical signature but the Bouguer gravity and TMI 365 

anomalies are relaƟvely subdued compared to Olympic Dam and Acropolis.  The resisƟvity, 366 

at 2 km shows a narrow conducƟve zone located to the northeast of Vulcan, while at 10 km 367 

the response is broader but sƟll idenƟĮable against background. This geometry is consistent 368 

with previous deposit-scale geophysical studies indicaƟng that Vulcan, despite being under 369 

signiĮcant cover of 750 m or more14-16,18.  The similarity of resisƟvity model for Acropolis, 370 

Olympic Dam and Vulcan supports the interpretaƟon that the northern Olympic Domain was 371 

repeatedly focused by deep Ňuid Ňow. 372 

 373 

 Figure 7 depicts Bouguer gravity, TMI and MT resisƟvity depth slices for Oak Dam (upper 374 

panels) and Carrapateena (lower panels). At Oak Dam and Carrapateena, the Bouguer 375 

gravity map idenƟĮes a local anomaly near the deposit, though it is spaƟally restricted and 376 

lacks the conƟnuity of gravity belts found in the northern Olympic Domain. The TMI 377 

anomalies for Oak Dam displays a compact, high-amplitude anomaly near the deposit, 378 

however the signiĮcant sedimentary cover (650 m or more) suggests this short-wavelength 379 

feature may not represent a genuine basement source, and consequently, it is not treated as 380 

primary geological evidence and maybe an arƟfact.  For Carrapateena, the TMI anomaly is 381 



present to the northeast of the deposit, but is of much smaller amplitude compared to the 382 

deposits in Figure 6.  383 

 384 

 385 

Figure 7: Deposit-scale geophysical and resisƟvity comparison for OD and CP.  Upper panels 386 

show Bouguer gravity, magneƟc intensity, and MT resisƟvity slices at 2 and 10 km depth for 387 

the OD prospect. Lower panels show the equivalent Bouguer gravity, magneƟc intensity, and 388 

MT resisƟvity slices at 2 and 10 km depth for the CP prospect. Large black dots mark the 389 

main prospect locaƟons, black triangles indicate MT staƟon locaƟons, and black lines 390 

represent Archean to early Mesoproterozoic faults. Areas are shown in UTM 53S projecƟon. 391 

MagneƟcs and gravity datasets were obtained from Geoscience Australia’s Geophysical 392 

Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) and are 393 

released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 394 

(hƩps://www.ga.gov.au/copyright). faults and mineral deposit’s locaƟons were obtained 395 

from Department for Energy and Mining SA (hƩps://map.sarig.sa.gov.au/). All Įgures were 396 

produced using Viridien Geotools v.4.0.6.12598 397 



(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 398 

v1.2.1 (hƩps://inkscape.org). 399 

 400 

The 2 km resisƟvity map at Oak Dam reveals a relaƟvely resisƟve to weakly conducƟve 401 

upper-crustal response surrounding the deposit, while the 10 km slice is dominated by high 402 

resisƟvity. Consequently, despite the local gravity expression and known iron oxide alteraƟon 403 

system, Oak Dam does not exhibit the same verƟcally conƟnuous conducƟve architecture 404 

found in the northern Olympic Dam-AC-VU system. This does not suggest that Oak Dam is 405 

less ferƟle; rather, it indicates that its preserved electrical architecture is disƟnct, with 406 

weaker or less direct connecƟvity between the upper and middle crust. 407 

 408 

Carrapateena displays a diīerent southern domain expression. Bouguer gravity map show a 409 

small, local anomaly near the deposit, while the magneƟc response is broader and more 410 

diīuse than the compact magneƟc feature observed near Oak Dam. Carapateena is a 411 

signiĮcant haemaƟte-dominated IOCG system primarily hosted within Donington Suite 412 

granite. It records a complex temporal evoluƟon, including major Mesoproterozoic IOCG 413 

mineralisaƟon at approximately 1585 Ma and subsequent hydrothermal and uranium-414 

related events at approximately 600–500 Ma27. The 2 km resisƟvity map around 415 

Carrapateena is predominantly resisƟve, with no clear conducƟve pipe imaged beneath the 416 

deposit. At a depth of 10 km, the area remains dominated by high resisƟvity, suggesƟng that 417 

the upper- to mid-crustal electrical architecture beneath Carrapateena is less conducƟve and 418 

shows less verƟcal connecƟvity than the structures idenƟĮed beneath the northern Olympic 419 

Domain. 420 

 421 



Oak Dam and Carrapateena demonstrate that the southern Olympic Domain hosts 422 

signiĮcant IOCG mineralisaƟon, but its geophysical and resisƟvity characterisƟcs diīer from 423 

those of the northern domain. Local gravity anomalies and broad magneƟc gradients 424 

indicate dense or magneƟc source bodies and iron oxide alteraƟon, yet MT resisƟvity data 425 

show limited evidence of laterally conƟnuous conducƟve corridors between the upper and 426 

middle crust. This contrast supports the interpretaƟon that southern IOCG systems may be 427 

controlled by more localised structural and lithological traps, or that deeper conducƟve 428 

pathways are less preserved, less conducƟve, or laterally oīset from the deposit locaƟons. 429 

 430 

Discussion 431 

The most plausible explanaƟon for strong lower-crustal conducƟvity is the presence of 432 

carbon, speciĮcally graphite precipitated from CO₂-rich supercriƟcal Ňuids10. These Ňuids 433 

exist under high pressure and temperature, exhibiƟng liquid-like density and gas-like 434 

viscosity, which makes them buoyant and highly mobile. Within deep magmaƟc-435 

hydrothermal systems, CO₂-rich and H₂O-rich Ňuids can separate instead of mixing, 436 

potenƟally forming disƟnct pathways for carbon-rich Ňuids and hypersaline brines4.   437 

 438 

This mechanism is consistent with the broader tectonomagmaƟc seƫng of the Olympic 439 

Domain. The Hiltaba Suite granites, Gawler Range Volcanics and associated IOCG 440 

mineralisaƟon have been interpreted to have formed during an extensional to transtensional 441 

event, with extension broadly oriented NW-SE4,8. Such an environment would have elevated 442 

thermal gradients, thinned the lithosphere and promoted ascent of mantle-derived or 443 

lower-crustal melts and volaƟles. The yellow markers in Figure 8 show lithosphere-444 

asthenosphere boundary (LAB) depths of 40, 60 and 100 km, illustraƟng how a shallower 445 



LAB and higher heat Ňow would shiŌ the crust-mantle system towards condiƟons favourable 446 

for melt and volaƟle ascent. In addiƟon, CO₂-bearing mantle lithologies have markedly 447 

depressed solidi and can generate carbonaƟƟc to carbonated silicate melts at temperatures 448 

below those required for volaƟle-free peridoƟte melƟng; these melts and exsolved CO₂-rich 449 

Ňuids provide a plausible mechanism for transferring mantle carbon into the lower crust37,38. 450 

Within this framework, a mantle source does not require the carbon to be exclusively 451 

primordial. Carbon carried by subducted oceanic crust and sediments is variably returned by 452 

arc Ňuids and magmas or transported into deeper mantle reservoirs39-41. The conƟnental 453 

lithosphere can store carbon introduced by carbonate-rich melts and Ňuids over long 454 

Ɵmescales and later release it during riŌing, lithospheric thinning, heaƟng and 455 

decompression42,43. A recent global analysis of carbonaƟte occurrences supports a two-stage 456 

“ferƟlisaƟon–trigger” architecture, in which ancient subducƟon modiĮes the lithospheric 457 

mantle and a younger, tectonically disƟnct event iniƟates melƟng44. This provides a general 458 

mechanism by which recycled mantle carbon may be transferred into the lower crust during 459 

later magmaƟsm. 460 

 461 

Figure 8 provides a pressure-temperature framework for this process. The pressure range of 462 

0-2 GPa corresponds approximately to depths of 0-60 km, whereas the relevant crustal 463 

window for the Olympic Domain is approximately 0-50 km. An empirical advecƟve geotherm 464 

is used here as a Įrst-order approximaƟon of how hot melts or Ňuids may cool during 465 

ascent10,45. The exact behaviour of melt in the lower crust is uncertain, and we do not 466 

assume that melt remains mobile throughout the crust. However, the empirical curve 467 

provides a useful conceptual path for advecƟve cooling of hot material rising from the lower 468 

crust. During this ascent, CO₂-rich Ňuids may separate from silicate melt and H₂O-rich or 469 



hypersaline Ňuids, allowing carbon-rich and brine-rich Ňuid phases to evolve along partly 470 

independent pathways4,10. 471 

 472 

The semi-dashed curves in Figure 8 show the proporƟon of carbon remaining in the Ňuid, 473 

calculated from the GeoFluids model of Zhang and Duan (2010)46, following the approach of 474 

Murphy et al. (2022)10. These curves are shown for near-FMQ oxygen fugacity condiƟons47, 475 

under which ascending CO₂-rich Ňuids progressively lose carbon as graphite. The posiƟon of 476 

the curves is on oxygen fugacity, Ňuid composiƟon and wall-rock buīering, none of which 477 

are independently constrained. Nevertheless, under plausible Olympic Domain thermal 478 

condiƟons, the model predicts that most carbon is exsolved from the Ňuid at ~ 15 km depth. 479 

This depth range matches the observed upper boundary of the deeper conducƟve zones in 480 

the 3D resisƟvity cross-secƟons (Figures 3 and 4). Under lower thermal Ňux, as inferred for 481 

parts of the southern Olympic Domain due to the absence of a-type melts, graphite 482 

precipitaƟon would be expected to occur somewhat deeper. 483 

 484 

It is important to disƟnguish this deeper graphite-precipitaƟon mechanism from shallower 485 

reacƟons involving Fe-Ti-bearing rocks. In the lower crust, graphite precipitaƟon can occur 486 

primarily through cooling and saturaƟon of a CO₂-rich Ňuid, without requiring a speciĮc wall-487 

rock mineralogy10. At shallower crustal levels, however, CO₂-rich Ňuids moving through 488 

ƟtanomagneƟte-bearing rocks may also precipitate graphite through the oxyexsoluƟon 489 

reacƟon10,47: 6Fe₂TiO₄ + CO₂ = 2Fe₃O₄ + 6FeTiO₃ + C. This reacƟon links CO₂-rich Ňuids, 490 

ƟtanomagneƟte-bearing rocks, magneƟte, ilmenite and graphite precipitaƟon. It provides 491 

one possible explanaƟon for why some conducƟve pathways in the northern Olympic 492 

Domain show a spaƟal relaƟonship with magneƟc anomalies and magneƟte-bearing IOCG 493 



alteraƟon. However, the relaƟonship is not expected everywhere, as graphite can precipitate 494 

without magneƟte producƟon, parƟcularly at deeper crustal levels where the conducƟvity 495 

mechanism is controlled mainly by carbon saturaƟon in the ascending Ňuid. 496 

 497 

 498 

Figure 8: Pressure-temperature framework for CO₂-rich Ňuid Ňow and graphite precipitaƟon 499 

in the Olympic Domain. ConducƟve geotherm models48 and an empirical advecƟve 500 

geotherm are compared with mol% C remaining in Ňuid curves calculated using the 501 

GeoFluids model of Zhang and Duan (2010)46, following the approach of Murphy et al. 502 

(2022). Yellow markers indicate lithosphere-asthenosphere boundary depths of 40, 60 and 503 



100 km, illustraƟng elevated thermal gradients expected during extension and Hiltaba-504 

Gawler Range magmaƟsm. 505 

 506 

The northern Olympic Domain is interpreted as the region where lower-crustal melƟng 507 

forming Hiltaba Suite magmaƟsm, and CO₂-rich Ňuid Ňux were most closely linked to upper-508 

crustal IOCG systems. The presence of Hiltaba Suite rocks and Gawler Range Volcanics 509 

indicates that the lower crust reached high temperatures (~1000 C) during the ca. 1.6 Ga 510 

magmaƟc event, suĸcient to generate felsic melts and associated volaƟle Ňuxes2,4,8,21. These 511 

condiƟons provided a natural source for CO₂-H₂O supercriƟcal Ňuids. 512 

 513 

The A-A′ secƟon in Figure 9 images a lower-crustal conductor below 20 km, which is 514 

consistent with the model of graphite precipitaƟon10.  This lower-crustal conductor is also 515 

spaƟally coincident with the seismically transparent or weakly reŇecƟve lower-crustal zone 516 

imaged on the 03GA-OD1 seismic reŇecƟon line (Figure 1) beneath Olympic Dam21. We 517 

argue that the conductor is most likely derived from mantle-sourced CO2 rich Ňuids, 518 

potenƟally from a signiĮcantly upwelling of carbonaƟƟc melt around the Gawler Craton, 519 

potenƟally from subducted oceanic lithosphere4. In the tectonic model proposed here, 520 

carbon could have been introduced into the subconƟnental lithospheric mantle during 521 

earlier subducƟon-related metasomaƟsm and subsequently remobilised during ca. 1.6 Ga 522 

lithospheric destabilisaƟon, mantle melƟng and Hiltaba Suite–Gawler Range Volcanics 523 

magmaƟsm8,20,43. However, MT resisƟvity constrains the presence and geometry of 524 

conducƟve material rather than its carbon provenance; a mantle contribuƟon is therefore a 525 

plausible tectonomagmaƟc interpretaƟon rather than a unique geophysical soluƟon. 526 

 527 



The narrower conductors that span the crust and link the lower crustal region may represent 528 

focused Co2 rich Ňuids that are evolved from the very hot lower crust.  These Ňuids are being 529 

generated at the same Ɵme as crustal melts that ascend to form Hiltaba granites.  As the 530 

model is smooth, the actual pathways may be narrower and more conducƟve than depicted. 531 

Their verƟcal conƟnuity suggests sustained Ňuid Ňow over an extended period rather than a 532 

single hydrothermal pulse, consistent with the mulƟstage history of Olympic Dam, including 533 

Mesoproterozoic IOCG mineralisaƟon, sedimentary or basinal interacƟon, and subsequent 534 

uranium reacƟvaƟon22-24. 535 

 536 

Acropolis preserves early Fe-rich magneƟte ± apaƟte alteraƟon followed by later Cu-bearing 537 

overprinƟng25, while apaƟte chemistry at Acropolis and Wirrda Well records evolving Ňuid 538 

condiƟons26. These deposit-scale observaƟons are compaƟble with a crustal-scale system in 539 

which CO₂-rich deep Ňuids, hypersaline brines and evolving hydrothermal Ňuids repeatedly 540 

used the same structural architecture. 541 

 542 

The northern domain also appears to be structurally bounded. Map and cross-secƟonal 543 

views show that conducƟve corridors align with major lineaments and structures that may 544 

correspond to long-lived faults such as the Elizabeth or Jubilee fault systems. These faults 545 

likely funcƟoned as deep permeability zones separaƟng the older Archean basement, the 546 

Paleoproterozoic uyyWallaroo Group, and Hiltaba-related magmaƟc domains. The 547 

conductors are therefore interpreted as structural Ňuid pathways controlled by the inherited 548 

crustal architecture. 549 

 550 



 551 

Figure 9: Northern Olympic Domain synthesis secƟon A-A′. The secƟon integrates gravity, 552 

magneƟc proĮles and 3D resisƟvity cross-secƟon with a geological interpretaƟon through 553 

the Olympic Dam-AC-VU corridor. MagneƟcs and gravity datasets were obtained from 554 

Geoscience Australia’s Geophysical Archive Data Delivery System (GADDS) 555 

(hƩps://portal.ga.gov.au/persona/gadds) and are released under the CreaƟve Commons 556 

AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). All Įgures were 557 

produced using Viridien Geotools v.4.0.6.12598 558 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 559 

v1.2.1 (hƩps://inkscape.org). 560 

 561 



The southern Olympic Domain contains deep conductors, but these do not connect to the 562 

upper crust in the same way as in the north. The B-B′ secƟon in Figure 10 shows a red 563 

conducƟve region in the lower crust, but it does not clearly extend to the surface. This 564 

suggests that hot Ňuids or conducƟve reacƟon products were present at depth, but the 565 

carbon-rich pathway signature is weaker, smaller, laterally oīset or unresolved. 566 

 567 

Figure 10: Southern Olympic Domain synthesis secƟon B-B′. The secƟon integrates gravity, 568 

magneƟc proĮles and 3D resisƟvity cross-secƟon with a geological interpretaƟon through 569 

the MG, CP and OD. MagneƟcs and gravity datasets were obtained from Geoscience 570 

Australia’s Geophysical Archive Data Delivery System (GADDS) 571 

(hƩps://portal.ga.gov.au/persona/gadds) and are released under the CreaƟve Commons 572 



AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). All Įgures were 573 

produced using Viridien Geotools v.4.0.6.12598 574 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 575 

v1.2.1 (hƩps://inkscape.org). 576 

 577 

This diīerence with the northern Olympic Domain may reŇect lower crustal temperature, 578 

and thus melt volume lower or weaker CO₂ Ňux. In the south, the geology is dominated by 579 

older 1850 Ma Donington Suite rocks in several areas, predaƟng the Hiltaba-Gawler Range 580 

Volcanics event by approximately 250 million years2,19. The southern crust may, therefore, 581 

have been heated and inĮltrated by Ňuids, but at lower temperatures the same that do not 582 

lead to crustal melƟng. If less melt was generated, then less CO₂-rich supercriƟcal Ňuid may 583 

have been released, producing a weaker carbon/graphite conducƟvity signature10. 584 

 585 

Carrapateena and Oak Dam remain signiĮcant IOCG systems, but their MT expression diīers 586 

from Olympic Dam. Carrapateena records major IOCG mineralisaƟon at ca. 1585 Ma and 587 

later reacƟvaƟon at ca. 600-500 Ma27, while Oak Dam East records a complex high-588 

temperature, hypersaline, breccia-hosted Fe oxide Cu-U system28. These deposits show that 589 

southern mineralisaƟon was substanƟal. However, the MT model suggests that the 590 

preserved deep-to-shallow carbon-Ňuid pathway architecture is weaker or more crypƟc than 591 

in the northern domain. 592 

 593 

A proĮle orthogonal to the cross secƟons in Figures 9 and 10 suggests repeated lower-crustal 594 

conductors, spaced at ~ 40 km intervals (Figure 11). These conductors are not obvious in 595 

gravity or magneƟc data, which suggests that they are not simply dense or magneƟc bodies. 596 



Instead, they may represent repeated conducƟve pathways developed along crustal-scale 597 

structures. One possible interpretaƟon is that these conductors follow a succession of riŌed 598 

basins, detachment faults or half-graben margins. In such a seƫng, extension and heaƟng 599 

would generate long-lived crustal permeability pathways, allowing CO₂-rich Ňuids to rise 600 

along deep crustal faults. This interpretaƟon is broadly consistent with models in which 601 

Hiltaba Suite and Gawler Range Volcanics magmaƟsm were associated with hot lower crust, 602 

extension and large-scale Ňuid Ňux4,8. Conductors may therefore represent the electrical 603 

expression of repeated deep faults that focused carbon-rich Ňuids during and aŌer 604 

magmaƟsm. This paƩern is comparable to the Missouri High-ConducƟvity Belt in the 605 

MidconƟnent of North America49. 606 

 607 



Figure 11: Domain-scale synthesis secƟon C-C’. The secƟon integrates gravity, magneƟc 608 

proĮles and 3D resisƟvity cross-secƟon with a geological interpretaƟon through the AC, OD, 609 

and CARRAPATEENA.  MagneƟcs and gravity datasets were obtained from Geoscience 610 

Australia’s Geophysical Archive Data Delivery System (GADDS) 611 

(hƩps://portal.ga.gov.au/persona/gadds) and are released under the CreaƟve Commons 612 

AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). All Įgures were 613 

produced using Viridien Geotools v.4.0.6.12598 614 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 615 

v1.2.1 (hƩps://inkscape.org). 616 

 617 

The MT results support a mineral-system model in which the key exploraƟon criterion is not 618 

simply the presence of a lower-crustal conductor, but the geometry of its connecƟon to the 619 

upper crust. Deep conductors (> 15 km) may mark carbon-rich roots or reduced reacƟon 620 

zones, but they are only strongly prospecƟve where they connect to upper-crustal 621 

structures, with favourable host rocks, Fe oxide alteraƟon systems and Ňuid-mixing sites. For 622 

the northern Olympic Domain, the combinaƟon of lower-crustal conductors, verƟcally 623 

extensive conducƟve pathways, gravity highs, displaced magneƟc highs and mulƟstage 624 

deposit histories indicates a well-connected mineral-system architecture with high heat Ňux 625 

causing extensive lower crustal melƟng to form Hiltaba Suite granites. For the southern 626 

domain, deep conductors are present but upper-crustal connecƟons are weaker or more 627 

crypƟc due to lower heat Ňux.  628 

 629 

Conclusion 630 



Three-dimensional MT imaging reveals a crustal-scale conducƟve architecture beneath the 631 

Olympic Domain that is segmented between the northern and southern IOCG systems. In 632 

the northern domain, lower-crustal conductors extend upward towards Olympic Dam, 633 

Acropolis and Vulcan, forming comparaƟvely conƟnuous deep-to-shallow pathways. Their 634 

geometry is consistent with focused migraƟon of CO₂-rich supercriƟcal Ňuids through 635 

inherited crustal structures, possible carbon precipitaƟon as graphite, and repeated 636 

structural reacƟvaƟon during mineral-system development. In contrast, although deep 637 

conductors are also present in the southern domain, their connecƟons with the upper crust 638 

are weaker or more disconƟnuous. This diīerence may indicate a smaller or less eĸciently 639 

connected Ňuid system, greater modiĮcaƟon aŌer mineralisaƟon, or poorer preservaƟon of 640 

its original carbon–Ňuid architecture. 641 

 642 

These Įndings suggest that the ferƟlity and preservaƟon of IOCG systems beneath cover 643 

depend not only on the presence of lower-crustal conductors, but also on their geometry, 644 

conƟnuity and structural connecƟon to upper-crustal mineralising environments. MT cannot 645 

directly detect copper mineralisaƟon or uniquely determine the composiƟon of a conductor. 646 

Nevertheless, it can constrain where deep Ňuids may have migrated, where carbon may have 647 

precipitated as conducƟve graphite, and where inherited structures repeatedly connected 648 

lower-crustal Ňuid sources with upper-crustal mineral systems. Thus, MT provides a valuable 649 

method for mapping the concealed carbon–Ňuid architecture of IOCG systems. When 650 

integrated with gravity, magneƟc, geological and seismic constraints, these observaƟons can 651 

help disƟnguish crustal pathways that were favourable for Ňuid focusing and IOCG formaƟon 652 

from conductors with limited upper-crustal connecƟvity, thereby improving exploraƟon 653 

targeƟng across covered terranes. 654 



 655 

Methods 656 

A database of over 1,300 broadband sites across the eastern Gawler Craton and Olympic 657 

Domain in South Australia was used in this paper as shown in Figure 2, including BHP 658 

Olympic Domain survey, a Geological Survey of South Australia/Olympic Domain survey, 659 

Adelaide University Olympic Dam proĮle data12, Adelaide University Olympic Dam extension 660 

data11, and Adelaide University Cariewerloo Basin data. frequency coverage, locally 661 

extending from approximately 10⁴ Hz to 10⁻⁴ Hz, although the usable bandwidth varies 662 

between surveys and individual sites. The Vulcan broadband MT data were acquired using 663 

AuScope and Geological Survey of South Australia LEMI-423 recorders with LEMI-120 664 

inducƟon coils, Ag-AgCl electrodes and two orthogonal 50 m electric dipoles, with four 665 

components recorded for approximately 48 h at each staƟon and a dedicated remote 666 

reference located approximately 8 km north of the survey area. Other Olympic Domain data 667 

were collected under contract using Phoenix MTU-5C systems with 50-100 m electric 668 

dipoles. 669 

 670 

Three dimensional inversions were carried out using Viridien Geotools soŌware based on 671 

the Įnite-diīerence forward modelling and a nonlinear conjugate gradient inversion 672 

algorithm50,51
. The cell size of 1 km × 1 km, with padding cells that extended 50 km beyond 673 

the inner grid in each horizontal direcƟon, with a growth factor of 1.2 between adjacent 674 

padding cells. The mesh was not rotated relaƟve to the coordinate system. The model 675 

surface was set at 250 m above sea level with no topography, and meshed in 10 m intervals 676 

to sea level to accommodate low-resisƟvity sedimentary sequences.  Below sea level the 677 

cells sized increased at a rate of 10% to a maximum depth of 100 km. The Įnal mesh 678 



contained 133 cells in the west-east direcƟon, 255 cells in the north-south direcƟon, and 93 679 

cells verƟcally, giving a total of ~3.15 million cells.  680 

 681 

The inversion used 19 periods, spaced evenly at 5 per decade from 0.01 s to 316 s., and error 682 

Ňoors were set at 5% on each of the four impedance components.  The inversion included an 683 

esƟmate of site-by-site local distorƟon, but a high weighƟng was used to allow the inversion 684 

to include variability mostly as resisƟvity in the subsurface. Horizontal smoothing (tauH) and 685 

verƟcal smoothing (tauV) were varied between 0.01 and 1; our opƟmal model has tauH = 1 686 

and tauV = 1. The Įnal model achieved a root-mean-square (RMS) misĮt of 1.342. Near-687 

surface smoothing to a depth of 100 m was included to ensure that modelled resisƟviƟes 688 

near the surface were reasonably uniform across the mesh, based on the premise that near-689 

surface sedimentary layers are laterally extensive and conƟnuous between sites.   690 
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Figure legends 892 

 893 

Figure 1: Regional geological and geophysical framework of the Olympic Domain, eastern 894 

Gawler Craton. Panels show simpliĮed basement geology, Bouguer gravity, total magneƟc 895 

intensity and sedimentary cover thickness. Black circles mark major IOCG deposits and 896 

prospects, including Titan (TI), Vulcan (VU), Olympic Dam, Acropolis (AC), Wirrda Well (WW), 897 

Oak Dam (OD), Emmie Bluī (EB), Carrapateena (CP) and Mount Gunson (MG). Red dashed 898 

boxes outline the northern and southern Olympic Domain subregions. Red lines (A-A’, B-B’, 899 

and C-C’) indicate the main cross-secƟons used for structural and resisƟvity comparison. 900 

White lines on the sedimentary cover map show seismic traverses OD1 and OD2. MagneƟcs 901 

and gravity datasets were obtained from Geoscience Australia’s Geophysical Archive Data 902 

Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) and are released under 903 

the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). 904 

ElevaƟon of Proterozoic basement were sourced from GeognosƟcs OZ SEEBASE 2021 905 

(hƩps://www.geognosƟcs.com/oz-seebase-2021), also distributed under a CC BY 4.0 licence. 906 

Background geology, sedimentary cover, faults and mineral deposit’s locaƟons were 907 

obtained from Department for Energy and Mining SA (hƩps://map.sarig.sa.gov.au/). All 908 

Įgures were produced using Viridien Geotools v.4.0.6.12598 909 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 910 

v1.2.1 (hƩps://inkscape.org). 911 



 912 

Figure 2: Maps show phase-invariant responses at 0.02 s, 0.2 s, 2 s, 20 s and 200 s across the 913 

Olympic Domain. Large black circles mark major IOCG deposits and prospects idenƟĮed in 914 

Figure 1. Black lines denote Archean to early Mesoproterozoic faults; green lines denote 915 

Mesoproterozoic faults and blue outlines indicate salt lakes. In the 200 s panel, small black 916 

dots indicate MT staƟon locaƟons. Areas are shown in UTM 53S projecƟon. Faults and 917 

mineral deposit’s locaƟons were obtained from Department for Energy and Mining SA 918 

(hƩps://map.sarig.sa.gov.au/). All Įgures were produced using Viridien Geotools 919 

v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 920 

and Inkscape v1.2.1 (hƩps://inkscape.org). 921 

Figure 3: Maps are arranged from top leŌ to boƩom right and show Bouguer gravity, 922 

magneƟc intensity, elevaƟon, sedimentary-cover thickness, and MT resisƟvity depth slices at 923 

1, 2, 5, 10 and 20 km. Large black circles mark major IOCG deposits and prospects in the 924 

northern Olympic Domain. Small black dots on the elevaƟon map indicate MT sites. Black 925 

lines represent Archean to early Mesoproterozoic faults. Areas are shown in UTM 53S 926 

projecƟon. MagneƟcs and gravity datasets were obtained from Geoscience Australia’s 927 

Geophysical Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) 928 

and are released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 929 

(hƩps://www.ga.gov.au/copyright). ElevaƟon of Proterozoic basement were sourced from 930 

GeognosƟcs OZ SEEBASE 2021 (hƩps://www.geognosƟcs.com/oz-seebase-2021), also 931 

distributed under a CC BY 4.0 licence. Background geology, sedimentary cover, faults and 932 

mineral deposit’s locaƟons were obtained from Department for Energy and Mining SA 933 

(hƩps://map.sarig.sa.gov.au/). All Įgures were produced using Viridien Geotools 934 



v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 935 

and Inkscape v1.2.1 (hƩps://inkscape.org). 936 

 937 

Figure 4: Maps are arranged from top leŌ to boƩom right and show Bouguer gravity, 938 

magneƟc intensity, elevaƟon, sedimentary-cover thickness, and MT resisƟvity depth slices at 939 

1, 2, 5, 10 and 20 km. Large black circles mark major IOCG deposits and prospects in the 940 

southern Olympic Domain. Small black dots on the elevaƟon map indicate MT sites. Black 941 

lines represent Archean to early Mesoproterozoic faults. Areas are shown in UTM 53S 942 

projecƟon. MagneƟcs and gravity datasets were obtained from Geoscience Australia’s 943 

Geophysical Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) 944 

and are released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 945 

(hƩps://www.ga.gov.au/copyright). ElevaƟon of Proterozoic basement were sourced from 946 

GeognosƟcs OZ SEEBASE 2021 (hƩps://www.geognosƟcs.com/oz-seebase-2021), also 947 

distributed under a CC BY 4.0 licence. Background geology, sedimentary cover, faults and 948 

mineral deposit’s locaƟons were obtained from Department for Energy and Mining SA 949 

(hƩps://map.sarig.sa.gov.au/). All Įgures were produced using Viridien Geotools 950 

v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 951 

and Inkscape v1.2.1 (hƩps://inkscape.org). 952 

 953 

Figure 5: Deposit-scale geological and geophysical framework of Olympic Dam.  Upper 954 

panels show, from leŌ to right, simpliĮed geology (aŌer Ehrig et al., 2021), Bouguer gravity, 955 

magneƟc intensity, and MT resisƟvity slices at 0.5, 1 and 10 km depth. Black triangles 956 

indicate MT staƟon locaƟons, and the red line, D-D’, marks the posiƟon of the geological 957 

cross-secƟon through the Olympic Dam Breccia Complex. Areas are shown in UTM 53S 958 



projecƟon. MagneƟcs and gravity datasets were obtained from Geoscience Australia’s 959 

Geophysical Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) 960 

and are released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 961 

(hƩps://www.ga.gov.au/copyright). Faults and geology are from Ehrig et al., (2021). All 962 

Įgures were produced using Viridien Geotools v.4.0.6.12598 963 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 964 

v1.2.1 (hƩps://inkscape.org). 965 

 966 

Figure 6: Deposit-scale geophysical and resisƟvity comparison for AC and VU.  Upper panels 967 

show Bouguer gravity, magneƟc intensity, and MT resisƟvity slices at 2 and 10 km depth for 968 

the AC prospect. Lower panels show the equivalent Bouguer gravity, magneƟc intensity, and 969 

MT resisƟvity slices at 2 and 10 km depth for the VU prospect. Large black dots mark the 970 

main prospect locaƟons, black triangles indicate MT staƟon locaƟons, and black lines 971 

represent Archean to early Mesoproterozoic faults. Areas are shown in UTM 53S projecƟon. 972 

MagneƟcs and gravity datasets were obtained from Geoscience Australia’s Geophysical 973 

Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) and are 974 

released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 975 

(hƩps://www.ga.gov.au/copyright). Faults and mineral deposit’s locaƟons were obtained 976 

from Department for Energy and Mining SA (hƩps://map.sarig.sa.gov.au/). All Įgures were 977 

produced using Viridien Geotools v.4.0.6.12598 978 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 979 

v1.2.1 (hƩps://inkscape.org). 980 

 981 



Figure 7: Deposit-scale geophysical and resisƟvity comparison for Oak Dam and 982 

Carrapateena.  Upper panels show Bouguer gravity, magneƟc intensity, and MT resisƟvity 983 

slices at 2 and 10 km depth for the Oak Dam prospect. Lower panels show the equivalent 984 

Bouguer gravity, magneƟc intensity, and MT resisƟvity slices at 2 and 10 km depth for the CP 985 

prospect. Large black dots mark the main prospect locaƟons, black triangles indicate MT 986 

staƟon locaƟons, and black lines represent Archean to early Mesoproterozoic faults. Areas 987 

are shown in UTM 53S projecƟon. MagneƟcs and gravity datasets were obtained from 988 

Geoscience Australia’s Geophysical Archive Data Delivery System (GADDS) 989 

(hƩps://portal.ga.gov.au/persona/gadds) and are released under the CreaƟve Commons 990 

AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). faults and mineral 991 

deposit’s locaƟons were obtained from Department for Energy and Mining SA 992 

(hƩps://map.sarig.sa.gov.au/). All Įgures were produced using Viridien Geotools 993 

v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 994 

and Inkscape v1.2.1 (hƩps://inkscape.org). 995 

 996 

Figure 8: Pressure-temperature framework for CO₂-rich Ňuid Ňow and graphite precipitaƟon 997 

in the Olympic Domain. ConducƟve geotherm models48 and an empirical advecƟve 998 

geotherm are compared with mol% C remaining in Ňuid curves calculated using the 999 

GeoFluids model of Zhang and Duan (2010)46, following the approach of Murphy et al. 1000 

(2022). Yellow markers indicate lithosphere-asthenosphere boundary depths of 40, 60 and 1001 

100 km, illustraƟng elevated thermal gradients expected during extension and Hiltaba-1002 

Gawler Range magmaƟsm. 1003 

 1004 



Figure 9: Northern Olympic Domain synthesis secƟon A-A′. The secƟon integrates gravity, 1005 

magneƟc proĮles and 3D resisƟvity cross-secƟon with a geological interpretaƟon through 1006 

the Olympic Dam-AC-VU corridor. MagneƟcs and gravity datasets were obtained from 1007 

Geoscience Australia’s Geophysical Archive Data Delivery System (GADDS) 1008 

(hƩps://portal.ga.gov.au/persona/gadds) and are released under the CreaƟve Commons 1009 

AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). All Įgures were 1010 

produced using Viridien Geotools v.4.0.6.12598 1011 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 1012 

v1.2.1 (hƩps://inkscape.org). 1013 

 1014 

Figure 10: Southern Olympic Domain synthesis secƟon B-B′. The secƟon integrates gravity, 1015 

magneƟc proĮles and 3D resisƟvity cross-secƟon with a geological interpretaƟon through 1016 

the MG, CP and OD. MagneƟcs and gravity datasets were obtained from Geoscience 1017 

Australia’s Geophysical Archive Data Delivery System (GADDS) 1018 

(hƩps://portal.ga.gov.au/persona/gadds) and are released under the CreaƟve Commons 1019 

AƩribuƟon 4.0 (CC BY 4.0) licence (hƩps://www.ga.gov.au/copyright). All Įgures were 1020 

produced using Viridien Geotools v.4.0.6.12598 1021 

(hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) and Inkscape 1022 

v1.2.1 (hƩps://inkscape.org). 1023 

 1024 

Figure 11: Domain-scale synthesis secƟon C-C’. The secƟon integrates gravity, magneƟc 1025 

proĮles and 3D resisƟvity cross-secƟon with a geological interpretaƟon through the AC, OD, 1026 

and CP.  MagneƟcs and gravity datasets were obtained from Geoscience Australia’s 1027 

Geophysical Archive Data Delivery System (GADDS) (hƩps://portal.ga.gov.au/persona/gadds) 1028 



and are released under the CreaƟve Commons AƩribuƟon 4.0 (CC BY 4.0) licence 1029 

(hƩps://www.ga.gov.au/copyright). All Įgures were produced using Viridien Geotools 1030 

v.4.0.6.12598 (hƩps://www.viridiengroup.com/experƟse/mulƟphysics-imaging/geotools) 1031 

and Inkscape v1.2.1 (hƩps://inkscape.org). 1032 


