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Abstract
A 300-km-long magnetotelluric survey, comprising 56 stations, has been completed in the southern Yilgarn Craton 

over three campaigns during 2009–11. The survey was conducted along an east–west traverse extending from 

the South West Terrane, across the Southern Cross Domain (Youanmi Terrane), and onto the Kalgoorlie Terrane 

(Eastern Goldfields Superterrane). 

The magnetotelluric data were processed with robust remote-reference algorithms. Data shown by phase-tensor 

analysis to represent 1D and 2D variations in electrical properties were modelled using industry-standard inverse 

modelling methods. A geoelectric strike direction of 010° was used for the modelling. Electrical conductivity 

variations to depths greater than 100 km have been mapped and interpreted.

The preferred resistivity cross section shows a series of narrow, dipping zones of increased conductivity in the 

crustal part of the model. These are interpreted as major faults that, in some areas, correlate with known surface 

structures. Resistivity variations at lower crust and mantle depths show that the local lithosphere comprises three 

recognisable units with probably steep boundaries. The three-fold subdivision of the local lithosphere is consistent 

with the geologically and geochemically defined terranes and domains in this part of the Yilgarn Craton. The central 

unit, interpreted as equivalent to the Southern Cross Domain, has a resistive crust overlying a more conductive 

mantle. The unit to the east comprises a conductive lower crust overlying a resistive mantle. The eastern margin 

of the Southern Cross Domain, as inferred from deep crustal and mantle resistivity, lies about 50 km to the west 

of the Ida Fault, the margin of the domain at the surface. The disparity with the mapped location of the Ida Fault 

may reflect incorrect mapping of the Ida Fault, or offset of near-surface and deep-crustal and mantle suture zones, 

or both. The western margin of the central unit is interpreted to coincide with the western edge of a zone of more 

conductive mantle. The western unit has a resistive crust overlying a resistive mantle and is correlated with the 

South West Terrane mapped at the surface. Several conductive features in the crust might be linked to the edge of 

the zone of conductive mantle, but surface geology suggests the boundary is comparatively steep and coincides 

with a conductive zone close to the western edge of the Southern Cross greenstone belt. 

The magnetotelluric method has been demonstrated to be a viable means of mapping the deep-crustal and mantle 

structure of the Yilgarn Craton.

KEYWORDS:  magnetotelluric surveys, electrical resistivity, geophysical models, Bouguer anomaly maps, TMI 

maps, structural terranes, South West Terrane, Youanmi Terrane, Eastern Goldfields Superterrane, 

Yilgarn Craton, Western Australia
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Introduction
A magnetotelluric (MT) traverse funded by the Western 
Australian Government’s Exploration Incentive Scheme 
has been completed across the southern Yilgarn Craton 
from near Hyden to near Norseman (Figs 1 and 2). The 
survey comprises an approximately east–west traverse 
that crosses the boundaries between the South West 
Terrane, Youanmi Terrane (Southern Cross Domain), and 
Kalgoorlie Terrane (Eastern Goldfields Superterrane). 

The MT method is a deep-penetrating, passive (natural-
source), usually frequency-domain electromagnetic 
method that allows variations in electrical conductivity 
in the crust and upper mantle to be mapped. A 
comprehensive description of the method is given by 
Simpson and Bahr (2005). Briefly, natural fluctuating 
magnetic fields due to the interaction of the geomagnetic 
field with solar winds and, at higher frequencies, lightning 
strikes, induce telluric (electric) currents in the Earth. 
These variations span a broad range of frequencies. 
Note that the terms frequency and period are used 
interchangeably when describing MT data. Frequency (f) 
in hertz (Hz) is the reciprocal of period (P) in seconds (s). 

It is because magnetic fields vary at a range of frequencies 
that electrical conductivity variations at depth can 
be determined. The penetration (i.e. attenuation with 
distance) of an electromagnetic field into a medium 
depends on the medium’s electrical conductivity and the 
frequency of the variations in the electromagnetic field. 
Lower frequencies penetrate more deeply and greater 
subsurface conductivity reduces penetration for a given 
frequency. After recording, the electric and magnetic fields 
can be mathematically separated into components with 
different frequencies, and therefore electrical properties 
at different depths can be estimated. For this reason, 
in the descriptions in this Report of the processing and 
interpretation of the MT data, period can be thought of as 
a proxy for depth. However, because the conductivity of 
the Earth varies from location to location, the conversion 
factor from period to depth also varies. The maximum 
period (depth) of interest dictates the length of the time 
interval over which the variations in the electric and 
magnetic fields must be recorded. To achieve penetration 
to mantle depths requires recording for some tens of hours.

For much of its extent, the MT survey followed the 
Hyden–Norseman road, making access straightforward, 
although, to avoid the effects of traffic, stations were 
located at least 150 m from the road. East of the 
Koolyanobbing Shear Zone (Fig. 2), the current road 
coincides with a major Proterozoic dyke, the Jimberlana 
dyke. It was uncertain whether the dyke was electrically 
distinct from the country rock, perhaps due to its 
conductive sulfide content (Mazzucchelli and Robins, 
1973). To avoid the possibility of sampling atypical 
crust, east of Lake Johnston the survey followed the old 
Hyden–Norseman road, about 20 km north of the dyke. 
This road is no longer maintained, but is accessible using 
4WD vehicles. Following the old road meant that the 
MT traverse was not linear; however, this disadvantage 
was considered acceptable to avoid the possibility of the 
Jimberlana dyke affecting the data. It was subsequently 
demonstrated that the dyke did not affect MT responses.

The MT traverse links areas with significantly different 
geochemical characteristics, and passes through areas that 
contain significant mineral deposits, notably nickel–sulfide 
deposits in greenstone belt rocks. The traverse crosses 
three greenstone belts: the Southern Cross – Forrestania 
greenstone belt, the Lake Johnston greenstone belt, 
and the Norseman–Wiluna greenstone belt. Greenstone 
rocks in the Southern Cross – Forrestania and Lake 
Johnston belts are typically older than those in the 
Norseman–Wiluna belt; ages are up to 2.9 Ga (Wang et 
al., 1996; Mueller and McNaughton, 2000). Rocks in the 
Norseman area have been dated at 2.7 Ga, although there 
is evidence of local older components (Pidgeon and Wilde, 
1990). Moreover, a Nd-isotope study of granites of the 
Yilgarn Craton (Cassidy and Champion, 2004) showed 
significant differences in granites of the Eastern Goldfields 
Superterrane compared to those of other terranes crossed 
by the MT traverse. Multi-isotopic whole-rock analyses 
of zircons from intrusive and volcanic rocks have revealed 
how the lithosphere has evolved through time in the 
Yilgarn Craton (Mole et al., 2010). These data imply the 
presence of a paleocratonic boundary in the survey area 
and it has been argued that such features are linked to the 
occurrence of magmatic nickel–sulfide and gold deposits 
see for example, Begg et al. (2010). 

The location of the implied suture zone between the 
geologically and geochemically different areas is poorly 
defined, and it is uncertain whether known large-scale 
structures correspond to the suture or if there are major 
structures yet to be identified. Moreover, the position and 
geometry at depth of the known major structures in the 
study area is unknown or poorly constrained; for example, 
the Ida Fault (Figs 1 and 2). An improved understanding of 
the extent and relationships of major crustal domains and 
terranes with the intervening large-scale structures in the 
study area was the primary motivation for the MT survey. 
The interpretation reported here emphasises crustal and 
upper mantle responses. 

Regional geology
The Archean Yilgarn Craton consists of 3000–2620 Ma, 
poly-deformed, northerly trending greenstone belts 
separated by granite and granitic gneiss (Gee, 1981; 
Pidgeon and Wilde, 1990; Wang et al., 1996; Schiøtte and 
Campbell, 1996; Pidgeon and Hallberg, 2000; Kositcin et 
al., 2008; Van Kranendonk and Ivanic, 2009). The period 
2800–2600 Ma was one of the major periods of growth of 
continental crust recorded in granite–greenstone terrains 
(Condie, 1997) that also formed world-class metallogenic 
provinces (Barley and Groves, 1987; Groves and Barley, 
1994; Barley et al., 1998; McCuaig and Kerrich, 1998; 
Hoatson et al., 2011).

The Yilgarn Craton has been divided into seven terranes 
that are bounded by major shear zones and fault systems 
(Fig. 1; Cassidy et al., 2006; Pawley et al., 2009). 
Greenstones in the Youanmi Terrane are metamorphosed 
to greenschist or amphibolite facies (Ahmat, 1986; 
Goscombe et al., 2009), whereas the South West Terrane 
contains granulite facies supracrustal rocks (Qiu and 
Groves, 1999). Both regions contain voluminous granites. 
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Figure 1. Map of the Yilgarn Craton showing terrane and domain boundaries, the locations of the south Yilgarn MT traverse, 

and available previous seismic and MT survey data. Terrane names are in black, domain names in red. Geology from 

Cassidy et al. (2006). In the southern Yilgarn Craton, the Ida Fault marks the boundary between the Youanmi Terrane 

and the Eastern Goldfields Superterrane.
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Figure 2.  Locations of MT stations overlain on regional geological map of the southern Yilgarn Craton showing major geological 

and structural boundaries, and the terranes and domains in this part of the craton. Note that the location of the 

Ida Fault, the boundary between the Southern Cross Domain and the Eastern Goldfields Superterrane, is not well 

constrained in this region. YC – Yilgarn Craton.

Greenstones of the Youanmi Terrane are typically older 
than those of the Eastern Goldfields Superterrane (Cassidy 
et al., 2006). The style of granite magmatism across 
the Yilgarn Craton before c. 2660 Ma can be related 
to contemporary geological history in the greenstone 
successions (Van Kranendonk and Ivanic, 2009). After  
c. 2660 Ma, there was a craton-wide change in the style 
of granite magmatism from dominantly high-Ca granite to 
low-Ca granite (Cassidy et al., 2002).

The boundary between the South West and Youanmi 
Terranes is poorly defined (Wilde et al., 1996). In the 
east, the Ida Fault, which forms the boundary between the 
Youanmi Terrane and the Eastern Goldfields Superterrane, 
is a crustal-scale feature that has been imaged by deep-
crustal seismic data (Drummond et al., 2000) and is 
clearly evident in aeromagnetic images and in chemical 
and isotopic character maps (e.g. Champion and Cassidy, 
2007). The fault has been extensively intruded by late 
granites, particularly in the south. The MT survey also 
crosses the southern extension of the 6–14 km-wide, 
crustal-scale Koolyanobbing Shear Zone (Fig. 2; Libby et 
al., 1991). The maximum age constraint for deformation 
in the Koolyanobbing Shear Zone is provided by an age of  
c. 2699 Ma on a strongly deformed granodiorite, 
interpreted as a xenolith (Fletcher and McNaughton, 
2002). The minimum age constraint of c. 2656 Ma is given 
by a post-kinematic granite (Qiu et al., 1999). 

South West Terrane

The South West Terrane consists mainly of granite and 
high-grade granitic gneiss with subordinate supracrustal 
rocks, although it has been divided into three terranes on 
the basis of seismic data and the distribution of the various 
rock components (Wilde et al., 1996; Wilde, 2001). Granites 
and granitic gneisses range in age from c.  3280 Ma for 
the oldest gneisses in the west, to c. 2600 Ma elsewhere. 
The supracrustal rocks include at least two greenstone 
successions, one probably older than 3000 Ma — see 
Wilde (2001) for a review of the geochronology — and at 
least one younger succession, as exposed in the Saddleback 
greenstone belt near Boddington, aged between c. 2714 and 
c. 2670 Ma (Allibone et al., 1998). 

Youanmi Terrane

The Youanmi Terrane is divided into the Murchison 
Domain in the west and the Southern Cross Domain in the 
east. The Lake Johnston and Southern Cross – Forrestania 
greenstone belts in the Southern Cross Domain host 
significant nickel and gold deposits. 

Recent mapping in the Murchison Domain has identified 
at least four volcano-sedimentary successions (Van 
Kranendonk and Ivanic, 2009). The oldest successions, 
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the Golden Grove and Mount Gibson Groups are, as yet, 
poorly defined due to lack of recent regional mapping and 
geochronology in the western and southern Murchison 
Domain, but are known to contain substantial felsic volcanic 
components older than 2900 Ma (Yeats et al., 1996; Wang et 
al., 1998). The younger successions, which represent three 
broad ultramafic-to-felsic cycles, range in age from c. 2820 
to 2700 Ma (Van Kranendonk and Ivanic, 2009).

Greenstone belts of the Southern Cross Domain consist 
predominantly of metavolcanic and metasedimentary 
rocks, but also include mafic to ultramafic sills and 
dykes. There are at least two greenstone successions: an 
older ultramafic–mafic–metasedimentary succession of 
unknown age, and a younger succession represented, for 
example, by c. 2730 Ma calc-alkaline volcanic rocks of 
the Marda Complex and clastic sedimentary rocks of the 
Diemals Formation (Chen et al., 2003). In the north of 
this region, quartzites in the Illaara and Maynard Hills 
greenstone belts have maximum depositional ages of 
c. 3130 Ma, and contain detrital zircons ranging in age up 
to c. 4350 Ma (Wyche et al., 2004). SHRIMP U–Pb ages 
indicate that parts of the greenstone belt successions in 
the Southern Cross and Lake Johnston greenstone belts, 
in the south of the Southern Cross Domain, are older than 
2900 Ma (Wang et al., 1996; Mueller and McNaughton, 
2000). Farther south, in the Ravensthorpe area, a 
c. 2966 Ma tonalite (Savage et al., 1996) and a c. 2958 Ma 
rhyolite from the upper greenstone succession in the 
Ravensthorpe greenstone belt (Nelson, 1995) indicate 
the presence of similarly old crust. The age and intimate 
spatial association of tonalite, tonalite porphyry dykes, 
and calc-alkaline volcanic rocks suggest a comagmatic 
relationship (Witt, 1997). 

Southern Cross – Forrestania 

greenstone belt

The northerly trending Forrestania greenstone belt has 
a broadly synclinal structure. The lower part of the 
succession is predominantly mafic, but contains at least 
four sequences of komatiitic rocks that are intercalated 
with banded iron-formation (Perring et al., 1996). 
The upper part of the succession consists of clastic 
metasedimentary rocks (Chin et al., 1984).

The Southern Cross greenstone belt contains three 
successions. The lowermost unit comprises clastic 
metasedimentary rocks, and is unconformably overlain by 
a volcanic succession that is up to 5 km thick. Based on 
U–Pb zircon ages from porphyry sills from the Southern 
Star and Copperhead deposits, parts of the volcanic pile 
are interpreted to have formed before 2900 Ma (Mueller 
and McNaughton, 2000). A thick, unconformably 
overlying sedimentary succession has a maximum 
age of deposition of c. 2700 Ma (Thebaud and Miller, 
2009), implying a major hiatus between the volcanic and 
sedimentary successions. 

Lake Johnston greenstone belt

The Lake Johnston greenstone belt, which extends for 
about 100 km in a southeasterly direction, has been 

intruded by elongate granite bodies. The eastern side of 
the greenstone belt is transposed by the Koolyanobbing 
Shear Zone, whereas the northwesterly trending Tay Fault 
is a major structural feature on the western side of the belt. 

The lowermost Maggie Hays Formation contains a 
thick package of submarine mafic volcanic rocks. Thin 
interflow metasediments become more abundant towards 
the top of the formation. The upper levels of the Maggie 
Hays Formation are intruded by sill-like, concordant 
to subparallel intrusions of the ultramafic–mafic Lake 
Medcalf Igneous Complex. The latter is geochemically 
distinct from the mafic extrusive rocks of the Maggie 
Hays and uppermost Glasse Formations (Romano et al., in 
prep.). The Honman Formation, which overlies the Maggie 
Hays Formation, changes upwards from felsic volcanic to 
metasedimentary rocks. There are intrusive and extrusive 
Barberton-type komatiites, now called the Roundtop 
Komatiite (Romano et al., in prep.), within and above 
the Honman Formation (Buck et al., 1998; Heggie, 2010; 
Fiorentini et al., 2011). Porphyritic intermediate volcanic 
rocks from the Honman Formation yielded zircon ages 
of c. 2921 and c. 2903 Ma (Wang et al., 1996). However, 
felsic volcaniclastic rocks overlying the intermediate 
volcanic rocks have a maximum depositional age of 
c. 2870 Ma (Thebaud et al., 2009), implying a younger 
depositional age for the komatiites. The uppermost 
exposed formation, the Glasse Formation, is a submarine 
mafic succession. 

Isolated greenstone remnants

Isolated greenstone remnants that are exposed within 
metagranitic rocks between the Forrestania and Lake 
Johnstone greenstone belts include metamorphosed clastic 
sedimentary rocks, metamorphosed banded-iron formation, 
amphibolites, and undifferentiated metakomatiites.

Eastern Goldfields Superterrane

The Eastern Goldfields Superterrane is made up of four 
tectonostratigraphic terranes. From southwest to northeast 
these are the Kalgoorlie, Kurnalpi, Burtville, and Yamarna 
Terranes (Cassidy et al., 2006; Pawley et al., 2009). It 
hosts highly mineralized, elongate belts of deformed and 
metamorphosed, volcanic and intrusive, felsic, mafic, and 
ultramafic rocks, and metasedimentary rocks that range in 
age from 2958 to 2650 Ma (Nelson, 1997; Kositcin et al., 
2008; Wingate and Kirkland, 2010). Supracrustal rocks 
have been intruded by abundant granitic rocks. 

The Norseman–Wiluna greenstone belt in the Kalgoorlie 
Terrane is the most nickel-sulfide enriched komatiite 
belt in the world. The basal sequence is formed by 
the allochthonous c. 2930 Ma Penneshaw Formation, 
which comprises basal basic volcanic rocks that are 
unconformably overlain by chemical sediments. These 
are overlain by the <2684 Ma sedimentary rocks of 
the Noganyer Formation. The Woolyeenyer Formation 
contains mafic and minor sedimentary rocks, and 
komatiites (Doepel, 1973; McGoldrick, 1993; Krapež et 
al., 2000). A dolerite sill has been dated at c. 2720 Ma 
(Hill et al., 1992) and is unconformably overlain by the 
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felsic volcanic–volcaniclastic Mount Kirk Formation 
(Kositcin et al., 2008).

Granites 

Granites in the South West and Youanmi Terranes have 
emplacement ages from c. 2750 to 2620 Ma, although 
most are younger than 2690 Ma (Nemchin and Pidgeon, 
1997; Van Kranendonk and Ivanic, 2009). There are 
extensive migmatite bodies of unknown age between the 
Forrestania and Lake Johnston greenstone belts. Towards 
the north, the amount of monzogranite increases and 
migmatites disappear. A monzogranite intruding the 
western margin of the Lake Johnston greenstone belt 
yielded a zircon age of c. 2770 Ma (Romano et al., 2010), 
whereas granodiorites and monzogranites in the centre of 
the greenstone belt were emplaced at c. 2718 Ma (Romano 
et al., 2010).

East of the Lake Johnston greenstone belt and the 
Koolyanobbing Shear Zone, NNW-trending, strongly 
aligned, synkinematic, c. 2660 Ma porphyritic monzo-
granites (Hill et al., 1989; Hill and Campbell, 1993) are 
distributed over an extensive area. However, most of the 
granites in the Southern Cross Domain are at the younger 
end of the age spectrum. Granites older than c. 2730 Ma 
are rare (Wingate and Kirkland, 2010). Many of the 
granites in the Eastern Goldfields Superterrane contain 
inherited zircon populations as old as c. 3196 Ma, which 
is consistent with Nd-isotopic data that indicate that older 
crust must have been present (Hill et al., 1989; Champion 
and Cassidy, 2007). 

Proterozoic

During the Paleoproterozoic, post-cratonization intrusions 
of easterly trending dyke swarms are represented in 
the southern Yilgarn Craton by the ultramafic to mafic 
Widgiemooltha Dyke Suite (Sofoulis, 1966), which 
intruded at c. 2410 Ma (Wingate, 2007). The Jimberlana 
dyke, one of the largest members of the Widgiemooltha 
Dyke Suite, lies parallel to the MT line east of the 
Koolyanobbing Shear Zone (Fig. 2).

Metamorphism

Granulite-facies metamorphism in the South West Terrane 
was synchronous with emplacement of c. 2640–2620 Ga 
charnockitic granites (Nemchin et al., 1994). However, 
metamorphism in the Southern Cross Domain is poorly 
constrained. Joly et al. (2010) described metamorphism at 
c. 2620 Ma for the Lake Johnston greenstone belt, which 
coincided with hydrothermal fluid flow in the Murchison 
Domain and northern Southern Cross Domain (Yeats et al., 
1996; Mueller and McNaughton, 2000). 

Detailed studies in the Eastern Goldfields Superterrane 
by Goscombe et al. (2009) identified localized high-
pressure metamorphism until c. 2685 Ma. From c. 2685 
to 2664 Ma, lower pressure metamorphism was related to 
extensive granite intrusion. After c. 2665 Ma, low pressure 

metamorphism and high heat flow was related to regional 
extension and the development of clastic sedimentary 
basins. This was followed by local alteration events, 
which have also been identified also in the broader Yilgarn 
Craton.

Magnetotelluric survey

Data acquisition

Data of the south Yilgarn MT survey were collected 
in three campaigns by personnel from Moombarriga 
Geoscience and the Centre for Exploration Targeting 
at the University of Western Australia. Most of the data 
were collected in the first campaign (October 2009), 
during which 40 MT datasets were recorded. The second 
campaign (March–April 2010) involved collection of eight 
MT datasets. These data were recorded to: 

for which original recording intervals were too short (5 
sites)

where an initial interpretation showed major variations 
in electrical structure (1 site) 

influencing the data (2 sites). 

In addition, during the second campaign, time-domain 
electromagnetic soundings were made at each MT 
station. A third campaign (December 2011) collected 
a further eight sets of MT data, but without associated 
electromagnetic soundings. These data were acquired to 
extend the survey westward to better define variations 
in deep electrical structure defined by the earlier data. 
Coordinates for all the MT stations are given in Table 1.

Figure 3 provides a schematic illustration of the equipment 
layout at each MT station. Two horizontal components of 
the electric field, and three components of the magnetic 
field, were measured at each site for approximately 40 
hours. Data were recorded using Phoenix Ltd MTU-5A 
data recorders with MTC-50 magnetic induction coils. The 
coils were buried to mitigate their sensitivity to noise, a 
significant task, especially for the 2-m-long vertical coils. 
Electric dipoles (~100 m long) and horizontal coils were 
installed on magnetic north–south and east–west azimuths. 
The electric field was measured using non-polarising Pb/
PbCl2 solution electrodes. These consist of a container 
with a porous base, filled with electrolyte solution, which 
provides electrical contact with the ground. All survey 
sites were reasonably flat and most were remote from 
anthropogenic sources of electromagnetic noise. 

Electromagnetic soundings were made using a TerraTEM 
transmitter and receiver. A square 100 × 100 m transmitter 
loop (Tx area = 10 000 m2) was used with sides oriented 
north–south and east–west. The receiver coil had a 
1-m side length (Rx area=105 m2). The TerraTEM 
‘intermediate’ time series was used (135 channels between 
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Site Latitude Longitude Elevation

(m)

Start time End time Duration

(h)

Campaign 1

STY001A                          -32:25:09.66                     +119:22:29.40                    355 09/10/2009 7:00 11/10/2009 1:25 42.4

STY002A                          -32:24:59.58                     +119:31:51.54                    366 09/10/2009 4:09 11/10/2009 0:42 44.6

STY003a                          -32:24:52.92                     +119:38:24.18                    369 09/10/2009 2:07 10/10/2009 0:40 22.6

STY004a                          -32:24:51.36                     +119:42:06.12                    415 08/10/2009 9:44 10/10/2009 0:05 38.3

STY005a                          -32:24:47.76                     +119:45:32.64                    390 10/10/2009 2:50 12/10/2009 0:32 45.7

STY006A                          -32:23:51.42                     +119:48:38.16                    394 10/10/2009 5:00 12/10/2009 0:59 44.0

STY007A                          -32:23:11.22                     +119:51:30.30                    397 11/10/2009 4:30 13/10/2009 0:30 44.0

STY008A                          -32:21:48.66                     +119:56:03.60                    422 11/10/2009 6:15 13/10/2009 1:03 42.8

STY009A                          -32:20:15.06                     +120:00:26.88                    411 12/10/2009 4:00 14/10/2009 0:20 44.3

STY010A                          -32:19:12.96                     +120:05:00.36                    432 12/10/2009 4:45 14/10/2009 0:51 44.1

STY011A                          -32:17:51.90                     +120:09:42.18                    367 13/10/2009 6:00 14/10/2009 23:52 41.9

STY012A                          -32:16:47.40                     +120:14:30.78                    344 13/10/2009 6:00 15/10/2009 0:29 42.5

STY013A                          -32:15:51.42                     +120:17:27.72                    335 14/10/2009 5:50 15/10/2009 23:34 41.7

STY014A                          -32:15:11.10                     +120:20:55.68                    356 14/10/2009 5:30 16/10/2009 0:06 42.6

STY015A                          -32:14:32.40                     +120:23:38.16                    343 15/10/2009 3:00 16/10/2009 23:47 44.8

STY016A                          -32:13:18.72                     +120:27:04.26                    352 15/10/2009 4:20 17/10/2009 0:16 43.9

STY017A                          -32:13:06.00                     +120:30:22.44                    357 16/10/2009 6:00 17/10/2009 17:31 35.5

STY018A                          -32:10:55.62                     +120:32:53.28                    351 16/10/2009 5:00 17/10/2009 17:10 36.2

STY019A                          -32:09:22.74                     +120:35:36.48                    340 17/10/2009 2:20 19/10/2009 3:27 49.1

STY020A                          -32:06:35.76                     +120:38:06.96                    347 17/10/2009 4:00 19/10/2009 1:12 45.2

STY021A                          -32:04:46.74                     +120:40:59.64                    339 18/10/2009 5:38 19/10/2009 23:44 42.1

STY022A                          -32:02:37.62                     +120:43:22.98                    347 18/10/2009 5:00 20/10/2009 0:21 43.4

STY023A                          -31:59:51.12                     +120:45:33.66                    313 19/10/2009 7:00 20/10/2009 23:52 40.9

STY024A                          -31:57:39.48                     +120:47:47.64                    314 19/10/2009 7:55 20/10/2009 22:39 38.7

STY025A                          -31:58:11.04                     +120:54:04.56                    324 20/10/2009 4:00 21/10/2009 16:30 36.5

STY026A                          -31:58:51.96                     +121:00:51.06                    351 20/10/2009 5:40 22/10/2009 0:47 43.1

STY027A                          -31:59:09.72                     +121:06:42.96                    330 21/10/2009 2:40 22/10/2009 4:20 25.7

STY028A                          -32:00:22.92                     +121:12:49.38                    330 21/10/2009 6:00 23/10/2009 1:57 44.0

STY029A                          -32:00:41.22                     +121:15:09.18                    368 22/10/2009 7:00 23/10/2009 6:29 23.5

STY030A                          -32:00:49.56                     +121:17:52.08                    316 23/10/2009 8:17 24/10/2009 1:18 17.0

STY031A                          -32:01:06.48                     +121:20:16.44                    310 23/10/2009 5:00 24/10/2009 16:34 35.6

STY032A                          -32:01:16.38                     +121:22:48.24                    319 23/10/2009 6:00 25/10/2009 0:44 42.7

STY033A                          -32:01:05.82                     +121:25:17.46                    313 24/10/2009 4:00 25/10/2009 3:24 23.4

STY034A                          -32:01:02.82                     +121:27:37.74                    356 25/10/2009 5:00 26/10/2009 0:11 19.2

STY034A                          -32:01:00.78                     +121:30:27.06                    375 25/10/2009 9:00 27/10/2009 1:37 40.6

STY036A                          -32:00:56.70                     +121:32:41.16                    387 25/10/2009 9:20 26/10/2009 21:32 36.2

STY037A                          -32:01:07.20                     +121:35:12.18                    323 27/10/2009 2:00 28/10/2009 0:44 22.7

STY038A                          -32:00:55.44                     +121:37:40.08                    302 27/10/2009 8:00 29/10/2009 0:37 40.6

STY039A                          -32:00:46.44                     +121:39:51.24                    274 27/10/2009 8:30 29/10/2009 0:01 39.5

STY040A                          -32:00:44.52                     +121:42:11.94                    280 28/10/2009 9:30 29/10/2009 2:06 16.6

Campaign 2

STY003B                          -32:24:53.04                     +119:38:24.48                    373 29/03/2010 5:00 31/03/2010 1:27 44.5

STY004B                          -32:24:51.48                     +119:42:06.42                    418 29/03/2010 6:00 31/03/2010 2:20 44.3

STY018B                          -32:10:55.92                     +120:32:53.10                    346 31/03/2010 9:00 01/04/2010 23:01 38.0

STY024-5                         -31:57:48.12                     +120:50:56.34                    309 02/04/2010 2:00 04/04/2010 0:24 46.4

STY025B                          -31:58:11.28                     +120:54:04.50                    324 01/04/2010 2:20 02/04/2010 1:34 23.2

STY026B                          -31:58:51.84                     +121:00:51.18                    359 02/04/2010 3:34 04/04/2010 1:03 45.5

Table 1.  Locations and recording times of MT stations 
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DT026A*                           -32:08:25.44                     +120:58:49.86                    381 04/04/2010 8:00 06/04/2010 1:06 41.1

DT030A*                           -32:11:04.74                     +121:18:28.56                    361 04/04/2010 6:00 06/04/2010 0:28 42.5

Campaign 3

STYE01                            -32:29:51.90                     +118:33:51.06                    298 20/12/2011 5:15 21/12/2011 5:35 24.3

STYE02 -32:27:24.90                     +118:44:17.34                    310 20/12/2011 6:45 22/12/2011 0:08 41.4

STYE03 -32:26:22.68                     +118:49:36.54                    323 20/12/2011 3:45 21/12/2011 4:41 24.9

STYE04 -32:27:38.34                     +118:56:49.56                    301 20/12/2011 8:36 21/12/2011 2:35 18.0

STYE05 -32:27:51.00                     +119:03:02.40                    330 19/12/2011 1:15 20/12/2011 7:16 30.0

STYE06 -32:27:47.58                     +119:08:58.14                    301 18/12/2011 10:30 20/12/2011 0:57 38.5

STYE07 -32:27:48.66                     +119:15:21.12                    324 18/12/2011 9:00 20/12/2011 0:29 39.5

STYE08 -32:24:53.70                     +119:26:46.08                    356 18/12/2011 7:00 19/12/2011 23:35 40.6

Note: * Station located on Jimberlana dyke      

Table 1. continued

Electrode

Acquisition unit
North

Magnetometer

E
x

H
z

H
yH

x

~100
m

~
10

0
 m

MCD3 10.04.13

E
y

Figure 3.  Schematic illustration of equipment setup at MT 

stations. E – electric field sensor, H – magnetic 

field sensor

0.0015 and 1900 ms). A minimum of four soundings were 
made at each site and visually checked for consistency 
and noise. Additional soundings were made if necessary. 

Data processing

Variations of the electric and magnetic field components 
are recorded as a function of time (i.e. in the time 
domain). The MT data are subsequently converted to the 
frequency domain. This enables parameters of interest to 
be calculated as a function of frequency (or period) and 
then used to model variations of electrical properties as a 
function of depth. 

Examples of partial electric and magnetic field time series 
recorded at two stations are shown in Figure 4. These 
series can be checked in the field to ensure that there has 
been enough variation in the geomagnetic field for the 
data to be useful, and also to check that the equipment 
has been deployed correctly, as can be determined by the 

relationships between the various time series. Electric 
field measurements are designated E. The north–south 
component is termed Ex and the east–west component 
Ey. Magnetic field components are designated H, with 
the same subscript notation, plus Hz to define the vertical 
component. 

The time-series data were processed using robust remote-
reference algorithms supplied by Phoenix Limited, based 
on the coherence-sorted cascade decimation method 
of Wight and Bostick (1981) and the heuristic robust 
approach of Jones and Jödicke (1984). Remote-reference 
processing (Gamble et al., 1979) compares recordings 
from different locations to identify noise in the time series, 
whereas coherence-based methods are based on statistical 
comparison of the various time series. A simultaneously 
recording station within the traverse was used as the 
remote reference.

Frequency-domain MT responses

Figure 5 presents the same datasets as shown in Figure 4 
after transformation to frequency domain. Two parameters, 
apparent electrical resistivity (  or rho) and phase, 
are shown as a function of period. Note that electrical 
resistivity is the reciprocal of electrical conductivity.

In general, data quality from the south Yilgarn MT survey 
is very good, as indicated by the small errors bars in 
Figure 5, up to periods of about 1000 s. However, one 
station (STY040) was rejected as too noisy. A complete 
set of apparent resistivity and phase curves is provided in 
Appendix 1.

The apparent resistivity values for each period were 
calculated as follows. Apparent resistivity can be written in 
terms of the electric (E) and magnetic (H) fields as:

where   is the angular frequency of the fields and 

21
H
E

Equation 1
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μ is the magnetic permeability of the Earth. The ratio of 
the two fields is the impedance (Z = E/H), a measure of 
the opposition to the flow of alternating electric currents. 
As shown by equation 1, apparent resistivity is related to 
the square of impedance.

The MT impedance tensor contains four complex-valued 
transfer functions (Zxx, Zxy, Zyx, Zyy) between the various 
orthogonal components of the horizontal electric and 
magnetic fields (equation 2). Each MT impedance 
term can be used to estimate an apparent resistivity, a 
volumetrically averaged resistivity over the penetration 
depth of the signals.

If the Earth’s electrical structure is one-dimensional 
(1D; i.e. is a horizontally layered structure) or two-
dimensional (2D), with the x- and y-directions parallel and 
perpendicular to strike respectively, then Zxx = Zyy = 0. If 
the strike is known, the data can be rotated accordingly, in 
which case the non-zero Zxy and Zyx impedance can be used 
to determine apparent resistivity as a function of frequency 
according to equation 1, where xy is determined from Ex, 
Hy, and yx by using Ey and Hx (equation 3 and Fig. 5). 
After rotation, xy data are referred to as transverse electric 
(TE) mode, and yx data as transverse magnetic (TM). 
In TE mode the electric field is parallel to strike and the 
magnetic field is perpendicular to strike. In TM mode, the 
magnetic field is parallel to strike and the electric field is 
perpendicular to strike.

Also important is the phase difference ( ) between the two 
fields:  = arctan(E/H). The phase is defined as the lead of 
the electric field over the magnetic field.

Static corrections

MT data are prone to static shifts due to heterogeneous 
electrical properties in the near surface at scales smaller 
than the resolution of the MT data. Such static shifts 
are frequency-independent; that is, the entire apparent 
resistivity curve is shifted parallel to the apparent 
resistivity axis by an amount known as the static shift 
factor. Failure to account for this during data modelling 
will lead to incorrect estimation of resistivities and the 
depths at which they occur.

There are various approaches to account for static shift. 
For example the shift may be treated as an unknown 
variable in modelling of the data). For the south Yilgarn 
MT survey, static shifts were estimated by using the 
time-domain electromagnetic (TEM) soundings (where 
available). These data were inverse modelled to derive a 
two- or three-layered 1D earth model that was consistent 
with the observed time-domain data. This model was 
then used to forward model an MT response, which was 

2
1

y

x
xy H

E
2

1

x

y
yx H

E
Equation 3

y

x

y

x

yyyx

xyxx

E
E

H
H

ZZ
ZZ

Equation 2

compared with the observed MT data. The MT curves 
are translated so that they overlay the time-domain data 
(Fig. 6). To achieve this with accuracy requires the time-
domain derived and MT data curves to overlap. This was 
generally the case. Figure 6 also illustrates a limitation 
of this approach. The TEM curve assumes a layered 
(1D) variation in electrical properties, but the separation 
of the two MT curves suggests the variation is more 
complex. Nevertheless, the approach is considered to be an 
improvement on having no information about near-surface 
variations of electrical properties. 

All of the equivalent MT curves derived from time-domain 
soundings are provided in Appendix 1. The static shift 
factor dictates whether the apparent resistivity curves are 
moved up (s >1) or down (s <1). The mean xy static shift 
factor was 1.98, and that for yx data was 2.15. 

Dimensionality and geoelectric strike 

Most MT modelling algorithms assume the area of 
interest is geoelectrically either 1D or 2D. A 3D electrical 
structure requires greater computational power to model 
the data and the earth models must be comparatively 
simple. For the normal 2D modelling scenario, the 
direction of geoelectric strike is assumed to be consistent; 
that is, there should not be any localized or off-profile 
variations of geoelectrical properties, and the strike 
direction must be known. The frequency-dependent 
variations in impedance are also used to determine the 
electrical dimensionality and geoelectric strike direction 
of the subsurface. 

Where there are lateral conductivity gradients within 
the Earth, vertical magnetic fields are created. Induction 
arrows are the vector representations of the complex 
ratios of the vertical to horizontal magnetic fields. 
Because these ratios are complex numbers, both real 
and imaginary induction arrows can be produced. In the 
Parkinson convention, real arrows point towards regions 
of low resistivity, or away from regions of high resistivity. 
The length of an arrow indicates the magnitude of the 
difference in resistivity. Where the electrical structure 
is 2D, the real arrows will be parallel to each other 
and oriented perpendicular to geoelectric strike. The 
dimensionality of the MT data was assessed using the 
phase-tensor method of Caldwell et al. (2004). Unlike 
many other methods used to estimate dimensionality, this 
method analyses only phase variations, because these are 
unaffected by galvanic distortion associated with near-
surface changes in electrical conductivity, and because 
the method does not rely on assumptions that the regional 
electrical structure is 1D or 2D. 

Three parameters are used to characterize the phase 
tensor: the maximum and minimum phase values, and 
the skew angle ( ). The angle  is a measure of the 
tensor’s orientation relative to the coordinate system and 
the ellipticity is a measure of the ratio of the maximum 
( max) and minimum ( min) phase values. The phase 
tensor is commonly represented as an ellipse (Fig. 7) 
with the long and short axes of the ellipse representing 
the maximum and minimum phase values, respectively, 
and the orientation (  – ) of the major axis representing 
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Figure 4.  Examples of MT time series from two stations. Note the higher short-wavelength noise levels in STY002. 
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Figure 5.  Examples of MT soundings from the two stations 

shown in Figure 4. Red symbols show the x–y 

response and blue symbols show the y–x response. 

Note the increased errors as the data approach the 

longest periods (greatest depths). 
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Figure 6.  Example of correction for static shift (STY009). The 

solid line represents the MT response predicted 

from time-domain electromagnetic soundings. 

Note the shift of the apparent resistivity data to 

overlie this line after static correction of the data 

(top panel). The red symbols show the xy response 

and the blue symbols show the yx response. Static 

shift factors are 5.27 (xy) and 2.55 (yx).
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the direction of maximum current flow. A 1D subsurface 
is represented by a circle. A 2D subsurface is represented 
by an ellipse. A 3D subsurface results in a skewed ellipse 
with the main axis deflected by an angle  from the axis 
of symmetry (dashed line in Figure 7).

Figure 8 shows phase-tensor ellipses and real induction 
arrows for each station of the south Yilgarn MT survey. 
Results for five periods are presented, ranging from 0.01 to 
100 s (100 to 0.01 Hz). Shading is according to invariant 
minimum phase. Generally, phases <45° indicate a change 
with depth from conductive to more resistive rocks. If 
the phase is >45° then the change is from resistive to 
conductive rocks. Also plotted are real induction arrows 
following the Parkinson convention (i.e. arrows pointing 
towards conductive features). 

Up to periods of 1 s (1 Hz), the minimum phases are 
small <25°, probably due to the effects of electrically 
conductive regolith overlying more resistive crust. The 
ellipse orientations change more rapidly, indicating 
a heterogeneous electrical structure. In places, the 
orientations of the phase-tensor ellipses flip through 90°, 
as expected where there are lateral conductivity gradients 
(Caldwell et al., 2004). This behaviour corresponds 
with known major fault structures, for example, at 
the boundary between the South West Terrane and 
the Southern Cross Domain. Across these zones, the 
induction arrows also tend to rotate by 180°, pointing 
towards the conductive structures. In areas lacking 
major faults, the induction arrows are generally smaller, 
suggesting a more electrically homogeneous crust.  

�

�

min

max

MCD7 10.05.12

Figure 7.  Graphical representation of the 

MT phase tensor illustrating the 

parameters used to define the 

phase ellipse (from Caldwell et 

al., 2004).

At longer periods (>1 s; <1 Hz) responses become more 
consistent across the traverse. Ellipse axes are oriented 
roughly north–south with induction arrows pointing more 
east–west (P  = 10 s), suggesting that the main strike 
is more or less north–south at upper-crustal to mantle 
depths. At 100 s period, the ellipses become less elliptical 
and there is less variation in minimum phase values, 
indicating less of a preferred direction of current flow in 
a homogeneous upper mantle. The induction arrows tend 
to rotate to a uniform southeasterly orientation for long 
period. The Southern Ocean is approximately 180 km 
south of the MT traverse and may be responsible for this 
deflection of the induction arrows. Note that the study 
area is electrically complex around station STY024–25, 
which is why data were collected at an additional station 
(STY024.5) and stations STY025 and STY026 were re-
occupied during campaign 2 of the survey (see Table 1).

Figure 9 shows phase-tensor and real induction arrows 
within a pseudosection presentation (a cross-sectional 
display where period is used as a pseudo-depth parameter). 
Empirically, a skew angle in the range –5° <  < 5° means 
the data are predominantly 2D, such that ellipses coloured 
blue, red, and orange have significantly 3D characteristics. 
These areas also coincide with rapid changes in the 
orientations of both ellipses and induction arrows. The 
greatest changes in orientation, magnitude, and skew are 
seen at periods of around 1 s (frequency = 1 Hz). This 
probably reflects the transition from the heterogeneous 
near-surface responses around individual stations (with 
their own strike directions) to the more regional response 
at depth (the common strike direction of the profile for the 
structurally simpler lower crust and upper mantle). 

Figure 10 presents rose diagrams showing strike direction 
calculated from phase-tensor ellipses. The mostly east–
west orientation of the induction arrows indicates that 
the geoelectric strike is roughly north–south. Strike is 
undetermined for periods below 0.1 s (>10 Hz), but 
becomes more or less northerly for longer periods. In 
particular, for periods >1 s, strike is roughly 010°, shifting 
to >030° for periods >100 s.

The average strike direction calculated for campaign 1 and 
2 data, with absolute skew <5°, is –2°. If periods between 
1 s and 100 s only are considered (where there is a more 
dominant strike across the profile), the average strike 
direction is 010°. This is the strike direction that was used 
to model the data (see next section).

The northerly geoelectrical strike corresponds with the 
gross trend of the major geological structures of the 
eastern Yilgarn Craton (Fig.1). The main lithological and 
structural trend in the study area varies between north–
south and northwest–southeast but the geoelectric strike 
does not reflect this variation (Fig. 2).
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Figure 10.  Rose diagrams of phase-tensor ellipse orientations. Black arrows show the geoelectric strike used for data 

modelling.
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Data modelling

Figure 11 shows TM- and TE-mode pseudosections of 
apparent resistivity and phase for all data points judged 
to not be overly noisy. Figure 12 shows the equivalent 
pseudosections after removal of data affected by 3D 
conductivity variations (see Fig. 9); absolute skew is less 
than 5°. Note in particular the loss of data at a period of 
about 1 s; these are responses originating mostly from 
the upper-middle crust. In general, there is reasonable 
correlation between data from adjacent stations. Vertical 
streaking of the apparent resistivity data is likely due 
to incorrect estimation of static shifts. These effects 
are particularly evident in the campaign 3 data (station 
numbers prefixed STYE) at the western end of the 
traverse, where no TEM data were collected.

Effect of Jimberlana dyke

As noted above, the survey traverse is close to the 
Jimberlana dyke, a major Proterozoic intrusion that runs 
parallel to the eastern part of the MT traverse and about 
20 km to the south. Initial data modelling of the campaign 
1 data showed that the geometry of east-dipping features 
at the eastern end of the cross section was consistent 
with a response from the dyke; that is, the apparent depth 
of some conductivity variations appeared to mimic the 
distance to the dyke from the MT traverse. However, 
subsequent analysis showed that the influence of the dyke 
was negligible. In support of this conclusion are induction 
arrow directions, including those from stations located on 
the dyke.

Figure 13 shows induction arrows for MT sites of the 
main traverse and the two specially collected datasets 
from stations located on the Jimberlana dyke. If the dyke 
were strongly conductive, then the induction arrows for 
shorter periods would be expected to point towards the 
dyke, which is not the case. The short induction arrow 
at the westernmost station on the dyke is indicative of 
a conductive feature beneath the station but, overall, the 
data indicate that the dyke is not a large-scale conductive 
feature. Subsequent modelling of the MT dataset showed 
that conductivity variations are not consistent with an out-
of-profile response from the dyke. 

2D conductivity model

Data not significantly affected by 3D conductivity 
variations were modelled using the 2D non-linear 
conjugate gradient inversion algorithm of Rodi and 
Mackie (2001), as implemented in the WinGLink® 
software package (GEOSYSTEM SRL, 2008). This 
inverse modelling method minimizes an objective function 
consisting of the data misfit and a measure of model 
roughness, with the user-specified trade-off parameter, 
, defining the balance between these terms. TE and TM 

modes and the Hz transfer function were modelled over 
the frequency range 500 – 0.001 Hz using a uniform grid 
Laplacian operator and  = 3. Geoelectric strike was taken 
to be 010° (see above). Error floors are listed in Table 2. 
Error floors are typically chosen so that the values for 
apparent resistivity are twice those of the phase. When 

using the WinGLink inversion algorithm, this ensures 
that there is equal weighting from apparent resistivity and 
phase. For this inversion, a slightly larger relative error 
floor for the apparent resistivity was used to accommodate 
minor residual distortion and static effects. The slightly 
larger error floors for the TE mode account for the greater 
perturbation of the TE mode by 3D inductive effects.

Figure 14 shows the differences, in pseudosection form, 
between the observed data and the preferred calculated 
data associated with the 2D conductivity model. The misfit 
between observed and calculated data corresponds to an 
overall RMS difference of 4.5369. As expected, the fit to 
the TM data is better than to the TE data, because of the 
greater 3D influence on the TE response. There is some 
streakiness in the pseudosection data, suggesting that 
static effects have not been fully accounted for. The misfit 
of observed and calculated data, indicated in the graph at 
the top of Figure 14, is greater at the western end of the 
traverse (notably at stations STYE04–06), again possibly 
due to static effects. Alternative explanations are either an 
undefined effect due to the presence of salt lakes in this 
area, or failure to remove 3D responses such as those in 
the higher periods of these datasets. 

The preferred 2D resistivity model is shown in Figure 15a 
(and duplicated in Fig. 15f,k,p). To assess the reliability of 
the resistivity model produced by the inversion, we tested 
various distinct conductive and resistive zones labelled 
A–H in Figure 15a,f,k,p in the cross section. First, the 
anomalies were selected on the basis of their perceived 
geological significance. In each case, the ‘anomalous’ 
zone (e.g. zone A in Fig. 15a) was removed and replaced 
with the conductivity of the immediately adjacent (‘non-
anomalous’) area. For example, in the case of discrete 
conductive zones in the upper crust these are replaced 
with resistive values similar to those outside the feature 
being tested. The resistivity in the selected zone was then 
‘frozen’ and the inversion process restarted. This forces 
the inversion algorithm to try to match the observations 
using conductivity variations from outside the anomalous 
zone. This test was designed to see whether conductivity 
variations elsewhere in the model could be used to fit the 
data. That is, does there needs to be a zone of anomalous 
conductivity in the zone being tested?

The type of feature second test allowed the modelling 
algorithm to modify values within the test zone (i.e. 
‘unfrozen’ tests) to see if the anomalous zone reappeared 
and, if so, how its geometry was affected. This second test 
was less rigorous than the first in terms of the presence 
or absence of a feature, but allowed the reliability of a 
feature’s geometry to be assessed (i.e. did it reappear in 
the same form as in the original model?). Table 3 lists the 
overall RMS misfit between model and observations after: 
(1) the feature is removed, (2) re-running the inversion 
with the area frozen, and (3) re-running the inversion with 
the area unfrozen.

Features A to E are all dipping conductive zones in 
the upper crust. As expected, removing these features 
increased the misfit. The slight increase associated with 
feature C probably reflects the poor fit to the data in this 
part of the model (Fig.14). 
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Figure 11.  TE- and TM-mode pseudosections of data considered to have acceptable signal to noise ratios
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Figure 12.  TE- and TM-mode pseudosections of data considered to have an acceptable signal to noise level and no 

significant 3D influence, as defined by skew ( ) in the range –5° <  < 5°. These data were modelled to create 

the resistivity cross section in Figure 19.
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Figure 13.  Induction arrows for different periods illustrating the influence from the Jimberlana dyke. 

Note that the arrows are not directed towards the dyke, indicating it is not a major conductor.
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Table 2.  Error floors used in 2D modelling
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observed data and the preferred model.
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Figure 15.  Assessment of the reliability of features with anomalous electrical properties in the preferred resistivity cross section 

(parts a, f, k, and p). Each of the anomalous features (areas labelled A to H) was been removed and then re-modelled 

twice. Firstly, the area was ‘frozen’ to see if the data could be fitted with conductivity variations from other parts of 

the model. Secondly the data were re-modelled with the area ‘unfrozen’ to see if the feature of interest re-appeared; 

this was taken as evidence that the feature is required to correctly model the observed data. Vertical exaggeration = 

0.5. See text for explanation of specific cross sections.
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Inversion with the zones frozen achieved reasonable fits 
for features A, C, and D. For features A and D, conductive 
zones appeared next to the frozen area. Although the fit 
for feature C was reasonable, it is not clear how this was 
achieved, because the resistivity model did not appear 
to change significantly. The result for feature B showed 
minor adjustments in the conductive zones either side 
of it, but the resulting RMS misfit was not as low as in 
the preferred model. The result for feature E showed a 
significantly worse RMS misfit. 

Inversions with unfrozen areas resulted in conductivity 
models for all features A–E that were effectively the same 
as the original, except for C, where there was a change 
in geometry. Interestingly, in all cases except feature E, 
re-running the inversion produced the same, or slightly 
lower, RMS misfit as the preferred model. From the above 
results, we conclude that the preferred models of dipping 
conductors are generally reliable, with the possible 
exception of feature C. 

Features F to H are associated with ‘layering’ in the lower 
crust and upper mantle. Feature F was chosen to assess 
the reliability of a conductive zone in the lower crust at 
the eastern end of the line. Replacing this zone with a 
resistive region significantly increased the misfit and the 
frozen feature inversion added conductive material below 
the area, but could not match the misfit of the preferred 
model. However, the inversion with feature F unfrozen led 
to a slightly lower RMS misfit. This was achieved by the 
appearance of conductive material below the feature. The 
result is some modification of the dipping upper crustal 
conductive zones and, as was the case for the frozen result, 
a shift of the layer of conductive material to greater depth. 
These results indicate that a conductive layer is required 
here, but its depth is not well constrained.

Feature G was chosen to assess whether a conductive 
layer in the upper mantle in the central part of the profile 
continued to its western end; that is, whether the lateral 
decrease in resistivity in the preferred model was required. 
Substituting conductive material caused a significant 
increase in RMS misfit. Inversion with the area of feature 
G frozen achieved a reasonable fit, but the geometry of the 

upper crustal conductors was less geologically convincing. 
The best fit seen in all the feature tests was achieved by 
inversion with the region unfrozen, for which higher 
resistivities returned after inversion. These results indicate 
that there probably is a lateral change in conductivity in 
the upper mantle in the area being tested. However, the 
match to the observed data in this part of the model was 
generally poor (cf. Fig.14).

Similarly to feature G, feature H was chosen to assess the 
conductive zone at upper mantle depths, but in the centre 
of the profile. Replacing this zone with resistive material 
caused a large increase in RMS misfit. Inversion with 
the zone frozen produced a slightly poorer fit than the 
preferred model, with conductive material appearing at the 
top of the frozen area. Inversion with this zone unfrozen 
produced a better fit but, although the conductive zone was 
present, its westward extent was reduced and conductive 
material appeared at the base of the unfrozen zone. These 
results indicate that lateral changes in resistivity are 
required at upper mantle depths but, as was the case for 
the dipping crustal features, their positions are not well 
constrained. 

Other geophysical data
Dentith et al. (2000) modelled a dataset of long-offset 
seismic travel times from a traverse which passes about 
100 km north of the MT traverse, and found the Moho 
to be at 35 km at the longitude of the eastern end of the 
MT traverse. In the same area, Reading et al. (2003) 
used receiver function analysis to estimate a Moho depth 
of around 40 km. Reading et al. (2007) compared the 
seismic velocity – depth profiles for the terranes defined 
by Cassidy et al. (2006) (Fig. 1), and found that, under the 
South West Terrane, the Moho is at a depth of 38 km with 
an overlying velocity gradient. Under the Southern Cross 
Domain, a sharply defined Moho was located at 38 km. 
The Moho under the Eastern Goldfields Superterrane was 
described as sharp and was located at 42 km. Thus, these 
two types of seismic data suggest the Moho is at about 
35–40 km in the study area. 

Feature Feature removed Inversion with area frozen Inversion with area unfrozen

RMS misfit % change RMS misfit % change RMS misfit % change

Dipping conductive zones in crust

A 4.9642 9.4183 4.5646 0.6105 4.5206 -0.3593

B 4.7129 3.8793 4.6300 2.0521 4.5262 -0.2358

C 4.7030 3.6611 4.5676 0.6767 4.5369 0.0000

D 4.9142 8.3163 4.5501 0.2909 4.5282 -0.1918

E 4.5611 0.5334 4.7300 4.2562 4.5734 0.8045

Deep crust and mantle layering

F 6.9625 53.4638 4.6300 2.0521 4.5077 -0.6436

G 5.3649 18.2503 4.5421 0.1146 4.4955 -0.9125

H 9.1193 101.0029 4.5606 0.5224 4.4966 -0.8883

Table 3.  RMS misfits derived from feature testing



GSWA Report 121  A magnetotelluric traverse across the southern Yilgarn Craton

25

Figure 16.  Interpreted seismic reflection profile and MT data 

across the eastern Southern Cross Domain and 

western part of Eastern Goldfields Superterrane. 

See Figure 1 for location. Seismic interpretation 

from Drummond et al. (2000). MT data are shown 

as a resistivity cross section derived from an 

unconstrained inversion by Blewett et al. (2010).
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Deep seismic reflection data (line EFG01, Swager et al. 
1997; Fig. 1) were recorded to the north and northeast 
of the Yilgarn MT survey. These comparatively high-
resolution data provided information about the geometry 
of features in the crust and upper mantle, but depth 
estimates were poorly constrained. Drummond et al. 
(2000) presented a detailed structural model of a seismic 
reflection traverse located about 150 km north of the 
eastern end of the MT traverse (Fig. 1). These data show 
that the Ida Fault (Fig. 2) is an east-dipping structure 
extending from surface to the lower crust, and possibly to 
the base of the crust (Fig. 16). West of the Ida Fault, the 
middle part of the crust comprises a series of east-dipping 
reflections that were interpreted as imbricated fault blocks, 
whereas the lowermost crust has a horizontal reflector 
fabric. A detachment surface was interpreted between the 
two zones and the Moho was located at about 35 km. East 
of the Ida Fault, the lower crust is less structured and the 
Moho is deeper. 

House et al. (1999) described two deep (20 s two-way 
time) seismic reflection profiles across the Coolgardie and 
Kambalda Domains in the Eastern Goldfields Superterrane 
(Fig. 1), to the northeast of the Yilgarn MT survey. They 
interpreted the domain-bounding faults as listric structures, 
which have allowed partial imbrication of the domains 
during regional deformation. The Moho was not directly 
imaged, but a general decrease in the number of reflections 
indicates that the crust is about 35 km thick.

Blewett et al. (2010) described MT data coincident with 
part of the EFG01 seismic line (Fig. 16). The results 
of an unconstrained inversion show the crust is more 
conductive to the east of the Ida Fault, although the fault 
itself does not appear to be associated with a conductivity 

anomaly. The mantle is conductive below about 60 km 
depth. Figures 17 and 18 show gravity and magnetic 
data, respectively, in the vicinity of the south Yilgarn MT 
traverse. The greenstone belts are clearly distinguished 
as linear positive gravity anomalies (Fig. 17), due mainly 
to basaltic units. Sedimentary rocks are associated with 
gravity lows and ultramafic rocks commonly also have low 
density due to intense alteration. The other major source 
of positive gravity anomalies is the extensive easterly 
trending dyke system in the area. In the magnetic data 
(Fig. 18), ultramafic rocks are associated with positive 
linear anomalies. Sedimentary rocks, with the exception 
of iron formations, and mafic rocks in greenstone belts 
are generally weakly magnetized. In regions dominated 
by granites, variations in magnetism reflect their variable 
magnetite content. The magnetic data clearly show the 
numerous mafic dykes in the area. These have a range of 
orientations and may be associated with either positive or 
negative anomalies, depending on the country rocks and 
the direction and intensity of their remanent magnetism.

No detailed interpretation of the gravity and magnetic 
data has been attempted. Rather, the amplitude variation 
and textural properties of the data have been used to 
identify regions with similar characteristics. The numerous 
linears, especially in the magnetic data, represent planar 
discontinuities, such as repeatedly reactivated shear zones 
or repeated intrusion of dykes, but distinguishing between 
these features is difficult because their magnetic responses 
are the same. The lithospheric boundaries inferred from 
the MT data (see following section) coincide with changes 
in the character of the magnetic and gravity data, primarily 
the frequency and orientation of linears. 

Geological implications of the 

MT data
Figure 19 shows the preferred resistivity cross section 
derived from the south Yilgarn MT survey data, with 
various significant conductivity features labelled. Before 
discussing these features, it is useful to review the current 
understanding of the causes of electrical conductivity 
variations at mid-crustal and greater depths, and also the 
results of other MT surveys in Archean terrains. 

Causes of electrical conductivity 

variations in the deep crust and 

mantle

Figure 20 summarizes the ranges of conductivities for 
major crustal layers derived from MT surveys, and from 
laboratory measurements of various rock types and other 
materials. The crust is divided into a very resistive upper 
part and a less resistive lower part, and both are distinct 
from a somewhat resistive upper mantle.

The resistivity range of crystalline rocks as measured in 
the laboratory is extremely high (Fig. 20), higher for the 
most part than the range of observed values for the upper 
crust, and much higher than for both the lower crust and 
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Figure 17.  Gravity data from the southern Yilgarn Craton. Data from Geoscience Australia. MT station locations are indicated 

by squares. Unit subdivisions refer to Figure 19.

continental upper mantle. These relationships have led 
to a significant body of research on mechanisms that 
might lower the resistivity of the lower crust and upper 
mantle rocks in situ, but the cause of the comparatively 
high conductivity remains unclear (Jones, 1992, 1999). 
The two most widely supported mechanisms for lowering 
resistivity in stable continental regions are the presence of 
fluids (metamorphic brines, partial melts), or conductive 
mineral species (graphite, sulfides). However, studies 
of these mechanisms have been hindered by the need to 
recreate extreme conditions of temperature and pressure 
in the laboratory and the difficulty of accounting for the 
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effects of time on a geological scale. One explanation 
attributes the lower resistivities to the effect of conductive 
graphite films on grain boundaries. An explanation that 
reduced resistivity is due to the presence of saline fluids 
is weakened by the argument that free water is unlikely to 
be present in the deep crust. The likelihood of very low 
porosity and permeability in the lower crust and mantle 
also conflicts with a fluid-related increase in conductivity. 

Regardless of the type of conducting material, it is important 
to recognize that interconnectivity of conducting elements 
is a key control on overall conductivity of a material. If 
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Figure 18.  Total magnetic intensity (TMI) data, and 1st vertical derivative of TMI, from the southern Yilgarn Craton. Data from 

Geoscience Australia. MT station locations are indicated by squares. Unit subdivisions refer to Figure 19.

there is interconnectivity, only small amounts of conductive 
components are required. MT survey data are a response to 
conductance, the product of conductivity and thickness, so 
apparently broad regions of enhanced conductivity may be 
due to quite thin zones of high conductivity. It is also worth 
noting that continuous networks of conductive material (of 
whatever type) over very large areas of enhanced conductivity 
are difficult to explain, as is maintaining their continuity over 
geological time scales. 

At mantle depths, electrical characteristics reflect the 
properties of olivine. Similar to crustal responses, a 

major difficulty in understanding electrical responses 
from the mantle is that laboratory measurements of the 
resistivity of olivine suggest that mantle resistivity should 
be much higher than that derived from MT measurements. 
The resistivity of dry olivine decreases with increasing 
temperature, by approximately one order of magnitude 
for every 200–300°C (Constable, 2006). Nevertheless, 
models based on these data appear to underestimate 
the electrical conductivity of the mantle. The effect of 
pressure on conductivity is small, whereas the effect of 
oxygen fugacity on conductivity is more than half an 
order of magnitude higher than that of pressure at high 
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Figure 19.  Resistivity cross section derived from 2D inverse modelling of MT data shown in Figure 12. KSZ – Koolyanobbing 

Shear Zone, IF – Ida Fault. Annotations A to N are geoelectrical features discussed in text. 
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temperatures (Constable, 2006; Jones et al., 2009 and 
references therein). Other factors that have been suggested 
as affecting (decreasing) resistivity include the presence of 
dissolved hydrogen, carbon on grain boundaries, or partial 
melt. The grain size of mantle olivine may also be a factor. 
Changes in grain size appear to be capable of causing 
order-of-magnitude changes in electrical properties, with 
an inverse relationship between conductivity of olivine and 
its grain size (Ten Grotenhius et al., 2004).

Electrical conductivity in 

Canadian Archean terrains

A considerable number of MT surveys have been 
undertaken on the Canadian Shield. These data confirm 
that the lower crust in such areas is commonly conductive, 
but this is by no means always the case (e.g. the Slave and 
Rae Cratons; Jones et al., 2002); low and high conductivity 
can be observed in adjacent areas of the lower crust. 
Where there is no conductive lower crust, it may be 
possible to map the depth to the ‘electrical’ Moho. This 
cannot be achieved where the crust is conductive because 
of the limited ability of electromagnetic methods to map 
the depth to the base of a conductive zone. 

Many of the MT surveys on the Canadian Shield crossed 
major crustal structures, such as boundaries between 
Archean blocks and adjacent Proterozoic terranes, or 
structures separating geologically distinct domains within 
the Archean blocks. Such structures have been observed 
to correlate with both conductive and resistive features in 
the MT data. Another possibility is that major geological 
structures or boundaries manifest in MT data not as 
specific conductivity feature, but as the juxtaposition 
of lithosphere with different vertical variations in 
conductivity. A good example of a structure that coincides 
with a resistive zone is provided by the Great Slave Lake 
Shear Zone (Wu et al., 2002). This very large structure 
separates Proterozoic terranes in northwestern Canada 
and was found by Wu et al. (2002) to coincide with a 
subvertical resistive zone (resistivity ~ 10 000 .m, width 
~ 20 km). The source of the high resistivities is thought to 
be mylonites formed from a granitic protolith. Stockwork 
quartz veins may also contribute to the high resistivity. 

An excellent example of a conductive fault zone is the West 
Bay – Indin Fault of the Slave Craton. Spratt et al. (2009) 
described an MT survey extending from the Slave Craton 
across the adjacent Bear Province, which were brought 
together during the Paleoproterozoic Wopmay Orogeny 
(Fig. 21). They interpreted the Wopmay Fault Zone as the 
surface expression of the suture between Proterozoic and 
Archean blocks. Geological and isotopic evidence suggest 
the fault marks the western limit of Archean crust. As 
discussed in the next section, the MT results from the Slave 
Craton resemble those from the south Yilgarn MT survey. 
An electrical Moho interpreted by Spratt et al. (2009) at a 
depth of 32–35 km is consistent with seismic studies to the 
south of the MT traverse (reference). The crust is generally 
resistive, but the underlying mantle less so. Within the 
mantle, and extending from the Moho to more than 150 km 
depth, there is a distinct change in resistivity between 
locations 50 and 100 km along the profile (Fig. 21). This 

was interpreted as marking the western edge of the resistive 
cratonic root of the Slave Province. Note that it lies well to 
the west of the Wopmay Fault Zone. The cause of the high 
conductivity is unconstrained, although it may be an olivine 
grain-size effect associated with shear zones in the mantle.

The Slave Craton has two zones of high conductivity 
within the crust in the area studied by Spratt et al. 
(2009). They interpreted the feature at around 215 km 
on the profile as a body of interconnected sulfides, 
possibly related to sedimentary rocks. The second high-
conductivity feature reaches the surface at around 240 km 
on the profile and dips to the east at about 50°, extending 
through the entire crust. This features correlates with 
the West Bay – Indin Fault Zone and adjacent parallel 
structures, and the source of the enhanced conductivity 
was similarly interpreted to be sulfide mineralization 
within the fault zone.

In addition to defining both the electrical structure 
of Archean lithosphere and major fault structures, a 
significant result from the Canadian work is that changes 
in electrical properties in the deep crust and mantle are 
commonly laterally offset from major structures and suture 
zones mapped at the surface (Jones et al., 2002). This may 
be a response to the dip of the structures, or may reflect 
delaminating tectonic processes, whereby large ‘wedge-
like’ pieces of crust and mantle interleave in the suture 
zone (Spratt et al., 2009). 

Electrical conductivity in the 

southern Yilgarn Craton

The upper crust in the area of the south Yilgarn MT 
survey is mostly highly resistive (~10 000 .m or greater; 
Fig. 19). This is typical of the upper crust and consistent 
with laboratory measurements of crystalline rocks 
(Fig. 20). Around 20% of the preferred resistivity model 
exhibits such high resistivities (Fig. 19 inset) and, in some 
areas, resistivity is considerably greater than 10 000 .m 
(the need to effectively display parts of the model with 
lower resistivities means these variations are not obvious 
in Figure 19). The highly resistive zones are separated 
by more conductive regions, mostly narrow and dipping 
either east or west. Based on comparison with equivalent 
data from the Canadian Shield (Fig. 21), these zones are 
interpreted as major fault or shear zones. Some of these 
(e.g. features B and E of Fig. 19) appear to extend through 
the entire crust, and others reach at least mid-crustal levels 
(e.g. features F and G). These depths are consistent with 
the depth extent of structures interpreted from seismic 
reflection data (Fig. 16). 

There is evidence for major structures on both sides of 
the Southern Cross greenstone belt (features A and B, 
but note our earlier discussion regarding the reliability 
of feature B), and there are equivalent major potential 
field linears (Figs 17 and 18). A conductive zone in 
the upper crust immediately west of the Lake Johnston 
greenstone belt (feature C) is within a zone of intense 
north-northeasterly trending magnetic linears (Fig.  18). 
This feature is not shown on geological maps and appears 
to be a new structure revealed by the MT survey data. 
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For comparison, major structures along the south Yilgarn MT traverse are also shown. WFZ – Wopmay Fault Zone, 

WBIF – West Bay – Indin Fault, SX GSB – Southern Cross greenstone belt, EGST – Eastern Goldfields Superterrane. 

Yellow lines mark the crust–mantle boundary and white dashed lines delineate cratonic roots beneath the Slave 

and Bear Provinces. Redrawn from Spratt et al. (2009).

The Koolyanobbing Shear Zone, although a major 
structure in terms of surface geology and magnetic and 
gravity data, does not seem to coincide with either of the 
nearby geoelectrical features D or E. Notably, Libby et 
al. (1991) described the Koolyanobbing Shear Zone as 
a 6 to 15 km wide zone of mylonitic rocks derived from 
monzogranite to tonalite parent rocks. This is consistent 
with a weak conductivity anomaly, and is comparable 
to the resistive character of the Great Slave Lake Shear 
Zone. Alternatively, the Koolyanobbing Shear Zone may 
be further to the east than shown on current geological 
maps and coincide with feature E. Movement on the 
Koolyanobbing Shear Zone is thought to be predominantly 
transcurrent (Angerer and Hagemann, 2010), which would 
be consistent with the steep dip of feature E (Fig. 19).

In the vicinity of the eastern end of the south Yilgarn 
MT traverse, there are numerous important structures 
defining terrane and domain boundaries within the 
Eastern Goldfields Superterrane (Figs 1 and 2). Feature G 
approximately coincides with the location of one of these, 
the Ida Fault as shown on Figure 2. However, the position 

of the fault is not geologically well constrained and there 
are no magnetic or gravity features (Figs 17 and 18) that 
coincide with the Ida Fault as shown in Figure 2. Also, 
no MT response was associated with the mapped trace 
of the Ida Fault farther north (Fig. 16). Feature H appears 
to be related to major faults at the western margin of the 
greenstone belts of the Eastern Goldfields Superterrane. 
At the western end of the MT traverse, features A, L, and 
M may be associated with a series of structures at, or near, 
the eastern boundary of the South West Terrane.

The most significant variations in electric resistivity are 
at stations STY023–025. There are two zones of lower 
resistivity (E and F) along this section of the traverse; 
these are interpreted here as major fault structures. 
Because of the resistivity variations at subcrustal depths 
(discussed below), these features are together considered 
to be the mostly likely candidate for a major suture or 
paleocratonic boundary in the region. Interestingly, these 
geoelectric features are in an area where both gravity 
and magnetic data are relatively homogeneous, with the 
exception of a pair of northwest-trending dykes evident in 
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the magnetic data (Fig. 18), which do not appear to have 
equivalents elsewhere in the study area. 

Conductivity variations in the lower crust and upper 
mantle are of particular interest, although, as noted above, 
the MT data may not constrain their depth extent very 
well. To the east, feature I is consistent with a conductive 
lower crust and the depth to its base is in reasonable 
agreement with the seismically defined Moho. The small 
depth discrepancy can be explained by the fundamental 
inability of the MT method to resolve the depth to the 
base of conductors. The westward limit of the conductive 
lower crust coincides with features E and F in the lower 
crust. Farther west, there is no evidence for conductive 
lower crust; instead, the upper mantle is more conductive 
(feature J). The geometry of the zone of more conductive 
mantle represented by feature J is intriguing. It appears to 
deepen to the west before shallowing and passing laterally 
into a zone of more resistive mantle (feature N), although 
the position of this transition is not well constrained. The 
transition broadly coincides with conductive zones A 
and L in the crust, but it is unclear if these two types of 
features are related. 

Feature K is a more conductive zone compared with 
mantle to the east and the west at depths of around 
100 km. However, it is questionable whether feature K is 
real, as it is close to the maximum depth of penetration 
of useful MT data. It is an attractive option to link this 
feature to alteration of material in the deep mantle, but 
the crust and mantle are quite resistive overall, so the data 
may be sensing the Southern Ocean some 180 km south 
of the traverse.

Based on the above, it is proposed that the MT survey 
has defined two, or possibly three, major ‘blocks’ of 
lithosphere: Units 1, 2, and 3 (Figs 17, 18, and 19). The 
distinction between units 2 and 3 is based on their different 
geoelectrical properties in the lower crust and upper 
mantle. Placing a major lithospheric boundary between 
units 2 and 3 is consistent with isotopic ages from the 
Southern Cross and Lake Johnston greenstone belts, which 
do not contain rocks with the younger ages as found in the 
greenstones of the Eastern Goldfields.

The distinction between units 1 and 2 is made with less 
confidence. The extension of the MT survey to the west 
(campaign 3) was intended to clarify this. However, 
mantle conductivity structure west of station STY001 is 
quite complex and may not be well constrained. Also, the 
MT data from this part of the traverse must be treated with 
caution because the fit of the preferred model to observed 
data at stations STYE04–06 was poor. The preferred 
interpretation is that there is an eastward decrease of 
mantle conductivity between units 1 and 2, but, unlike 
the other end of the traverse, there is no evidence for a 
conductive lower crust. This interpretation of a change 
in lithospheric character is, however, consistent with the 
geological distinction between the South West Terrane 
and the greenstone-hosting terranes to the east. It is also 
consistent with the interpretation by Reading et al. (2007) 
of seismic receiver function data, which define differences 
in vertical crustal velocity profiles in the two regions. The 
location of the boundary between units 1 and 2 is poorly 

defined. It is tempting to extend the apparently east-
dipping features in the crust into the mantle and propose a 
tectonic feature of similar geometry in the mantle. In this 
case, the projection to the surface of the change coincides 
with features L or M, or both. A steeply west-dipping 
boundary coincident with feature A cannot be ruled out, 
however. 

The boundary between units 2 and 3 may mark the 
location, at least in the deep crust, of the western extent 
of the Eastern Goldfields Superterrane. This inferred 
boundary coincides with the Ida Fault to the north of the 
MT survey area, where seismic reflection data (Fig. 16) 
suggest a coincident change in the nature of the lower 
crust across the fault from the Southern Cross Domain 
lower crust, with imbricated fault blocks, to the Eastern 
Goldfields Superterrane, characterized by flat reflectors. 
If the boundary between units 2 and 3 represents the Ida 
Fault, then the position of the Ida Fault shown on Figure 2 
is too far to the east, or the boundary at the surface does 
not coincide with the boundary in the deep crust. Either of 
these is possible, given that, as previously discussed, the 
location of the Ida Fault is otherwise poorly constrained in 
the study area. Furthermore, because of a lack of isotopic 
data in the study area (due to the lack of suitable outcrop), 
the position of the change in isotopic character from the 
Eastern Goldfields terranes to those farther west is poorly 
constrained. 

The boundary between units 1 and 2 is most likely related 
to the boundary between the South West Terrane and 
the Youanmi Terrane. The surface geological boundary 
between these terranes is close to feature A, but this 
boundary (or at least the large faults associated with 
it) has a distinct ‘jog’ and, south of the MT traverse, is 
located farther to the west (Figs 1 and 2). Thus, feature M 
or L might also be associated with the boundary. Another 
possible scenario is that features L and M are associated 
with terrane or domain boundaries within the South West 
Terrane, which is poorly understood and could well be a 
composite feature, and Wilde et al. (1996) suggested the 
presence of subterranes or domains. The poorly defined 
eastern margin of their Lake Grace terrane is possibly 
responsible for feature L. 

Referring to the presence or absence of a conductive 
lower crust, Jones and Garcia (2006) stated that ‘the 
locations of resistive crust are all Archean in age, and 
likely Mesoarchean or earlier’ and ‘continental crust of 
ages younger than Mesoarchean predominantly display a 
conducting lower crust’. The implication from this for the 
south Yilgarn MT traverse is that unit 2 is Mesoarchean 
(3.2 – 2.8 Ga) and unit 3 is Neoarchean (2.8 – 2.5 Ga). 
These ages would be consistent with isotopic ages from 
the greenstone belts at the surface. However, it is common 
for the positions of mantle terrane boundaries to not 
coincide with surface terrane boundaries (Spratt et al., 
2009). Perhaps the most significant tectonic implication 
of the south Yilgarn MT data lies in the lateral changes 
of geoelectrical properties in the lower crust and mantle. 
Although marked changes in the near-surface geology 
of the Yilgarn Craton are well known, the recognition 
of lateral changes at depth is comparatively recent (e.g. 
the isotopic data of Cassidy et al., 2006). The MT results 



Dentith et al.

32

described here show that regions of mantle with different 
geoelectrical properties, and by implication geological 
history, can be defined. 

The observation that changes of features at the surface 
do not necessarily coincide with those at depth suggests 
that major detachment surfaces may exist at depth and 
that some of the regions between the detachments may be 
allochthonous, or at least parautochthonous. Furthermore, 
given the emphasis in recent regional-scale exploration 
targeting models on the prospectivity of paleocraton 
margins (Begg et al., 2010; McCuaig et al., 2010), this 
is an important result that, together with the capability 
of MT data for mapping deep-penetrating structures 
(also important features in regional targeting models), 
demonstrates the usefulness of MT surveys of the type 
described here.

Conclusions
The magnetotelluric survey described here has allowed 
electrical conductivity variations in the crust and upper 
mantle to be determined along a 300-km-long traverse 
across the southern Yilgarn Craton. Based on the electrical 
resistivity variations observed, a three-fold division of the 
crust and upper mantle is inferred, which is consistent 
with surface geological mapping of terrane boundaries. 
A change in electrical properties at the western end of 
the MT traverse coincides with the boundary between the 
South West Terrane and the Youanmi Terrane (Southern 
Cross Domain). However, the MT data indicate that the 
boundary between the Southern Cross Domain and the 
Eastern Goldfields Superterrane may be 50 km farther west 
than previously thought. This might be a function of deep 
crustal boundaries being laterally offset from major surface 
structures, as has been observed in the Canadian Shield.

Collecting MT data is comparatively quick and cheap. 
The data from the south Yilgarn MT survey demonstrate 
that such data can be used to map large structures and the 
boundaries between major crustal blocks in the deep crust 
and upper mantle. These features are important indicators 
of mineral prospectivity at the regional scale.
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Apparent resistivity and phase data
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l.

A 300-km-long magnetotelluric survey, comprising 56 stations, has 

been completed in the southern Yilgarn Craton over three campaigns 

during 2009–11. The survey was conducted along an east–west 

traverse extending from the South West Terrane, across the 

Southern Cross Domain (Youanmi Terrane), and on 

to the Kalgoorlie Terrane (Eastern Goldfields 

Superterrane). 

A three-fold subdivision of the local 

lithosphere is recognized consistent 

with the geologically and geochemically 

defined terranes and domains in this 

part of the Yilgarn Craton. The central 

unit, interpreted as equivalent to the 

Southern Cross Domain, has a resistive 

crust overlying a more conductive mantle. 

The unit to the east comprises a conductive 

lower crust overlying a resistive mantle. The 

eastern margin of the Southern Cross Domain, 

as inferred from deep crustal and mantle 

resistivity, lies about 50 km to the west of 

the Ida Fault mapped at the surface. The 

western unit has a resistive crust overlying a resistive mantle and is 

correlated with the South West Terrane.

The magnetotelluric method is demonstrated to be a viable means of 

mapping the deep-crustal and mantle structure of the Yilgarn Craton. 

Further details of geological products and maps produced by the 

Geological Survey of Western Australia are available from:

Information Centre 

Department of Mines and Petroleum 

100 Plain Street 

EAST PERTH WA 6004 

Phone: (08) 9222 3459   Fax: (08) 9222 3444

www.dmp.wa.gov.au/GSWApublications
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