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A B S T R A C T

The Archean Yilgarn Craton in Western Australia is intruded by numerous mafic dykes of varying orientations,
which are poorly exposed but discernible in aeromagnetic maps. Previous studies have identified two craton-
wide dyke swarms, the 2408Ma Widgiemooltha and the 1210Ma Marnda Moorn Large Igneous Provinces (LIP),
as well as limited occurrences of the 1075Ma Warakurna LIP in the northern part of the craton. We report here a
newly identified NW-trending mafic dyke swarm in southwestern Yilgarn Craton dated at 1888 ± 9Ma with ID-
TIMS U-Pb method on baddeleyite from a single dyke and at 1858 ± 54Ma, 1881 ± 37 and 1911 ± 42Ma
with in situ SHRIMP U-Pb on baddeleyite from three dykes. Preliminary interpretation of aeromagnetic data
indicates that the dykes form a linear swarm several hundred kilometers long, truncated by the Darling Fault in
the west. This newly named Boonadgin dyke swarm is synchronous with post-orogenic extension and deposition
of granular iron formations in the Earaheedy basin in the Capricorn Orogen and its emplacement may be as-
sociated with far field stresses. Emplacement of the dykes may also be related to initial stages of rifting and
formation of the intracratonic Barren Basin in the Albany-Fraser Orogen, where the regional extensional setting
prevailed for the following 300million years. Recent studies and new paleomagnetic evidence raise the possi-
bility that the dykes could be part of the coeval 1890Ma Bastar-Cuddapah LIP in India. Globally, the Boonadgin
dyke swarm is synchronous with a major orogenic episode and records of intracratonic mafic magmatism on
many other Precambrian cratons.

1. Introduction

Regardless of their proposed mechanism of formation (e.g., mantle
plume, flux melting, passive rifting or global mantle warming), large
igneous provinces (LIPs; Coffin and Eldholm, 1994), including mafic
dyke swarms, appear to be intimately connected with deep-Earth dy-
namics and supercontinent cycles (e.g., Condie, 2004; Prokoph et al.,
2004; Bleeker and Ernst, 2006; Ernst et al., 2008; Li and Zhong, 2009;
Goldberg, 2010). Mafic dyke swarms act as important markers for su-
percontinent reconstructions (e.g., Ernst and Buchan, 1997; Buchan
et al., 2001; Bleeker and Ernst, 2006; Ernst and Srivastava, 2008; Ernst
et al., 2010, 2013) and as indicators of paleostress fields and pre-ex-
isting crustal weaknesses (Ernst et al., 1995; Hoek and Seitz, 1995;
Halls and Zhang, 1998; Hou, 2012; Ju et al., 2013). Key to such ap-
plication is the availability of high-precision geochronology for mafic
dykes. Recent studies have shown that orientation alone cannot be

reliably used to distinguish between different dyke generations, espe-
cially near major tectonic boundaries and craton scale structures such
as continental rifts (e.g., Hanson et al., 2004; Wingate, 2007; French
and Heaman, 2010; Belica et al., 2014).

Like many other Archean cratons worldwide, the Yilgarn Craton in
Western Australia is intruded by many generations of dyke suites with
different orientations. Currently, robust geochronology is only available
for two craton-wide dyke swarms at 2408Ma (Sofoulis, 1965; Evans,
1968; Hallberg, 1987; Doehler and Heaman, 1998; Nemchin and
Pidgeon, 1998; Wingate, 1999; French et al., 2002) and at 1210Ma
(Marnda Moorn LIP; Wingate et al., 1998, 2000; Wingate, 2007), and
for limited dyke occurrences at 1075Ma (Warakurna LIP; Wingate
et al., 2002, 2004) and ca. 735Ma (Nindibillup dykes; Spaggiari et al.,
2009, 2011; Wingate, 2017). The magmatic record (“barcode”) for the
Yilgarn Craton dyke swarms is very limited compared with other Ar-
chean cratons, such as the Superior and Kola-Karelia Cratons (Ernst and
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Bleeker, 2010; Ernst et al., 2010). The apparent absence of mafic
magmatism in the Yilgarn Craton during the major global episode of
juvenile magmatism and crustal growth at ca. 1890Ma is surprising
since this event is found on most other Precambrian cratons worldwide
(Heaman et al., 1986, 2009; Hanson et al., 2004; French et al., 2008;
Minifie et al., 2008; Buchan et al., 2010; Ernst and Bell, 2010;
Söderlund et al., 2010). The lack of geochronology and paleomagnetic
data from the Yilgarn Craton between ca. 1900Ma and 1300Ma, the
proposed time interval for the supercontinent Nuna/Columbia, is
especially problematic for paleographic reconstructions.

Here we report in situ SHRIMP and ID-TIMS U-Pb results for a
previously unidentified NW-trending Paleoproterozoic mafic dyke suite
in the southwestern Yilgarn Craton and discuss the tectonic setting
during its emplacement. A direct record of Paleoproterozoic tectonic
events in the craton margins is largely absent due to extensive over-
printing by younger events, so we also evaluate evidence from remnant
Proterozoic sedimentary basins, which preserve a history of past tec-
tonic setting, crustal architecture and lithospheric stress fields. In light
of previous studies suggesting India-Yilgarn connection (Mohanty,
2012, 2015) and recent paleomagnetic data (Belica et al., 2014; Liu
et al., 2016, 2017) we consider the possibility that the dykes may be
associated with the coeval Bastar-Cuddapah LIP in India.

2. Regional geology

The Yilgarn Craton is a ca. 900×1000 km Archean crustal block
comprising six accreted terranes: the Southwest, Narryer, Youanmi,
Kalgoorlie, Kurnalpi and Burtville terranes, the latter three forming the
Eastern Goldfields Superterrane (Fig. 1). These comprise variably me-
tamorphosed granites and volcanic and sedimentary rocks with proto-
lith ages between ca. 3730 and 2620Ma (Cassidy et al., 2005, 2006 and

references therein) and are thought to represent a series of volcanic
arcs, back arc basins and microcontinents, which amalgamated between
ca. 2900 and 2700Ma (Myers, 1993; Wilde et al., 1996). Abundant
granites were emplaced between ca. 2760Ma and 2630Ma (Cassidy
et al., 2006 and references therein) and the entire craton underwent
intense metamorphism and hydrothermal activity between 2780 and
2630Ma (Myers, 1993; Nemchin et al., 1994; Nelson et al., 1995; Wilde
et al., 1996). The Southwest Terrane comprises multiply deformed ca.
3200–2800Ma high-grade metasedimentary rocks and ca.
2720–2670Ma meta-igneous rocks intruded by 2750–2620Ma granites
(Myers, 1993; Wilde et al., 1996; Nemchin and Pidgeon, 1997).

The Yilgarn Craton is bounded by three Proterozoic orogenic belts:
the ca. 2005–570Ma Capricorn Orogen in the north (Cawood and Tyler,
2004a; Sheppard et al., 2010a; Johnson et al., 2011), the ca.
1815–1140Ma Albany-Fraser Orogen in the south and east (Nelson
et al., 1995; Clark et al., 2000; Spaggiari et al., 2015), and the ca.
1090–525Ma Pinjarra Orogen in the west (Myers, 1990; Wilde, 1999;
Ksienzyk et al., 2012). Prolonged lateritic weathering has produced the
modern denuded landscape and poor exposure of basement rocks
(Anand and Paine, 2002).

Following cratonisation toward the end of the Archean, the Yilgarn
Craton collided along the Capricorn Orogen with the combined Pilbara
Craton-Glenburgh Terrane by 1950Ma to form the West Australian
Craton (WAC: Sheppard et al., 2004, 2010a, b; Johnson et al., 2011).
Four syn- to post-orogenic sedimentary basins developed along the
southern Capricorn Orogen, including the Earaheedy Basin in the east
(Pirajno et al., 2009). The Earaheedy succession was thought to be post-
1800Ma in age, but new dating (Rasmussen et al., 2012; Sheppard
et al., 2016) shows that the basin comprises three unconformity-bound
packages at ca. 1990–1950Ma, ca. 1890Ma and ca. 1890–1810Ma.

The Yilgarn Craton is intruded by a large number of dykes of

Fig. 1. Map of the Yilgarn showing major tectonic units and the Capricorn and Albany-Fraser Orogens. Inset shows the extent of the West Australian Craton (Pilbara Craton, Yilgarn
Craton and Capricorn Orogen). From Geological Survey of Western Australia 1:2.5M Interpreted Bedrock Geology 2015 and 1:10M Tectonic Units 2016.
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different orientations with the dyke density increasing towards the
southern and western craton margins (Hallberg, 1987; Tucker and
Boyd, 1987). The dykes are discernible in aeromagnetic data but dif-
ficult to sample due to deep weathering and thick regolith cover. The
oldest known dykes belong to the E-W to NE-SW trending 2408Ma
Widgiemooltha Supersuite (Sofoulis, 1965; Evans, 1968; Campbell
et al., 1970; Hallberg, 1987; Doehler and Heaman, 1998; Nemchin and
Pidgeon, 1998; Wingate, 1999, 2007; French et al., 2002). The Wid-
giemooltha dykes are up to 3.2 km wide and extend up to 700 km across
the craton, with the largest intrusions (Jimberlana and Binneringie)
showing well developed igneous layering (Campbell et al., 1970; Lewis,
1994). The dykes exhibit dual magnetic polarity (Tucker and Boyd,
1987; Boyd and Tucker, 1990) and recent geochronology and paleo-
magnetic data suggest that their emplacement may have involved
several pulses (Wingate, 2007; Pisarevsky et al., 2015). The second
craton-wide suite is the 1210Ma Marnda Moorn LIP which consists of
several sub-swarms of different orientations intruding along the craton
margins (Isles and Cooke, 1990; Evans, 1999; Wingate et al., 2000;
Pidgeon and Nemchin, 2001; Pidgeon and Cook, 2003; Wingate and
Pidgeon, 2005; Wingate, 2007; Claoué-Long and Hoatson, 2009). Out-
crops in the southeast are limited to a single occurrence, and the extent
of the dykes in the northeast is unknown due to cover rocks but one E-W
oriented dioritic dyke dated at 1215 ± 11Ma has been reported fur-
ther inland (Qiu et al., 1999). Other identified dyke swarms with lim-
ited occurrences include the SW-trending dykes of the 1075Ma War-
akurna LIP in the northern Yilgarn Craton (Wingate et al., 2004), the
WNW-trending ca. 735Ma Nindibillup dykes in the central and SE
Yilgarn Craton (Spaggiari et al., 2009, 2011; Wingate, 2017) and the
undated (likely< 1140Ma) NW-trending Beenong dykes in the SE
Yilgarn Craton (Wingate, 2007; Spaggiari et al., 2009, 2011).

3. Samples

3.1. Field sampling

Field sampling sites were targeted using satellite imagery (Landsat/
Copernicus or Astrium/CNES from Google Earth), aeromagnetic data
(20–40m cell size, Geoscience Australia magnetic grid of Australia V6
2015 base reference) and 1:250,000 geological maps from the
Geological Survey of Western Australia.

Four block samples were collected from outcrops within agricultu-
rally cleared areas where the dykes stand out as small ridges. Sample
WDS09 was collected from an outcrop ca. 18 km southwest of the town
of Pingelly, sample 16WDS01 and 16WDS02 ca. 29 km northwest of
Pingelly and sample 16WDS06 ca. 14 km southwest of the village of
Gwambygine (Fig. 2). Coordinates for sample locations are given in
Table 1. Basement rocks are only exposed at the WDS09 outcrop where
the dyke intrudes Archean migmatitic gneiss with a sharp chilled
margin. At the 16WDS01/16WDS02 and 16WDS06 sites, geological
mapping indicates that the country rocks to the dykes are mainly Ar-
chean granites. The outcrops are fresh with weathering forming a thin
crust best visible along fractures.

3.2. Sample description

All samples are dolerites with intergranular ophitic to sub-ophitic
texture, comprising ca. 50% plagioclase, 45% clinopyroxene, 1–2%
quartz, 2–3% opaque minerals (ilmenite, magnetite and minor pyrite)
and trace biotite and apatite. Sample WDS09 is relatively fresh but
samples 16WDS01/02 and 16WDS06 in the northern part of the sam-
pling area are more altered, with most clinopyroxene grains partially
altered to chlorite and green amphibole. Plagioclase is affected by
sericitisation but most grains still show twinning. Biotite is associated
with the opaque minerals, forming corona like rims. The main U- and
Th-bearing accessory minerals are baddeleyite and zirconolite, only
identifiable under SEM due to their small size, typically ≤70 μm long

and 20–30 μm across. Some crystals show thin zircon rims or alteration
to zircon along fractures but most appear pristine.

4. U-Pb geochronology and geochemistry

4.1. SHRIMP U-Pb geochronology

Polished thin sections were scanned to identify baddeleyite, zircon
and zirconolite with a Hitachi TM3030 scanning electron microscope
(SEM) equipped with energy dispersive X-ray spectrometer (EDX) at
Curtin University. For SHRIMP U-Pb dating, selected grains were drilled
directly from the thin sections using a micro drill and mounted into
epoxy disks, which were cleaned and coated with 40 nm of gold.
Baddeleyite forms unaltered subhedral to euhedral equant and tabular
grains and laths, some with thin zircon rims, and most are< 60 μm
long and up to 20–30 μm across (Fig. 3).

Baddeleyite was analysed for U, Th and Pb using the sensitive high-
resolution ion microprobe (SHRIMP II) at the John de Laeter Centre at
Curtin University in Perth, Australia, following standard operating
procedures after Compston et al. (1984). The SHRIMP analysis method
for mounts with polished thin section plugs outlined in Rasmussen and
Fletcher (2010) was modified for baddeleyite (SHRIMP operating
parameters in Table 2). During each analysis session, standard zircon
OG1 (Stern et al., 2009) was used to monitor instrumental mass frac-
tionation and BR266 zircon (Stern, 2001) was used for calibrating U
and Th concentration and as an accuracy standard. Phalaborwa bad-
deleyite (Heaman, 2009) was employed as an additional accuracy
standard. Typical spot size with primary O2

− current was 10–15 μm at
0.8–1.4 nA. Data were processed with Squid version 2.50 (Ludwig,
2009) and Isoplot version 3.76.12 (Ludwig, 2012). For common Pb
correction, 1890Ma common Pb isotopic compositions were calculated
from the Stacey and Kramers (1975) two-stage terrestrial Pb isotopic
evolution model. Analyses with> 1% common Pb (in 206Pb) or> 10%
discordance (see footnote in Table 3 for definition) are considered un-
reliable and were disregarded in age calculations. The assigned 1σ ex-
ternal Pb/U error for all analyses is 1%, except for 1.04% for 16WDS06.
All weighted mean ages are given at 95% confidence level, whereas
individual analyses are presented with 1σ error.

4.2. ID-TIMS U-Pb geochronology

A sample for ID-TIMS U-Pb geochronology was selected based on
results from the SHRIMP dating and the highest number of identified
baddeleyites in thin section. A block sample was first sawn from the
field sample to remove weathering, then crushed, powdered and pro-
cessed using a mineral-separation technique amended from Söderlund
and Johansson (2002). Baddeleyite grains were handpicked under
ethanol under a stereographic optical microscope and selected grains
were cleaned with concentrated distilled HNO3 and HCl. Due to the
small size of the grains, no chemical separation methods were required.

Samples were spiked with a University of Western Australia in-
house 205Pb-235U tracer solution, which has been calibrated against
SRM981, SRM982 (for Pb), and CRM 115 (for U), as well as an ex-
ternally-calibrated U-Pb solution (the JMM solution from the EarthTime
consortium). This tracer is regularly checked using “synthetic zircon”
solutions that yield U-Pb ages of 500Ma and 2000Ma, provided by D.
Condon (BGS). Dissolution and equilibration of spiked single crystals
was by vapour transfer of HF, using Teflon microcapsules in a Parr
pressure vessel placed in a 200 °C oven for six days. The resulting re-
sidue was re-dissolved in HCl and H3PO4 and placed on an outgassed,
zone-refined rhenium single filament with 5 µL of silicic acid gel. U–Pb
isotope analyses were carried out using a Thermo Triton T1 mass
spectrometer, in peak-jumping mode using a secondary electron mul-
tiplier. Uranium was measured as an oxide (UO2). Fractionation and
deadtime were monitored using SRM981 and SRM 982. Mass fractio-
nation was 0.02 ± 0.07%/amu. Data were reduced and plotted using
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the software packages Tripoli (from CIRDLES.org) and Isoplot 4.15
(Ludwig, 2011). All uncertainties are reported at 2σ. U decay constants
are from Jaffey et al. (1971). The weights of the baddeleyite crystals
were calculated from measurements of photomicrographs and estimates
of the third dimension. The weights are used to determine U and Pb
concentrations and do not contribute to the age calculation. An un-
certainty of± 50% may be attributed to the concentration estimate.

4.3. Geochemistry

Slabs were sawn from block samples to remove weathering. After an
initial crush, a small fraction of material was separated and chips with
fresh fracture surfaces were handpicked under the microscope and
pulverised in an agate mill for isotope analysis. Remaining material was
pulverised in a low-Cr steel mill for major and trace element analysis.

Major element analysis was undertaken at Intertek Genalysis
Laboratories in Perth, Western Australia using X-ray fluorescence (XRF)
using the Geological Survey of Western Australia (GSWA) standard BB1
(Morris, 2007) and Genalysis laboratory internal standards SARM1 and
SY-4. Trace element analysis was carried out at University of Queens-
land (UQ) on a Thermo XSeries 2 inductively coupled plasma mass
spectrometer (ICP-MS) equipped with an ESI SC-4 DX FAST auto-
sampler, following procedure for ICP-MS trace element analysis by
Eggins et al. (1997) modified by the UQ Radiogenic Isotope Laboratory
(Kamber et al., 2003). Sample solutions were diluted 4000 times and
12 ppb 6Li, 6 ppb 61Ni, Rh, In and Re, and 4.5 ppb 235U internal spikes
were added. USGS W2 was used as reference standard and crossed
checked with BIR-1, BHVO-2 or other reference materials. All major

element analyses have precision better than 5% and all trace element
analyses have relative standard deviation (RSD) < 2%.

Rb-Sr and Sm-Nd isotope analyses were carried out at the University
of Melbourne (e.g., Maas et al., 2005, 2015). Small splits (70mg) of
rock powders were spiked with 149Sm-150Nd and 85Rb-84Sr tracers,
followed by dissolution at high pressure in an oven, using Krogh-type
PTFE vessels with steel jackets. Sm, Nd and Sr were extracted using
EICHROM Sr-, TRU- and LN-resin, and Rb was extracted using cation
exchange (AG50-X8, 200–400 mesh resin). Isotopic analyses were car-
ried out on a NU Plasma multi-collector ICP-MS coupled to a CETAC
Aridus desolvation system operated in low-uptake mode. Raw data for
spiked Sr and Nd fractions were corrected for instrumental mass bias by
normalizing to 88Sr/86Sr= 8.37521 and 146Nd/145Nd=2.0719425
(equivalent to 146Nd/144Nd= 0.7219), respectively, using the ex-
ponential law as part of an on-line iterative spike-stripping/internal
normalization procedure. Sr and Nd isotope data are reported relative
to SRM987=0.710230 and La Jolla Nd= 0.511860 and have typical
in-run precisions (2sd) of± 0.000020 (Sr) and±0.000012 (Nd). Ex-
ternal precision (reproducibility, 2sd) is± 0.000040 (Sr) and±
0.000020 (Nd). External precisions for 87Rb/86Sr and 147Sm/144Nd
obtained by isotope dilution are± 0.5% and±0.2%, respectively.

5. Results

5.1. SHRIMP U-Pb geochronology

Seventeen analyses were obtained from thirteen baddeleyite grains (nine
grains from WDS09, one grain from 16WDS01 and three grains from

Fig. 2. Sampling locations. See Table 1 for detailed information.

Table 1
Sample locations.

Dyke ID Dlat/Dlon Samples Comments

WDS09 32 39.339S 116 57.132E WDS09M-N, WDS09RSA-B NW trending dolerite dyke near West Pingelly
16WDS01 32 24.738S 116 48.818E 16WDS01A-D NNW trending dolerite dyke west of Brookton, ridge
16WDS02 32 24.740S 116 48.798E 16WDS02A-D NNW trending dolerite dyke west of Brookton. Same dyke as 16WDS01
16WDS06 31 59.973S 116 39.699E 16WDS06A-D NW trending dyke near Talbot

Notes: Datum WGS84, Dlat= decimal latitude, Dlon= decimal longitude.

J.C. Stark et al. Precambrian Research xxx (xxxx) xxx–xxx

4



16WDS06) during three SHRIMP sessions (Fig. 4; detailed U-Pb data are
given in Table 3). The analysed baddeleyites have low to moderate U con-
centrations varying from 47 to 449ppm (median=181ppm) and low Th
from 5 to 76ppm, with Th/U ratios ranging from 0.02 to 0.47. Eight analyses
were excluded based on their high common Pb (>1% 206Pb) and/or>10%
discordance. Sample WDS09 yielded a common Pb-corrected weighted mean
207Pb/206Pb date of 1858 ± 54Ma (MSWD=1.80, 4 analyses from 4
grains). If spot WDS09N5.29B-1, which is near-concordant (6% discordance)
but contains slightly higher common Pb (1.45%) is included, the weighted
mean is 1860 ± 41Ma (MSWD=1.4, n=5). Two analyses on a single
grain from 16WDS01 yield a 207Pb/206Pb weighted mean of 1881 ± 37Ma
(MSWD=0.00075) and three analyses on 2 grains from 16WDS06 give a
weighted mean of 1911 ± 42Ma. Collectively, the 9 analyses on five bad-
deleyite grains from three samples give 207Pb/206Pb dates overlapping with
each other within uncertainties; combining them yields a weighted mean of
1874 ± 25Ma (MSWD=1.3), which is interpreted as the best approx-
imation of the crystallisation age of the dykes.

5.2. ID-TIMS U-Pb geochronology

Four baddeleyite crystals were analysed from sample WDS09
(Table 4, Fig. 5). Calculated weights are on the order of 0.1 µg, with low
calculated U concentrations, all below 50 ppm. One grain has an ap-
parently very low U content (3 ppm) and a concomitant low
206Pb/204Pb ratio of 30. This results in a relatively imprecise age de-
termination and large analytical uncertainties for all data are the result
of very low radiogenic Pb concentrations. Calculated U concentrations
are unusually low for baddeleyite; this may reflect an overestimate of
the grain weights, but the low Pb abundance (both radiogenic and
common Pb) also implies a low initial U concentration. Th/U ratios
are< 0.1, a typical value for baddeleyite. One datum is discordant but
the coherence in 207Pb/206Pb age for all baddeleyite crystals supports
our interpretation of the analyses representing a single magmatic
crystallization age. The weighted-mean 207Pb/206Pb dates of the four
single-crystal analyses is 1863 ± 50Ma (2σ, MSWD=0.24, n=4),
and the concordia age of the three concordant analyses is
1888.4 ± 8.8Ma (2σ, decay-constant errors included).

5.3. Geochemistry

Due to limited age control, only three samples were available for
geochemical analyses and clearly only preliminary conclusions about
the geochemical characteristics of the dykes can be made based on
these data. Two samples from WDS09 and one sample from 16WDS02
(same dyke as 16WDS01) were analysed for major and trace elements
and for Sr and Nd isotopes. Data for the samples are presented together
with major and trace element geochemistry from the 1210Ma Marnda
Moorn LIP dykes because the latter are the only known tholeiitic dyke
swarm within the Yilgarn Craton with detailed studies available both in
geochronology and geochemistry.

5.3.1. Major and trace elements
All samples have LOI<1.0wt% and display low MgO (6.18–6.73wt%),

SiO2 (50.12–50.43wt%), relatively high iron (FeOtot=14.10–15.09wt%),

Fig. 3. SEM backscatter images showing SHRIMP badde-
leyite spots and dates. (A) WDS09-2B (B) 16WDS01-372B
(C) 16WDS06-405B (D) 16WDS06-406B.

Table 2
SHRIMP operating parameters.

Mount CS16-1 CS16-6 CS16-7

Dykes analysed WDS09, WDS09RS 16WDS01 16WDS06
Date analysed 21-Jul-16 14-Sep-16 6-Sep-16
Kohler aperture (μm) 50 50 50
Spot size (micrometres) 11 9 7
O2

− primary current (nA) 0.9 0.6 0.2
Number of scans per analysis 8 8 8
Total number of analyses 23 32 34
Number of standard analyses 13 13 14
Pb/U external precision% (1σ) 1.00 1.00 1.00
Raster time (seconds) 120 180 180
Raster aperture (μm) 90 90 80

Notes: 1) Mass resolution for all analyses ≥5000 at 1% peak height; 2) BR266, OGC,
Phalaborwa and NIST used as standards for each session; 3) Count times for each scan:
204Pb, 206Pb, 208Pb=10 s, 207Pb= 30 s.
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normal to intermediate CaO (10.71–11.28wt%) and slightly high Al2O3

(13.37–13.87wt%) (Table 5). The samples have low total alkalis
(Na2O+K2O=2.39–2.49wt%) and high Na2O/K2O ratios (6.32–6.44),
suggesting sodium enrichment. The Boonadgin samples are classified as sub-
alkaline basalts on the TAS diagram (Fig. 6A) and belong to tholeiitic series
on the AFM diagram (Fig. 6B), similar to Group 1 of theMarndaMoorn dykes
(Wang et al., 2014). The chondrite normalised rare earth element (REE)
distribution patterns are relatively flat (Fig. 6C) with slight enrichment of
light REE (LREE), as evidenced by LaN/YbN=1.48–1.57 and LaN/
SmN=1.18–1.26. The low TbN/YbN ratios (1.16–1.18) are similar to the
average N-MORB (1.0; Sun andMcDonough, 1989) and the primitive mantle-
normalised trace element patterns show strong enrichment of Cs, Rb, U and
Pb and a prominent negative Nb anomaly (Fig. 6D). With the exception of
these fluid-mobile elements and the negative Nb anomaly, the studied sam-
ples displayed a relative flat trace element distribution patterns without sig-
nificant enrichment or depletion in specific elements.

5.3.2. Nd and Sr isotopes
The same three samples were analysed for Nd and Sr isotopes

(Table 5). Ratios of 147Sm/144Nd and 143Nd/144Nd are 0.1825–0.1848
and 0.512533–0.512562, respectively. The corresponding initial
εNd1.89Ga values range from +1.3 to +1.6, suggesting a slightly de-
pleted mantle component. The 87Rb/86Sr ratio ranges from 0.39999 to
0.5464, the 87Sr/86Sr ratio from 0.714588 to 0.716562, corresponding
initial Sr isotopes of (87Sr/86Sr)i ratio varying from 0.70124 to 0.70391.
The larger range of initial Sr isotope compositions is in contrast with the
uniform initial Nd isotopes, and may reflect mobility of Rb. Therefore,
the measured Sr isotope compositions of the studied samples may not
accurately represent their primary signature.

6. Discussion

We have identified a previously unrecognized NNW-trending swarm
of mafic dykes in the Yilgarn Craton, which, based on preliminary
aeromagnetic interpretation, covers an area of ca. 33,000 km2 in the
southwestern part of the craton. However, until further sampling within
the craton allows better delineation of the extent of the dykes, their
designation as a swarm is preliminary. Emplacement of the Boonadgin
dykes was synchronous with many 1890–1880Ma LIPs worldwide,
such as the Bastar-Cuddapah dykes in India (French et al., 2008; Belica
et al., 2014), the Circum-Superior magmatism of the Superior Craton
(Heaman et al., 1986; Halls and Heaman, 2000; Ernst and Bell, 2010),
the Ghost-Mara dyke swarm of the Slave Craton (Buchan et al., 2010),Ta
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the Uatuma dyke swarm of the Amazonian Craton (Klein et al., 2012;
Antonio et al., 2017) and the Mashonaland sill province of the Zim-
babwe Craton (Söderlund et al., 2010), the Soutpansperg sill province
(Hanson et al., 2004) and the Black Hills dyke swarm (Olsson et al.,
2016) of the Kaapvaal Craton. In the following sections, we discuss the
emplacement of the dykes within the regional tectonic setting, coeval
magmatism elsewhere in the region, and the implications for a recently
proposed tectonic reconstruction, which raises the possibility that the
dykes may be associated with the Bastar-Cuddapah LIP in India.

6.1. Coeval magmatism in Australia

No other mafic magmatism within uncertainty of the 1888 ± 9Ma
age for the Boonadgin dyke swarm is currently known in the WAC or
elsewhere in Australia. However, felsic tuffs from a succession of
granular iron formation (GIF) in the Frere Formation in the Earaheedy
Basin have been dated at 1891 ± 8Ma and 1885 ± 18Ma, and linked
to voluminous mantle input from an oceanic mafic source during a
major global episode of mantle upwelling and crustal growth
(Rasmussen et al., 2012). Evidence of synchronous magmatism else-
where in the Capricorn Orogen is limited to a 1900Ma zircon popula-
tion peak from the Chiall Formation in the upper sequence of the Ear-
aheedy Basin (Halilovic et al., 2004).

Ameen and Wilde (2006) reported WSW-trending mafic dykes with
a zircon SHRIMP U-Pb age of 1852 ± 12Ma from the Yalgoo green-
stone belt in the Youanmi Terrane in the northwestern Yilgarn Craton
(Fig. 1), ca. 360 km NNE of Perth and ca. 350 km north of sample
16WDS06. Their emplacement suggests a further episode of litho-
spheric extension ca. 35Ma after the Boonadgin dykes. The WSW or-
ientation of the Yalgoo dykes may reflect a change in the regional stress
field, the influence of local crustal architecture, or a change in the
position of plume centre. There is limited, but suggestive, evidence of
magmatism within the Capricorn Orogen coeval with the Yalgoo dykes.
The age of the Yalgoo dykes is within uncertainty of an 1842 ± 5Ma
detrital zircon population from the Leake Spring Metamorphics, a
predominantly siliciclastic sequence within the northern Gascoyne
Province (Sheppard et al., 2010b) and a ca. 1860Ma detrital zircon
population from turbidites in the Ashburton Basin (Sircombe, 2002).

The temporally closest mafic magmatism in the North Australian
Craton (NAC) consist of the predominantly mafic volcanic rocks of the
Biscay Formation in the Halls Creek Orogen in northwestern Australia,
which yielded a U-Pb zircon age of 1880 ± 3Ma (Blake et al., 1999).
The Woodward Dolerite, which comprises sills intruding the succession,Ta
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Fig. 5. Concordia plot for analysed baddeleyite ID-TIMS U-Pb results from sample
WDS09.
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has maximum and minimum ages, respectively, of ca. 1847Ma and
1808Ma (Blake et al., 1997) and its emplacement age is thus closer to
the Yalgoo dykes. However, the Halls Creek bimodal volcanism has
been associated with convergence of two cratons unrelated to the West
Australian Craton, and pre-dates amalgamation of the West Australian
Craton with other cratons (Bagas, 2004; Cawood and Korsch, 2008).

6.2. Tectonic and magmatic events in the WAC at ca. 1890Ma

The Boonadgin dyke swarm was emplaced into the western margin
of the WAC, about 60million years after the WAC was assembled along
the Capricorn Orogen during the Glenburgh Orogeny at 2005–1950Ma
(Sheppard et al., 2004, 2010a; Johnson et al., 2011). Following amal-
gamation of the WAC, the Capricorn Orogen was the site of episodic
intracontinental reworking and reactivation for more than one billion
years (Cawood and Tyler, 2004b; Sheppard et al., 2010a; Johnson et al.,
2011). At the time the Boonadgin dykes were emplaced, the WAC was

under a period of tectonic quiescence. The ca. 1891–1885Ma felsic
volcanic rocks in the Earaheedy Basin (Rasmussen et al., 2012) were
emplaced during limited rifting and suggest that at least the eastern
part of the Capricorn Orogen underwent lithospheric extension at this
time (Sheppard et al., 2016).

Emplacement of the NW-trending Boonadgin dykes indicates re-
gional SW-NE oriented lithospheric extension, which is consistent with
direction of coeval extension within the NW-trending Earaheedy basin.
In aeromagnetic images the dykes are linear, appear to have a single
magnetic polarity and extend across the southwestern craton before
being apparently truncated by the Darling Fault in the west and by the
Albany-Fraser Orogen in the south. The orientation of the dykes is
roughly parallel to the regional NW-SE tectonic grain imparted by
terrane accretion during the Archean (Middleton et al., 1993; Wilde
et al., 1996; Dentith and Featherstone, 2003) and suggests that they
intruded along existing crustal weaknesses controlled by a regional
stress field (Hou et al., 2010; Hou, 2012; Ju et al., 2013). A seismic

Table 5
Major, trace element and isotope data for samples WDS09M, WDS09N and 16WDS02A.

WDS09M WDS09N 16WDS02A WDS09M WDS09N 16WDS02A

SiO2 49.68 50.42 49.91 Sm (ppm) 2.43 3.13 2.90
TiO2 1.14 1.31 1.25 Nd (ppm) 7.93 10.37 9.54
Al2O3 13.75 13.42 13.26 143Nd/144Nd 0.512558 0.512533 0.512562
CaO 10.65 10.71 11.19 147Sm/144Nd 0.1848 0.1825 0.1837
Fe2O3(tot) 14.53 15.09 14.29 (143Nd/144Nd)i 0.510260 0.510263 0.510278
K2O 0.32 0.34 0.32 εNd(t) 1.3 1.3 1.6
MgO 6.67 6.18 6.59 Rb (ppm) 18.13 22.04 15.39
MnO 0.23 0.24 0.23 Sr (ppm) 102.10 116.80 111.40
Na2O 2.05 2.15 2.06 87Rb/86Sr 0.514200 0.546400 0.399900
P2O5 0.095 0.119 0.108 87Sr/86Sr 0.716562 0.715838 0.714588
LOI 0.69 0.03 0.54 (87Sr/86Sr)i 0.702820 0.701240 0.703910
Total 99.81 100.01 99.75
Mg# 51.22 48.36 51.33 BCR-2 JND-1
Sc 45.80 46.80 47.80 143Nd/144Nd 0.512637 0.512112
V 302.00 310.00 315.00 0.512640 0.512117
Co 55.30 56.90 57.70 0.512623 0.512102
Ni 87.60 121.00 87.70 0.512633
Ga 16.40 17.40 16.60 87Sr/86Sr 0.704987
Ge 542.00 559.00 556.00 0.705013
Rb 17.50 22.50 18.30
Sr 110.00 120.00 115.00
Y 22.60 28.40 26.70
Zr 59.00 80.50 72.40
Nb 3.11 4.07 3.67
Cs 0.56 1.02 0.19
Ba 53.90 59.40 56.80
La 4.92 6.04 5.42
Ce 11.90 15.00 13.10
Pr 1.75 2.20 2.00
Nd 8.35 10.50 9.61
Sm 2.53 3.18 2.96
Eu 0.96 1.12 1.05
Gd 3.27 4.09 3.80
Tb 0.58 0.73 0.68
Dy 3.79 4.73 4.45
Ho 0.83 1.05 0.98
Er 2.37 2.94 2.77
Tm 0.35 0.45 0.42
Yb 2.25 2.85 2.62
Lu 0.34 0.42 0.39
Hf 1.63 2.19 2.00
Ta 0.21 0.28 0.25
Pb 2.99 3.62 1.75
Th 0.83 1.05 0.91
U 0.30 0.38 0.30

Notes: 1)Major elements (XRF) are given in wt% and trace elements (ICP-MS) in ppm; 2) Mg#=100×Mg/(Mg+Fe), Fe2+/Fetotal = 0.85; 3) Crystallisation age t= 1890Ma; 4) typical
internal precision (2σ) is± 0.000015 for 87Sr/86Sr and± 0.000014 for 143Nd/144Nd; 5) Recent isotope dilution analyses for USGS basalt standard BCR-2 average 6.41 ppm Sm,
28.02 ppm Nd, 147Sm/144Nd 0.1381 ± 0.0004 and 143Nd/144Nd 0.512635 ± 0.000023 (n= 6,± 2sd); 46.5 ppm Rb, 337.6 ppm Sr, 87Rb/86Sr 0.3982 ± 0.0010, 87Sr/86Sr
0.704987 ± 0.000015 (n= 1,± 2se). These results are consistent with TIMS and MC-ICPMS reference values. εNd values are calculated relative to a modern chondritic mantle (CHUR)
with 147Sm/144Nd=0.1960 and 143Nd/144Nd=0.512632 (Bouvier et al., 2008). Age-corrected initial εNd and 87Sr/86Sr have propagated uncertainties of± 0.5 units and ≤±0.00010
(assuming an age uncertainty of± 5Ma), respectively. Decay constants are 87Rb 1.395E−11/yr and 147Sm 6.54E−12/yr.

J.C. Stark et al. Precambrian Research xxx (xxxx) xxx–xxx

8

Doug Sawkins

Doug Sawkins

Doug Sawkins

Doug Sawkins



survey south of sample WDS09 identified a ca. 20° NE-dipping high-
velocity zone, which was interpreted to represent a mafic-ultramafic
body in the lower crust at ca. 30 km depth; this may be either a possible
conduit for mafic magma that intruded along the suture, a zone of in-
trusions, or a fault-bounded terrane of possible oceanic affinity (Dentith
et al., 2000; Dentith and Featherstone, 2003).

No direct Paleoproterozoic record along the western margin of
Yilgarn Craton has been preserved due to younger orogenic and rifting
events and it is uncertain whether it was an active plate boundary when
the Boonadgin dykes were emplaced. Along the southern margin of the
craton, the only known event coeval with emplacement of the
Boonadgin dyke swarm could be deposition of the Stirling Range
Formation in the Paleoproterozoic Barren Basin in the western Albany-
Fraser Orogen. The Barren Basin comprises structural remnants of a
much larger basin system deposited in an intra-continental rift or back-
arc setting (Clark et al., 2000; Spaggiari et al., 2011, 2014, 2015).
Formation age of the basin is unclear, but detrital zircon and monazite
dating suggests that it is younger than ca. 2016Ma and possibly formed
at ca. 1895Ma (Rasmussen and Fletcher, 2002; Rasmussen et al., 2004).
Given the uncertainty of timing of early rifting in the southwest, it is
difficult to link emplacement of the Boonadgin dykes with any tectonic
events adjacent to the southwestern part of the craton.

6.3. Source of the Boonadgin dykes

Ratios of incompatible trace elements sensitive to source composi-
tion and partial melting effects but insensitive to crystal fractionation
can be used to investigate mantle source characteristics. Zirconium can

be used to evaluate mobility of major and trace elements during al-
teration and metamorphism (e.g., Polat et al., 2002). The Nb, Ta, Hf, Th
and REE concentrations in the samples show good correlation with Zr
(not shown) suggesting that these elements represent the primary

composition of the dykes. The primitive mantle-normalised profile of the

Boonadgin dykes (Fig. 6D; Table 5) is remarkably similar to that of the
lower continental crust (LCC; Rudnick and Gao, 2003) with average
ratios of Nb/La = 0.66, Th/Nb = 0.26 and Ce/Pb = 5.20 (0.63, 0.24
and 5.0, respectively for LCC). Ratios of La/Sm = 1.89 and Sm/ Nd =
0.30 are near-chondritic (1.55 and 0.33, respectively; Sun and
McDonough, 1989) and close to the Marnda Moorn Group 1 dykes (ca.
1.70 and 0.28, respectively). The ratio of Nb/Ta= 14.75 is much higher
than the lower crust (8.33) but close to that of depleted mantle (ca. 15;
Salters and Stracke, 2004) and Marnda Moorn Group 1 dykes (ca. 15;
Wang et al., 2014). The ratio of Zr/Sm = 24.36 is similar to the lower
crust(ca.24)andmuchlowerthandepletedmantle(ca.29).

The similarity of the trace element compositions of the studied
samples to the average value of lower continental crust suggests the
possibility of lower continental crust contamination. We conducted
preliminary binary mixing modelling (Depaolo, 1981) using data from
the three Boonadgin dykes samples. If the primary melt had a N-MORB-
like trace element composition and εNd

1.9Ga
= +8, incorporating

20–30% of mafic lower continental crust (εNd1.9Ga =−10, estimated by
Nd isotope mapping of the Yilgarn (Champion, 2013) and the method
proposed by Depaolo (1981) into the primary melt can produce the
observed Nd isotope and trace element compositions. The lack of
prominent fractionation of HREE indicates that partial melting likely

occurredwithinthespinelstabilityfield(at<70kmdepth).Ifthisis

Fig. 6. (A) Total alkali-silica (TAS) plot after Le Maitre et al., 1989. Blue dots are Marnda Moorn group 1 dykes from Wang et al. (2014). (B) AFM plot after Irvine and Baragar, 1971. (C)
Chondrite and (D) primitive mantle normalised multi-element plots for Boonadgin and Marnda Moorn group 1 dykes (Wang et al., 2014). LCC= lower continental crust after Rudnick and
Gao (2003); OIB= ocean island basalt and NMORB=mid ocean ridge basalt after Sun and McDonough (1989). (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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correct, the sub-continental lithospheric mantle (SCLM) beneath the
margin of the Yilgarn Craton may have been largely removed or thinned.
This could be attributed to lithospheric extension, consistent with basin
formationalongthesouthernmarginofthecraton(Section6.2).

Another possible mechanism to produce the observed trace element
compositions and slightly depleted Nd isotope signature is via melt-rock
interaction with asthenospheric mantle. Because lower continental crust
can founder into the convecting mantle (e.g., Gao et al., 2004), melts
derived from recycled lower continental crust could interact with the
ambient peridotite to form enriched pyroxenitic lithologies (Sobolev et
al., 2005, 2007; Wang et al., 2014), imparting a lower continental crust
signature and a slightly depleted Nd isotope signature on the resultant
melts.

6.4. Was the WAC connected to other cratons at ca. 1890Ma?

The position of WAC in Paleoproterozoic reconstruction models is
highly debated partly due to the absence of robust paleomagnetic and
high precision geochronological data for dyke swarms. For example, the
WAC has been placed near India (Rogers and Santosh, 2002; Zhao et al.,
2002;Mohanty,2012,2015),KaapvaalandZimbabweCratons(Zhao

et al., 2002; Hou et al., 2008; Belica et al., 2014), or Siberia (Hou et al.,
2008; Belica et al., 2014) in reconstructions for various Paleoproter-
ozoic time intervals. Halls et al. (2007) used paleomagnetic data to argue
that India and Australia were at high paleolatitudes but∼2000 km apart
at ca. 2400–2350 Ma. Similarly, Mohanty (2012, 2015) proposed a
juxtaposition of the western margin of the WAC and the eastern margin
of the Bastar-Dharwar craton at ca. 2400–2300 Ma (the South
India-Western Australia SIWA supercraton; Fig. 7) based on

paleomagnetic data, synchronous mafic magmatism and matching dyke
orientation but their relative positions by ca. 1900 Ma were unknown.
Mohanty (2012, 2015) nonetheless noted that the lack of 2.0–1.8 Ga
dykes in the Yilgarn Craton implies that the breakup of SIWA must have
taken place during an earlier rifting event. Our discovery of the 1888 Ma
Boonadgin dykes in the Yilgarn Craton makes such an early breakup

unnecessary. With such a configuration at 1890 Ma, NE-SW extension
and emplacement of the NW-oriented 1888 Ma Boonadgin dykes in the
Yilgarn Craton is synchronous with E-W extension in- itiating the

Cuddapah Basin and the associated 1890 Ma NW-oriented mafic dykes

and ultramafic magmatism in the Dharwar Craton (Anand, 2003; French
et al., 2008), as well as the emplacement of NW-oriented dykes in the
Bastar Craton (French et al., 2008) as segments of a single radiating dyke
swarm.

Fig. 7. Possible configurations of the WAC and Dharwar, Bastar and Singhbum cratons tested with paleomagnetic data at ca. 1890Ma. Coeval paleopoles are plotted on the left-hand side
and color coded with the respective cratons. The WAC was rotated to the Indian coordinates and more detailed reconstructions are shown on the right side. Indian dykes shown in red
have been dated with U-Pb or Ar-Ar methods at 1879–1894Ma (Chatterjee and Bhattacharji, 2001; Halls et al., 2007; French et al., 2008; Belica et al., 2014). Black undated dykes in India
are modified after French et al. (2008) and Srivastava and Gautam (2015). Red star denotes possible location of a mantle plume. (A) SIWA configuration modified from ca. 2400Ma
reconstruction of Mohanty (2012); (B) Alternative configuration of Liu et al. (this issue) supported by paleomagnetic data. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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Liu et al. (this issue) obtained a high quality paleomagnetic pole
from the Boonadgin dykes and used available robust paleomagnetic
data to test the SIWA connection and other possible configurations. The
new Boonadgin dyke pole falls close to the Frere Formation (Capricorn
Orogen) pole of Williams et al. (2004), which has been considered to be
1891–1885Ma in age (e.g., Antonio et al., 2017; Klein et al., 2016)
based on zircon data from tuffs within the basal Frere Formation
(Rasmussen et al., 2012). However, Williams et al. (2004) sampled the
upper part of the formation, implying that the actual magnetization age
for their Frere Formation pole is likely younger than 1885Ma. Conse-
quently, Liu et al. (this issue) suggest that the ca. 1890Ma Boonadgin
pole is coeval with the 1888–1882Ma Dharwar-Bastar pole (Belica
et al., 2014) and that the age difference between the Boonadgin and
the<1885Ma Frere Formation poles may explain the slight difference
in their positions. The Boonadgin and Dharwar-Bastar dyke poles are
about 50° apart after restoration of the two continental blocks to the
SIWA configuration (Fig. 7A), indicating that the SIWA fit is invalid at
ca. 1890Ma. In contrast, an alternative configuration juxtaposing the
northern WAC (Pilbara) and north-eastern India (Singhbhum) is not
only consistent with paleomagnetic data (Fig. 7B), but still allows the
contemporaneous mafic dykes in India and the WAC to form a radiating
dyke swarm. If this interpretation is correct, the 1888Ma Boonadgin
dykes in the Yilgarn Craton may be part of the Bastar-Cuddapah LIP
event (French et al., 2008; Belica et al., 2014).

6.5. Could the Boonadgin dyke swarm be part of the Bastar-Cuddapah LIP?

Abundant, predominantly NW-SE to NNW-ESE oriented
1890–1880Ma Bastar-Cuddapah LIP dykes intrude the Bastar and
Dharwar cratons and form a radiating dyke swarm over at least
90,000 km2 (Anand, 2003; Halls et al., 2007; French et al., 2008; Belica
et al., 2014). In the southern Bastar Craton, BD2 dykes are oriented
predominantly NW-SE to WNW-ESE (French et al., 2008). In the
Dharwar craton, baddeleyite from the Pulivendla sill in the Cuddapah
basin yielded an ID-TIMS 207Pb/206Pb age of 1885 ± 3Ma (French
et al., 2008) and paleomagnetic data suggest that dykes of this age also
have NW-SE, E-W and NE-SW orientations depending on their location
within the craton (Halls et al., 2007; Belica et al., 2014). The NW-
trending dykes appear to be sub-parallel to the regional Archean
structural grain in both the Bastar and Dharwar cratons, suggesting that
they may have intruded along pre-existing faults and fabrics
(Crookshank, 1963; Chatterjee and Bhattacharji, 2001). New SHRIMP
U-Pb dating of felsic tuffs from the lowermost succession of the Cud-
dapah Basin, the Tadpatri Formation, yielded ca. 1864Ma and ca.
1858Ma, and mafic-ultramafic sills intruding this stratigraphic level
(and higher) indicate that mafic magmatism continued until after ca.
1860Ma (Sheppard et al., 2017). Dykes of< 1900Ma age are present
in both Bastar and Dharwar Cratons but their ages are currently either
poorly constrained or unknown (Murthy, 1987; Mallikharjuna et al.,
1995; Meert et al., 2010), making any comparison highly speculative.

Extensive coeval mafic magmatism and intracontinental rifting in
the Dharwar Craton at ca. 1899–1885Ma have been linked to a mantle
plume beneath India or east of the Cuddapah Basin (Ernst and
Srivastava, 2008; Belica et al., 2014; Mishra, 2015), or to passive rifting
associated with a short lived global mantle upwelling (Anand, 2003;
French et al., 2008). Two models have been proposed for formation of
the Cuddapah Basin, one arguing for failed rifting (Chaudhuri et al.,
2002) and another for full rifting and opening of an ocean basin (Kumar
and Leelanandam, 2008; Kumar et al., 2010). Dasgupta et al. (2013)
proposed that formation of the Cuddapah Basin at ca. 1890Ma was
associated with continental rifting between India and another craton. If
this was the WAC, no evidence of equivalent basins is preserved on the
western or southern margin of the Yilgarn Craton.

In contrast to the Boonadgin dykes, the Cuddapah sills are more
enriched and contain a more significant melt component from the
Archean lithosphere, with LaN/SmN ratios between 1.4 and 2.5, LaN/

YbN ratios between 2.4 and 4.3 (1.18–1.26 and 1.48–1.57 for
Boonadgin dykes, respectively) and εNd1.89Ga values between +1 and
−10 (+1.3 to +1.6 for Boonadgin dykes) (Anand, 2003). Modelling of
the Cuddapah sills suggests that they were produced by 15–20% partial
melting of a lherzolitic mantle with a potential temperature of
∼1500 °C, similar to ambient mantle of similar age and not necessarily
indicative of a mantle plume (Anand, 2003). Current geochemical
evidence is insufficient to determine whether the Boonadgin dykes and
the Bastar-Cuddapah LIP are associated with the same mantle source.

Similar to the Yilgarn Craton where the Boonadgin and Yalgoo
dykes are interpreted to be associated with discrete episodes of litho-
spheric extension, sills intruding the unconformity-bound sedimentary
successions within the Cuddapah basin are coeval with episodes of li-
thospheric extension (Sheppard et al., 2017) In both cases, mafic
magmatism appears to span 35–40Ma (ca. 1890–1855Ma) rather than
comprising a short-lived event.

7. Conclusions

The Archean Yilgarn Craton in Western Australia is intruded by

multiple generations of Precambrian mafic dykes, identified by pre-

vious studies. Until now, evidence for mafic magmatism in the Yilgarn

Craton at ca. 1890 Ma has been absent, surprising since mafic mag-
matism of this age is found on most other Precambrian cratons
worldwide. The newly named, NW-trending 1888 Ma Boonadgin dyke

swarm is interpreted to extend across an area of at least 33,000 km
2
in

the southwestern Yilgarn Craton. The dykes were emplaced along the
southwestern margin of the Yilgarn Craton more than 50 million years
after it was amalgamated with the Pilbara Craton-Glenburgh Terrane
along the Capricorn Orogen to form the West Australian Craton.
Intrusion of the Boonadgin dyke swarm was synchronous with minor
rifting, felsic volcanism and deposition of granular iron formation in the
Earaheedy Basin at the southeastern end of the Capricorn Orogen.

Evidence for another pulse of mafic magmatism at ca. 1852 Ma in the
northern Yilgarn Craton was also coeval with magmatism in the

Capricorn Orogen, suggesting that mafic magmatism spanned at least 35
million years. Emplacement of the Boonadgin dyke swarm is con-
temporaneous with the Bastar-Cuddapah LIP and opening of the
Cuddapah Basin on the eastern margin of India, and the ca. 1852 Ma

Yalgoo dykes in northern Yilgarn may be coeval with ca. 1860 mafic
magmatism in the Cuddapah basin. Moreover, existing studies and re-
cent paleomagnetic data suggest that the Yilgarn and Bastar-Cuddapah
cratons were adjacent to each other at c. 1890 Ma, raising the possi-
bility that the Boonadgin dyke swarm may be part of a wider Bastar-
Cuddapah LIP. However, Meso- to Neoproterozoic orogenic activity and
Phanerozoic rifting along the western margin in the Yilgarn Craton have
obliterated stratigraphic successions equivalent to the Cuddapah Basin,
and poor age control of extension and initial rifting in southern Yilgarn
Craton do not provide reliable geological piercing points. In contrast to
proposed rifting of the Yilgarn Craton from India at ca. 2300 Ma, new
evidence presented in this paper suggests that the cratons may still have
beenneighboursat1890Ma.
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