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U-Pb and Hf analysis of detrital zircons: Implications 
for provenance of the Earaheedy Basin, Capricorn 

Orogen 
 

Kylie J. Matonia* 

Continental Evolution Research Group, School of Earth and Environmental Sciences,  
University of Adelaide, Adelaide, SA 5005, Australia 

 
Abstract 

 U-Pb dating of 250 detrital zircons from the basal Yelma and middle Chiall 

Formations of the Earaheedy Basin yields 67 concordant zircons.  Detrital populations 

fall into three groups: 2700 – 2600, 2275 – 2050 and 2000 – 1970 Ma.  Zircons within the 

range of 2700 – 2600 Ma are similar to grains within the Yilgarn Craton whilst clusters at 

2000 – 1970 Ma coincide with the Glenburgh Terrane. The origin of 2275 – 2050 Ma 

zircons is difficult to determine as igneous rocks of that age are scarce in the West 

Australian Craton. 

 Hf isotope analysis of zircons confirm provenance from the Yilgarn Craton and 

the Gascoyne Complex.   The majority of 2700 – 2600 Ma analyses plot in �Hf space 

between -7.5 to -2, with fewer in the range of 2 to 8.5.  Negative and positive Archaean 

�Hf values compare well with Hf isotopes measurements in the Narryer Terrane and 

Murchinson Province, respectively.  Palaeoproterozoic Hf isotopes in the range 2000 – 

1970 Ma lie in �Hf space between -6 and -1.5 and are similar to Nd isotopic data from the 

Glenburgh Terrane in the Gascoyne Complex. Negative �Hf values within 2275 – 2050 

Ma zircons are similar to those in the Narryer Terrane and Yeelirrie Domain of the 
4
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Yilgarn Craton.  Positive values within the same age range may relate to the Cheela 

Springs Basalt in the Pilbara Craton. 

The age of the youngest concordant detrital zircon in the lower Earaheedy Basin 

yields 1971±26 Ma and conforms with existing maximum depositional constraints placed 

on the basal Earaheedy Basin (~1810 Ma, Halilovic et al., 2004).  However, 40Ar-39Ar 

dating of sericite in the deformed northern margin of the Earaheedy Basin yields an age 

of ~1650 Ma (Pirajno et al., in press).  This age fits within the framework of the 1680 – 

1620 Ma Mangaroon Orogeny, and contradicts models relating basin deformation to the 

Yapungku Orogeny. 

 The combination of U-Pb and Hf isotope analysis of detrital zircon grains reveals 

the Yilgarn Craton and the Glenburgh Terrane as sources for Archaean and 

Palaeoproterozoic sediment, respectively. The detrital zircon analyses imply: 1) The 

maximum depositional age of the basal Earaheedy Basin is 1971±26 Ma; 2) Archaean 

and Palaeoproterozoic sediment is sourced from the Yilgarn Craton and Glenburgh 

Terrane, respectively.   

 
Keywords: Earaheedy Basin; Proterozoic; Capricorn Orogen; Provenance; Detrital 
zircons; Hf isotopes 
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1. Introduction  

The study of sedimentary rocks deposited in basins provides insight into the tectonic 

evolution of a terrane (e.g. McLennan et al., 1993; Halilovic et al., 2004; Payne et al., 

2006). Intraplate and interplate forces produce crustal instabilities that ultimately lead to 

uplift and subsidence of the landscape; uplifted regions become the source of sediment 

that feed into basins. Therefore, basin sediments record changes to the ground surface of 

source regions and preserve subtle features of the orogenic evolution that are often 

unattainable from within the orogen itself.  Fundamental parameters in sedimentary 

basins include the age of deposition and the location of the sediment source (Hegner et 

al., 2005). The age of deposition can be linked to regions of tectonism and therefore the 

forces responsible for initial basin formation. The location of the sediment source can 

indicate which terranes were proximal and exposed during sediment deposition (Hegner 

et al., 2005). Such parameters can be resolved by dating basin sediments and comparing 

ages to that of probable source regions. 

 The study of heavy minerals is paramount in provenance studies that aim to 

determine the nature and origin of source regions.  Detrital zircons are extensively used 

in geochronological dating of detrital sediment because they are chemically resistant, able 

to survive several cycles of erosion and deposition and contain uranium and thorium, 

which radioactively decay to lead over time (Morton, 1991; Morton and Hallsworth, 

1999; Cawood and Nemchin, 2000).  If not disturbed, the amount of lead present in a 

zircon is indicative of the age at which the zircon crystallized (Hawkesworth and Kemp, 

2006).    U-Pb dating of zircon provides knowledge of not only the age and associated 
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magmatism and metamorphism of the source rock, but also places constraints on the age 

of sediment deposition. This premise is based on the assumption that basin magmatism is 

absent at the time of basin deposition.  The youngest detrital zircon deposited in a basin 

must therefore be older than the age of sediment deposition, whereby constraining the 

maximum age at which sediment deposited.   

 U-Pb study of zircons, however, is not the only useful information gained from 

zircon analysis.  The radioactive decay of lutetium (Lu176) to hafnium (Hf176) enables an 

estimation of the time passed since a rock was extracted from the mantle (Hawkesworth 

and Kemp, 2006). Compared with lutetium, hafnium is relatively incompatible in the 

mantle.  When the mantle melts, incompatible elements like hafnium are extracted from 

the mantle and enriched in the crust, leaving the original residual solids depleted in 

hafnium relative to lutetium (Hawkesworth and Kemp, 2006).  The highest 

concentrations of hafnium are found in zirconium-rich minerals in which hafnium 

substitutes for zirconium in the zircon structure (Hawkesworth and Kemp, 2006).  

Hafnium isotope ratios vary depending on the tectonic environment in which they 

formed; this variation assists in resolving the extent to which the mantle contributed to 

the generation of a rock (Griffin et al. 2000).  For example, basalt generated directly from 

the depleted mantle would be classified as juvenile or ‘young’ whilst granite reworked 

during a period of orogenesis would be categorised as evolved or ‘old’.  The integration 

of U-Pb and hafnium isotopic analysis of zircons can therefore potentially clarify the 

most probable sediment source, and more importantly, distinguish between source 

terranes that may overlap in zircon age (e.g. Howard et al., 2007).  

4
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 The Capricorn Orogen (Figure 1) is a Palaeoproterozoic belt of sedimentary and 

volcanic rocks that were variably deformed during a series of rift and collisional events, 

including the collision of the Archaean Pilbara and Yilgarn Craton to form the West 

Australian Craton (Myers et al., 1996).  The orogen extends 700km along the northern 

border of the Yilgarn Craton (Pirajno et al., 2004). Tectonic events within the Capricorn 

Orogen are thought to coincide with a major phase of continental amalgamation during 

the construction of Proterozoic Australia (Cawood and Tyler, 2004). The Earaheedy 

Basin (Figure 2) lies in the southeastern Capricorn Orogen and consists of shallow 

marine chemical and clastic sediments that were deposited in a trailing passive margin 

setting (Pirajno et al., 2004). The origin of sequences and the tectonic setting of the 

Earaheedy Basin is currently uncertain due to a lack of geochronological and structural 

knowledge (e.g. Halilovic et al., 2004; Pirajno et al., 2004).  

 Many questions remain unanswered in regards to the development of the 

Earaheedy Basin and eastern Capricorn Orogen.  The sparsity of geological, and 

particularly geochronological studies, has contributed to the lack of understanding and 

conflict between competing tectonic models regarding this history of the region.  Current 

models suggest the Earaheedy Basin formed during the 1830 – 1780 Ma Capricorn 

Orogeny (e.g. Halilovic et al., 2004).  These are based upon monazite and zircon dating 

of the underlying Yerrida Basin and Imbin Inlier, respectively (Rasmussen and Fletcher, 

2002; Nelson, 2001; Halilovic et al., 2004).  Monazites grow during episodes of thermal 

activity; monazites associated with sill intrusions in the upper sediment package of the 

Yerrida Basin yield a growth age of 1843±10 Ma (Rasmussen and Fletcher, 2002).  As 

the basal Earaheedy Basin rests unconformably on the Yerrida Basin, deposition within 

5
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the Earaheedy Basin is constrained to be ~1843 Ma.  Nelson (2001) dated a rhyodacite in 

the Imbin Inlier and obtained a U-Pb zircon age of 1990±6 Ma.    This zircon age was 

later interpreted as a maximum depositional age of the Earaheedy Basin based upon the 

apparent constraint that the Imbin Inlier uncomformably underlies the basin (Pirajno et 

al., 2002).   In agreement with this interpretation, U-Pb dating of zircon grains in 

sandstones from the Earaheedy Basin yielded maximum depositional ages of 1983±51 

and 1808±36 Ma for the oldest and youngest formations in the basin, respectively 

(Halilovic et al., 2004). This implies that basin development occurred  after ~1810 Ma. 

Minimum depositional ages of the Earaheedy Basin, however, are not as well 

constrained.  

 The minimum depositional age of the Earaheedy Basin is suggested to relate to 

deformation during the 1790 – 1760 Ma Yapungku Orogeny (Bagas, 2004). Although 

generally restricted to the Rudall Complex (Figure 1), the Yapungku Orogeny may record 

the collision of the West and North Australian Cratons (Bagas, 2004). Bagas (2004) 

placed Yapungku-aged deformation in the interval of 1790 – 1760 Ma driven by a south-

directed compressional regime.  Metamorphism associated with the Yapungku Orogeny 

has been proposed to record crustal thickening in the Paterson Orogen (Smithies and 

Bagas, 1997).  In the Paterson Orogen, two stages of deformation are seen.  In this model, 

deformation in the Stanley Fold Belt of the northern Earaheedy Basin records the second 

stage of the Yapungku Orogeny (Bagas, 2004). Hence, the late stages of the Yapungku 

Orogeny are considered responsible for deformation of the northern Earaheedy Basin 

(Bagas, 2004) and constrain basin deposition to prior to ~1770 Ma. This assumption, 

however, is based upon a lack of geochronological data and knowledge of newly defined 

6
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tectonic events such as the Mangaroon Orogeny (Sheppard et al., 2005). In addition, 

Maidment (2007) has queried the very existence of 1790 – 1760 Ma metamorphism in the 

Paterson Orogen due to metamorphism being poorly constrained.  

 The recently dated 1680 - 1620 Ma Mangaroon Orogeny caused extensive 

reworking in the Gascoyne Complex, west of the Earaheedy Basin (Sheppard et al., 

2005).  Previous work assigned all deformation in the northern Gascoyne Complex to the 

Capricorn Orogeny (Libby et al., 1986), but recent studies have demonstrated that this 

deformation is instead related to intracontinental reworking during the newly defined 

Mangaroon Orogeny (Sheppard et al., 2005).  The implications of this event signify that 

deformation elsewhere in the Capricorn Orogen, such as the Earaheedy Basin, may have 

to be revised.   Sericite from the Stanley Fold Belt has yielded 40Ar-39Ar ages of ~1650 

Ma (Pirajno et al., in press) suggesting that at least some, if not all, deformation in the 

northern Earaheedy Basin is due to the Mangaroon Orogeny. If this is the case, ~1650 Ma 

would represent the minimum depositional age of the basin.  This would extend the 

relatively tight constraints previously placed on the Earaheedy Basin, which was 

suggested to have formed between ~1810 Ma (maximum depositional age; Halilovic et 

al., 2004) and 1790 – 1760 Ma (Halilovic et al., 2004; Bagas, 2004).  

 The Capricorn Orogen records the collision of the Yilgarn and Pilbara Cratons.  

The study of the orogen is integral in understanding the development of the West 

Australian Craton during the construction of Proterozoic Australia. A lack of 

geochronological constraints associated with the Earaheedy Basin has hindered the 

development of provenance and tectonic models.  This paper integrates the U-Pb dating 

and Hf analysis of detrital zircons within the Earaheedy Basin to better define and 

7

MISMDMJ
Rectangle



 11

determine sediment provenance, depositional age and the tectonic regimes that have 

shaped the eastern Capricorn Orogen. 

2. Geological Background 

2.1 Regional Geology  

The Capricorn Orogen consists of many tectonic units including exotic terranes, 

sedimentary basins and the reworked margins of adjoining Archaean Cratons (Figure 1) 

(Cawood and Tyler, 2004).  The 2550 – 1620 Ma Gascoyne Complex lies in the western 

Capricorn Orogen and includes the northern Boora Boora and Mangaroon Zones, the 

central Limejuice Zone and the southern Glenburgh Terrane (Occhipinti et al., 2004; 

Sheppard et al., 2005).  It is separated from the Narryer Terrane of the Yilgarn Craton by 

the Errabiddy Shear Zone (Cawood and Tyler, 2004).  The Palaeoproterozoic Yerrida, 

Bryah, Padbury and Earaheedy basins developed along the southern margin of the 

Capricorn Orogen whilst the Proterozoic Hamersley and Ashburton basins developed 

along the northern margin of the Capricorn Orogen (Figure 1) (Cawood and Tyler, 2004). 

The Mesoproterozoic Edmund and Collier Basins unconformably overlie the deformed 

and reworked tectonic units of the orogen (Martin and Thorne, 2004).  

 A series of Proterozoic orogenic events contributed to the current geometry of the 

Capricorn Orogen. Initial studies attributed all deformation within the Capricorn Orogen 

to the collision of the Pilbara and Yilgarn Cratons during the Capricorn Orogeny (Libby 

et al., 1986; Myers et al., 1996). Cawood and Tyler (2004) believe the development of the 

Capricorn Orogen is instead related to one or more ‘Wilson Cycles’ in which a continual 

8
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series of break-up, assembly and reworking of Archaean and Proterozoic cratons and 

terranes eventually formed the West Australian Craton. Orogenic events that shaped the 

orogen include the ~2200 Opthalmian, ~2000 Glenburgh, ~1800 Capricorn, ~1770 

Yapungku, ~1650 Mangaroon and ~1000 Edmundian Orogenies (Tyler and Thorne, 

1990; Occhipinti et al., 2004; Cawood and Tyler, 2004; Bagas, 2004; Sheppard et al., 

2005; Sheppard et al., 2007) . A number of basins opened in response to tectonism during 

the evolution of the Capricorn Orogen. The most prominent and widely recognised of 

these basins are the Palaeoproterozoic ~2.17 Ga Yerrida, ~2.0 Ga Bryah, ~1.96 Ga 

Padbury and <1.84 Ga Earaheedy Basins and the poorly constrained unconformably 

overlying Mesoproterozoic Edmund and Collier Basins (Pirajno et al., 2004; Occhipinti 

et al., 2004; Martin and Thorne, 2004).  Orogenic events and associated basins are 

presented in detail in Tables 1 and 2.  

 The Earaheedy Basin (Figure 2) lies southeast of the Yerrida, Bryah and Padbury 

Basins and unconformably overlies the Yilgarn Craton and Yerrida Basin (Williams et 

al., 2004; Pirajno et al., 2004).  Sedimentary rocks that fill the basin are part of the 

Earaheedy Group which is subdivided into the lower Tooloo Subgroup which includes, 

from oldest to youngest, the Yelma, Frere and Windidda Formations and the upper 

Miningarra Subgroup which consists of the Chiall, Wongawol, Kulele and Mulgarra 

Formations (Figure 3).  

 The Yelma Formation forms the base of the Earaheedy Basin and unconformably 

overlies the Yilgarn Craton and Yerrida Basin (Figure 3).  Sedimentary packages in the 

Yelma Formation include shale and sandstone deposited in a fluvial coastal setting and 

carbonate deposited in a highly saline coastal lagoon setting; the thickness of the 

9
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formation ranges from 3m in the southeast to 500m in the northwest (Pirajno et al., 2004). 

The Frere Formation indicates a ferric oxide precipitation event and consists of four 

intervals of granular iron beds separated by shales, siltstones and carbonates (Williams et 

al., 2004), with an interpreted thickness of 600m (Pirajno et al., 2004). It was formed in a 

shallow marine environment in which cyclic changes in sea level produced cyclic 

patterns within the sediment. The Windidda Formation includes shale, siltstone, 

carbonate and granular iron and reflects an increasingly stable basin environment.  The 

Windidda is equivalent to the upper Frere Formation and was deposited in a carbonate 

coastal lagoonal environment (Pirajno et al., 2004; Halilovic et al., 2004).  

 The Chiall Formation records the beginning of deposition of the Miningarra 

Subgroup (Figure 3).  Basal units include thin fine grained shale and siltstone layers 

intercalated with thick sandstone layers.  These units grade up into clastic coarse grained 

sandstone and breccia layers sourced from uplifted areas to the southwest (Halilovic et 

al., 2004). The Wongawol Formation includes siltstone, sandstone, carbonate, iron rich 

shale, some breccia and a thin volcaniclastic layer with a total thickness of 1500m.  

Mudcracks and ripple marks indicate that the Wongawol Formation was deposited in low 

energy shallow marine environment (Halilovic et al., 2004) whilst thin volcaniclastic 

layers are related to far-field ashfall deposits (Pirajno et al., 2004). The 300m thick 

Kulele Limestone includes cyclic layers of carbonate, shale and siltstone which are 

attributed to changes in sea level.  A sub-tidal to inter-tidal environment is inferred for 

limestone deposition (Halilovic et al., 2004).  The youngest unit in the Earaheedy Basin 

is the 100m thick Mulgarra Sandstone which is likened to the Wongawol Formation and 

consists of sandstone, shale and carbonate (Pirajno et al., 2004).  

10
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The Earaheedy Basin is constrained by the unconformably underlying Imbin 

Inlier, Yerrida Basin and Yilgarn Craton and the unconformably overlying Collier Basin 

(Pirajno et al., 2002, Martin and Throne, 2004).  U-Pb dating of the unconformably 

underlying Imbin Inlier yielded a zircon age of 1990±6 Ma thereby restricting the 

development of the Earaheedy Basin to post ~1990 Ma (Pirajno et al., 2002 ). In addition, 

monazites located in the upper units of the underlying Yerrida Basin yield a growth age 

of 1843±10 Ma synchronous with sill intrusions (Figure 3) and further constrain basin 

development and deposition to after ~1843 Ma (Rasmussen and Fletcher, 2002).   U-Pb 

dating of grains in the uppermost Mulgarra Sandstone yielded an age of 1808±36 Ma 

which is interpreted as the maximum depositional age of the upper Earaheedy Basin 

(Figure 3) (Halilovic et al., 2004). Minimum depositional ages are difficult to resolve as 

overlying units of the c. 1395 Ma Collier and c. 1465 Ma Edmund Basins and the events 

that caused deformation have not been well-dated (Martin and Thorne, 2004). 

Deformation within the Earaheedy Basin increases northwards towards the 

Stanley Fold Belt which is the compressively deformed northern margin of the basin 

(Pirajno et al., 2004).   Structural repetition of the basal Yelma Formation and the unusual 

thickness of the Wongowol Formation are suggested to relate to faulting and folding 

during the formation of the Stanley Fold Belt (Halilovic et al., 2004). Bagas (2004) 

suggests that the Stanley Fold Belt is an expression of latter stages of Yapungku 

deformation during the collision of the West and North Australian Cratons. 
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2.2 Local Geology  

The region chosen for this study is located in the northern Earaheedy Basin, 

eastern Capricorn Orogen, Western Australia (Figure 4).  

 

Stratigraphy and sedimentology 

 Three lithologies are distinguishable within the mapped area (Figure 4). These 

comprise Palaeoproterozoic sedimentary formations of marine shale/siltstone, ironstone 

and sandstone.  The units correlate with the Frere Formation as recognised by Pirajno et 

al. (2004), and appear to have been deposited in a cyclical manner (i.e. a series of 

repeated layers of shale, ironstone and sandstone; Figure 4).   The highly weathered 

outcrops do not preserve contacts between formations or facies, preventing a more 

detailed study of their conformity.  

 The shale and siltstone formation forms the oldest stratigraphic unit within 

repeated sequences and is very fine grained and clay rich.  Such units maintain well 

defined bedding and deformational cleavage planes which are 0.5cm – 3cm and 1mm – 

1cm thick, respectively.   Outcrops range from homogenous white clay to bimodal 

laminations of white and purple silt (Figure 5a); highly weathered outcrops are brown to 

purple in hue and heavily oxidised.   Although infrequent, some outcrops show 

coarsening upwards. It is likely that the shale and siltstone formed predominantly in a 

low energy deep marine environment that lacked wave and current action (Pirajno et al., 

2004). 

 Banded iron-rich siltstones and sandstones comprise the central unit mapped 

(Figure 4).  Coarse grained quartz rich sandstone and clayey siltstone layers are blocky in 
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appearance.  Layers of highly silicified veins are intercalated parallel to the bedding 

plane.  Iron appears to have been precipitated at a later stage rather than during deposition 

whilst cuboidal weathering pores suggest the presence of pyrite.  Although rare, 

conglomeratic units with large pebbles (2 – 4cm) crop out, indicating deposition within a 

high energy environment (Figure 5b).  Mudcracks were observed in a small outcrop of 

silt-rich ironstone, indicating a shallow marine, low energy environment that was 

possibly exposed due to a decrease in sea level or tidal action (Figure 5c) (Pirajno et al., 

2004).  

 Sandstones comprise the youngest unit mapped and are compositionally mature.  

Grains are medium (0.2 mm) in size, sub-rounded and well sorted. Small scale, low angle 

cross-bedding is evident within the major bedding plane which itself can extend from 

10cm to 1m in thickness (Figure 5d).  Cross-bedding is typical of a shallow marine shelf 

environment (Pirajno et al., 2004).  

 

Structure  

 The structural geology of the northern Earaheedy Basin comprises 

Palaeoproterzoic sedimentary strata folded into of synclines and anticlines that reflect 

north-south compression during D1 deformation (Figure 4).  Small scale local ‘z’ and ‘s’ 

folds are located in the limbs of larger folds and characteristic of the overall north-south 

compressional regime exhibited by large scale structures (Figure 5e).  Such structures are 

clearly defined by a pervasive cleavage that dips to the north at 70° and runs east-west, 

parallel to the fold axis.  Cleavage and bedding are graphically displayed in Figure 4 to 

show the structural relationships with local folding.   
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Faults typically form parallel to the pervasive axial planar cleavage. Reverse 

faulting within the mapped area is interpreted to have downthrown the northern anticlinal 

region under the southern synclinal region (Figure 4).  Faulting is accompanied by east-

west trending quartz veining up to 0.5m in width and 3m in length that crops out in the 

north western region of the study (Figure 5f).  The presence of quartz veining indicates 

possible hydrothermal activity in zones of weakness during late D1 deformation or in a 

later hydrothermal event.  Due to the highly weathered nature of fault planes and 

presence of extensive quartz veining, the total extent of tectonic movement could not be 

resolved.  

 

3. Samples and analytical methods  

The lithologies and localites of samples are shown in Table 3 and Figure 2, respectively.  

Petrological images of each sample are presented in Figure 6. All samples ranged from 

medium to coarse grained and contained monocrystalline and polycrystalline quartz set in 

a detrital clay matrix (i.e. Figure 6a).  Slight variations to the general trend include the 

replacement of the detrital clay matrix due to quartz overgrowth filling pore spaces 

(GSWA sample 189743, Figure 6b) and the inclusion of garnet and hematite (GSWA 

sample 189712, Figure 6c).  One sample (GSWA 189712) contained a distinct pervasive 

cleavage whilst remaining samples were void of a clear structural fabric.   
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3.1 U-Pb zircon dating 

 Sample preparation for U-Pb isotopic dating of zircons follow those of Payne et 

al. (2006).  Samples were crushed and sieved manually into three separate fractions; < 

400 μm, 400 – 79 μm and > 79 μm. The 400 – 79 μm fraction was retained for isotopic 

analysis.   Gravity separation panning techniques were applied to the fraction of interest 

in order to separate heavier and lighter minerals. Magnetic minerals were removed from 

the panned samples using a hand magnet.  Samples were further reduced using methylene 

iodide then hand-picked, mounted in epoxy, polished and carbon coated. 

Analytical techniques for U-Pb isotopic dating of zircons follow those of Payne et 

al. (2006).  Zircons were imaged on a Philips XL-20 scanning electron microscope 

(SEM) at the University of Adelaide using the Gatan cathodoluminescence (CL) 

instrument.    U-Pb dating of singular zircon grains was accomplished using laser ablation 

inductively coupled plasma mass spectrometry (LA-ICPMS) at the University of 

Adelaide.  The Agilent 7500cs ICP-MS and attached New Wave Nd Yag 213 UV laser 

with He collision cell was used to measure U and Pb isotope ratios. Following a 60 

second gas blank, zircon grains were ablated for 120 seconds with a beam diameter of 30 

μm at a rate of 5 Hz. The laser was fired with the shutter closed for 10 seconds prior to 

ablation to enable beam stability.   

 The GEMOC GJ-1 zircon standard was used to account for U-Pb fractionation 

(TIMS normalisation data 207Pb/206Pb = 608.3 Ma, 206Pb/238U= 600.7 Ma and 207Pb/235U= 

602.2 Ma, Jackson et al. 2004).  Throughout the course of this study, the reported average 

normalised ages for GJ-1 were 609.1±5.3, 601.9±1.2 and 603.2±1.2 Ma for the 

207Pb/206Pb, 206Pb/238U and 207Pb/235U ratios, respectively (n = 129).  An in-house Sri 
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Lankan zircon standard was used to monitor accuracy of standards and unknowns 

(BJWP-1, 207Pb/206Pb = 720.9 Ma, 206Pb/238U= 720.4 Ma and 207Pb/235U= 720.5 Ma, 

Massachusetts Institute of Technology (MIT) TIMS data); the reported average values for 

BJWP-1 were 730±16, 712.4±3.7 and 717.0±4.7 Ma for the 207Pb/206Pb, 206Pb/238U and 

207Pb/235U ratios, respectively (n = 22).  Data was reduced using GLITTER software (Van 

Achterbergh et al., 2001) and evaluated using the Excel add-ins Isoplot (Ludwig, 2003) 

and Age-Display (Sircombe, 2004).  

3.2 Hf isotopic analysis 

 Analytical methods for Hf isotope determination are described in Griffin et al. 

(2000) and Belousova et al. (2006) and are summarised below.  Hafnium analyses were 

undertaken using the New Wave Research LUV213 laser ablation microprobe and 

attached Nu Plasma multi-collecter LA-ICPMS at Macquarie University.  Zircons were 

ablated for a period of 120 - 150 seconds after recording 40 seconds of background 

signal.  With the exception of an unusually small zircon grain which was ablated with a 

beam of 30 μm, all analyses were carried out with a beam of 55 μm at a rate of 5 Hz.  As 

determined by U-Pb analyses, zircons with less than 10% discordance were analysed for 

hafnium isotopes in order to minimize error. 

176Hf/177Hf ratios in zircon must be corrected due to isobaric interference of rare 

earth elements 176Lu and 176Yb on 176Hf.  The interference-free 175Lu isotope is used to 

correct for 176Lu interference and later calculate 176Lu/177Hf (DeBievre and Taylor, 1993).  

Likewise, the interference-free 172Yb isotope is used to correct for 176Yb and later 

calculate 176Yb/177Hf.  The international MT-1 zircon standard was employed to evaluate 
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the precision and accuracy of laser ablation in order to ensure correct measurement of the 

176Hf/177Hf ratio for unknown zircons (normalisation 176Hf/177Hf = 0.282530 Ma). The 

reported average normalised value for MT-1 during this study was 176Hf/177Hf = 

0.282519 Ma (n = 9). 

 For the calculation of �Hf values, the chondritic values of  Blichert-Toft et al. 

(1997) were used.  These values are reported relative to 176Hf/177Hf = 0.282163 for the 

JMC475 standard.  There are currently three proposed values for the 176Lu decay 

constant.  �Hf values and model ages reported here (Table 5) were calculated using the 

value (1.93 x 10 -11year -1) proposed by Blichert-Toft et al. (1997), as this number is close 

to the average value of the other two recently reported values (1.865 x 10 -11year -1, 

Scherer et al. (2001); 1.983 x 10 -11year -1, Bizzarro et al. (2003)). 

To calculate model ages (TDM) based on a depleted-mantle source, a model with 

(176Hf/177Hf) = 0.279718 and 176Lu/177Hf = 0.0384 has been used (Belousova et al., 2006).  

This produces a value of 176Hf/177Hf (0.28325) similar to that of average mid-ocean ridge 

basalt (MORB) over 4.65 Ga.  TDM ages and �Hf values are calculated using the measured    

176Lu/177Hf of the zircon.   

3.3 Zircon morphology  

 Cathodoluminescence zircon images are shown in Figure 7.  Images revealed 

zircons with oscillatory and laminated zoning and were interpreted as being detrital due 

to their severed morphology. Elongate, sub-rounded, rounded and euhedral zircons were 

present and ranged in size from 90 to 180μm in length and 30 to 90μm in width.  Grains 

range in colour from pale translucent pink-white to semi-crystalline grey-brown-red.  
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Metamorphic overgrowth is evident in a small percentage of grains.  As metamorphic 

overgrowth in these zircons was narrower than the beam size chosen for laser ablation 

(diameter 30 μm), U-Pb metamorphic age was not determined.  

 

4. Results  

4.1 U-Pb detrital zircon data 

 U-Pb ages were acquired from 250 detrital zircon grains from four sandstone 

samples located in the northern Earaheedy Basin.  For future reference, all samples have 

been entered into the WAROX database at the Geological Survey of Western Australia 

(GSWA). Samples included two representatives from both the basal Yelma Formation 

(GSWA 189712, GSWA 189742) and central Chiall Formation (GSWA 189735, GSWA 

189743).  Eighty zircons were analysed from samples 189712, 189742 and 189743.  Due 

to large amounts of common Pb and time constraints, only ten zircons were analysed 

from sample 189735.  Samples were collected from a variety of locations in order to 

show spatial and chronological differences in detrital zircon ages. 

  This study considers data lying within 10% error of the concordia curve as 

concordant (i.e. 90 – 110 = concordant). Concordancy was calculated using the 206Pb/238U 

and 207Pb/235U age estimates and associated sigma 1 errors. LA-ICPMS analyses are 

represented as U-Pb concordancy plots showing results as sigma 1 error ellipses with n 

number of zircon analyses per diagram (Figure 8).  U-Pb zircon ages from all samples are 

shown in Table 4.  
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 Figure 9 represents 207Pb/206Pb ages as a function of both frequency and 

probability. Frequency bars and probability plots shaded dark grey signify analyses that 

are less than 10% discordant. Probability plots shaded light grey signify all available data 

within the given sample.  Analogous binary zircon populations are observed in both 

samples from the Yelma Formation; two major peak intervals in the detrital spectra are 

observed at 2700 - 2600 and 2200 - 1970 Ma.  Two major peak intervals in the detrital 

spectra of the Chiall Formation are observed at 2850 - 2600 and 2275 - 2050 Ma.  

 Yelma Formation 189712. Sample 189712 is a medium grained sub-litharenite.  

Of the 80 analyses, 21 were >90% concordant and 59 were discordant. Archaean 

207Pb/206Pb zircon ages ranged from 2700 – 2600 Ma, with a major peak at 2628±17 Ma.  

Two major peaks are evident within the Palaeoproterozoic at 2267±18 and 2025±19 Ma.  

The youngest detrital zircon grain within 10% discordance was 1980±30 Ma.   

 Yelma Formation 189742. Sample 189742 is a medium grained sub-litharenite. Of 

the 80 analyses, 27 were >90% concordant and 53 were discordant. The majority of data 

lie within an Archaean 207Pb/206Pb zircon age range of 2700 – 2600 Ma with a major peak 

at 2625±18 Ma and a less distinct peak at 2757±22 Ma. Binary clusters appear in the 

Palaeoproterozoic at 2437±17 and 2030±20 Ma.  The youngest zircon within this sample 

yields an age of 1971±26 Ma, which is the youngest age reported in this study. 

 Chiall Formation 189743. Sample 189743 is a coarse grained quartz-arenite.   Of 

the 80 analyses, 18 were >90% concordant and 62 were discordant. The >90% 

concordant analyses are clustered into age groups with 206Pb/207Pb ages that range from 

2275 - 2050 and 2850 - 2600  Ma.  Peaks within these ranges are situated at 2270±24 and 

2111±24 Ma and 2760±22 and 2623±21 Ma, respectively.  A less distinct peak gives a 
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206Pb/207Pb zircon age of 3135±17 Ma, which is the oldest zircon age obtained within this 

study. 

 Chiall Formation 189735. Sample 189735 is a sub-arkose sandstone.   One of the 

10 analyses was >90% concordant. Due to enhanced levels of common lead, only 10 

zircons from sample 189735 were analysed. A single 207Pb/206Pb zircon age of 2681±19 

Ma was attained.  

 

4.2 Zircon hafnium isotopic compositions  

Hf isotopic results for all samples used in this study are shown in Table 5 and 

presented comparatively in Figure 10 on a �Hf vs. time plot.  Of the 250 zircons analysed 

for U-Pb ages, only the 67 concordant zircons were analysed for Hf isotopes.  

Yelma Formation 189712.  Of the 24 zircons analysed for Hf isotopes within this 

sample, 21 were considered acceptable based upon <0.0015 Lu176/Hf177 ratios.  The 

majority of these analyses plot within age bands of 2700 – 2600 and 2250 – 2000 Ma and 

lie within negative �Hf space between -7.5 to -2.5 and -5.5 to -2.5, respectively.  Only 5 of 

21 analyses lie within positive �Hf space, all of which plot between Chondritic Uniform 

Reservoir (CHUR) and the depleted mantle.  

 Yelma Formation 189742.   All 27 Hf isotopic results within this sample were 

considered acceptable based on standards mentioned earlier.  As with sample 189712, the 

majority of analyses plot in negative �Hf space within age ranges of 2700 – 2600 and 

2250 – 2000 Ma.  Compared with sample 189712, an increased number of analyses lie 

within positive �Hf space.  These data cluster between CHUR and the depleted mantle at + 
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5 at U-Pb ages of ~2000Ma. A single analysis with an �Hf of 8.8 plots above the depleted 

mantle corresponding to the U-Pb age of ~2750 Ma. 

 Chiall Formation 189743.  Sample 189743 is represented by a total of 18 

acceptable data points. The majority of analyses plot within age bands of 2850 – 2600 

and 2275 – 2050 Ma and lie within negative �Hf space between -7.5 to -2.0 and -6.5 to -

1.5, respectively. Only 6 of 18 analyses lie within positive �Hf space.  Of these, 4 

correspond with the 2700 – 2600 Ma age range between CHUR and the depleted mantle.  

A singular analysis yields an �Hf value that plots on the depleted mantle at a U-Pb age of 

~2830 Ma.  

 Chiall Formation 189735. One zircon was analysed for Hf isotopes within this 

sample due to difficulties mentioned previously.  A U-Pb age of ~2680 Ma yielded a 

positive �Hf value of 2.4, which lies between CHUR and the depleted mantle and 

corresponds with results from sample 189743 of the Chiall Formation.  

 

5. Discussion  

5.1 Timing of deposition in the Earaheedy Basin 

Sill-related monazites within the upper Yerrida Basin yield an age of 1843±10 Ma 

(Rasmussen and Fletcher, 2002).  Peperites found proximal to sill intrusions indicate that 

the magma was injected into relatively wet sediment of the upper Yerrida Basin.  As the 

Earaheedy Basin unconformably overlies the Yerrida Basin, monazite ages constrain 

deposition within the Earaheedy Basin to post ~1843 Ma (Rasmussen and Fletcher, 

2002).   
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 The four samples from the Yelma and Chiall Formations used for U-Pb zircon 

dating in this study are presented separately on frequency/probability vs. age plots 

(Figure 9). The maximum age of deposition during the mid stages of basin development 

is constrained by the youngest concordant (>90%) detrital zircon of 2068±21 Ma within 

the Chiall Formation (Figure 8).  The youngest detrital group within the 67 grain 

population extends from 2000 – 1970 Ma.  Along with the youngest single concordant 

(>90%) grain of 1971±26 Ma, this population is exclusive to the basal Yelma Formation 

and constrains the maximum depositional age of the basal Earaheedy Basin to ~1970 Ma.  

This age is consistent with a study by Halilovic et al. (2004) that found the maximum 

depositional age of the basal Earaheedy Basin to be 1983±51 Ma.  Despite this, Halilovic 

et al. (2004) constrained maximum deposition of the entire Earaheedy Basin to the 

youngest detrital zircon found in the upper-most formation (Mulgarra Sandstone), which 

yielded an age of 1808±36 Ma.  This interpretation was based upon the assumption that 

the basin was deformed by the 1790-1760 Ma Yapungku Orogeny and therefore 

deposition was tightly constrained to between ~1810 and 1760 Ma. Maximum 

depositional ages reported here and by Halilovic et al. (2004) are consistent with 

monazite growth in the unconformably underlying upper Yerrida basin. It is therefore 

interpreted that deposition within the basal Earaheedy Basin occurred after ~1843 Ma at 

around ~1810 Ma. 

 40Ar-39Ar dating of sericite within the Stanley Fold Belt of the Earaheedy Basin 

yields an age of ~1650 Ma which is interpreted as the approximate time that sericite 

cooled past its closure temperature (Pirajno et al., in press).  The 1680 – 1620 Ma 

Mangaroon Orogeny has been shown to cause intracontinental reworking in the 
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Gascoyne Complex, west of the Earaheedy Basin (Sheppard et al., 2005).  As the 40Ar-

39Ar date sits within this time frame, it is possible that the Mangaroon Orogeny deformed 

the northern Earaheedy Basin to create the Stanley Fold Belt. This varies from previous 

suggestions that interpreted the poorly dated ~1770 Ma Yapungku Orogeny as the 

minimum depositional age of the Earaheedy Basin (Halilovic et al., 2004; Bagas 2004).   

These new data, combined with previous interpretations and data reported here, constrain 

deposition of the Earaheedy Basin to between ~1810 Ma and ~1650 Ma (Halilovic et al., 

2004; Pirajno et al., in press).  

 

5.2 Provenance of the Yelma and Chiall Formations   

5.2.1 U-Pb detrital zircon geochronology 

U-Pb zircon ages are displayed in frequency/probability vs. age plots in Figure 9. 

Archaean to Palaeoproterozoic detrital zircon U-Pb ages are present in all samples from 

the Earaheedy Basin. Such detrital signatures indicate that sediment was sourced from 

either a singular province consisting of Archaean and Palaeoproterozoic aged rocks or 

multiple provinces of distinct ages.  

 The basal Yelma Formation was deposited during the early stages of basin 

development.  The combination of data from two samples of the Yelma Formation show 

increased amounts of Archaean detrital zircons compared with Palaeoproterozoic aged 

zircons.  This trend is repeated in the combined data of two samples from the Chiall 

Formation, which records the mid stages of basin evolution.  Trend repetition within 

conformable sequences suggests that the basin was most likely fed from a constant source 
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throughout the early to mid stages of development.  The provenance of both formations 

will be discussed coincidently for 2700 – 2600 and 2275 – 2050 Ma time frames. Detrital 

zircon ages within the 2000 – 1970 Ma time frame are found within the Yelma Formation 

only.  Hence, the discussion of that time frame will focus upon possible sources for the 

basal Yelma Formation.  

 The majority of Archaean-aged grains range from 2700 – 2600 and 2850 – 2600 

Ma in the Yelma and Chiall Formations, respectively. These ages are widespread through 

the Yilgarn Craton, including 2750 – 2620 Ma granite and gabbro from the Narryer 

Terrane (Nutman et al., 1993; Kinny 2004) and 2700 – 2600 Ma granite from the 

Errabiddy Shear Zone (Occhipinti et al., 2004).  The oldest singular Archaean grain 

(Chiall Formation) records a U-Pb age of 3125±17 Ma which although rare in this 

sample, is similar to zircons in granites of the Yarlarweelor Complex in the Narryer 

Terrane which obtain crystallisation ages that extend to 3300 Ma (Nutman et al., 1993).  

A comparison of U-Pb ages from the Earaheedy Basin and Yilgarn Craton is presented in 

Figure 11a. These data suggest that basal to mid Archaean detritus was sourced from the 

Yilgarn Craton and further implies the Yilgarn Craton was uplifted relative to, and 

southwest of, the Earaheedy Basin (Figure 11c).   

 Zircons within Archaean data sets show oscillatory and laminated zoning and 

range from euhedral and elongate to well rounded (Figure 7).  Zircons with a well 

preserved morphology (i.e. euhedral and elongate) are interpreted to have traveled a small 

distance prior to deposition; the proximal Narryer Terrane is the likely source for these 

grains. Well rounded zircon morphology reflects lengthened transportation and indicates 
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the source terrane was distal to the Earaheedy basin, or that zircons had moved through 

several cycles of erosion and deposition prior to sediment accumulation.  

 Peaks in the Palaeoproterozoic detrital spectra of the Yelma and Chiall 

Formations include 2275 – 2050 Ma and 2000 – 1970 Ma. Detritus within the range of 

2000 – 1970 Ma is found only within the Yelma Formation and overlaps with the 

Dalgaringa Supersuite which intruded the Glenburgh Terrane from 2005 to 1970 Ma 

(Sheppard et al., 2004).  Well dated members of this suite include a 1997±8 Ma granitic 

gneiss and the Carrandibby Inlier (Figure 1), which yields ages from 2003±8 Ma down to 

~1985 Ma (Kinny et al., 2004; S.Sheppard, pers. comm., 2007).  The youngest 

Palaeoproterozoic grain reported here is aged 1971±26 Ma and is similar to that of the ca. 

1975 Ma Nardoo Granite, which intruded the southern Glenburgh Terrane (Sheppard et 

al., 2004).  A comparison of U-Pb ages from the Yelma Formation and Glenburgh 

Terrane is presented in Figure 11b.  The Glenburgh Terrane of the southern Gascoyne 

Complex is therefore the most probable source of 2000 – 1970 Ma aged sediment in the 

basal Earaheedy Basin (Figure 11c).  However, as the Yelma Formation does not contain 

a large number of 2000 – 1970 Ma aged zircons it is likely that the Glenburgh Terrane 

did not provide much detritus to the basal Earaheedy Basin. 

Detrital populations that fall within the 2275 – 2050 Ma age range are difficult to 

reconcile with known source rocks in Australia.  Source regions with such zircon ages, be 

they xenocrystic or magmatic, are rare in Western Australia.  The Darling Fault runs 

north-south along the border of the Yilgarn Craton and Perth Basin.  The Mullingarra 

Complex (Figure 1), which forms part of the Pinjarra Orogen and is currently positioned 

west of the Darling Fault, yields zircon ages of about 2.2 Ga (Cobb et al., 2001). 
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Although early Archaean to Palaeoproterozoic movement on the Darling Fault remains 

uncertain (Fitzsimons, 2003), it is plausible that the Mullingarra Complex was positioned 

near, and supplied sediment to, the Earaheedy Basin at some stage during fault evolution. 

In addition, granitoid zircons in the Narryer Terrane of the Yilgarn Craton exhibit peaks 

at 2.2 Ga (Figure 11a) and rare rims on zircons in the basement of the Glenburgh Terrane 

yield ages within the 2.4 – 2.2 Ga range (Griffin et al., 2004; Kinny et al., 2004).  These 

domains are further possible provenances for 2275 – 2050 Ma detrital zircons.  

 A variety of factors may explain the lack of 2275 – 2050 Ma zircons throughout 

the Capricorn Orogen, including tectonothermal and erosional removal and lack of 

exposure. The complex tectonothermal events that shaped the orogen during and after the 

2275 – 2050 Ma time frame include the ~2200 Ma Opthalmian, ~2000 Ma Glenburgh, 

~1800 Ma Capricorn, ~1650 Ma Mangaroon and ~1050 Ma Edmundian Orogenies 

(Cawood and Tyler, 2004). It is possible that thermal activity and faulting during these 

events may have removed certain source terranes.   Likewise, the source terrane may 

currently be overlain by younger sediment and as a consequence, undiscovered.  Many of 

the older tectonic units in the Capricorn Orogen are unconformably overlain by the 

Mesoproterozoic Edmund and Collier Basins (Martin and Thorne, 2004). With this in 

mind, comparison with like-aged terranes distal to the Capricorn Orogen is required.  

 An additional potential source of 2275 – 2050 Ma aged zircons in the Earaheedy 

Basin includes the South African Continent (SAC).  The SAC was proximal to the 

Pilbara Craton during the Columbia supercontinent (Figure 12a) (Zhao et al., 2002). The 

lithostratigraphy of the Pilbara Craton is broadly similar to that of the Kaapvaal Craton in 

southern South Africa (Figure 12b) (Zhao et al., 2002).  A three-layer relationship exists 
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between the two cratons which includes a package of 2.47 – 2.20 Ga volcanic units (Zhao 

et al., 2002).   These stratigraphic relationships are interpreted by Zhao et al. (2002) to 

indicate that the now detached cratons were once continuous as part of the Vaalbara 

continent within the supercontinent Columbia (Figure 12b).  The growth of the 

supercontinent Columbia extended from 1.8 – 1.3 Ga (Zhao et al., 2002),  thus 

overlapping with deposition of the Earaheedy basin (i.e. maximum deposition ~1810 Ma; 

Halilovic et al., 2004) and permitting the Kaapvaal Craton as a reasonable source terrane.  

 Zircons within the 2275-2050 Ma population are rounded and exhibit some 

metamorphic overgrowth (Figure 7).  These two properties further support South African 

related provenance; rounded morphology may reflect extended sediment transportation 

from the Kaapvaal Craton to the Earaheedy Basin.  In addition, metamorphic overgrowth 

may relate to metamorphism associated with long-lived Limpopo orogenesis, reported to 

extend from 3700 – 2000 Ma (Figure 12b) (Watkeys et al., 1983). Although metamorphic 

overgrowth is not dated here due to difficulties mentioned earlier, metamorphic rims are 

assumed to have grown between core ages of 2275 – 2050 Ma and the maximum 

depositional age of the Earaheedy Basin (~1810 Ma).  If metamorphism occured after 

Earaheedy deposition, overgrowth would be expected on a larger percentage of grains. If 

these interpretations are accurate, ~2.3 – 2.2 Ga volcanics (Kaapvaal Craton) and 

Limpopo related source regions of South Africa may have provided the 2275 – 2050 Ma 

aged detrital zircons to the Earaheedy Basin (Figure 12b).  This interpretation, however, 

is difficult to reconcile with northeasterly palaeocurrent direction (Halilovic et al., 2004) 

and must be further explored.  
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 Contrary to earlier findings (Halilovic et al., 2004), there is a notable lack of 

detrital zircons in the age range of 1950 – 1780 Ma. This indicates that the 1830 – 1780 

Ma Moorarie Supersuite of the Gascoyne Complex (Occhipinti et al., 1998) did not 

contribute Palaeoproterozoic sediment to the basal Earaheedy Basin, as suggested by 

Halilovic et al. (2004).   The extent to which an area contributed to sedimentary units 

within the upper Earaheedy basin (i.e. Mulgarra Sandstone) is beyond the scope of this 

study.  However, continued uplift during the Capricorn Orogeny over the development of 

the Earaheedy Basin may have exposed Capricorn-related intrusives (i.e. ~1780 Moorarie 

Supersuite) and provided detritus to the upper basin (Halilovic et al., 2004).   

 

5.2.2 Hf isotopes  

 �Hf data from the Yelma and Chiall Formations is displayed in �Hf vs. age plots in 

Figure 10. The Hf isotopic signature of three specific time frames are addressed; 2700 – 

2600, 2000-1970 and 2275 – 2050 Ma. Aside from the 2000 – 1970 Ma aged zircons in 

the Yelma Formation, the data from both samples are analogous and will be discussed 

coincidently.  

Samples in both the basal Yelma and middle Chiall Formations are dominated by 

Archaean detrital zircon ages that sit within the time interval of 2700 – 2600 Ma. This 

peak is consistent with zircon ages associated with magmatism in the Narryer Terrane 

and Murchison Province of the Yilgarn Craton  (Nutman et al., 1993; Griffin et al., 2004). 

A comparison of �Hf values from the Yilgarn Craton with those of the Earaheedy Basin is 

displayed in Figure 13a.   �Hf values of specific Archaean Yilgarn source terranes are 

compared with those of the Yelma and Chiall Formations in Figure 14.  �Hf values in the 
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age range of 2.7 – 2.6 Ga in the Narryer Terrane range from +1 to -10 (Griffin et al., 

2004). The majority of detrital data from 2.7 – 2.6 Ga reported here plot between  -7.5 

and -2 in �Hf space, across all samples.  Such negative �Hf values reflect remelting of older 

crust without the addition of juvenile magma. As zircons in the Narryer Terrane have 

similar ages and Hf isotopic ratios as detrital sediment within the Earaheedy Basin it is  

likely that the Narryer Terrane was one significant source for 2.7 – 2.6 Ga zircons in the 

Earaheedy Basin (Figure 14b). 

 In addition, it is possible that Archaean units of the Gascoyne Complex provided 

such sediment. A comparison of �Hf values from the Gascoyne Complex the Earaheedy 

Basin is presented in Figure 13b. �Nd values from a variety of samples throughout the 

Gascoyne Complex were obtained for comparison with detrital zircons from the 

Earaheedy Basin (S.Sheppard,  pers. comm., 2007). �Hf values were determined by 

applying a terrestrial Hf-Nd array formulated by Vervoort et al. (1999).  For example, an 

�Hf value of approximately -6.14 was calculated by applying the Hf-Nd array to an to �Nd 

(2700Ma) value of -6.68 in the Warrigal Gneiss (Glenburgh Terrane). Along with samples 

from the Warrigal Gneiss, the 2630 Ma Beedarry Plug and a 2687 Ma monzogranite of 

the Gascoyne Complex yielded �Hf values of -7.37 and -5.23, similar to the predominately 

negative values obtained within the Earaheedy Basin (Figure 13b). 

 Sources of positive �Hf Archaean zircons include the Murchison Province and  

Marymia Inlier which yield �Hf values between 0 and 4 and 1 and 8, respectively  (Griffin 

et al., 2004). Such data is indicative of increased interaction between older crust and 

juvenile components as compared to the dominantly old crustal source discussed earlier.   

A population of zircons within the Yelma and Chiall Formations (n = 13) also plot within 
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positive �Hf space at 2.7 to 2.6 Ga (Figure 14a).  The majority of these analyses lie 

between the depleted mantle and CHUR and range from 2 to 8.5, with a major cluster at 

~4.  With this in mind, it is suggested that positive �Hf detrital zircons were sourced 

predominately from the Murchison Province (Figure 14b), with minor input from the 

Marymia Inlier.  

 Palaeoproterozoic detrital zircons from the Yelma Formation are dominated by 

�Hf values that lie beneath CHUR in the time frame of 2000 – 1970 Ma (Figure 13b).  

Unlike Hf isotope values within the Archaean data set, there is no significant cluster of 

positive �Hf values, indicating that the magmatic source rock/s were highly evolved.  A 

variety of samples from the Gascoyne Complex exhibit negative �Hf values similar to that 

of detrital zircons within the Earaheedy Basin (Figure 13b). In particular, mafic and felsic 

members of the ca. 1975 Nardoo Granite of the Glenburgh Terrane produce values 

between -3.86 to -2.55 (Sheppard et al., 2004).  These compare well with negative Hf 

isotope data from 2000– 1970 Ma aged grains in the Yelma Formation, including the 

youngest detrital grain of 1971±26 Ma. In addition, the small quantity of positive �Hf 

2000 – 1990 Ma grains dated here (i.e. 1993±20 Ma) may correspond with that of ~1900 

Ma amphibolite and granulite within the Gascoyne Complex, which yield �Hf values of 

3.64 and 5.92 (GSWA data, unpublished), respectively. This implies that the Gascoyne 

Complex, and particularly the Glenburgh Terrane, provided 2000 – 1970 Ma zircons to 

the basal Earaheedy Basin.  

 Due to a sparsity of 2275 – 2050 Ma aged zircons throughout the Capricorn 

Orogen, the source of such sediment remains difficult to determine. Five zircons in the 

Yelma and Chiall Formations yielded ages of ~2271, ~2269, ~2278, ~2250 and ~2215 
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Ma with �Hf values from -5.7 to 8.6.  These findings do not favour a strictly juvenile or 

reworked crustal source.  Although rare, the Yeelirrie Domain and Narryer Terrane of the 

Yilgarn Craton contain magmatic zircons within the 2275 – 2050 Ma time frame (Figure 

14b) (Griffin et al., 2004).  Rare granitoid zircons in the Yeelirrie Domain exhibit a peak 

at 2.28 Ga.  All such zircons have negative �Hf values that extend to -30 and are indicative 

of old remelted crust with no juvenile mantle addition (Griffin et al., 2004). Furthermore, 

Griffin et al. (2004) reports zircons peak ages in silicic granitoids from the Narryer 

Terrane that cluster at approximately 2.33 Ga. As with the Yeelirrie Domain, the �Hf 

signature of such zircons are highly negative (-5 to -18). It is therefore possible that 2275 

– 2050 Ma aged zircons with negative �Hf signatures found in Earaheedy Basin were 

sourced from the Yeelirrie Domain and the Narryer Terrane (Figure 14b).  

 Magmatism in the Pilbara at ~2.2 Ga may provide an answer for the source of 

positive �Hf zircons in the 2275 – 2050 Ma age range.  The Cheela Springs Basalt of the 

northern Hamersley Province yielded ~2.2 Ga zircons (Martin et al., 1998). Although 

these zircons have not yet been analysed for hafnium, it is reasonable to assume positive 

�Hf values (i.e. juvenile).  Therefore, magmatism associated with the Cheela Springs 

Basalt may have provided some of the 2275 – 2050 Ma aged zircons.  

 It is important to note that Griffin et al. (2004) obtained Hf isotope analyses from 

detrital zircons in modern stream sediments within the northern Yilgarn Craton, rather 

than from rocks.  Although it is likely that such streams contain zircons from elsewhere 

(i.e. the Capricorn Orogen), the reported ages are still considered appropriate indicators 

of Yilgarn-related provenance of detrital zircons in the Earaheedy Basin. This is based 

upon two important factors: 1) detrital zircon samples were taken from streams located 
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solely within distinct domains of the Yilgarn Craton (i.e. Yeelirrie Domain), therefore 

reflecting bedrock within that domain and 2) samples are dominated by Archaean detrital 

zircon signatures typical of the Yilgarn Craton.  If modern stream sediment was sourced 

from the Capricorn Orogen itself, zircon ages ranging from 2000 – 1050 Ma, as found 

within currently exposed regions of the Capricorn Orogen, would be expected.   

 

5.3 Implications for the West Australian Craton and Proterozoic Australia  

The Proterozoic marks a period of continental amalgamation in which diverse 

terranes and crustal fragments formed three distinct Australian cratons (Myers et al., 

1996). Early studies suggested that the Proterozoic Australian cratons assembled during a 

period of orogenesis to form a section of the supercontinent Rodinia at 1330 – 1100 Ma 

(Myers et al., 1996).  In this model the West, North and South Australian Cratons 

developed separately before assembly.  Betts and Giles (2006) proposed an updated 

model for the 1800 – 1100 Ma evolution of Australia and demonstrated that the 

Australian cratons are more likely to have amalgamated earlier than suggested by Myers 

et al. (1996).   

 The amalgamation of the Australian Cratons is currently associated with the 

presence of two plate margins that developed along the southern and eastern borders of 

the North Australian Craton (Betts and Giles, 2006). The first plate margin was situated 

along the southern border of the North Australian Craton (NAC) and initiated between 

1800 – 1600 Ma.  The onset of subduction at this plate margin caused surrounding ocean 

to subduct northwards under the NAC, which itself began to migrate to the south (Figure 

14a) (Betts and Giles, 2006). In this model, the 1790 – 1770 Ma Yapungku Orogeny 
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records the cessation of northwards subduction and the continent-continent collision of 

the WAC and NAC along the southwestern margin NAC (Figure 14b) (Bagas, 2004). The 

Capricorn Orogen, Rudall Complex and Arunta Inlier are inferred to record this event 

(Betts and Giles, 2006; Bagas, 2004). Recent work by Geoscience Australia however, 

questions the significance, and even instance, of the Yapungku Orogeny (Maidment, 

2007).   The Gawler Craton later collided with the NAC along the southern margin at 

1740 – 1690 Ma (Betts and Giles, 2006).  

 Maximum depositional ages reported here and by Halilovic (et al., 2004) place 

sediment deposition within the Earaheedy basin to <1810 Ma.  Furthermore, 40Ar-39Ar 

ages of ~1650 Ma in the deformed northern margin of the Earaheedy Basin constrain 

basin deformation to 1680 – 1620 Ma during to the Mangaroon Orogeny  (Pirajno et al., 

in press). This contradicts previous tectonic models (i.e. Betts and Giles, 2006; Bagas, 

2004), which suggest the formation of the strongly deformed Stanley Fold Belt in the 

northern Earaheedy Basin occurred during the Yapungku Orogeny. With this in mind, the 

Yapungku Orogeny cannot have caused cessation of northwards subduction along the 

southern NAC resulting in the collision of the NA and WA Cratons.  Furthermore, the 

collision of the NAC and WAC may not have occurred until ~1680 – 1620 Ma, coeval 

with the Mangaroon Orogeny. 

 Previous studies have suggested that the development of the Earaheedy Basin 

occurred due to uplift west of the basin during the 1830 – 1780 Ma Capricorn Orogeny 

(Halilovic et al., 2004).  In such models, the uplifted Yilgarn Craton and Glenburgh 

Terrane were considered the most likely sources for Archaean and Palaeoproterozoic 

sediment, respectively. The ages presented here are consistent with this notion (Figure 
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11). Maximum depositional ages and basin deformation place basin development 

between ~1810 Ma (Halilovic et al., 2004) and the ~1650 Mangaroon Orogeny, which 

lies within the constraints of the 1830 – 1780 Ma Capricorn Orogeny.  However, 

sediment within the basin dominantly consists of fine grained shales and siltstones and 

mature quartz sandstones.  These sedimentary elements are suggestive of a relatively 

inactive source terrane rather than an active orogenic belt, which typically sheds thick 

immature high energy sediment (i.e. Yerrida Foreland Basin; Pirajno et al., 2004).  Here, 

it is suggested that the extensive orogenic activity associated with the Capricorn Orogeny 

was responsible for the uplift of source terranes.  However, the Earaheedy Basin may 

have formed in a trailing passive margin distal to the orogenic front (Pirajno et al., 2004).  

 

6. Conclusions 

 

1. Depositional Constraints 

U-Pb ages of detrital zircons within the Yelma and Chiall Formations of the 

Earaheedy Basin constrain maximum sediment deposition to 1971±26 and 2068±21 Ma 

for basal and mid detritus, respectively. These depositional ages are consistent with 

previously reported constraints, including the ~1843 Ma age of sill intrusion into 

underlying Yerrida Basin (Rasmussen and Fletcher, 2002) and the ~1810 Ma maximum 

depositional age of the upper Earaheedy Basin (Halilovic et al., 2004). In addition, 40Ar-

39Ar dating of sericite in the Stanley Fold Belt of the northern Earaheedy Basin yields 

~1650 Ma (Pirajno et al., in press)  Therefore, the 1680 – 1620 Ma Mangaroon Orogeny 

34

MISMDMJ
Rectangle



 38

provides an upper limit on sediment deposition. These newly defined constraints indicate 

that deposition occurred over a longer time frame than originally conceived.  

 

 

2. Provenance 

Detrital zircons fall into three distinct populations: 2700 – 2600, 2275 – 2050 and 

2000 – 1970 Ma, with the latter only present in the basal Yelma Formation. Archaean 

aged zircons exhibit similar U-Pb ages and negative hafnium isotopic signatures to the 

Narryer Terrane in the northwestern Yilgarn Craton.  Archaean zircons with positive �Hf 

values are similar to the Murchinson Province and Marymia Inlier which lie southwest 

and northwest of the Earaheedy Basin, respectively. The Yilgarn Craton and adjoining 

Marymia Inlier are the dominant providers of Archaean aged detrital zircons in the basal 

to mid Earaheedy Basin.  

 Palaeoproterozoic detritus within the Yelma Formation lies within the U-Pb range 

of 2000 – 1970 Ma. The detrital age spectrum and hafnium isotopic composition of this 

population is consistent with the Nardoo Granite and Dalgaringa Supersuite of the 

Glenburgh Terrane.  2000 – 1970 Ma zircons in the basal Yelma Formation are likely to 

be sourced from the Glenburgh Terrarne.  

 Due to the scarsity of zircon populations within the range of 2275 – 2050 Ma in 

Western Australia, the source of detritus is difficult to determine.  The lack of 

homogeneity in hafnium isotopic data is also problematic as it does not suggest a strictly 

juvenile or evolved crustal source. Zircons with negative �Hf values may be sourced from 

the Narryer Terrane of the Yilgarn Craton, which exhibits negative �Hf values.  Similar 
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aged volcanics (2.3 – 2.2 Ga; Kaapvaal Craton) and metamorophism (3700 – 2000; 

Limpopo Belt) indicate South Africa may have provided Palaeoproterozoic sediment to 

the Earaheedy Basin during the evolution of the supercontinent Columbia.  
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Figure Captions 

 

Figure 1.  Map of the Capricorn Orogen showing the location of the main tectonic units 

in colour.  Grey denotes areas that not are classified as part of the orogen but 

are integral in the understanding of the West Australian Craton. Archaean 

Cratons are defined by crosses. Areas outlined in black and void of colour 

define post-Proterozoic cover. Modified after Myers and Hocking (1998).  

  

Figure 2.  Simplified map of the Earaheedy Basin.  The Yerrida Basin and Marymia 

Inlier represent adjoining tectonic units of the Capricorn Orogen. The 

Archaean Yilgarn Craton and the post-Proterozoic Officer and Gunbarrel 

Basins are also shown. Sample locations are indicated by blue (Yelma 

Formation) and pink (Chiall Formation) stars. Boundaries adapted from 

Pirajno et al., (2004).  

 

Figure 3.  Stratigraphic column of the Earaheedy Group, Earaheedy Basin, demonstrating 

known ages and rock types.  Detrital zircons from Halilovic et al. (2004) 

represent maximum depositional ages.  Detrital zircons from Matonia (2007) 

represent maximum depositional ages obtained from this study. Monazites 

from Rasmussen and Fletcher (2002) represent the age at which sills intruded 

into wet sediment of the Yerrida Basin, which unconformably underlies the 

basal Earaheedy Basin. Adapted from Halilovic et al., (2004).  
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Figure 4. 1:25,000 Geological Map from a section of the northern Earaheedy Basin, 

Capricorn Orogen. Insets include a map of interpreted bedrock geology, a 

diagrammatic cross section and stereonet projection of local folding.  

 

Figure 5. Images of local geology including (a) banded purple-white fine grained 

siltstone (b) quartz clasts in conglomeratic ironstone (c) mud-cracks in banded 

ironstone (d) cross bedded medium grained sandstone (e) a small-scale fold in 

the limb of large synclinal structure, showing the hinge and dip/dip direction of 

folded beds (e) quartz vein cropping out between highly weathered siltstone 

formation.  

 

Figure 6. Microscopic images of the petrological composition of sandstone samples from 

the Earaheedy Basin.  (a) Medium grained monocrystalline detrital quartz 

fragments set in a clay rich matrix; interpreted as a  sub-arkose sandstone. 

Sample GSWA 189735. (b) Coarse grained monocrystalline quartz showing 

replacement of clay matrix by quartz over-growth; interpreted as a quartz 

arenite sandstone. Sample GSWA 189743. (c)  Fine grained sub-litharenite 

showing hematite inclusions and monocrystalline quartz fragments. Sample 

GSWA 189712. (d) Medium grained sub-litharenite consisting of mono- and 

polycrystalline quartz. Sample GSWA 189742.  

 

Figure 7.  Cathodoluminescence images of zircon grains from samples within the Yelma 

and Chiall Formations. The red circle represents the laser ablation position; 
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adjoining text indicates the age and error obtained from the zircon and the 

associated spot number. Grains shown are concordant (>90%) and indicative 

of the population of zircon ages in source terranes.  

 

Figure 8. U-Pb concordia plots of single detrital zircons from sandstones in the (a,b) 

Yelma Formation and (b,c) Chiall Formation of the Earaheedy Basin.  Grains 

shown are less than 10% discordant, with n = number of concordant 

analyses/total number of analyses. Error ellipses are at the 68.3% confidence 

interval. Inset U-Pb concordia plots show all data obtained for the 

corresponding sample, including discordant analyses.     

 

Figure 9. U-Pb zircon frequency and probability histograms of (a,b) Yelma Formation 

and (c,d) Chiall Formation.  Probability plots shaded dark grey represent grains 

that are less than 10% discordant with arrows indicating peak ages within the 

data set.  Probability plots shaded light grey indicate all data. Red bars indicate 

the amount of concordant analyses within a particular bin (bin width = 25 Ma).  

 

Figure 10. �Hf versus time (Ma) diagrams: (a) Combined �Hf  data from the Yelma and 

Chiall Formations with the green arrow indicating recycling of old crust and 

(b) �Hf  data from separate samples of the Yelma and Chiall Formations 

displayed comparatively. A legend is presented to enable differentiation 

between data obtained from specific samples.  
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Figure 11.Comparative U-Pb zircon probability histograms of samples from the 

Earaheedy Basin with possible source terranes. Grains shown are less than 

10% discordant. Red dashed lines indicate peak detrital ages to be compared.  

 (a) Comparison of the Archaean ages in the Yelma and Chiall Formations with 

various domains in the Yilgarn Craton. U-Pb detrital signatures from the 

Marymia Inlier, which adjoins the Earaheedy Basin to the northwest, are also 

presented. U-Pb data from the Yilgarn Craton and Marymia Inlier is adapted 

from Griffin et al., (2004). 

 (b) Comparison of Palaeoproterozoic ages in the Yelma Formation with the 

Glenburgh Terrane of the Gascoyne Complex. Data from the Gascoyne 

Complex is from S. Sheppard (pers. comm., 2007).  

 (c) Model inter-relating the detrital signatures from the Yilgarn Craton and 

Glenburgh Terrane with a possible depositional model.  

 

Figure 12. Diagrams indicating potential source regions of 2275 – 2050 Ma aged detrital 

zircons within the Earaheedy Basin.  Boundaries are derived from Zhao et al. 

(2002).  

(a) A model of the 1.8 – 1.3 Ga supercontinent Columbia as proposed by 

Zhao et al. (2002), with the red square indicating the position of the West 

Australian Craton in relation to the South African Craton.  

(b) Map of the Pilbara Craton and Capricorn Orogen of West Australia in 

relation to the Kaapvaal and Zimbabwe Cratons and Limpopo Orogen of South 
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Africa.  The blue star represents the position of the Earaheedy Basin as 

compared with potential source regions. 

Figure 13. Comparative �Hf versus time (Ma) diagrams of samples from the Yelma and 

Chiall Formations with the (a) Yilgarn Craton and (b) Gascoyne Complex.  �Hf  

data from the Yilgarn Craton is from Griffen et al., (2004).  �Hf  values from 

the Gascoyne Complex are derived from �Nd data from S. Sheppard (pers. 

comm., 2007). Discordant  (>10%) grains are not used. Grey bands indicate 

the position of dominant �Hf trends across samples. 

 

Figure 14. �Hf versus time (Ma) diagrams of (a) samples from the Yelma and Chiall 

Formations and (b) samples within distinct domains of the Yilgarn Craton, 

indicating the  Narryer Terrane, Murchinson Province and Yeelirrie Domian 

are probable source terranes for Archaean detrital zircons in the Earaheedy 

Basin.  

 

Figure 15. Model of the 1.79 – 1.76 construction of Proterozoic Australia, proposed by 

Betts and Giles (2006).  (a) Northwards subduction of ocean under the NAC 

causing collision of the NAC with the Rudall Complex (b) Halilovic et al. 

(2004) and Betts and Giles (2006) propose that the amalgamated WAC 

collided with the Rudall Complex during the 1790 Ma – 1760 Ma Yapungku 

Orogeny, causing the formation of the Stanley Fold Belt in the northern 

Earaheedy Basin.  
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