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1. Introduction

New and published regional geological, geochronological, geochemical and geophysical data suggest that a revised tectonic model for the evolution of
Paleoproterozoic basins on the northern Yilgarn Craton is warrented. The basins formed as a response to both extensional and compressional pro-
cesses In the early Paleoproterozoic along the craton’s margin. Early rifting and basin formation led to the formation of the Yerrida Basin at c. 2180 Ma
as a single sub-basin containing the Windplain Group. This led to the eventual development of the Bryah and Mooloogool Sub-basins of the Yerrida
Basin at c. 2030 Ma, and voluminous extrusion and intrusion of mafic rocks. The depth, and nature of the Bryah Sub-basin suggests that it corre-
sponds with a rift axis, and is the deepest part of the Yerrida Basin. Continued rifting along the northern Yilgarn margin resulted in subduction of the
Yilgarn Craton beneath the sutured Glenburgh—Pilbara craton. Eventual convergence resulted in volcanism and rift-sediment deposition ceasing in the
Bryah and Mooloogool Sub-basins, the onset of pro-foreland basin development (Padbury Basin) in the west, and approximately NE-SW rifting further
east, forming the Earaheedy Basin, all at c. 2000 Ma. Banded iron-formation and granular iron-formation in the Robinson Range and Frere Formations
was deposited much later (c. 1890 Ma) in a large basin that deepened from east to west, covering the Earaheedy and Yerrida Basins. The deepest
parts of this basin coincide with the Bryah Sub-basin, which represents the most rifted portion of the Yilgarn Craton in this region. Deposition in all
basins probably ceased with the onset of the Capricorn Orogeny at c. 1820 Ma.

Figure 1: Time-space plot of geological units in  Figure 2: Simplified geological map of Western ~ Geological Setting
the Bryah, Padbury, Yerrida and Earaheedy Australia, with Map inset area a

. . : The Capricorn Orogen developed between the Archean Pilbara and
Basins. colors correspond with Map inset area a

Yilgarn Cratons during periods of rifting and convergence in the
Paleoproterozoic and Neoproterozoic. Cratonic blocks beneath the Capri-
corn Orogen include the Pilbara and Yilgarn Cratons and Glenburgh
Terrane. The Glenburgh and Pilbara Cratons were amalgamated during
the Opthalmian Orogeny at c. 2215-2145 Ma. The combined Pilbara
Craton and Glenburgh Terranes accreted to the Yilgarn Craton during the
2005-1950 Ma Glenburgh Orogen to form the West Australian Craton.
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€Colier gy Capricorn Orogeny, 1680 —1620 Ma Mangaroon Orogeny, c. 1385-1200
> Ma Mutherbuken event and 1030-955 Ma Edmundian Orogeny.

Within the southern part of the Capricorn Orogen, sedimentary and

volcanosedimentary basins formed between 2200 Ma and 1820 Ma as a

response to the tectonothermal evolution of the region. This paper

Yilgarn reviews the development of these basins and places them in the context

Craton of the overall development of the \West Australian Craton.
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E Kulkatharra Dolerite; Dolerite and gabbro sills intruded into the Edmund Group and Collier Group

E Narimbunna Dolerite; Dolerite and gabbro sills intruded into the Edmund Group Edmund and Collier basins

Bangemall Supergroup: Edmund and Collier groups, Depositional packages 1 to 6; Siltstone, mudstone,
sandstone; dolostone, chert, & conglomerate
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Mount Leake Formation; Quartz arenite; locally glauconitic Inlier
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Durlacher Supersuite; Granite
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Moorarie Supersuite; Granite and minor gabbro, and metamorphosed equivalents
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Moorarie Supersuite; Kerba Granite; Medium to even-textured biotite monzogranite, locally porphyritic ulgar ¢ sandsone, mudstone and cabonate.

Millidie Creek Formation; Banded iron-formation, ferruginous sandstone and shale Kuele Limestone; Stromatolitic limestone, intraclastic carbonate breccia, calcarenite, limestone, siltstone and sandstone.

ie Creek Formation; Dolomitic sandstone and siltstone

BASIN

ie Creek Formation; Sandstone and silitstone, locally with granular iron formation Wongawol Formation; Silistone, fine-grained feldspathic sandstone, mudstone and minor conglomerate and stromatolitic limestone

PADBURY BASIN
EARAHEEDY
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inson Range Formation; Ferruginous shale, siltstone, banded iron-formation, and chert iall Formation; Fine-grained sandstone and siltstone, interleaved with sandstone, conglomerate and breccia

- Robinson Range Formation; Banded iron-formation, chert, ferruginous shale, siltstone, sandstone

E Robinson Range Formation; Banded iron-formation and shale

Peak Hill
Schist

|| Bertibubba Supersuite; Granite and metagranitic rocks B Frere Formation (including Windida Member); Granular iron-formation, jasperoidal chert, stromatolitic dolomite, mudstone, and sandstone
Wilthorpe Formation; Pebble to boulder conglomerate 8 S = N~ ~r ~~ ~ ~ ~ ~

Imbin Porphyry; Felsic volcanics and felsic porphyry
Labouchere Formation; Quartz wacke and siltstone with local quartz-pebble conglomerate beds

PADBURY
BASIN

Yelma Formation & Sweetwaters Well Dolomite;Sandstone, dolomite (locally stromatolitic), siltstone, shale, minor conglomerate and limstone
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- Horseshoe Formation; Ferruginous, chloritic shale, & quartz-feldspar wacke; partly manganiferous & calcareous; iron formation & chert

Ravelstone Formation; Lithic wacke and siltstone; chloritic fragments; graded beds

Goodin iqmw 83-1

| Inlier N:(Quqrtermaine)

& \

- Narracoota Formation; Basalt interbedded with volcaniclastic and siliciclastic sedimentary rocks; low magnetic susceptibility & frequency Maraloou Formation: Siltstone, ferruginous shale, in part calcareous; basal part intercalated with basaltic volcanics and dolerite sills

racoota Formation; Basalt, locally pillowed & plagioclase-phyric, mafic--ultramafic schist, & volcanciclstic rocks . . . . . .
yp plag Phy Doolgunna & Thaduna Formations; Arkosic and lithic sandstone and quartz wacke; minor conglomerate, siltstone, mudstone, & laminated quartz sandstone
.
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Nar
g' - Narracoota Formation (Dimble Belt): High magnesium basalt & ultramafic schist; locally pillowed
g o -9 9 ’ yp locally containing fragments of basaltic scoria volcaniclastic rock

- Killara Formation; Tholeiitic basalt; locally intercalated with dolerite sills; local lithic sandstone and chert breccia

Grou

(O] - Trillbar Complex; Gabbro, microgabbro, mafic & ultramafic schist; minor mafic rock; metamorphosed

BRYAH BASIN
Bryah

~ BASIN
plain - Mooloogool

Karalundi Formation; Basaltic volcanics, or andesitic basalt intercalated with siliciclastic sedimentary rocks

YERRIDA

Johnson Cairn Formation; Shale and siltstone; minor quartz arenite, feldspathic sandstone, and thin-bedded dolomite and marl Yilgarn Craton

- Karalundi Formation; Sandstone; minor shale & conglomerate

Juderina Formation; Quartz sandstone; local sandstone, shale, siltstone, chert breccia, and conglomerate Yerfldiﬁaﬂn

Karalundi Formation; Sandstone; lithic wacke, minor shale and conglomerate; locally mafic volcanic rocks . .. - .
Juderina Formation; Dolomitic sandstone and siltone

- Juderina Formation; Finlayson Member: Arkosic sandstone and quartz wacke; minor conglomerate, quartz siltstone, and laminated quartz sandstone
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Bertibubba Supersuite: Granite and metagranitic rocks

Peak Hill Schist; Quartz blastomylonite

Peak Hill Schist; Quartz muscovite schist, mylonitic schist, and phyllonite
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PP-011 (ACM)
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Despair Granite: Porphyritic metagranodiorite to augen gneiss
Yarlarweelor Gneiss Complex; Leucocratic granitic gneiss; derived from 3300--2640 Ma biotite granite and granitic gneiss, and Paleoproterozoic granite and pegmatite

Archean granite and greenstone
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Basin Development

Basins that developed along the northern Yilgarn Craton margin between 2200 and 1820 Ma formed in response to prolonged periods of extension and compression
that affected the craton margins during the Paleoproterozoic during assembly of the supercontinent Columbia. Initially, these basins formed as a response to exten-
sional processes, resulting in the deposition of locally derived siliciclastic detritus. Continued subsidence and limited siliciclastic influx from a low-relief Yilgarn Craton
provenance led to shallow-marine environments and deposition of carbonates, including stromatolitic dolostone and evaporite.

The basins that developed during lithospheric extension are large shallow basins, except for the Bryah Sub-Basin. This is probably a function of the buoyant and thick
Archean lithosphere (Poudjom Djomani et al., 2001) that underlies the Earaheedy Basin and the southern part of the Yerrida Basin. The deepest basin succession is
recorded in the Bryah Sub-basin, corresponding with the largest volume of mafic rock accumulation, and probably the greatest amount of mechanical rifting of Archean

lithosphere in the region. It appears, rifting in the Mooloogool Sub-basin and Earaheedy Basin may simply have been limited due to the buoyancy of the Archean
Craton on which they formed.

The Model: Rifting along the northern Yilgarn margin resulted in mafic to ultramafic magmatism along its northern margin, now seen in the Trillbar Complex and in the
northern part of the Juderina Formation, and eventual differentiation of the Yerrida Basin into the outboard Bryah and inboard Mooloogool Sub-basins on either side of
the active Goodin Fault. Basin-wide sulfidic black-shale sedimentation followed, and ultimately, mafic and intermediate magmatism in the Karalundi Formation. This
was interspersed with volcaniclastic and siliciclastic sedimentation that became the host rocks for volcanic mafic- and mafic siliciclastic-hosted massive sulphides (Cu,
Zn, Au, Ag, Pb), such as the 2.03-2.02 Ga DeGrussa deposit (Hawke et al., 2014; Pirajno et al., 2015). With time, mafic volcanism also migrated to the south with the
development of the Mooloogool Sub-basin.

Northwest to southeast subduction of the extended Yilgarn Craton margin beneath the combined

! Glenburgh—Pilbara craton began by c. 2005 Ma, perhaps coincident with the cessation of mafic volcanism
(Narracoota and Karalundi Formations) in the Bryah and Mooloogool Sub-basins. Contrary to some reports,
there are no boninites known in the Narracoota Formation that might indicate that the formation formed in a
backarc. Recent work has shown that those rocks identified as boninites in geochemistry are silicified mafic

volcanics of the Narracoota Formation, or metasedimentary rocks in the overlying Beattie Park Member of
the Wilthorpe Formation.

ion)

Deposition of chemical and siliciclastic sedimentary rocks in the Bryah and Mooloogool Sub-basins took
place after mafic volcanism had ceased in the region, perhaps during a transition period between local
extension and collisional processes. Concurrently at c. 2 Ga, there was felsic volcanism in the northeastern
Bryah Sub-basin, contrasting the voluminous mafic volcanism earlier in the basin’s history. Eventual collision
and accretion of the combined Pilbara—Glenburgh craton with the Yilgarn Craton marks both the end of

7000 to 040 Ma T o nospnerie exiension phase - Earaheedy Basin deposition in the Yerrida Basin, and the initiation of the Padbury and Earaheedy Basins. The lowermost units
e of these basins were deposited as a result of the 2005-1950 Ma Glenburgh Orogeny. However, the overly-

Bl o iIng iron formations were deposited sometime after the Glenburgh Orogeny, as suggested by the c. 1890 Ma
Glonburh Torane L= B age of the Frere Formation (Rasmussen et al., 2012), during a global phase of iron-formation deposition

%t spurred by global ocean chemistry.

Basin development along the northern Yilgarn margin probably only ceased with the onset of the

intracratonic Capricorn Orogeny at c. 1820 Ma. Units such as the Millidie Creek Formation (upper Padbury
Group), Kulele Limestone and Mulgarra Sandstone (Miningarra Group) were deposited just prior to this. At
this time, basin development was initiated in the northern and northwestern parts of the Capricorn Orogen.

Left: Schematic geological model illustrating the development of 2200—1940 basins along the northern margin of the
Yilgarn Craton. a. Development of the Yerrida Basin in response to NE-SW rifting of the Yilgarn Craton margin; b. For-
mation of the Padbury and Earaheedy Basins over the Yerrida Basin, initially as a response to convergence of the
Glenburgh Terrane and Yilgarn Cratons; c. Schematic cross-section illustrating the possible architecture of the Padbury
Basin, with a forebulge in the south and a fold and thrust belt in the north (modified after Martin, 1994).
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