
CHAPTER 6 

Structural and metamorphic evolution of the 
central Arunta Block: a synthesis 

Summary 

The central Arunta Block is interpreted to have undergone two major tectonometamorphic 

cycles during the early- to mid-Proterozoic. On the basis of regional correlations, these 

cycles appear to have affected a large portion of the Arunta Block. The early- to mid-

Proterozoic tectonic evolution of the central Arunta Block is inferred to have involved: (1) 

asymmetrical lithospheric extension and concomitant crustal thickening due to magmatic 

accretion, which resulted in peak metamorphic conditions; (2) thermal relaxation and 

ductile non-coaxial extension along a northeast-southwest tectonic axis; (3) crust/mantle 

delamination, which resulted in rising of the asthenosphere and gravitational instabilities 

in the crust; (4) crustal shortening and thickening followed by limited crustal thinning 

related to gravitational collapse; and (5) isobaric cooling at depth until uplift and exposure 

at the surface in the late-Proterozoic and/or mid-Carboniferous. 
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CHAPTER 6: Tectonic evolution 

6.1 Introduction 

Evidence for the structural and metamorphic evolution of the central Arunta Block 

is provided by the structure and alignment of minerals in kinematic fabrics from rocks in 

the Strangways Metamorphic Complex, Harts Range Group and numerous shear zones 

that dissect the terrain. Together with the regional geological history, the structural and 

metamorphic evolution provide a basis for deriving a tectonic model for the evolution of 

the central Arunta Block and inferring the processes that may have been responsible for 

deformation and metamorphism. 

Five deformations (D1-D5) and two metamorphisms (M1-M2) have been 

recognized in rocks from the Strangways Metamorphic Complex. D1-D2 occurred 

during an early deformation cycle associated with peak metamorphism (Mi, Chapter 2). 

D3-D5 occurred during a progressive, regional, compressive deformation associated with 

an increase in temperature and pressure during M2 (Chapters 3 and 4). 

Deposition of the Reynolds Range Group (Dirks and Norman, 1991; Appendix) 

occurred at about the same time as D1-D2 (1800 Ma) in the Strangways Metamorphic 

Complex on a shallow southwest-dipping marine shelf. The geometry of die shelf and 

coastline may have been influenced by the deformation and metamorphic processes in the 

central Arunta Block. 

The inferred early-Proterozoic P-T-(t) path for rocks of the Harts Range Group is 

different from that inferred for rocks in the Strangways Metamorphic Complex. This 

may reflect a different stratigraphic and structural setting for the Harts Range Group. In 

this Chapter, the structure of the Harts Range Group, which is similar to the structure of 

large parts of the Arunta Block, is described. The structural and metamorphic history of 

shear zones that separate the Strangways Metamorphic Complex and the Harts Range 

Group is also discussed. Deformation structures in gneisses adjacent to the Amadeus 

Basin and in the late-Proterozoic Heavitree Quartzite are also briefly described, in order to 
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CHAPTER 6: Tectonic evolution 

delineate the effects of the mid-Carboniferous Alice Springs Orogeny, which was 

responsible for intense deformation along the northern margin of the Amadeus Basin. 

6.2 Structural and metamorphic evolution of the Strangvvays 

Metamorphic Complex 

6.21 Ongeva granulites and the Anamarra granite domain 

Part of the tectonometamorphic evolution of the Ongeva granulites and the 

Anamarra granite domain has been attributed to two major deformation cycles (Chapter 2) 

and two associated metamorphisms (Chapter 3). Deformation during the first 

deformation cycle (D1-D2) was accompanied by anatexis due to peak metamorphism 

(Mi), the deformation and crystallization of S2 leucosome having occurred during D2. 

S2 is oriented subparallel to the lithological layering and could have been initially 

recumbent. U-Pb zircon data indicate D2 to have occurred at 1765±4 Ma (Norman and 

Collins, unpublished data) and peak metamorphism is inferred to have occurred at about 

1800 Ma (Black et al., 1983; Windrum and McCulloch, 1986). There appears to be no 

large-scale repetition of "stratigraphy" associated with Di nor D2, and Mi and S2 mineral 

assemblages indicate that peak metamorphism was followed by limited decompression 

with cooling (Chapters 3 and 4). However, the D2 structures indicate extreme extension, 

which was probably associated with large simple-shear strain accumulations. Peak 

metamorphism involved perturbation of the geotherm and was accompanied by a high 

surface heat flux of at least lOOmWnr2 (after Bohlen, 1991). Evidence for a high 

geothermal gradient in Proterozoic terrains has been attributed to magmatic heating 

(Oxburgh and Turcotte, 1970; England and Thompson, 1986; Bohlen, 1991) 

contemporaneous with crustal and lithospheric thinning (McKenzie, 1978; Wickham and 

Oxburgh, 1985; Sandiford and Powell, 1986). Layer-parallel foliations are inferred to 

have accompanied prograde metamorphism during compressional (Bohlen, 1987; Clarke 

et al., 1987; Hobbs et al; 1984) or extensional (Sandiford, 1989) deformation. 

Structural and metamorphic fabrics from the Ongeva granulites and the Anamarra granite 

domain indicate that limited crustal thickening occurred during M1/D1 and that 
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development of a layer-parallel foliation occurred primarily after peak metamorphism 

during intense ductile non-coaxial extensional deformation. There is no evidence mat 

crustal thickening during Mi was associated with compressional tectonic structures; it is 

inferred as having been due to magmatic overaccretion and underplating. Massive 

granitoids intruded low-pressure terrains elsewhere in the Arunta Block at the same time 

as peak metamorphism (Mi) and D2 deformation in the Strangways Metamorphic 

Complex (1800-1760 Ma, Collins et al., 1991). Inferred decompression for the 

Strangways Metamorphic Complex can be related to isostatic compensation of the 

lithosphere, which is expected when large volumes of felsic magma are added to the crust 

(e.g. Thompson and Ridley, 1987; Stiiwe and Powell, 1989a, 1989b). The Mi P-T 

path inferred for the Strangways Metamorphic Complex increases in pressure and 

temperature during the prograde metamorphic path and decreases slightly in pressure 

during slow cooling. This outlines a predicted anticlockwise path for mid-crustal terrains 

below a zone of magmatic accretion (Bohlen, 1991; Harley, 1989). 

Although magmatic intrusion into the upper and lower crust helps to transfer heat 

from the mantle lithosphere, it may only be a consequence of an asthenospheric 

perturbation, such as lithospheric thinning (Wernicke, 1985). As noted by Sandiford 

and Powell (1986), maximum crustal extension may be asymmetrical with respect to 

maximum lithospheric thinning and maximum surficial heat flow. The deposition of 

supracrustal rocks in areas of maximum crustal extension during lithospheric thinning 

places constraints on the geometry of large-scale shear zones (detachments), which may 

be associated with extension. The recognition of a lateral metamorphic gradient during 

peak metamorphism also places constraints on the geometry of the extensional system, 

because the geothermal gradient decreases away form the area of maximum lithospheric 

extension. Later in this Chapter, inferred P-T-t paths, geothermal gradients and the 

geometry of supracrustal deposition are used to derive a tectonic model for the early 

evolution of the central Arunta Block involving crustal thickening and lithospheric 

thinning. 
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The similar orientation of structural fabric elements during D3-D5 suggests that 

they were produced during a continuous progressive deformational cycle. This is 

shown by the superimposed mean structural elements from the Ongeva granulites and the 

Anamarra granite domain in Fig. 6.1. The second deformation cycle was responsible 

for the complex fold pattern (D3) and shear zone deformation (D4-D5) and has been 

termed the Arunta Orogeny (Chapter 2). The orientation of D3 fold axes with respect to 

the stretching lineation indicates a probable northeast to southwest transport direction. 

The effects of a second metamorphic event (M2) are recognized in the Strangways 

Metamorphic Complex by mineral assemblages that indicate an increase in temperature 

and pressure. M2 was probably associated with compressional deformation during D3-

D5. Intrusion of granite and metagabbro occurred after D2 and may have been 

syntectonic with the early part of the second deformation cycle. U-Pb zircon data 

obtained from the Anamarra Granite indicate that intrusion of the igneous complex to 

have occurred at 1745±4 Ma (Norman and Collins, unpublished data). Therefore, D3 is 

inferred to have occurred within 20 Ma of D2 and 55 Ma of Mi. Metagabbro in the 

Anamarra granite domain is calc-alkaline and unlike tholeiitic, metabasic rocks that are 

interlayered with felsic rocks in the Ongeva granulites. Calc-alkaline igneous rocks are 

common in arc-type or collisional orogenic zones where oceanic crust is being consumed 

into the mantle (B-subduction). However, there are no high-pressure mineral 

assemblages nor obducted ophiolite in the Strangways Metamorphic Complex, which 

would indicate B-subduction. The intrusion of calc-alkaline plutons during D3 was 

probably related to processes in the mantle lithosphere during cooling from peak 

metamorphism. Furthermore, D3 deformation occurred in a shorter time than the 

thermal decay time for the continental lithosphere (England and Richardson, 1977; 

Loosveld and Etheridge, 1990) after D1-D2, and so could also be related to processes 

responsible for peak metamorphism. Mantle processes that could be responsible for 

granitoid intrusion and initiating the second deformation cycle are discussed later in this 

Chapter. Whole-rock compositions for the Anamarra Granite, metagabbro from the 

Anamarra granite domain and average mafic gneisses from the Ongeva granulites are 
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L3 N = 433 

• L4 N = 554 

O LsN = 225 

<$^ F3 and F4 fold axes 

Fig. 6.1 Lower hemisphere, equal area, stereographic 
projections of L3, D3 fold axes, L4 and L5 from the 
Strangways Metamorphic Complex. 
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presented in Table 6.1. Coaxial shortening occurred during the later part of D3 and was 

associated with lateral dextral shearing. 

D4 and D5 deformation also occurred at granulite facies conditions and is 

characterized by ductile non-coaxial shear zones. D4 shear zones could represent 

gravitational collapse due to crustal thickening during D3 or may be antithetic to 

deformation between wide D5 shear zones with reverse movement. However, the 

similar orientation of L4 and L5 stretching lineations in the shear zones and L3 suggests 

that D4 and D5 are a continuation of the orogenic cycle responsible for D3. They 

probably represent the partitioning of strain into localized zones, due to strain hardening 

and fluid channelling, as the terrain cooled during progressive compressional 

deformation. Cordierite-bearing metapelites that are deformed in D5 shear zones in the 

Ongeva granulites contain a well-developed alignment of sillimanite and biotite (Fig. 

6.2a) defining L5, cordierite having been removed. Coarse-grained retrograde 

greenschist facies muscovite commonly occurs as random booklets, which contain 

sillimanite and biotite inclusions (Fig. 6.2b). Greenschist facies retrogression usually 

occurs near pegmatite dykes. Similar pegmatite dykes in the Harts Range have yielded a 

U-Pb zircon age of 520 Ma and a Rb-Sr muscovite age of 307 Ma (Mortimer et al., 

1987). Metagabbro that is deformed by D5 in the Anamarra granite domain contains 

porphyroblasts of anthophyllite and aligned hornblende (Fig. 6.2c), representing 

amphibolite facies retrogression in D5 shear zones. In areas of greenschist retrogression 

within D5 shear zones, hornblende is replaced by chlorite (Fig. 6.2d). Greenschist facies 

retrogression postdates high-grade D5 deformation and amphibolite facies retrogression 

in the shear zones and is unrelated to the main penetrative structural and metamorphic 

fabrics in the Ongeva granulites and the Anamarra granite domain. 

6.22 Structural and metamorphic fabrics in the Erontonga metamorphics 

and Ankala gneiss 

The Erontonga metamorphics and the Ankala gneiss belong to the Strangways 

Metamorphic Complex and crop out between the Hale River and the deformed northern 
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Table 6.1 Whole-rock compositions from the 
Strangways Metamorphic Complex. 

wt% Anamana Granite metagabbro average mafic granofels 
Anamana granite domain Ongeva granulites 

Si0 2 

TiOz 
AI2O3 
Fe 2 0 3 

FeO 
MnO 
MgO 
CaO 
Na20 
K 2 0 
P2O4 
H20+ 
H20-

co2 

69.13 
0.57 
14.15 
1.18 
2.68 
0.05 
0.84 
2.68 
2.01 
5.46 
0.14 
0.98 
0.17 
0.00 

50.43 
0.78 
19.03 
2.16 
7.71 
0.18 
5.46 
10.17 
3.26 
0.61 
0.05 
1.44 
0.12 
0.04 

50.43 
1.30 

14.79 
3.22 
8.21 
0.13 
7.24 
10.57 
2.21 
0.73 
0.14 
0.55 
0.05 
0.12 

TOTAL 100.06 100.55 99.69 

trace elements (ppm) 

115 
46 
254 
52 
19 
19 
11 
26 
78 
7 
7 
25 
104 
2 
2 
244 
73 
83 
99 

Ba 
Ce 
Cr 
Cu 
Ga 
La 
Nb 
Nd 
Ni 
Pb 
Pr 
Rb 
Sr 
Th 
U 
V 
Y 
Zn 
Zr 

1590 

14 
14 
16 

8 

10 
13 

177 
168 
5 
0 
34 
28 
36 

259 

51 

64 
63 
17 

1 

116 
14 

13 
145 
0 
0 

175 
16 
94 
35 
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6.2 (a) Garnet porphyroblasts and lineated sillimanite and biotite in a 

metapelitic schist on the northern margin of the Ongeva granulites. 

Sample 904. Base of photograph is 4.4 mm. 

6.2 (b) Muscovite porphyroblast containing sillimanite and biotite inclusion 

trails in a sillimanite-biotite schist on the northern margin of the 

Ongeva granulites. Sample 901. Base of photograph is 2.0 mm. 

6.2 (c) Hornblende-plagioclase metagabbro containing anthophyllite 

porphyroblasts. Anamarra granite domain. Sample 903A. Base of 

photograph is 4.4 mm. 

6.2 (d) Chlorite schist containing anthophyllite porphyroblasts adjacent to 

sample in Fig. 6-2c in the Anamarra granite domain. Sample 903B. 

Base of photograph is 4.4 mm. 

6.2 (e) Elongate staurolite defining a steep lineation in the Anuma schist. 

6.2 (f) Lineated staurolite and biotite in the Anuma schist Sample 945. 

Base of photograph is 4.4 mm. 
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margin of the Amadeus Basin (Figs 1.0, 1.1) in the Winnecke Block (Shaw and 

Langworthy, 1984). Although they are distinguished by different rock types 

elsewhere, no subdivision of these rock units are made in this study, due to intense 

deformation that transposed the compositional layers. The outcrop pattern of the 

Erontonga metamorphics and the Ankala gneiss in the Winnecke Gorge area is shown in 

Fig. 6.3 and structural data are presented on stereographic projections in Fig. 6.4. 

The Erontonga metamorphics and the Ankala gneiss consist of quartzofeldspathic 

gneisses, mafic granulite facies gneisses, metapelitic gneisses and calc-silicate rocks. A 

gneissic tectonometamorphic foliation in the Erontonga metamorphics and Ankala gneiss 

is cut by a well-developed, pervasive north-dipping biotite foliation that contains a steep 

northeast-plunging stretching lineation (Fig. 6.4). A second foliation, defined by the 

alignment of biotite or medium-grained quartz and feldspar, is commonly oblique to the 

biotite foliation. The two foliations are typical of S-C planes in mylonites produced 

during non-coaxial deformation (Berthe et al., 1979; Lister and Snoke, 1984). The 

orientation of these fabrics preserves evidence of south-directed shearing. 

Asymmetrical feldspar augen are also common and preserve evidence of south-directed 

shearing. The original orientation of fabrics associated with the early gneissic foliation 

could not be determined, due to the intensity of recrystallization during later 

deformations, which rotated the early foliations into parallelism with the biotite foliations. 

The mylonitic foliation dips mostly 60° to the north, but is spread about a steep small-

circle axis (Fig. 6.4). It has a similar distribution to the pervasive foliation in the Gough 

Dam Schist Zone (see Fig. 2.12). The plunge of mineral elongation lineations is mostly 

50° towards 021-000 and is also very similar to that in the Gough Dam Schist Zone. 

Greenschist facies retrogression is common, particularly near the late-Proterozoic 

Heavitree Quartzite, which belongs to the Amadeus Basin (Fig. 6.3). Deformation of 

the Amadeus Basin occurred during the mid-Carboniferous Alice Springs Orogeny and 

was associated with the development of south-verging nappes (Forman, 1971; 

Majoribanks, 1976). Adjacent to the Erontonga metamorphics and the Ankala gneiss, 
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Anuma schist 

Erontonga metamorphics and 
Ankala gneiss 

calc-silicate rock 

trend of mylonitic foliation 

mineral elongation azimuth and plunge 

Amadeus Basin 

Heavitree Quartzite 

Bitter Springs Formation 

Fig. 6.3 Outcrop pattern of the Erontonga metamorphics, Ankala gneiss, 
Anuma Schist and late-Proterozoic Heavitree Quartzite. Location 
shown on Fig. 1-0. 
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Poles to mylonitic foliations 
N=140 

mylonitic lineations 
N=143 

Fig. 6.4 Lower hemisphere, equal area, stereographic projections of poles 
to mylonitic foliations and mylonitic lineations from the 
Erontonga metamorphics and Ankala gneiss. 

Poles to So in the Heavitree Quartzite 
N = 22 

Quartz elongation lineation in So 
from the Heavitree Quartzite 

N = 16 

Fig. 6.5 Lower hemisphere, equal area, stereographic projections of poles 
to So from the Heavitree Quartzite and quartz elongation 
lineations on So. 
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the Heavitree Quartzite is recrystallized and contains a quartz elongation lineation. This 

lineation plunges between the northwest and the north (Fig. 6.5). In outcrops of the 

Erontonga metamorphics and the Ankala gneiss, north of the Heavitree Quartzite, an 

alignment of fine-grained white mica overprints the earlier mylonitic lineation. The later 

white mica lineation plunges to the northwest and is oblique to the earlier steep lineation. 

It is also subparallel to a quartz lineation in the Heavitree Quartzite, and is therefore 

correlated with deformation during the Alice Springs Orogeny. The distribution of L5 

and S5 in the Gough Dam Schist Zone was attributed to D5 deformation and post-Ds 

crenulation (Chapter 2). Mylonitic deformation in the Erontonga metamorphics and the 

Ankala gneiss probably correlates with D5 in the Gough Dam Schist Zone, which is part 

of the second deformation cycle in the Strangways Metamorphic Complex. 

6.23 Structural and metamorphic fabrics in the Anuma schist 

The Anuma schist is a coarse-grained biotite schist that contains staurolite, 

kyanite, sillimanite and fine-grained white mica. It crops out on the northern margin of 

the Erontonga metamorphics and the Ankala gneiss in the Winnecke Block (Shaw and 

Langworthy, 1984). The Anuma schist commonly contains a white-mica elongation 

lineation oblique to a steep high-grade mineral elongation lineation. The oblique white-

mica lineation is subparallel to a similar lineation in the Erontonga metamorphics and 

Ankala gneiss adjacent to the Heavitree Quartzite, which is attributed to deformation 

during the Alice Springs Orogeny. Elongate staurolite and biotite are commonly aligned 

in a north-dipping biotite foliation and define a steep lineation in the Anuma Schist (Figs 

6.2e, 6.2f). Lineated prisms of sillimanite similar to those in D5 shear zones on the 

northern margin of the Ongeva granulites may also be aligned parallel to staurolite. 

Coarse-grained random kyanite may occur in pods or as porphyroblasts in the biotite 

foliation (Fig. 6.2e). Kyanite formation appears to postdate deformation as it is not 

lineated, and probably represents cooling into the kyanite stability field; this is the kyanite 

stage of Warren (1983a). Garnet was not found in the Anuma schist. 
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6.3 Structural and metamorphic history of the Harts Range 

Group 

The Harts Range Group (Fig. 5.1) consists of folded, interlayered, garnet-bearing 

mafic gneisses, metapelitic gneisses, calc-silicate rocks and quartz-rich gneisses, which 

are cut by north-dipping mylonite zones that indicate a south-directed sense of shear. It 

crops out to the north of the White Lady Block, which consists of north-dipping shear 

zones and the Gough Dam Schist Zone. The White Lady Block and the Gough Dam 

Schist Zone separate the Harts Range Group from the Strangways Metamorphic 

Complex to the south. The Harts Range Group has been subdivided into the Riddock 

Amphibolite Member, Irindina Gneiss and the Naringa Calcareous Member (Shaw et al., 

1984b). The Harts Range Group has also been subdivided into the Harts Range meta-

igneous complex and Irindina supracrustal assemblage, on the basis of geochemical data 

(Sivell and Foden, 1985). However, in this Chapter the Harts Range Group is 

subdivided, following Shaw et al. (1984b), into a series of spatially distinct blocks that 

are separated by mylonite zones. Each block preserves a distinct structural history. The 

Irindina Gneiss crops out to the south of the Riddock Amphibolite Member and the 

Naringa Calcareous Member crops out to the north of the Riddock Amphibolite Member 

(Fig. 6.6). The outcrop pattern of the Harts Range Group is shown in Fig. 6.6. 

6.31 Structural geology of the Riddock Amphibolite Member 

The Riddock Amphibolite Member forms a large garnet-bearing, mafic sheet that 

is continuous for a distance of more than 60 km east of Mount Riddock. The Riddock 

Amphibolite Member is folded and contains minor interlayered garnet-bearing felsic 

gneisses and quartzites. Structural data from the Riddock Amphibolite Member are 

presented on stereographic projections in Fig. 6.7. 

The Riddock Amphibolite Member contains a tectonometamorphic gneissic 

foliation (S2) that is defined by cm-scale alternations of coarse-grained plagioclase-

rich±garnet±amphibole leucosome and coarse-grained granoblastic layers of 
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Calcareous ^ \K\^" 
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kilometre 

Cpx-Hbl-PliQtz mafic gneiss 

Cpx-Grt-Hbl-PljQtz mafic gneiss 

Grt-PI-Qtz felsic gneiss and quartzite 

interlayered felsic gneisses, quartzites, 
Sl-Qrt-Bt gneisses and mafic gneisses 

31-Grt-Bt-Kfs-Qtz gneiss 

interlayered Sl-Grt-Bt felsic gneisses 

and mafic gneisses 

caic-silicate rock 

E r ] mylonite 

^ V f ? mineral elongation azimuth and plunge 

g mylonitic foliation, reverse sense of sense of shear 

JS. strike and dip of S2 foliation 

« » Qtz-Kfs-Bt-Mu pegmatite 

Fig. 6.6 Folded outcrop pattern of the Harts Range Group. 
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Poles to S2 
N= 84 

Poles to Si 
N= 10 

L2 on Si 
N = 25 

Fig. 6.7 Lower hemisphere, equal area, stereographic 
projections of poles to Si and S2, and L2 from 
the Riddock Amphibolite Member, Harts Range 
Group. 

228 



CHAPTER 6: Tectonic evolution 

clinopyroxene-amphibole-plagioclase±garnet±quartz. S2 is commonly sub-parallel to 

compositional boundaries but, due to the intensity of deformation associated with the 

development of S2, the compositional layering has been rotated into parallelism with S2. 

Any evidence for earlier deformations has been obliterated by recrystallization during 

peak metamorphism and D2 deformation, which produced the pervasive S2 foliation. The 

gross compositional boundaries are deformed and mafic layers are commonly 

boudinaged. No evidence for a primary sedimentary or igneous layering has been 

recognized and the gross compositional boundaries are referred to as Si. 

Anatexis accompanied peak metamorphism (Mi) and deformation and 

crystallization of leucosome in a tectonic foliation (S2) during D2. There appears to be 

no large-scale repetition of "stratigraphy" associated with Di nor D2, and Mi and S2 

mineral assemblages indicate that peak metamorphism was followed by cooling with 

limited decompression (Chapter 4). S2 in the Harts Range Group is similar to S2 in the 

Strangways Metamorphic Complex and was probably produced during a similar ductile 

non-coaxial deformation event (D2). S2 is oriented parallel to the axial plane of folded 

plagioclase leucosome, which defines F2. Asymmetrical mafic boudins and folds are 

also common. Coarse-grained plagioclase-hornblende pegmatite networks commonly 

cut S2, but contain an alignment of hornblende that is parallel to S2. These pegmatite 

networks are inferred to have crystallized from partial melt during cooling from the 

metamorphic peak. They are correlated with similar late-E>2 pegmatite pods and networks 

in the Strangways Metamorphic Complex. 

Si and S2 are folded by east-west trending, upright, tight to isoclinal F3 folds 

with shallow plunges that form the dominant macroscopic fold pattern of rock units in the 

Harts Range Group. Lineated hornblende occurs along the hinge of F3 folds in the 

Riddock Amphibolite. The axial plane of the macroscopic F3 fold in Fig. 6.6 dips 

steeply to the north and the fold axis is curved in the axial plane. The fold axis dips 

between 10-20° to the west and east. The axial plane is also curved, which is probably 

due to subsequent deformations. An early mineral elongation lineation is preserved on 
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the limbs of the large doubly plunging F3 fold in Fig. 6.6 away from the fold hinge. This 

lineation is defined by elongate dimensions of plagioclase, clinopyroxene and hornblende 

and is referred to herein as L2. L2 is probably aligned parallel to the finite extension 

direction during D2 and therefore is parallel to the axis of tectonic transport inferred for 

D2. The orientation of the D2 tectonic transport axis can be reconstructed by rotating 

Si and S2 to a horizontal position over a shallowly plunging fold axis with and azimuth 

of 100°. The azimuth of the D2 tectonic transport axis in northeast-southwest. 

D3 deformation was responsible for the dominant upright F3 fold pattern. F3 

folds have wavelengths of up to 1 km and an amplitude of greater than 500 m. Si and 

S2 were symmetrically shortened along a northnortheast-southsouthwest axis during D3. 

The amount of shortening is difficult to estimate because of the lack of stratigraphy, but 

was probably up to 50%. The shortening axis is subparallel to the trend of the D2 

transport axis that is indicated by the orientation of L2. The upright style of folding and 

an inferred northnortheast-southsouthwest shortening axis during D3 are similar to 

deformation in the Reynolds Range, which has been referred to as DII by Dirks and 

Wilson (1990). Similar structural and metamorphic characteristics across large portions 

of the Arunta Block are discussed later in this Chapter. 

6.32 Structural geology of the Irindina Gneiss 

The Irindina Gneiss is composed of sillimanite-biotite-garnet-bearing 

quartzofeldspathic gneisses, mafic gneisses and minor calc-silicate rocks. It is separated 

from the Riddock Amphibolite Member to the north by a north-dipping mylonite zone that 

contains a well-developed steep lineation defined by elongate sillimanite. Asymmetrical 

K-feldspar augen in the mylonite indicate a reverse sense of movement. Structural data 

from the Irindina Gneiss are presented on stereographic projections in Fig. 6.8 and 

outcrop sketches of deformed Irindina Gneiss are shown in Fig. 6.9. 

Mafic layers up to 50 m wide are common in the Irindina Gneiss and are similar in 

composition to the Riddock Amphibolite Member. These wide mafic layers contain a 
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Fig. 6.8 Lower hemisphere, equal area, stereographic projections of 
structural data from the Irindina Gneiss. 

6.8 (a) Poles to Si and S2. 
6.8 (b) Mineral elongation lineations (L2) on Si and S2. 
6.8 (c) Poles to mylonitic foliations (Ss). 
6.8 (d) Mineral elongation lineations (Ls) on Ss. 
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Fig. 6.9 Outcrop sketches of D3 structures in the Irindina Gneiss. Locality 

is shown on Fig. 6.6. 
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cm-scale leucosome layering that resembles S2 in the Riddock Amphibolite Member. 

Cm-scale coarse-grained pegmatite layers and garnet-bearing felsic leucosome in the 

predominantly quartzofeldspathic Irindina Gneiss are subparallel to the leucosome 

layering in mafic layers. These leucosome foliations are referred to as S2. S2 in the 

Irindina Gneiss has the same distribution as S2 in the Riddock Amphibolite Member and 

is folded by F3 folds that have steep north-dipping axial planes and shallow fold axes. 

Deformation of S2 in the Irindina Gneiss is therefore correlated with D3 in the Riddock 

Amphibolite Member. Garnet-bearing quartzofeldspathic pegmatite occurs in the necks 

of boudinaged mafic layers (Fig. 6.9b). The intensity of D3 in the Irindina Gneiss was 

such that evidence for D2 or any earlier deformations has been destroyed. Mafic layers 

are commonly intensely boudinaged and F3 folds commonly have extremely attenuated 

and boudinaged limbs (Fig. 6.9a). Coarse-grained sillimanite and biotite in felsic 

gneisses, and recrystallized hornblende in mafic boudins are aligned parallel to the axial 

planes of F3 folds. A lineation defined by elongate sillimanite, biotite and quartz 

commonly occurs in S2 and plunges steeply to the north. This lineation is not folded by 

F3 and is orthogonal to F3 fold axes. It is referred to as L3 and probably represents a 

finite extension direction during D3. L3 occurs along the same axis as L2 in the Riddock 

Amphibolite Member. 

The Irindina Gneiss crops out to the north of the White Lady Block, which 

comprises north-dipping, anastamosing shear zones. Adjacent to the White Lady Block, 

the Irindina Gneiss is also intensely deformed, in places, resembling an augen gneiss. 

This deformation is referred to as D4. A quartz stretching lineation and sillimanite 

elongation lineation (L4) is common and is subparallel to L3. Asymmetrical augen and 

oblique mineral fabrics indicate that D4 was characterized by non-coaxial deformation. 

These fabrics also preserve evidence for a reverse sense of movement. 

D4 mylonitic fabrics are deformed in northwest-verging steep crenulation zones 

(Fig. 6.6). These zones post-date folding and mylonitization of the Irindina Gneiss. 
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6.33 Structural geology of the Naringa Calcareous Member 

The Naringa Calcareous Member crops out to the north of the Riddock 

Amphibolite Member. It is mostly composed of north-dipping augen gneiss, which 

preservejirnineral fabrics that indicate intense non-coaxial deformation. However, less 

mylonitized folded gneisses also occur towards the centre of the outcrop. Structural data 

from the Naringa Calcareous Member are presented on stereographic projections in Fig. 

6.10. 

In this study area, the Naringa Calcareous Member comprises mainly 

quartzofeldspathic gneiss and minor biotite-sillimanite gneiss. Towards the centre of the 

outcrop a leucosome foliation is tightly folded about a steep northeast-plunging fold axis. 

The axial planes of these folds dip steeply to the north. These folds do not resemble 

folds in the Riddock Amphibolite Member nor the Irindina Gneiss, but resemble Type B 

F3 mylonitic folds in the Strangways Metamorphic Complex. They are cut by a biotite 

foliation that forms a penetrative foliation in the augen gneisses. A quartz elongation 

lineation and an alignment of biotite in this foliation are parallel to the fold axes in the less 

deformed gneisses. Deformation on the Naringa Calcareous Member appears to be 

characterized by progressive non-coaxial deformation along a northeast-southwest axis, 

later deformation being concentrated into mylonite zones. Lineations in these mylonite 

zones and fold axes are parallel to L3 lineations in the Irindina Gneiss and have the same 

azimuth as the shortening direction inferred for D3 in the Riddock Amphibolite Member. 

Folding and mylonitization in the Naringa Calcareous Member is correlated with D3 

folding and D4 mylonitization in the Riddock Amphibolite Member and Irindina Gneiss. 

The reclined tight folds in the Naringa Calcareous Member are folded by open 

vertical folds, which have a north-south axial trace. These folds are probably related to 

east-west shortening after mylonitization. The mylonitic foliation is also deformed by 

crenulation zones. These zones have a steep north-plunging axis and commonly form 
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Fig. 6.10 Lower hemisphere, equal area, stereographic projections of 
structural data from the Naringa Calcareous Member, Harts Range Group. 

6.10 (a) Poles to Si and S2, and projections of L2 on S2 
6.10 (b) F3 fold axes 
6.10 (c) Poles to mylonitic foliations and projections of mylonitic mineral lineations 
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conjugate sets that indicate north-south coaxial shortening. They may represent continual 

deformation after mylonitization during strain hardening as a result of cooling. 

The upright open north-south folds and crenulation zones are cut by extensive 

pegmatite dykes that are commonly associated with greenschist facies retrogression. 

6.34 Tectonometamorphic history of the Harts Range Group 

Part of the tectonometamorphic evolution of the Harts Range Group can be 

attributed to two major deformation cycles, similar to those in the Strangways 

Metamorphic Complex. Deformation during the first deformation cycle (D1-D2) was 

accompanied by anatexis during peak metamorphism (Mi) and crystallization of 

leucosome in a tectonic foliation (S2) during D2. The orientation of S2 is subparallel to 

the lithological layering and could have been initially recumbent. Mineral zoning 

indicates that peak metamorphism was followed by cooling and limited decompression 

(Chapter 4). D2 structures in the Harts Range Group are similar to D2 structures in the 

Strangways Metamorphic Complex and are indicative of extreme extension, which was 

probably associated with large simple shear strains. An L2 lineation is preserved in the 

Riddock Amphibolite Member and indicates extension along a northeast-southwest axis. 

However, L2 in the Strangways Metamorphic Complex has mostly been obliterated by 

intense recrystallization during D3. 

The similar orientation of structural fabric elements during D3-D4 suggests that 

they were produced during a continuous progressive deformational cycle. This 

deformation cycle was responsible for the upright fold pattern in the Riddock Amphibolite 

Member and Irindina Gneiss and reclined folds in the Naringa Calcareous Member (D3), 

and mylonitization (D4). The similar orientation of structural fabrics and inferred 

deformation axes in both the Harts Range Group and the Strangways Metamorphic 

Complex suggests that the D3-D4 deformation cycle in the Harts Range Group may have 

been contemporaneous with the Arunta Orogeny in the Strangways Metamorphic 
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Complex. The orientation of mineral fabrics in the mylonite zones indicates a probable 

northeast to southwest transport direction. 

6.4 Shear zone deformation and metamorphic conditions 

6.41 Deformation in the Gough Dam Schist Zone 

The Gough Dam Schist Zone crops out on the northern margin of the Strangways 

Metamorphic Complex and consists of phyllonitic quartzofeldspathic gneisses, augen 

gneisses, biotite schists and residual pods of the Strangways Metamorphic Complex. 

(Fig. 1.0; Chapter 2). The Gough Dam Schist Zone contains a quartz rodding and a 

biotite±sillimanite elongation lineation that plunges to the northnortheast. Mineral 

fabrics indicate that deformation was characterized by both non-coaxial deformation and a 

flattening style of strain. Flattening strain postdated non-axial deformation and a 

southward sense of shear. 

Lineations in the Gough Dam Schist Zone have a similar orientation to high-grade 

mineral lineations in a mylonitic foliation from the Erontonga metamorphics and the 

Anuma schist (sections 6.22 and 6.23). Deformation in the Gough Dam Schist Zone 

has been referred to as D5 (Chapter 2) and postdated the dominant folding of both the 

Strangways Metamorphic Complex and the Harts Range Group. Staurolite-kyanite 

assemblages in the Anuma Schist are similar to assemblages that have been described 

from phyllonitic zones west of the Gough Dam Schist (Warren, 1983a). Coronas on 

kyanite described elsewhere appear to reflect isothermal uplift (Warren, 1983a) after 

deformation. Deformation in the Anuma schist and phyllonitic zones to the west 

probably correlate with D5 deformation in the Gough Dam Schist Zone. The similar 

tectonometamorphic history in shear zones across the Arunta Block suggests that D5 was 

a significant regional deformation a granulite facies conditions and predated isothermal 

uplift 

Greenschist facies retrograde foliations postdate deformation associated with the 

formation of high-grade penetrative structural fabrics. Chlorite and muscovite-epidote 
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foliations commonly have a very oblique to subhorizontal east-west-trending mineral 

elongation. Greenschist facies retrogression was probably related to fluid movement 

and deformation during reactivation of the shear zones that separate the Strangways 

Metamorphic Complex and Harts Range Group. 

6.42 Deformation in the White Lady Block 

The White Lady Block (Shaw et al., 1984b) crops out to the north of the Gough 

Dam Schist Zone (Fig. 1.0). It comprises anastomosing, north-dipping ultramylonite 

zones and pods of mafic gneisses, quartzofeldspathic gneisses, sillimanite gneisses and 

minor megacrystic gneisses, similar to gneisses in the Strangways Metamorphic 

Complex. The outcrop pattern, which is shown in Fig. 6.11, resembles a tectonic 

melange. Structural data from the White Lady Block are presented on stereographic 

projections in Fig. 6.12. 

Ultramylonite zones in the White Lady Block preserve well-developed mineral 

fabrics indicate that deformation was non-coaxial and that south-directed shearing 

predominated. Evidence for mylonitic deformation also occurs in the Irindina Gneiss 

to the north. A gneissic tectonometamorphic foliation is preserve/ in the unmylonitized 

pods. This foliation has a similar distribution to S2 in the Strangways Metamorphic 

complex and unlike the distribution of S2 in the Harts Range Group (Fig. 6.12). These 

pods are probably reworked from the Strangways Metamorphic Complex. The 

mylonitic foliation contains a well-developed lineation defined by elongate quartz, 

feldspar and sillimanite, and aggregates of garnet and orthopyroxene. This lineation 

plunges consistently to the northnortheast (Fig. 6.12) and is subparallel to mineral 

elongation lineations in the Gough Dam Schist Zone. Metamorphic conditions during 

ultramylonitization in the White Lady Block were probably similar to conditions during 

D4 ultramylonitization in the Strangways Metamorphic Complex on the basis of similarity 

in recrystallized mineral assemblages. 
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Fig. 6.12 Lower hemisphere, equal area, stereographic projection of 
poles to Si and S2, and poles to mylonitic foliations and 
mylonitic lineations from the White Lady Block. 
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Deformation in the White Lady Block may have been responsible for juxtaposing 

the Harts Range Group (Fig. 1.0) against the Strangways Metamorphic Complex. 

James and Ding (1988) have suggested that a major crustal detachment between the Harts 

Range Group and the Strangways Metamorphic Complex was active when the Bruna 

Gneiss was intruded at 1747 Ma (Mortimer et al., 1987), thereby dating this thrusting 

event. On the basis of structural and metamorphic data from the Strangways 

Metamorphic Complex and Harts Range Group, it is also possible that non-coaxial 

deformation in high strain zones in the Gough Dam Schist Zone and the White Lady 

Block represents the continuation of a major progressive orogenic cycle. 

6.43 The relationship between deformation in the Amadeus Basin and the 

central Arunta Block 

Collins and Teyssier (1989) have interpreted deformation in the Bruna Gneiss 

and other shear zones between the Harts Range and the Amadeus Basin, to the south, to 

be have been part of a crustal-scale Palaeozoic deformation that produced the Arltunga 

Nappe Complex during the Alice Springs Orogeny in the mid-Carboniferous (Stewart, 

1971). Palaeozoic deformation produced thrust sheets involving late-Proterozoic 

sedimentary rocks south of the Erontonga metamorphic s, and a new tectonic fabric in the 

basement. Greenschist facies mineral fabrics in the Erontonga metamorphics and 

Anuma schist that were produced during the Alice Springs Orogeny are structurally 

distinct from the earlier deformation fabrics. On the basis of similar orientations of 

structural fabrics and similar successive mineral assemblages, high-grade deformation in 

the Erontonga metamorphics and the Anuma schist may correlate with D5 deformation 

elsewhere in the Strangways Metamorphic Complex and D4 in the Harts Range Group. 

Therefore, D5 deformation in the Strangways Metamorphic Complex and D4 in the Harts 

Range Group occurred prior to the Alice Springs Orogeny. However, D5 and D4 shear 

zones were probable conduits for fluid during retrogression and were partially reworked 

during uplift of the Arunta Block and deformation during the Alice Springs Orogeny. 
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6.5 Deposition of the Reynolds Range Group 

During the early to mid-Proterozoic at least two episodes of sedimentation 

alternated with large scale orogenic events in the Arunta Block (Stewart et al., 1984; 

Shaw et al., 1984a). Shallow-marine siliciclastic and carbonate deposits belonging to 

the 1800 Ma old Reynolds Range Group represent a transgressive sequence deposited 

during the last depositional episode on a low-gradient shelf, that was affected by long

shore currents, tidal currents, storm wave action, and fair-weather wave action (Dirks 

and Norman, 1991; Appendix). An angular unconformity separates the Reynolds 

Range Group from the underlying Lander Rock Beds (Stewart et al., 1980). The 

Reynolds Range Group consists of a 1100 m thick sequence comprising basal 

conglomerate and massive quartzite, mudstone and calcareous rocks. The concentration 

of southwest-directed palaeocurrent directions and facies distribution (Dirks, 1991) 

suggests that a low-gradient palaeo-shelf extended towards the southwest. Vertical and 

lateral stratigraphic transitions between the facies associations are generally gradational, 

which may reflect coeval coexistence of all facies on the shelf and small, net, relative sea 

level changes. Long-shore currents were subordinate on the middle shelf, but were 

dominant on the inner shelf, where they influenced the southeastward migration of large 

sand wave complexes. Storms were mainly erosional on the inner shelf and carried 

large volumes of clastic sediment to the middle shelf, where it was deposited in extensive 

quartz-sandstone sheets. The non-barred nature of the coastline, as well as a lack of 

tidal inlet and delta deposits, suggests a low tidal range. Where the input of siliciclastic 

sediment was low, build-ups of shallow-water carbonate deposition, associated with 

stromatolites, formed on the middle shelf (Dirks and Norman, 1991; Appendix). 

The Lander Rock Beds, which unconformably underlie the Reynolds Range 

Group, are complexly deformed and metamorphosed. Peak metamorphism was 

diachronous with the development of a layer-parallel foliation (Vernon et al., 1990) and 

probably occurred at about 1820 Ma (Clarke et al., 1990). The Reynolds Range Group 

is intruded by the Napperby Gneiss. An emplacement age of 1760 Ma is interpreted 
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from zircon ages in the Napperby Gneiss (Collins et al., 1991). The age of peak 

metamorphism in the Lander Rock Beds and the intrusion of the Napperby Gneiss 

constrains deposition of the Reynolds Range Group to be between 1820 Ma and 1760 

Ma. Deposition of the Reynolds Range Group coincides with interpreted ages of 

cooling during D2 in the Strangways Metamorphic Complex (Chapter 2). The possible 

relationship between deformation and metamorphism in the Strangways Metamorphic 

Complex and deposition in the Reynolds Range Group and Hatches Creek Group is 

discussed in the next section. The Reynolds Range Group also probably correlates with 

sediments and volcanics belonging to the Hatches Creek Group in the Davenport 

Province, north of the Arunta Block (Shaw and Stewart, 1975; Blake, 1984). The 

Hatches Creek Group is a transgressive sequence and was probably initiated by rift-

related faulting, as evidenced by bimodal volcanics occurring at the base of the Group 

and (Blake et al., 1986). These sediments were deposited between 1820 Ma and 1800 

Ma (Blake and Page, 1988) and display similar upright folds (Blake et al., 1986) to the 

Reynolds Range Group and the Harts Range Group. 

U/Pb isotopic studies of zircons suggest that another granulite facies 

metamorphism occurred at about 1730 Ma (Collins et al., 1991), which affected the 

Reynolds Range Group. This metamorphism was probably concomitant with the 

southeast-trending, upright folding that produced the dominant macroscopic fold pattern 

in the Reynolds Range (Dirks and Wilson, 1990). 

Extensive deposits of inner-shelf sand, development of barrier island coasts and 

the shape of the shelf can be related to tectonic processes. Modem coasts can be divided 

into collisional, trailing edge and marginal seas (Inman and Nordstrom, 1971). A 

shallow, wide, low-gradient, marine shelf that existed during deposition of the Reynolds 

Range Group is typical of a trailing edge (Afro-type) coast or epeiric sea coast. 

Precambrian supracrustal deposits such as the Reynolds Range Group are important 

because they may reflect crustal responses to lithosphere and mantle processes that were 

restricted to the Precambrian (Plumb, 1979; Etheridge et al., 1987; Condie, 1982). 
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Shortening along a northeast-southwest axis during the upright folding of the Reynolds 

Range Group was parallel to the shelf gradient and perpendicular to the palaeo-shoreline. 

Rapid uplift, erosion, basin formation, deposition and closure of the Reynolds Range 

Group may have been part of related tectonometamorphic processes. 

6.6 Regional correlations 

In order to delineate the tectonic processes that may have responsible for 

deformation and metamorphism in the Arunta Block, it is necessary to correlate regional 

tectonic events, where possible, and to recognize parallels in the tectonometamorphic 

evolution of different terrains. For example, deposition of the Reynolds Range Group 

was probably concurrent with deposition of the Hatches Creek Group in the Davenport 

Province and may have been concomitant with cooling during D2 in the Strangways 

Metamorphic Complex. The earliest metamorphisms in the northern Arunta Block are 

characterized by typical Proterozoic high-temperature, low-pressure conditions and 

occurred within a similar time span as M1/D1 and D2 in the Strangways Metamorphic 

Complex, namely 1820-1760 Ma (Vernon et al., 1990; Clarke et al., 1990; Dirks and 

Wilson, 1990). Although high-grade peak metamorphisms in the northern Arunta Block 

are temporally distinct, they have been inferred to reflect successive local thermal 

perturbations (Clarke et al., 1990). The cause of these metamorphic events probably 

involved advection (Vernon et al., 1990) and the contact effects of large granitoid 

intrusions. A similar heat source that was external to the crust and mantle lithosphere 

could also be inferred for Mi metamorphism and D1-D2 deformation in the central Arunta 

Block. 

Age constraints for deformation and metamorphism in the northern Arunta Block 

(Clarke et al., 1990) suggest that intrusion of the Napperby Gneiss into the Lander Rock 

Beds occurred at the same time as peak metamorphism in the Strangways Metamorphic 

Complex. Metamorphism and deformation in the Lander Rock Beds occurred before 

intrusion of the Napperby Gneiss. The Lander Rock Beds could be equivalent to the 

Strangways Metamorphic Complex or older. They certainly cannot be younger or part of 
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the stratigraphically higher Division 2 sequence, as suggested by Stewart et al. (1984). 

Similarly, if the Harts Range Group and the Strangways Metamorphic Complex were part 

of the same protolith (Chapter 4), the Harts Range Group also cannot belong to the 

Division 2 rocks of Stewart et al. (1984). Although rocks belonging to the Reynolds 

Range Group form a younger unconformable sequence, the use of the Division concept 

for older rock units such as the Strangways Metamorphic Complex, Lander Rock Beds 

and the Harts Range Group appears to be invalid. 

Deformation and metamorphism of the Reynolds Range Group, referred to as DII, 

Mil by Dirks and Wilson (1990), occurred at about 1730 Ma (Clarke et al., 1990). This 

deformation produced large south-east trending upright folds (Dirks and Wilson, 1990), 

similar to the dominant, macroscopic folds in the Harts Range Group. Upright folding 

and concomitant metamorphism in the Reynolds Range and Harts Range may correlate 

with a major compressional tectonometamorphic event in the Strangways Metamorphic 

Complex, which produced large-scale mylonitic folds and is thought to have occurred at 

about 1745 Ma (Chapters 2 and 3). High-grade extensive shear zones with a southward 

tectonic transport were probably produced during the later part of the deformation. This 

tectonometamorphic event was distinct from earlier deformations and metamorphisms, 

which have been attributed to thermal perturbations external to the crust. 

In the southern Arunta Block, Division 3 metasediments comprising the Chewings 

Range Quartzite probably correlate with sediments belonging to the Reynolds Range 

Group (Shaw and Wells, 1983). However, the structural evolution of the Chewings 

Range Quartzite (Teyssier et al., 1988) differs from that of the Reynolds Range Group 

(Dirks and Wilson, 1990). The earliest deformations in the Chewings Range Quartzite 

are characterized by a complex horizontal deformation with a northward tectonic transport 

(Teyssier et al., 1988). Later deformations produced east-west south-verging horizontal 

folds and ductile faults that preserve a south-directed sense of movement and are similar 

to structures in the northern and central Arunta Block. 
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6.7 Models of early- to mid-Proterozoic tectonism in the 

Arunta Block 

Similar structural and metamorphic histories of mid-crustal rocks from the central 

and northern Arunta Block and the depositional, structural and metamorphic history of 

Division 3 sediments in the Arunta Block place constraints on the interpretation of 

Proterozoic tectonic environments. Two tectonometamorphic cycles are recognized in 

rocks from the Strangways Metamorphic Complex and northern Arunta Block and are 

inferred to reflect two distinct and different tectonic settings. Whereas the metamorphic 

and structural evolution of Phanerozoic orogens can be well constrained and related to 

plate tectonic processes, extrapolation of modern tectonic processes to explain the 

metamorphic and structural evolution of high-grade Proterozoic gneissic rocks is either 

difficult or impossible. 

Tectonic models that may explain the high geothermal gradient recorded by 

granoblastic mineral assemblages in gneisses from the central Arunta Block have been 

alluded to in previous sections. Asthenospheric thermal perturbations may have been 

related to locally increased geothermal gradients (Clarke et al., 1990). However, it 

seems unlikely that advection involving granites and a significant underplate would raise 

the mid-crustal geotherm in the Strangways Metamorphic Complex to as much as 

55°C/km, according to Bohlen (1991) and Loosveld and Etheridge (1990). Continental 

and lithospheric extension are also known to increase the geothermal gradient (Wickham 

and Oxburgh, 1985; Lachenbruch, 1979) and lithospheric extension has been proposed 

as a mechanism to produce high-temperature, low-pressure metamorphism in the base of 

the crust (Sandiford and Powell, 1986). The model of McKenzie (1978) for lithospheric 

extension involved uniform stretching or pure shear. Other extensional models 

accommodate slip along low-angle detachment systems that may penetrate the whole 

lithosphere and involve bulk simple shear extension (Wernicke, 1985) or low-angle 

crustal detachments and pure shear extension of the mantle lithosphere (Lister and Davis, 

1983). 
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On the basis of the preceding arguments a high heat flow at mid-crustal levels 

could be explained by a model of lithospheric extension augmented by magmatic accretion 

and advection. Such processes may have been involved in the earliest 

tectonometamorphic cycle in the Arunta Block. Platform sediments in the Reynolds 

Range Group and extensive platform sediments and bimodal volcanics in the Davenport 

Province, north of the Arunta Block, may have been deposited during thermal relaxation 

in a deepening intracratonic basin that coincided with maximum crustal extension. 

Thermal decay and relaxation would occur after the metamorphic peak. Interpreted age 

constraints for deposition of the Reynolds Range Group and Mi and D2 in the 

Strangways Metamorphic Complex suggest that deposition occurred after Mi. Maximum 

crustal extension would be asymmetrical to maximum lithospheric thinning and therefore 

the greatest geothermal gradient. The variation in peak metamorphic grade across the 

terrain and the geometry of the shelf or basin in which sediments were deposited during 

thermal relaxation would be determined by the geometry of the detachment system. 

Correlation of the Hatches Creek Group and the Reynolds Range Group suggests that 

maximum crustal extension occurred to the north and that a continental shelf dipped to the 

southwest. The geometry of early-mid Proterozoic deposition could be explained by a 

southwest-dipping detachment system (P. H. Dirks, pers comm., 1990). A southward 

increase in the metamorphic gradient during Mi in mid-crustal rocks from the central 

Arunta Block (Chapter 4) also suggests that extension was asymmetrical and involved a 

south-dipping detachment system. 

Initial isobaric cooling following peak metamorphism can result from collisional 

(Ellis 1987) or extensional (Sandiford and Powell, 1986) tectonics. However, the 

inferred P-T-t paths are different. Although evidence for the early tectonometamorphic 

history of the central Arunta Block has been obliterated during prograde metamorphism, 

Si sillimanite inclusion trails and the lack of high-pressure mineral inclusions suggest that 

the prograde P-T-t path occurred in the sillimanite stability field and probably involved an 

anticlockwise path rather than a clockwise path with pressure increasing with 

temperature. Cooling after peak metamorphism in the central Arunta Block was 
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accompanied by limited decompression (Chapter 4). Due to the lack of structures 

indicative of crustal shortening during prograde metamorphism, magmatic thickening of 

the crust is assumed to have accompanied lithospheric thinning in the central Arunta 

Block (Chapter 2). Granitic gneisses, such as the Napperby gneiss in the northern 

Arunta Block, rose through the crust and spread out horizontally near the surface (in low-

pressure terrains) as gravitational equilibrium was approached. Crustal thickening by 

overaccretion could have been augmented by significant underplating. Therefore, a 

tectonic model for the early evolution of the Arunta Block probably involved lithospheric 

thinning and crustal thickening due to magmatic accretion. 

Following the culmination in magmatism and metamorphism, the crust began to 

cool (Chapters 2 and 4). In order to maintain isostatic equilibrium, limited uplift 

occurred during cooling. This may have triggered a gravitational instability and partial 

collapse of the crust, which resulted in non-coaxial, ductile, layer-parallel extension (c.f. 

Sandiford, 1989a). A northeast-southwest tectonic transport axis during extension is 

preserved as a mineral elongation lineation (L2) in the Harts Range Group. This is 

perpendicular to the inferred trend of a extensional detachment during peak 

metamorphism. Cooling may well have been accompanied by the formation of eclogite in 

the lowermost crust (Bohlen, 1991). Continual cooling of the terrain and thermal 

relaxation allowed the Hatches Creek depositional basin to extend towards the southwest. 

The geometry of an inferred extensional system is important in determining the shape of 

a subsiding basin, amount of uplift of the surrounding highlands, erosion rates and the 

life of the sedimentary basin (Moriey 1989). A steep boundary fault (60°-70°) with a 

large depth (30 km) to detachment can result in a thick sedimentary sequence and large 

vertical displacement compared to horizontal displacement. With only small amounts of 

horizontal displacement, the rotation of the hanging wall would produce large strains that 

become inefficient at depth. Consequently, the high-angle boundary fault must evolve 

into a shallow detachment or cease to be active (Moriey, 1989). Another consequence of 

large rotational strains could be to initiate crustal instabilities in the hanging wall that 

result in the horizontal collapse or shortening of the sedimentary basin towards the 
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footwall. Following deposition of the Reynolds Range Group, the northern and central 

Arunta Blocks were deformed during northeast-southwest crustal shortening, 

perpendicular to the mid-Proterozoic shoreline. 

The second tectonometamorphic cycle was unlike the first, because the preserved 

structures and metamorphic assemblages imply significant horizontal shortening and 

tectonic thickening of the crust However, there are no obducted ophiolite remnants nor 

blueschist facies assemblages that are products of accretion and collision at convergent 

plate margins. There is also no evidence for isothermal decompression after M2 in rocks 

from the Strangways Metamorphic Complex, which would be expected as an isostatic 

response to tectonic thickening. Although an increase in temperature and pressure 

associated with deformation are characteristic of compressional tectonics, the second 

tectonometamorphic cycle is unlike a normal Wilson cycle, which preserves a clockwise 

P-T-t path. An interpretation of the tectonic setting for the second metamorphic cycle is 

further complicated because the inferred tectonic transport directions in the southern 

Arunta Block (Teyssier et al., 1988) are opposite to those in the northern and central 

Arunta Blocks. The lack of an isostatic response to an increase in pressure during M2 in 

the Strangways Metamorphic Complex suggests that either tectonic thickening during 

shortening was not great or that crustal thickening itself was a means of maintaining 

isostatic equilibrium. Loosveld and Etheridge (1990) have suggested that crustal 

thickening may occur during convective thinning of the mantle lithosphere. In their 

model isobaric cooling follows metamorphism and there is no significant isostatic uplift 

The tectonic setting for the second tectonometamorphic event could have also involved 

thinning of the mantle lithosphere. Cooling from peak metamorphism may have 

converted the basal crust to eclogite (Bohlen, 1991) and delamination of the crust (Bird, 

1979; Bird and Baumgardner, 1981) may have occurred when the dense eclogite sank 

into the asthenosphere, which has been called A-subduction by Kroner (1985). 

However, the inferred short period of time between peak metamorphism and the second 

tectonometamorphic event (70-50 Ma) may not have been sufficient to form eclogite at 

the base of the crust. Rather than initiating uplift, as suggested by Bohlen (1991), 
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crustal delamination could have resulted in significant crustal gravitational instabilities 

(e.g. Sandiford, 1989a) and may have caused an inward collapse of the crust. 

Alternatively, shortening of the crust could have been intracratonic deformation related to 

the tectonic evolution of a plate margin elsewhere. 

The style of deformation in the Strangways Metamorphic Complex differed from 

that in the Harts Range Group. Non-coaxial deformation dominated in the Strangways 

Metamorphic Complex and produced mylonitic folds. Deformation was probably 

enhanced by an increased fluid activity, which caused strain softening (Chapter 1). 

However, deformation in the Harts Range Group produced predominantly upright 

isoclinal folds. A lower temperature and fluid activity in the Harts Range Group 

(Chapter 4) during the second tectonometamorphic cycle probably resulted in structures 

more typical of coaxial strain in rigid blocks between non-coaxial shear zones. 

Progressive deformation during this tectonometamorphic cycle resulted in deformation 

being concentrated into localized zones of non-coaxial strain, and migration of the 

deformation front southwards towards the southern Arunta Block (D3-D4 deformation of 

Teyssier et al., 1988). 

6.7 Conclusions 

The arrangement of kinematic fabrics and successive mineral assemblages in the 

Strangways Metamorphic Complex and Harts Range Group indicate that the central 

Arunta Block underwent two major tectonometamorphic events in the early- to mid-

Proterozoic. The main features of the tectonic evolution that were interpreted from 

detailed study of the structural and metamorphic fabrics are: 

(1) Peak metamorphism occurred at high temperatures and low to intermediate 

pressures. 

(2) The inferred peak metamorphic geotherm increased southwards. 
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(3) Similar inferred P-T-t paths and tectonometamorphic fabrics suggest that the Harts 

Range Group and the Strangways Metamorphic Complex may have been part of 

the same protolith. 

(4) A layer-parallel tectonic foliation developed during and after peak metamorphism 

and was probably due to intense non-coaxial ductile extension along a northeast-

southwest axis at about 1765 Ma. 

(5) Limited decompression occurred during cooling and was accompanied by the 

crystallization of partial melts. 

(6) Intrusion of the Anamarra Granite occurred about 20 Ma after E>2 and 55 Ma after 

M L 

(7) A major deformational cycle affected the Strangways Metamorphic Complex 

after the metamorphic peak and was accompanied by an increase in temperature and 

pressure. 

(8) Mylonitic folding in the Strangways Metamorphic Complex is correlated with 

upright folding in the Harts Range Group. 

(9) The second deformational cycle was progressive and resulted in sillimanite- and 

staurolite-bearing shear zones that traverse the entire central Arunta Block. 

(10) Isothermal uplift did not occur immediately after the second tectonometamorphic 

event 

On the basis of regional correlations, the two tectonothermal events recognized in 

the central Arunta Block appear to have affected large portions of the Arunta Block. The 

early- to mid-Proterozoic tectonic evolution of the Arunta Block is inferred to have 

involved: (1) asymmetrical lithospheric extension and concomitant crustal thickening due 

to magmatic accretion; (2) thermal relaxation, ductile extension and deposition of 

supracrustal rocks; (3) possible conversion of the base of the crust to eclogite and 

crust/mantle delamination; (4) crustal shortening and thickening; (5) isobaric cooling at 

depth until uplift and erosion during deposition of the Heavitree Quartzite in the late-

Proterozoic. 
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APPENDIX AA. 

Depositional history of the mid-Proterozoic 
(1800 Ma) Reynolds Range Group 

Summary 

Shallow-marine siliciclastic and carbonate deposits belonging to the 1800 Ma old 

Reynolds Range Group, central Australia, represent a transgressive sequence deposited 

on a low-gradient shelf, that was affected by long-shore currents, tidal currents, storm 

wave action, and fair weather wave action. The sediments comprise a 1100 m thick 

sequence in which three main depositional facies associations can be distinguished; (i) a 

near shore and inner shelf quartz-arenite facies association is overlain by a (ii) middle 

shelf mudstone facies association which contains lenses of (iii) a carbonate facies 

association. The quartz-arenite facies association mainly occurs along the northeast side 

of the range, and grades into the mudstone facies association towards the southwest. This 

suggests that the palaeo-shelf extended towards the southwest, which is in accordance 

with a concentration of southwest-directed palaeocurrent directions within the quartz

arenite facies. A sudden increase in thickness of quartz-arenite in the Mt Thomas area, 

suggests this area was the locus for fluvial sediment input. Vertical and lateral 

stratigraphic transitions between the facies associations are generally gradational, which 

may reflect coeval coexistm,eof all facies on the shelf and small, net, relative sea level 

changes. 

The quartz-arenite facies association contains tide-influenced, bidirectional, small-

scale trough cross-bedded, tabular cross-bedded and parallel-laminated sets that were 

deposited on the shoreface. These are generally overlain by large-scale trough and tabular 

cross-bedded sets, which were deposited on the inner shelf and record a southeast-

directed long-shore current. Numerous truncation surfaces indicate that frequent storms 

eroded the shoreface and carried large volumes of sediment onto the shelf. The mudstone 

facies association consists of alternating mudstone beds and generally thin, sheet-like 
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quartz-sandstone beds that lack grading and traction structures. They represent storm-

induced suspension deposits laid down on the middle shelf (inferred water depths <100 

m). Longshore and tidal currents appear to have had little influence in this environment. 

Stromatolite bioherms, and rippled marls and grainstones constitute the carbonate facies 

association, which formed on the middle shelf in shallow marine areas of low siliciclastic 

sediment input. Ripples in storm sands throughout the mudstone facies association and a 

lack of turbidites, reflect the shallow depths and low-gradient of the shelf slope. 

A general lack of tidal deposits and the non-barred nature of the palaeo-coastline, 

indicate a small tidal range (0-4 m). The unidirectional southeast-directed long-shore 

current, appears to have only influenced sedimentation on the inner shelf which suggests 

it resulted from prevailing (westerly) windsAA-

AA- Dirks, P. G. M. and Norman, A. R., 1991. Physical sedimentation processes on a 

mid-Proterozoic (1800 Ma) shelf: the Reynolds Range Group, Arunta Block, 

central Australia. Precambrian Research (submitted). 
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AA.l Introduction 

The late Archean and Proterozoic sedimentary record is characterized by thick 

sequences of quartz-arenite, interbedded with siltstone, mudstone, carbonate and bimodal 

volcanics, that form supracrustal successions deposited on cratonic blocks (Condie, 

1982). The quartz-arenite is chemically and texturally super-mature and generally occurs 

in widespread sheet-like geometries, reflecting sedimentation under stable platform 

conditions; either in intra-cratonic settings or on a stable continental margin. Subsidence 

rates tend to be closely matched by terrigenous input resulting in up to 14 km thick, 

usually transgressive sequences, of fluviatile and shallow-marine sediments (e.g. Roep & 

Lindthout, 1989; LAa joki & Korkialcoski, 1988; Sweet, 1988; Blake et al., 1986; 

Soe#3 a rd & Eriksson, 1985; Button & Vos, 1977). An interpretation of Precambrian 

depositional processes is difficult because: 1) No modern examples (beyond the early 

Paleozoic) exist in which similar, extensive quartz-arenite sheets are deposited; 2) The 

basins in which such sediments accumulated reflect crustal responses to lithosphere and 

mantle processes that were restricted to the Precambrian (Plumb, 1979; Etheridge et al., 

1987; Condie, 1982); 3) Fundamental differences in the biological, physical and chemical 

environment during the Precambrian resulted in unique sedimentary processes. The 

absence of land vegetation would have had a profound influence on erosional and 

depositional processes, while a lack of bioturbation aided the preservation potential of 

small-scale sedimentary structures. The lack of a fossil record makes the identification of 

sedimentary facies very difficult, especially within shallow-marine and fluviatile 

environments (Sweet, 1988). 

Evidence presented in this appendix demonstrates how a combination of physical 

processes determines the distribution pattern of an essentially transgressive series of 

clastic and muddy facies on a shallow-marine, mid-Proterozoic, intra-cratonic shelf. The 

physical processes involved are: long-shore currents, bidirectional tidal currents, fair 

weather wave action and storm wave action. Individual facies are described and 
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interpreted with the use of palaeo-current directions which help determine the geometry of 

the palaeo-shelf and coasdine. 

AA.2 Regional geology 

The Reynolds Range is a prominent northwest-trending range situated about 150 

kilometres northwest of Alice Springs, central Australia (Fig. AA.l). The Reynolds 

Range forms part of the Arunta Block, which is a strongly deformed and metamorphosed 

mid- to early-Proterozoic craton that acted as basement to a series of mildly deformed 

late-Proterozoic intra-cratonic basins. Within the Arunta Block at least two episodes of 

sedimentation alternated with major orogenic events (Stewart et al., 1984; Shaw et al., 

1984). The last depositional episode occurred between 1820 Ma and 1760 Ma (Collins et 

al., 1991; Dirks & Wilson, 1990) and resulted in the deposition of a sequence of mature 

quartz-arenite, mudstone, carbonate and felsic volcanic (Stewart et al., 1984), which are 

best preserved in the Reynolds Range (Fig. AA.l), where they are described as the 

Reynolds Range Group (Stewart et al., 1980, Dirks, 1991). 

The base of the 1100 m thick Reynolds Range Group along the north side of the 

range, consists of conglomerate and massive quartz-arenite belonging to the Mount 

Thomas Quartzite (Stewart et al., 1980; Stewart 1981; Dirks, 1991), whereas to the 

south, calc-silicate occurs at the base (Dirks, 1991). The Mount Thomas Quartzite is 

overlain by the Pine Hill Formation which consists of siltstone and mudstone. Within the 

Pine Hill Formation, a 150 m thick lens of dolomite and mudstone, the Algamba 

Dolomite Member, crops out (Stewart et al., 1980; Dirks, 1991). 

The Reynolds Range Group is highly deformed and metamorphosed from 

greenschist fades in the northwest (400°C, 4 kbar; Dirks et al. 1991) to granulite fades in 

the southeast (750°C, 4-5 kbar; Dirks et al., 1991; Fig. AA.l). Sedimentary structures 

and bed forms are generally well preserved in the quartz-arenite and interbedded siltstone, 

mudstone and carbonate of the greenschist facies regions. In the granulite terrain 

however, the sedimentological detail has largely been obliterated by recrystallization. 
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Fig. AA.l Regional geological map of the Reynolds Range, central Australia, showing 

the distribution of the Reynolds Range Group and Mt Thomas quartzite 

from which most palaeo-current data were obtained. 
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In this appendix, the sedimentary facies changes are examined and the 

depositional history of the Reynolds Range Group is interpreted, based on observations 

of structures and bed forms in the greenschist facies region, where the base of the 

Reynolds Range Group does not contain calc-silicate. The sediments are deformed in 

tight, upright concentric folds. Data on bed form and sedimentary structures, were 

collected away from fold hinges or other structural complications, along the northeast 

margin of the range, where folding is least intense. Reconstruction of the palaeo-current 

direction was achieved by rotating the bedding planes to a horizontal position over a 

horizontal fold axis with an azimuth of 130°. It was assumed that folding was achieved 

by flexural flow, leaving the plane of the folded layer undistorted (Hobbs, et al., 1976) 

AA.3 Depositional facies 

The Reynolds Range Group in the northwest Reynolds Range can be divided into 

three depositional facies associations (Figs AA.2, AA.3) that correspond to formations 

described by Stewart et al. (1980) and Dirks (1990): (i) The quartz-arenite facies 

association includes fine to coarse-grained quartz-arenite with lesser amounts of 

conglomerate and mudstone and is characterized by traction structures and numerous 

reactivation surfaces, (ii) The mudstone facies association consists predominantly of 

mudstone with minor amounts of fine to medium-grained quartz-sandstone and siltstone 

that display structures typical of suspension deposits. In places, the mudstone facies 

association is interbedded with the quartz-arenite facies association (Figs AA.2, AA.3D, 

AA.3E). (iii) The carbonate facies association is made up of alternating stromatolite 

mats, marl and grainstone preserving wave-generated structures. The quartz-arenite facies 

association is most dominant along the northeast side of the range and remains very 

constant in thickness and appearance along the (northwest-southeast) trend of the range, 

but gradually thins and grades into the mudstone facies association across this trend, 

towards the southwest (Fig. AA.2). The jnndstone facies completely envelopes laterally 

restricted lenses of the carbonate facies association. This facies distribution pattern 

suggests that the palaeo-shelf extended towards the southwest (Fig. AA.2), and that the 
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Fig. AA.2 Schematic cross section showing the spatial distribution of the three facies 

associations (position shown in Fig. AA.l; adapted from Dirks, 

1991). The section is taken across the facies boundaries and shows a 

gradual northeastward and upward transition of the quartz-arenite 

facies association to the mudstone facies association, reflecting an 

overall transgression. The restored width of the palaoe-shelf is based 

on strain estimates across the Reynolds Range, where the lateral 

extend of the Reynolds Range Group was at its maximum (Dirks, 

1991). 
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palaeo-coastline probably ran northwest-southeast, more or less parallel to the current 

outcrop pattern of the Reynolds Range (Figs AA.2, AA.3; Dirks, 1991). 

The depositional facies associations comprise individual facies, that can be 

differentiated using grain size and primary sedimentary structures, which reflect the 

varying dominance of a particular process or sub-environment on the shelf. 

AA.31 The quartz-arenite facies association 

Quartz-arenite at the base of the Reynolds Range Group forms a single, massive 

40-100 m thick unit in the northwest end of the range (Figs AA.3A, AA.3B, AA.4), 

which increases dramatically in thickness (~500 m) near Mt Thomas and farther 

southeast, separates in two or three units, each less than a 100 m thick, that interfinger 

with siltstone and mudstone (Figs AA.2, AA.3D, AA.3E, AA.5). Each unit displays an 

overall upward increase in grain size and bed thickness although conglomerate occurs at 

the base (Dirks, 1991; Figs AA.4, AA.5). 

Conglomerate facies 

Poorly sorted, polymict, 1-15 m thick conglomerate beds are situated directly 

above the unconformity at the base of the Reynolds Range Group. The conglomerate is 

composed of rounded to sub-angular clasts of white vein quartz (40%), siltstone and 

schist (40%), arkosic quartz-arenite (15%), and granite (5%). Clasts are generally pebble 

to cobble size and were derived from the basement schist and granite underlying the 

Reynolds Range Group (Dirks, 1991). Small-scale 

trough crossbeds record southwest-directed flow (Fig. AA.4). 

Channelled trough cross-bedded facies 

Channel-shaped quartz-arenite bodies occur throughout the quartz-arenite facies 

association but are most common towards the base (Figs AA.4 and AA.5). Channels are 

broad and shallow; up to 500 m wide and 10 m thick. Beds generally thin upwards and 

are almost entirely composed of 0.1 to 0.4 m thick sets with trough crossbeds truncated 
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Fig. AA.4 Stratigraphic column through a transgressive sequence within the quartz-

arenite facies association, northwest of Mt Thomas (Fig. AA.3B). 

The facies association is dominated by prominent large-scale trough 

and tabular cross-bedded sets. Rose diagrams indicate palaeocurrent 

directions. 
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by numerous reactivation surfaces. The quartz-arenite is medium to coarse-grained and 

well sorted, and single troughs may have coarser sands and pebbles along their erosional 

base. Flow directions recorded in this facies are generally towards the southeast (Figs 

AA.5, AA.6); parallel to the facies boundaries. Southwest-northeast oriented, 

bidirectional flow is subordinate and is restricted to smaller trough crossbeds and locally 

developed herringbone crossbeds that scour the tops of larger structures. 

Large-scale tabular and trough cross-bedded facies 

This facies lacks mudstone and is dominant towards the centre and top of the 

quartz-arenite facies association (Fig. AA.4). Sets range in height from 0.2 m to 2.6 m, 

have tabular geometries and generally a non-erosional base. Upper surfaces may be 

scoured by 0.01 m to 0.15 m thick trough cross-bedded sets and separated by up to 0.2 

m thick parallel-laminated beds (Fig. AA.7a). In the Mt Thomas area (Fig. AA.l), the 

facies contains several, up to 150 cm thick, oligomict conglomerate beds that consist of 

well-rounded white quartzite pebbles (< 0.8 m in diameter). 

Large-scale tabular crossbeds record unidirectional flow towards the southeast, 

parallel to the facies boundaries (Figs AA.4, AA.6). The small-scale trough crossbeds 

that overlie the large cosets, generally record unidirectional southwest-directed flow, 

which is shown in Fig. AA.4. 

Small-scale trough cross-bedded, tabular cross-bedded and parallel-laminated facies 

A major component of the quartz-arenite facies association consists of small-scale 

trough cross-bedded, tabular cross-bedded and parallel-laminated quartz-arenite that 

either occurs towards the base or less commonly, throughout the facies association (Figs 

AA.4, AA.5). 

Tabular and trough crossbeds, between 0.01 and 0.2 m thick, alternate with less 

than 0.1 m thick parallel-laminated beds and thin mud drapes (< 0.04 m). Low-angle 

cross-bedding, hummocky cross-stratification and herringbone cross-bedding are 
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Fig. A A.6 Rose diagrams of palaeocurrent directions in the quartz-arenite fades 

association. Trough crossbeds, tabular crossbeds and ripples 

(symmetrical + asymmetrical) have been considered separately and 

are subdivided in large and small-scale structures. 
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Fig. AA.7 (a) Quartz-arenite with long-shore-directed, large-scale, tabular 

crossbeds. The upper coset surfaces are truncated by off-shore-

directed, small-scale trough crossbeds. Note that the photo has been 

rotated 90° in an anticlockwise fashion, so as to bring the bedding in 

its original position, (photo location is towards the centre of Fig. 

AA.4; pencil is in top of photo) 

AA.7 (b) Quartz-arenite containing parallel-laminations and 

herringbone cross-bedding deposited in a tide-influenced near shore 

environment. 

AA.7 (c) Parallel-laminated and hummocky cross-stratified cosets topped by 

thin cross laminations in a thick storm sand deposit (photo location 

is towards the top of Fig. AA.4). 

AA.7 (d) Loadcast and flame structures in a storm sand layer overlaying 

mudstone. The structures resulted from rapid suspension 

sedimentation on water-laden muds. 

AA.7 (e) Mushroom-shaped stromatolite bioherms, draped in parallel-

laminated algal mats. 

AA.7 (f) Mudstone containing linsen-like grainstone lenses with a 

bidirectional bundled build-up typical for a high energy environment 

influenced by wave action. The pencil used for scale is 

approximately 15 cm long. 
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common features (Fig. AA.7b). Laterally discontinuous sets are common and display 

curved boundaries and numerous reactivation surfaces, accentuated by thin veneers of 

mud and flaser structures. The upper boundaries of all beds display ripples that are 

mostly symmetrical. Ripple heights are less than 5 mm and wave lengths do not exceed 5 

cm. Ripple crests are straight to strongly curved and commonly bifurcated. Some 

bedding surfaces display interference patterns of more than one set of ripples. 

Trough crossbeds in this facies record bidirectional flow towards the southwest 

and southeast (Fig. AA.6). Occasional herringbone crossbeds also record northeast and, 

to a lesser extent, northwest-directed flow. Ripples record a wide range of flow 

directions, dominated in smaller-scale ripples (< 5 cm; Fig. AA.6) by northeast and 

southwest-directed flow. Eastsoutheast-directed flow is more commonly recorded by less 

frequent, larger-scale ripples (> 5 cm; Figs AA.5, AA.6). 

Interpretation of the quartz-arenite association 

Polymict conglomerate forms a thin sheet directly above the basal unconformity 

and was probably deposited as continental lag in an essentially erosional environment. 

Reworking of the conglomerate occurred during the subsequent marine onlap. The 

oligomictic pebble beds that occur in the massive, cross-bedded quartz-arenites (with a 

marine signature, see below), may have had a fluvial origin. 

The well-sorted, channelled trough cross-bedded facies display high-angle, 

tangential cross-stratification and probably formed from sand dunes that migrated along 

broad, shallow, channels (Hunter et al., 1979). As they are locally scoured by 

herringbone structures that record bidirectional flow, normal to the main southeast trend 

of the channels, it is believed they formed in a marine rather than a fluvial environment, 

in a direction parallel to the palaeo-coastline (= facies boundaries). The dominant 

southeast flow direction is therefore interpreted to result from a long-shore current. 

The large-scale tabular and trough crossbeds that display a dominant southeast 

palaeo-flow direction, formed as a result of long-shore migrating sand waves (Campbell, 
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1971) in a high-energy environment. The lack of erosional, channelled bases to most of 

the cosets within this facies suggest that extensive dune fields migrated over a shallow 

inner shelf similar to the dune fields that have been described in the North Sea of the 

Dutch coast (Nio, 1976). Individual dunes were as high as 2 m, which indicates a 

minimum water depth of approximately 10 m (Allen 1982). 

The small-scale trough cross-bedded, tabular cross-bedded and parallel-laminated 

facies contains bidirectional, northeast-southwest flow directions, (most clearly recorded 

by small-scale ripple marks; Fig. AA.6), and suggest deposition on the innermost shelf 

or shoreface, influenced by tidal activity. Flaser bedding, herringbone cross-bedding and 

symmetrical to near symmetrical ripples contained in this facies are all indicative of this 

environment (de RAA.f et al., 1977; Reineck & Singh, 1980; SoegAA.rd & Eriksson, 

1985; Reading, 1986). However, a lack of subaerial structures such as desiccation cracks 

suggest the environment non-emergent and therefore not inter-tidal. Reactivation surfaces 

and mud drapes, regularly alternating with sandstone layers that predominantly record 

off-shore-directed flow to the southwest, indicate time-velocity asymmetry for the tidal 

currents with ebb-tidal currents being dominant (Fig. AA.6). Oscillation ripples in mud 

drapes at the top of quartz-arenite beds formed during episodes of flood-tidal quiescence 

and record a preferential on-shore-directed flow pattern to the northeast (small-scale 

ripple marks; Fig. AA.6). The tidal deposits appear to be most common towards the base 

of the quartz-arenite facies association (Figs AA.4, AA.5). Parallel laminations, 

hummocky cross-stratification and low-angle cross-bedding commonly truncate the tidal 

deposits and resulted from high applied bed shear stresses due to wave action (Dott & 

Bourgeois, 1982) or a combined flow of wave surge and unidirectional back flow 

(N0ttvedt & Kreisa, 1987). Alternatively, some of these structures and many of the 

truncation surfaces resulted from largely erosional storm surges that carried large 

volumes of sediment to the outer shelf (SoegAA.rd & Eriksson, 1985). Oscillation 

ripples and some southwest-directed, small-scale trough crossbeds on top of larger 

trough and tabular crossbeds reflect reworking of the long-shore dune sands by wave 

action and ebb-tidal traction currents. 

AA16 



APPENDIX: Reynolds Range Group 

AA.32 The mudstone facies association 

The mudstone and quartz-arenite facies associations display gradational 

transitions in which the former either overlies (Figs AA.2, AA.3A, AA.3B, AA.3.C) or 

interfingers with the latter (Figs AA.2, AA.3D, AA.E). The most extensive rock type in 

the mudstone facies association is homogeneous mudstone. This facies is not discussed 

any further due to a lack of sedimentological detail. 

Channelled trough cross-bedded facies 

This facies occurs in close proximity to the southwest and top of the quartz-

arenite facies association. Sedimentary structures are similar to those in channelled 

quartz-arenite in the quartz-arenite facies association. However, compared to these, bed 

thicknesses are generally thinner (0.05-0.3 m), and channels trend southwestwards, and 

are scoured in mudstone. Palaeo-flow directions recorded by small-scale ripples are 

typically bidirectional, northeast-southwest (across facies transitions), but medium-scale 

through cross beds generally record southeast directed flow (measurements were 

infrequent and have been included in Fig. AA.6). 

Laminated siltstone-sandstone facies 

Parallel laminated beds of fine- to medium-grained quartz-sandstone and siltstone 

make up almost the entire mudstone facies association. They display an overall fining and 

thinning upward away from the stratigraphic contact with the quartz-arenite association. 

Within 100 m of this contact, sandstone beds make up 20-50 % of the facies. Further 

away from the contact this proportion drops to 10-20 %. Sandstone beds vary in 

thickness from a few mm to 8 m and have an extremely sheet-like geometry with thicker 

beds being laterally continuous over 30 km. 

The quartz-sandstone sheets lack an erosive base, sole marks and primary current 

lineations, and generally have a sharp base and rippled upper surfaces. Thin sandstone 

beds (< 50 mm) commonly show parallel-laminations with little internal grading, whereas 
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some of the thicker beds (>100 mm) exhibit a gradation from parallel-laminations at the 

bottom to low-angle crossbeds and hummocky cross-stratification topped by 0.01-0.1 m 

thick ripple sets (Fig. AA.7c). Ripples are generally near symmetrical with wave lengths 

of 0.02-0.1 m. Ripples are generally climbing, and ripple sets commonly contain 

symmetrical and asymmetrical, bidirectional bundled lenses with a chevron upbuilding 

(de RAA.f et al., 1977) that record flow directions along a northeast-southwest axis. 

Loadcasts and flame structures are common (Fig. AA.7d). 

The quartz-sandstone sheets vary in thickness and bedding structures depending 

on their proximity to the quartz-arenite facies association. Two subfacies within the 

laminated siltstone-sandstone facies can be distinguished based on volume, grain size and 

bed thickness of the quartz-sandstone sheets. Subfacies 1 consists of alternating 

mudstone and quartz-sandstone directly overlying the quartz-arenite association. Here, 

quartz-sandstone beds are frequent, relatively thick, coarse-grained, and invariably 

contain hummocky cross-stratification and ripple sets. Convolute bedding and loading 

structures (Fig. AA.7d) are almost entirely restricted to this subfacies. Subfacies 2 is 

represented by more thinly-bedded, finer-grained quartz-sandstone and siltstone sheets, 

which occur further away from the quartz-arenite contact and only locally develop ripple 

marks and hummocky cross-stratification. The transition between the two subfacies is 

gradational but could be taken at a point were the sandstone sheets constitute 20% of the 

facies association; stratigraphically 100 m from the quartz-arenite association contact. 

Interpretation of the mudstone facies association 

The quartz-sandstone beds within the mudstone facies association, are dominated 

by parallel-laminations with minor hummocky cross-stratification and climbing 

symmetrical ripples, and display a general absence of scours, traction structures, high-

angle cross-bedding and grading. These features indicate rapid deposition, probably from 

suspension due to waning high-energy wave turbulence rather than gradient driven 

turbidity flow (Reineck & Singh, 1972; Walker et al., 1983). The alternating mudstone-

sandstone beds reflect the influence of regularly recurring storms that swept sediment 
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from the quartz-arenite facies association on the inner shelf and shoreface, to the middle 

shelf were it was deposited in widely dispersed sandstone sheets. 

Quartz-sandstone sheets in subfacies 1 are common, relatively thick, coarse

grained, structured and frequently rippled, and contain convolute bedding and loading 

structures, all of which indicate rapid deposition above storm wave base in close 

proximity to the erosional source. In contrast, quartz-sandstone sheets in subfacies 1 are 

less frequent, thinner, finer-grained and only occasionally rippled, suggesting deposition 

in deeper (generally below storm wave base), more distal waters, further out on the shelf. 

On-shore and off-shore-directed palaeo-currents and a lack of traction structures 

within the quartz-sandstone beds indicate that long-shore currents and tidal currents had 

little effect on the distribution of the sandstone sheets and were probably weak in the 

deeper portions of the shelf. Alternatively, these features reflect the time scales over 

which the different physical processes operated. Storm surges dropped large amounts of 

relatively coarse-grained sediments over a short period of time and were the main cause 

of water turbulence on the shelf during this period. As the storm waned, background 

suspension of fine-grained material resumed, influenced only by long-shore or tidal 

currents that would leave the relatively thick underlying storm deposits undisturbed. 

Trough cross-bedded quartz-arenite that occurs in wide channels crosscutting the 

storm deposits, are restricted to stratigraphic positions in close proximity to the quartz-

arenite facies association. This means that the channelled quartz-arenites only occurred on 

the inner shelf where both long-shore currents and storm currents appear to have been 

strong. The close association of the channelled facies containing southwest trending 

channels, and subfacies 1 containing an abundance of storm sheets, suggests that 

channels were scoured by storm-induced gradient currents. The channels were probably 

filled by storm or tidal sands and reworked by long-shore currents causing the 

predominant southeast palaeocurrent direction. Tidal flow appeared to have had little 

influence on these deposits. A modern example of storm-filled channels reworked by 

long-shore currents has been described from the North Sea, off the German Coast 
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(Aigner & Reineck, 1982). Geological examples are recorded in the 1700 Ma Ortega 

Group in New Mexico (Soeg a a rd & Eriksson, 1985, 1989). 

AA.33 The carbonate facies association 

Carbonate-rich sedimentary rocks occur as lenses within the mudstone facies 

association 10 km to the northwest and 35 km to the southeast of Mt Thomas (Fig. AA.l, 

AA.2). This facies association has a maximum thickness of about 150 m (Dirks 1990). 

Stromatolite facies 

Stromatolite boundstone beds with a thickness of 0.1-3.0 m appear throughout 

the facies association. They are composed of laminated algal mats or clusters of 

mushroom to columnar-shaped, discrete stromatolite bioherms (Fig. AA.7e). Single 

bioherms are up to 1.5 m across and 0.6 m high. 

Alternating grainstone-mudstone facies 

Up to 30 cm thick beds of grainstone and carbonate mudstone are interbedded 

with the stromatolites. The grainstone beds consist of well-sorted fine- to medium-

grained carbonate sands and are either massive or inter-laminated with mudstones. 

Structures in the thicker grainstone beds are dominated by parallel-laminations, 

hummocky cross-stratification and less than 1.5 cm thick unidirectional-bidirectional 

bundled lenses of low-angle cross-laminations. The laminated grainstone-mudstone beds 

display linsen structures (Fig. AA.7f) and up to 0.6 m thick sets of locally climbing 

symmetrical ripples with a chevron upbuilding. No palaeocurrent data are available from 

this facies. 

Interpretation of the carbonate facies association 

Stromatolite bioherms and the lack of siliciclastic detritus indicate a shallow-

marine clear water environment. The fact that this facies association is restricted to lenses 

within the mudstone facies association suggests it formed as carbonate build-ups or reefs 
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on the outer shelf (Dirks, 1991). Discrete bioherms and symmetrical ripple and linsen 

structures indicate a dominance of fair weather wave action in this environment (de 

R a. a f et al., 1977). Most of the grainstone resulted from oscillatory wave erosion of the 

bioherms and the climbing ripple structures would indicate shifting sediment loads due to 

wave action rather than deposition from suspension. Parallel-laminated and hummocky 

cross-stratified sets indicate increased bed shear stresses due to intensified wave action 

during storms that were largely non-erosional since truncation surfaces are lacking. All 

structures indicate shallow water depths, however a lack of subaerial structures suggest 

the environment was non-emerging. 

AA.4 Depositional model 

The facies that occur in the Reynolds Range Group were shaped by a complex 

interaction of longshore current, tidal current, fair-weather wave and storm wave action 

on a low gradient shelf. The depositional facies associations show gradational contacts 

without erosional unconformities, which suggests that they coexisted on the palaeo-shelf 

(Fig. AA.2). The Reynolds Range Group fines upward from conglomerate and tide-

influenced sediments at the base, to quartz-arenite dominated by long-shore currents on 

the inner shelf, through to mudstone and storm sand deposited on the middle shelf at the 

top. A similar facies transition occurs laterally, along the same stratigraphic level across a 

number of major fold structures (wave-lengths 2-5 km), as the quartz arenite facies 

association dominates the northeast side of the range and the mudstone facies association 

the southwest (Dirks 1990). This facies change resulted from an overall northeast-

directed marine transgression, interspersed with minor regressions, of a northwest-

southeast stretching coastline (Fig. AA.2; Dirks 1990; see below). 

The quartz-arenite facies association is composed of chemically and texturally 

super mature sediments that are typical of a high-energy shore line (eg. Soeg a a rd & 

Eriksson 1991). Sedimentary structures are dominated by tide influenced small-scale 

crossbeds and long-shore current influenced channelled trough crossbeds or large-scale, 

non-erosional, tabular and trough crossbeds (Fig. AA.4). Storm action was erosional and 
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caused numerous truncation surfaces and possibly scoured channels. Relatively thin 

bedded, channelled and tide-influenced quartz-arenite deposited near the shoreface, may 

constitute the entire facies association (Fig. AA.5) within the middle or top quartz-arenite 

units southeast of Mt Thomas (Figs AA.l; AA.3D, AA.3E). More commonly, these 

deposits occur towards the base of the association and are overlain by massive quartz-

arenite beds that formed on the inner shelf and record a southeast-directed long-shore 

current (Figs AA.3A, AA.3B, AA.3C; AA.4). The distinct upward coarsening and 

upward bed thickening cycles that result in the latter situation, are caused by the 

transgression of the inner shelf facies on to the shoreface facies. Two or three such 

cycles can be distinguished to the southeast of Mt Thomas (Figs AA.2, AA.3D, AA.3E). 

They either reflect transgressive-regressive episodes or the irregular nature of sediment 

supply in a continuously subsiding basin. 

Going from northwest to southeast, the quartz-arenite facies association shows a 

sudden increase in thickness in the Mt Thomas area (Figs AA.l; AA.3B vs AA.3C) 

followed by a gradual thinning and interfingering with the mudstone facies association 

(Fig. AA.3D, AA.3E). This suggests that terrigenous input of mature sediments on to the 

inner shelf was centred on the Mt Thomas region. Here long-shore currents picked up the 

sediments and transported them southeastward. Oligomict conglomerate beds may have 

been deposited during major floods. 

The mudstone facies association consists of alternating mudstone and quartz-

sandstone beds that were deposited on the middle shelf and influenced by wave 

processes. The sheet-like quartz-sandstone beds lack traction features on their lower 

surfaces and generally display parallel laminations, hummocky cross stratifications and 

rippled upper surfaces. They were deposited from offshore-directed, storm-induced 

suspension rather than gradient-induced density currents (Reineck & Singh, 1972; 

Soeg a a rd & Eriksson 1985), and show no evidence of reworking by tidal and long

shore currents. Finer-grained, less voluminous storm-sands are most frequent high in the 

stratigraphic sequence and in the southwest of the range, reflecting deposition further out 
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on the shelf. Even in the finest-grained, supposedly most distal deposits, the sheeted 

sandstone beds locally have rippled upper surfaces, indicating that water depth did not 

exceed 100-150 m (Reading, 1986) and even might have been as shallow as 60 m 

(Komar et al., 1972). 

On raised platforms on the outer shelf, relatively free of terrigenous sediment 

input, stromatolite bioherms formed and carbonate sediments were deposited. The 

abundance of symmetrical ripple marks and stromatolite build-ups indicate very shallow 

water depths, close to the intertidal zone. Subaerial features such as desiccation cracks 

were not observed, indicating that the bioherms remained submerged. Redistribution of 

siliciclastic sediments by long-shore currents explains the absence of bioherms for 30 km 

southeast of Mt Thomas, where the fluvial sediment input occurred. 

Rippled storm sands throughout the mudstone facies association and a lack of 

gravity current-induced deposits suggest low shelf-gradients. Therefore, any small rise 

in sea level would have had a major effect on the facies distribution; as has been 

described by Bertrand-Sarfati & Moussine-Pouchkine (1988) for Proterozoic shallow-

marine sediments on the West African craton. Since the facies changes in the Reynolds 

Range Group are generally gradational, net relative rises in sea level and input of 

sediments must have been slow, which is also reflected in the super-maturity of the 

sediments. However, some larger-scale interbedding of arenite and mudstone certainly is 

present (Figs AA.2, AA.3), suggesting that a number of transgressions-regressions did 

take place (Dirks, 1991). 

Frequently recurring storms eroded the shoreface and inner-shelf sands which 

were swept out on the middle shelf by possibly erosive, storm-induced gradient currents. 

Rapid suspension sedimentation of the sands occurred as the storms waned. 

Observations from the North Sea show that laminated arenites and silts deposited from 

turbulent suspension clouds, occur as far as 45 km from the coast, at a water depth up to 

40 m (Reineck & Singh, 1972). Estimates for the width of the palaeo-shelf cropping out 

in the Reynolds Range are in the order of 30 km (Fig. AA.2; Dirks, 1991). 
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The lack of tidal inlet, tidal delta, lagoonal and backbarrier facies indicate that the 

palaeo-coastline was non-barred and suggest a low tidal range (0-4 m) with weak tidal 

currents (Heward 1981). Tidal action only affected the shoreface deposits and ebb-tidal 

currents appear to have been dominant. In the wide inner shelf region, fluvial sands were 

reworked by high-energy long-shore currents and wave action rather than tidal currents. 

Long-shore currents only affected the quartz-arenite facies association in the 

inner-shelf regions. The large-scale cross-bedded facies shows a total lack of mud drapes 

and very few reactivation surfaces which suggest consistency of the flow. Long-shore 

flow, restricted to areas close to the shore-line is best explained by prevailing strong, 

(westerly) winds rather than large oscillations in tides (Heward, 1981), which is 

consistent with a low tidal range. 

Similar deposits have been described in the 1700 Ma Ortega Group in New 

Mexico (Soegaa" rd & Eriksson, 1985, 1989). Soeg rd & Eriksson (1985) suggest 

that storm-induced gradient currents swept sand along broad channels to the middle shelf 

where it was deposited in large lobes. 

AA.5 Tectonic Implications 

Extensive deposits of inner-shelf sand, development of barrier island coasts and 

the shape of the shelf can be related to tectonic processes. Modern coasts can be divided 

into collisional, trailing edge and marginal seas (Inman and Nordstrom, 1971). A 

shallow, wide, low-gradient, marine shelf that existed during Reynolds Range Group 

times is typical of a trailing edge (Afro-type) coast or epeiric sea coast. Epeiric sea coasts 

occur within continents and are common during periods of high global sea level (Vail et 

al., 1977). However, there is an absence of modern analogues for the epi-continental 

seas of the Proterozoic. 

Precambrian supracrustal deposits such as the Reynolds Range Group are 

important because they may reflect crustal responses to lithosphere and mantle processes 

that were restricted to the Precambrian (Plumb, 1979; Etheridge et al., 1987; Condie, 
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1982). Within the Lower to Mid-Proterozoic Arunta Block of central Australia at least 

two episodes of sedimentation alternated with large scale orogenic events (Stewart et al., 

1984; Shaw et al., 1984). The Reynolds Range Group was deposited during the last 

depositional episode, sometime after 1820 Ma when granulite facies metamorphism 

affected the underlying rocks (Iyer et al., 1976; Black et al., 1983; Collins et al., 1989). 

U/Pb isotopic studies of zircons suggest that another granulite facies metamorphism 

occurred at about 1730Ma (Collins et al., 1989) affecting the Reynolds Range Group. 

This metamorphism was probably concomitant with the southeast-trending, upright 

folding that produced the macroscopic fold pattern in the Reynolds Range (Dirks and 

Wilson, 1990). Therefore, uplift of the underlying rocks from granulite facies 

conditions, deposition of the Reynolds Range Group and subsequent folding and burial 

to granulite facies conditions occurred over a short period of time, possibly as little as 90 

million years. The lack of decompression corona textures in the underlying Lander Rock 

Beds (c.f. Clarke et al. 1990) testifies to extremely rapid uplift, prior to deposition of the 

Reynolds Range Group. 

Shortening during the upright folding episode was along a northeast-southwest 

axis, parallel to the shelf gradient and perpendicular to the Reynolds Range Group 

palaeo-shoreline. Rapid uplift, erosion, basin formation, deposition and closure of the 

Reynolds Range Group were probably part of related tectonometamorphic processes. 

Basin formation may have been a consequence of lithospheric and/or crustal extension 

and the subsequent shortening perpendicular to the shoreline could have been a 

compressional response to extension. 

The influx of sediment and rate of subsidence of the basin must have been high, 

if uplift, extension and shortening of the crust occurred over a short period of time. A 

high rate of sediment supply can also help maintain a relatively shallow near-shore zone 

and barrier bar system. A low-gradient southwest dipping shelf, a strong southeast 

directed long-shore current and a fluvial source to the northeast can be inferred from 

sedimentary structures and the distribution of facies (Dirks, 1991) in the Reynolds Range 
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Group. The Reynolds Range Group also probably correlates with the fluvial to shallow 

marine sediments of the Hatches Creek Group which outcrop to the northeast of the 

Arunta Block in the Tennant Creek Inlier. The Hatches Creek Group is a transgressive 

sequence and was probably initiated by rift-related faulting as evidenced by bimodal 

volcanics occurring at the base of the Group and (Black et al., 1986). These sediments 

were deposited between 1820Ma and 1800Ma (Blake and Page, 1988) and display 

similar upright folds (Black et al., 1986) to the Reynolds Range Group. 

The geometry of extensional systems is important in determining the shape of a 

subsiding basin, amount of uplift of the surrounding highlands, erosion rates and the life 

of the sedimentary basin (Morley 1989). A steep boundary fault (60°-70°) with a deep 

depth (30km) to detachment can result in a thick sedimentary sequence and large vertical 

displacement compared to horizontal displacement. There would also be substantial 

isostatic uplift and therefore high rates of erosion. With only small amounts of horizontal 

displacement, the rotation of the hanging wall would produce large strains that become 

inefficient at depth. Consequently, the high-angle boundary fault must evolve into a 

shallow detachment or cease to be active (Morley, 1989). Another consequence of large 

rotational strains could be to initiate crustal instabilities in the hanging wall that result in 

the horizontal collapse or shortening of the sedimentary basin towards the footwall. 

A seismic profile across the Arunta Block (Goleby et al., 1989) shows moderate-

angle (50°), north-dipping, deep faults; one of which extends down to the Moho. 

Although these faults preserve a reverse sense of movement, it is possible that they may 

have developed prior to deposition of the Reynolds Range Group. Movement on these 

moderate-angled, deep faults together with regional simple shear extension and thermal 

relaxation may have initiated basin formation and influenced deposition of the Reynolds 

Range Group. 
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AA.6 Conclusions 

The Reynolds Range Group represents a transgressive sequence deposited on a 

shallow-marine shelf that was affected by a strong long-shore current, a mainly off

shore-directed tidal current, fair weather wave and storm wave action. The facies 

distribution pattern and palaeo-current directions show that a low-gradient shelf extended 

towards the southwest. Vertical and lateral stratigraphic transitions between the facies 

associations are gradational implying that all facies coexisted on the shelf and relative sea 

level changes were small. 

The quartz-arenites were deposited on the inner shelf by a fluvial system that 

discharged in the Mt Thomas area. Along the shoreface, the sediments were influenced 

by time-velocity asymmetrical tidal currents in which ebb-tidal flow alternated with 

tranquil periods. Long-shore currents were subordinate in this environment but were 

dominant on the inner shelf, where they influenced the southeastward migration of large 

sand wave complexes. Storms were mainly erosional on the inner shelf and carried large 

volumes of clastic sediment to the middle shelf where it was deposited in extensive 

quartz-sandstone sheets. The extreme sheet-like geometry of the storm-sands, the 

presence of rippled upper surfaces and lack of off-shore-directed channels and turbidites 

testifies to a low-gradient shelf. Long-shore currents and tidal currents had little effect on 

the distribution of storm sand on the middle shelf and their influence appears to have been 

restricted to the inner shelf and shoreface. The non-barred nature of the coast line as well 

as a lack of tidal inlet and delta deposits suggests a low tidal range. Shoreface deposits 

were locally tide-dominated, only because shelf gradients were low. Longshore currents 

were restricted to the inner shelf and were probably due to prevailing winds rather than 

tidal oscillations. Where the input of siliciclastic sediment was low, build-ups of shallow-

water carbonate deposition, associated with stromatolites, formed on the middle shelf. 

Strong prevailing westerly winds and frequent storms would be common at mid-latitudes 

in the southern hemisphere. This is consistent with the interpreted Precambrian apparent 

polar wander path for Australia (Idnurm and Giddings, 1988). 
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