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ABSTRACT 

The Fraser Front is a major crustal feature at the junction 

of the Archaean Yilgarn Block and the Proterozoic Albany-Fraser Prov-

ince in Western Australia, whose surface expression is a zone of 

faults and a metamorphic front. Granite-greenstone terrain forming 

part of the Yilgarn Block and gneissic terrain forming part of the 

Albany-Fraser Province are separated in the thesis area by the Jerda-

cuttup Fault, which is part of the Fraser Front. 

Overlying the Archaean terrain and truncated by the Jerda-

cuttup Fault are the Mount Barren Beds. This Proterozoic succession, 

which consists mainly. of shale and quartz arenite (now variously meta-

morphosed), has been intruded by thick, strongly-differentiated dolerite 

sills. The petrography, stratigraphy, age, fossil content, and deposit-

ional environsent of the sediments are described, together with the 

petrography and igneous features of the sills. 

The Proterozoic succession has undergone polyphase deform-

ation and repeated metamorphism, both of these effects being gradat-

ional across the thesis area and reaching maximum developelent,aajaeeUt 

to the Jerdacuttup 	Unmetamorphosed shale, arenite, and dolerite 

in the northern part of the thesis area can be traced southeastwards 

into kyamite-staurolitc-garnet schist, polygonally-recrystallisod 

quartzite, and mafic/Ultramafic schist respectively. Metamorphic zones 

established from metamorphic mineral assemblages in politic, mafic, and 

ultramafic schists are compared with zones of progressive microfabric 

development in the quartzites. Undeformed sediments and stratiform 

intrusions in the north of the area become progressively deformed. south-

eastwards, and this is examined on the microscopic, mesoscopic, and macro-

Scopic scales. Several generations of folding have been distinguished, and 

these are related. to cleavage development and to metamorphic events. 

The evolution of this.::',roterozojc succession and of the adjacent 

gneissee represents part of th long history of a segment of the Frazer 

Front, and the findings of these investigations are tentatively relaed 

to various Precambrian uuitc and structures in the southern region of 

Western Australia.. 
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CHAPTER 1 - INTRODUCTION 

1.1 	GENERAL INTRODUCTION 

1.1.1 LOCATION AND SETTLEMENT 

The broad thesis area occupies about 13,500 km2 and 

includes the towns of Ravensthorpe, Hopetoun, and Munglinup 

(fig. 1, 3). Only the 1000 km2  in the vicinity of Hopetoun 

have been studied in detail (fig. 2). 

Ravensthorpe (population 130) is an administrative 

centre in the southern agricultural region of Western Australia, 

and provides services and supplies for a large area. It used 

to be the hub of the local copper-mining industry, but when the 

last mine closed in 1971 the population rapidly dwindled to half 

its former level. 

Hopetoun (population 70) was the harbour from which 

copper was shipped during the industry's heyday, but since closure 

of the port in 1935 Hopetoun has become a popular domicile for 

retired people and a holiday resort. 

Munglinup (population 50) is a small centre pro-

viding services and distributing agricultural supplies for a 

large farming area. 

Jerdacuttup (population 4) is the site of a school 

and community hall for the surrounding farming community. 

Kundip (population 0) is a deserted townsite. The 

town flourished when gold and copper mining was active in the 

vicinity, but was abandoned as mining declined. 
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1.1.2 CLIMATE 

Winter rainfall is about 225mm in the north and 500mm 

on the coast. Summer rainfall (mainly from thunderstorms) averages 

about 125mm in the north and 175mm in the south. Rainfall is un-

reliable and the area is subject to drought. 

Temperatures are generally less extreme near the coast 

than in inland regions. The average January maximum on the coast 

is about 30°C, gradually increasing northwards, and the average July 

minimum is 18°C, gradually decreasing inland. 

1.1.3 GA. GRAPHICAL FEATURES 

One of the most prominent topographical features is the 

Ravencthorpe Range, an Archaean volcanogenic belt containing re-

sistant banded iron formations, which rises to about 1[00m above 

sea level. The subsidiary West River volcanogenic belt contains 

only minor banded iron formations and its topography is subdued. 

Even more impressive are the peaks of Proterosoic 

quartzite within the Fitzgerald River National Park. Highest of 

these rugged hills is Armies Peak (513m above sea level), in the 

Eyre Range. Best known are the coastal quartzite hills named 

East Mount Barren, Mid Mount Barren T and West I.iount Barren) eollec-

tively termed "the Barrens" or "the Barren Pange". These terms are 

also popularly used to denote the whole range of quartzite hills in 

this vicinity. An isolated group of pecks inland consisting 

entirely of quartzitic breccia is known as the Whoogarup Range or 

"Like Whoogarups". 

The remainder of the thesis area is monotonous sandplain 

over tykleific nnJ granitic torl:ai.r... 



_ 
The coastline and the major drainages - notably the 

Hamersley, Phillips, Oldfield, Munglinup, Young and Lort Rivers 

provide excellent natural geological sections through the area. 

1.1.4 GEOGRAPHICAL NAMES 

There is a lack of formal geographical names in this 

area, and the following have been adopted in this thesis to aid 

description of the geology. They are shown on fig. 1 and fig. 2. 

Homers Crossing 	where the road from Hopetoun to 

Jerdacuttup crosses the Jerda-

cuttup River. Name used by 

Sofoulis (1958). 

Damersley River Gorge not as spectacular as (and not 

to be confused with) the famous 

gorges in the Hamersley Range in 

the northwest of Western Australia, 

but nevertheless an attractive 

river cutting flanked by inter-

mittent cliffs of quartzite. Name 

used by Sofoulis (1958). 

Pitchi Ritchi 	locally-accepted name of abori- 

ginal origin. Meaning not known. 

Echo Pool 	local name for a stretch of the 

Phillips Ritter. On the west bank 

is a cliff of phyllite, which pro-

vides the echo. 

Mullion Point 	new name for coastal headland con- 

sisting of innumerable fold mullions. 

West Loop 	new name for the loop in the 

Phillips River west of Pitchi 

Ritchi. 
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McCullochs Crossing 

Waindeittup Cliffs 

Five-Mile Beach 

The Tors 

new name for crossing of Hamer-

sley River near McCullochs copper 

workings. 

Waindeittup Pool is the name of a 

swamp, important as a source of 

fresh water in the pioneering days 

of last century. but now insignifi-

cant even as a geographical feature 

• due to agricultural development of 

the land. The name is extended to 

refer to nearby cliffs of phyllite 

on the east bank of the Phillips 

River. 

local name for the beach below East 

Mount Barren. 

new name for a line of tor-like 

boulders of ultramafic schist near 

East Mount Barren. 

1.1.5 MAJOR PRECAMBRIAN UNITS 

The three major Precambrian units in the thesis area are: 

0 Archaean terrain (fig. 4 ), consisting of thc Ravensthorpe Range 

and West River volcanogenic belts, separated by the Ravensthorpe 

Diorite pluton and surrounded by extensive, heterogeneous batholiths 

of granitic to tonalitic composition. 

ii) Proterozoic gneiss belt, consisting mainly of•granitic to tona-

litic gneiss with widespread mafic dykes and lenses, and containing 

the root zone of an Archaean greenstone belt. 

iii)Proterozoic sedimentary rocks, overlying the Archaean terrain. 
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The junction between the Proterozoic gneiss belt and the 

other two Precambrian units consists of a major fault and metamorphic 

front, grouped as the Fraser Front, 

Bost of the Archaean rocks and all of the Proterozoic 

gneisses of this thesis are those encompassed by the Ravensthorpe 

1:250,000 Sheet (figure. 1 ), mapped by myself and S.L. Lipple in 1971* 

(Thom et al, 1977). The West River Archaean greenstone belt lies 

within the Newdegate 1:250,000 Sheet, which has not yet been mapped 

by the Geological Survey of Western Australia. 

The Proterozoic sediments of this thesis straddle the 

Ravensthorpe 1:250,000 Sheet and the Newdegate 1:250,000 Sheet. 

1.1.6 FIELDWORK 

The Archaean rocks of the Ravensthorpe 1:250,000 Sheet 

(Thom et al, 1977) were not reinvestigated for this thesis but the 

results are summarised and reinterpreted. Most of the Archaean 

layered succession was mapped by S.L. 	although we discussed 

and compared findings. Access in the Paveusthorpe Ram-:e consists of 

abundant (but rough) grid lines bulldozed in the course of mineral 

exploration. The West River voicanogenic belt was not included in 

the 1971 i-!anping proramme and was not investigated Zon this thesis. 

* Although C,d-_;p Sanders assisted in compilation oef. the 1:avensthorne 

Explanatory Notes (Timm, Lippic, and Sanders, 1977), the 1971 region-

al mapping was done by SQL. Lipple and myself , and first appeared as 

Thom and Litpic (1970. 
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The initial fieldwork for this thesis consisted of nine 

months between June 1974 and February 1975, split roughly equally 

between the Proterozoic succession and the gneisses of the mobile 

belt. In 1976, a further nine weeks' fieldwork on the sedimentary 

rocks provided much extra data and allowed critical reappraisal in 

the field. 

Most exposures of gneiss within the thesis area have 

been visited. The southern part of the mobile belt is extensively 

farmed, and there is a good network of formed roads Northwards 

into the less developed, lower rainfall areas roads and tracks are 

fewer and access to particular exposures can be difficult. 

The Proterozoic succession, which forms the main part 

of this thesis, was not investigated with uniform thoroughness be-

cause of lack of exposure, lack of time, and difficulty of access 

to certain localities. Within the Ravensthorpo 1:250,000 Sheet 

area most of the localities have been visited, though not necessarily 

studied, in the initial effort to locate the best and the critical 

exposures, and to check the consistency of tonal patterns on the 

aerial photographs. Most of the northern scarp has been visited to 

establish the position of the basal formation and the persistence 

of its members. Some of these localities were first visited in 

1971, but all were revisited in 197/1/75. In the western portion of 

the study area, which lies within the Newdegate 1:250,000 Sheet, more 

reliance was placed on traverses. Access is generally good, there 

being a network of tracks through the Fit7,gerald River National. Park, 

many of them leading to beaches. Although intrepid locals have 

negotiated almost all of these tracks in conventional vehicles, a 

four-wheel-drive vehicle is recowended for serious investications. 

and is essential in wet weather. %U thin the National Park there 
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are restrictions to be observed: samples may not be removed without 

permission; overnight camping is generally not allowed; and the flora 

and fauna are rigorously protected. 

All investigations were done with the aid of 1:40 000-

scale black-and-white aerial photographs covering the whole of the 

thesis area. 

1.1.7 VEGETATION 

Apart from the impressive scenery, the outstanding 

attraction of the Fitzgerald River National Park is the flora, many 

of which are unique to this area. Each species shows affinity for 

particular rock types, so that lithology can often be delineated 

and even uniquely identified on the basis of its vegetation, whether 

this is recognised on the ground or from its photopattern. The 

characteristic vegetation of quartzite is thick and unyielding and 

this, together with the ruggedness of the quartzite ridges them-

selves, can make progress difficult. 

1.2 REGIONAL GEOLOGICAL SETTII:G 

1.2.1 GEN:11UL 

Precambrian rocks occupy a major part of the surface 

outcrop of Western Australia. The main Archaean unit is the Western 

Shield, which has been subdivided into blocks and provinces (fig. 5 ). 

The Archaean rocks of the thesis area belong to the Yilgarn Block, 

and lie just within the Eastern Goldfields Province. 

Flanking the Western Shield are linear belts of Protero-

zoic metamorphism and intrusion, often referred to as mobile belts. 

The mobile belt which flanks Lhe F3outhorn end of Lhe Yllcaro Block 



0; v 0  o 0: oo:o. 00:  „,„ 

B. YILGARU BLOCK: 
1 Murchison Province 
2 Eastern Golficlds Prov. 
3 Southwestern Province. 

ARCHAEAII: A. PILBARA BLOCK 

PROTEROZOIC IOBILE BELTS: 
4 Paterson Province 
5 Gascoyne Province 
6 Albany-Fraser Province 

..-...-..„ 	, 
.. .x.:.:.:.x......... 	PROTEROZOIC SEDIMENTS .............. 

a 	OUTLIhRS OF PROTE.ROZOIC SEDIMENTS 

FRASER FRONT 

-10.- 

FIGURE 5 SUBDIVISION OF THE PRECANERIAN OF PART OF WESTERN AUSTRALIA 

(Adapted from Geological Survey of Western Australia 
1975) 
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has been named the Albany-Fraser Province, and it is separated from 

the Yilgarn Block by a zone of faults and a metamorphic front, together 

comprising the Fraser Front. This zone is associated with substantial 

geophysical anomalies and is regarded as a major crustal feature. The 

thesis area includes part of the Fraser Front and of the Albany-Fraser 

Province. 

The remainder of the Precambrian terrain in Western 

Australia consists mainly of areas of Proterozoic sedimentation. 

Generally these sedimentary successions unconformably overlie the 

Archaean of the shield areas, and they have undergone varying degrees 

of metamorphism and deformation. In the northwest of Western Australia, 

areas of Proterozoic sedimentation.are extensive, and separate the 

Pilbara Block (fig. 5 ) from the Yilgarn Block. In the south near 

the thesis area, Proterozoic sedimentary rocks are now confined to 

narrow strips and disconnected outliers of much smaller dimensions. 

The longest of these, here termed the Stirling-Barren Basin, extends 

for about 290 km eastwards from the Stirling Range to terminate at 

Kundip, within the thesis area. 

All of these units are described more fully in a recent 

Geological Survey of Western Australia memoir (1975), and only the 

following units, which are relevant to this thesis, are described 

furt}er: 

Eastern Goldfields Province (Section 1.2.2) 

Stirling-Barren Bzisin (Section 1.2.5) 

Albany-Fraser -Province (Section 1.2,4) 

Fraser Front (Section 1.2.5) 

1,2.2 EASTERN GOLDFIELDS PROVINCE 

This province consists of narrow, NNW-trending volcano- 
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genic belts enclosed by elongate granitic intrusions (see I.R. 

Williams, 1975). The volcanogenic belts, also referred to as 

"greenstone belts" and as "the layered succession", consist of 

intrusive, extrusive and pyroclastic rocks ranging from ultramafic 

to acid in composition, together with clastic sedimentary rocks and 

banded iron formations. These diverse types do not occur haphazardly 

in time and space. I.R. Williams (1969,1970) has recognised broad 

lithological associations "defined by the regional consistency of the 

contained lithologies in their spatial and genetic relationships". 

He recognised two types of association - the basic volcanic and the 

acid volcanic-clastic associations - which, being mappable units, 

have been formally accorded formational status in the Kurnalpi-

Edjudina area. By this means, he was able to propose a stratigraphic 

subdivision of the layered succession in part of the Eastern Goldfields 

Province. Basic volcanic and acid volcanic•-clastic associations were 

found to alternate in the succession, and each couplet was termed a 

volcanic cycle. Several successive cycles have so far been recognised 

and linked to the stratigraphy (see I.R. Williams, 1975). The concepts 

of lithological associations and cyclicity may be usefully applied to 

other volcanogenic belts as a preliminary to formal stratigraphy. 

Granitic and allied rocks constitute about 70% of the 

Eastern Goldfields Province (I.R. Williams, 1975). They may occur 

as small plutons or as large composite batholiths, and range in 

composition from tonalite to granite. They may be foliated to massive, 

even grained to porphyritic, and commonly have migmatitic or strongly-

foliated marginal zones. There is ample evidence that most granitic 

bodies intrude the layered succession, and the isotopic determinations 

of about 2700 to 2600 m.y. for granites in the Kalgoorlie-NorseMan 

area define a period of granitic magmatism and indicate a minimum 

age for the layered succession. Most granitic rocks have low Sr 87/86 
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ratios, which suggest that they do not represent r c\.,rorked older sialic 

c rust (Arriens , 19i1). 

loR. \-Jilli ams (1 973a ) ha s subdivided the Eastern Gold

fields Province into three subprovinces , \·Jhich differ i n the trend , 

shape and size of their greens t one belts~ as i.,rell a s in structural 

complexi ty and me t amorphic gro.de . The volcanogenic belts of the 

thesis area (the Ravensthorpe Range and the \I/est River volcanogenic 

belts) belong to the Southern Cross Subprovince, which is character

ised by arcuate greenstone belts of northern t rend containing thick, 

strongly-magnetic ba nded iron f ormations. Fel s ic volcanic s a r e un

common in some of the volco.nogenic belts i n this subprovince , e .. e;. 

in the Ravensthorpe Range. The granitic rocks east of the \Vest 

River volcanogenic belt belong t o the Southern Cross Subprovinc e , 

but t he granitic rocks to the \'lest belong to 'the Soutrnvestern Province. 

The western granites are of little consequence to this project, so 

the presence of this province boundary is only of passing interes t .. 

STIHLING-BARREN BASIN 

Geologists f~ailiar \rith the sedimentary successions 

of t he Stirling a nd Barren Ranges ( fig. 3 ) have long :proposed that 

they are broadly equ ivalent i n a ge (Gregory, 1861; Blatchf ord, 1900 , 

"1919 : a nd ma.ny other s ). So foulis (1958 ) proposed t bat these s edi men-

t;rry successions be grouped a s t he "Stirling-,Barren Series ll , but t his 

i mplies e, s t rat igraphic equiva~ence .not yet clemonet rated.. It does 

seem r eD.sonable and useful to r egat' d the s ucc ession.s at t he Stirling 

a nd Barren Rang es as belong j ng to tb e same basin, Hh ich here \vill be 

called the Stirling Barren Basi n . 

Of the t hree Precambl'iDn units represented in tho 

thesis area, the .St i rl ' ng-Bar.ren B;,:: sin has been the most ncgl e eted .. 



- 14 - 
There has been no thorough or systematic investigation of any sub-

stantial part of it, and even current descriptions rely heavily on 

early reconnaissance reports. Some early observations are conflict-

ing, and important findings - such as the presence in the succession 

of dolerite sills (Blatchford, 1919; Clarke et al, 1954) - seem to 

have been forgotten. The 290km-long basin has only been investi-

gated at its extremities, but from the first the successions at the 

Stirling and Barren Ranges were correctly correlated, although it 

was also recognised that there are important differences. 

The Stirling Range area has not been examined in the 

course of this project, but the following summary by Clarke et al 

(1954) is useful: 

"The sediments of the Stirling Range Beds are all of 

low grade metamorphism and with but few exceptions 

(in highly sheared zones) are characterised by the 

presence of original elastic textures and struc-

tures. They consist predominantly of thin-bedded 

purplish orthoquartzites and fine-grained phyllites 

with wide-spaced fracture cleavage in the quart-

zites and close-spaced fracture cleavage in the 

phyllites. Many of the quartzites show well-

developed current and ripple marks and a notable 

feature is the variation in the direction of the 

ripple marks in different layers, indicating rapid 

variation in current direction (?tidal flat condi-

tions). There is a complete absence of calcareous 

sediments in this succession, which is a shallow 

water facies." 

They also reported that several basic dykes intrude the 

succession, confirming the observation of Woolnough (1920), Sofoulis 

(1958), who also visited this area, regards this as a misinterpreta-

tion, claiming that the dykes intrude rocks of Archaean age and 

"showed no suggestion of penetrating the Stirling-Barren beds". It is 

i; 
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an extension of his view - disproved in this thesis - that in the 

Barrens area the Proterozoic succession is not intruded by dykes or 

sills. One of the dykes examined by Woolnough (1920) and by Clarke 

et al (1954) "crosses the ridge immediately west of the highest 

summit" at Toolbrunup. Sediments at Toolbrunup have since been 

radiometrically dated (Turek and Stephenson, 1966), giving a Middle 

Proterozoic age. 

Turek and Stephenson (1966) obtained an apparent 

Rb-Sr age of 1150140 m.y. from shales collected on the eastern slope 

of Toolbrunup in the Stirling Range. The shale samples were slightly 

metamorphosed and the isochron is regarded as dating a geological 

event. Turek and Stephenson suggest a minimum age of deposition of 

1340 m.y., based on the least metamorphosed of the shale samples and 

a typical shale Sr 87/86 value of 0.72. This is the only geochrono-

logy carried out for sediments of the Stirling-Barren Basin, and 

although regional geochronology and geological evidence so far indi-

cate that the sedimentary succession at the eastern end of the basin 

may be of comparable age, more geochronology is clearly required. 

The sedimentary rocks at the eastern end of the Stirling-

Barren Basin, i.e. in the Barrens area, are the subject of the main 

part of this thesis. The most abundant lithologies are shale and 

quartzite, as in the Stirling Range. The intrusive event which pro-

duced the thick metadolerite sills in the Barrens area may be repres-

ented in the Stirling Range by the few doleritic dykes already de-

scribed. Although the main lithologies are comparable, this is no 

evidence of equivalence in age. There is geological evidence in the 

Barrens area that the succession is Proterozoic, and indirect evi-

dence that the sediments here were metamorphosed about 1000 m.y. ago. 
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1.2.4 ALBANY-FRASER PROVINCE 

This arcuate belt consisting of high-grade metamorphic 

rocks and granitic intrusions of Proterozoic age flanks the southern 

end of the Yilgarn Block (see Doepel, 1975). The rocks are mainly 

gneiss, migmatite and basic granulite - whose strong foliation and/or 

compositional layering give the province its pronounced easterly 

trend - together with later granitic and syenitic intrusions which 

may or may not have a tectonic foliation parallel to the regional 

trend. 

The best-known part of the province is the Fraser Range 

area, where a northeasterly-trending body at least 180 km long and 

32 km wide consisting mainly of basic pyroxene granulite has long 

been the subject of enquiry (A.F. Wilson, 1952; 1955; 1969a,b)• 

Named the Fraser Complex (Doepel, 1973), it consists mainly of basic 

pyroxene granulite with veins and bands of acid granulite, acid gneiss, 

pegmatite veins, and remnants of gabbroic rock (see Doepel, 1975). 

A.F. Wilson (1969b) considers that most of the granulites are meta-

morphosed volcanics, interpreting quartz and plagioclase ellipsoids 

as relict amygdales and certain structures in the basic granulites as 

relict pillows. Furthermore, he suggests that thin acid bands con-

taining graphite and zircon were originally quartzo-feldspathic sedi-

ments. However Doepel (1973) considers that injection of granitic 

material into a uniform mass of basic rock, of basaltic composition 

and unknown origin, can account for the majority of the granulites 

present. Only the western portion of the Fraser Complex contains 

garnet, and this portion is also the most strongly deformed. The 

western margin is a zone of shearing which has been named the Fraser. 

Fault Zone, and is part of the larger structure now called the Fraser. 

Front. 
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The Fraser Complex is unique in the Albany-Fraser Pro-

vince. Although mafic lenses do occur elsewhere within the gneiss 

belt, none of them is of regional extent. The Albany Fraser Pro-

vince consists mainly of granitic gneiss, granite to tonalite in 

composition, and ranging from well-banded gneiss to homophanous 

granitoid. Gneissic terrain of this kind is typical of the province 

within the thesis area, and is described in more detail in a later 

section. 

Throughout the province there are later granitic bodies 

which cut the gneisses and migmatites. A large porphyritic granite 

in the vicinity of Albany - the Albany Granite - is one such body, 

and it has been dated as 1100150 m.y., with initial Sr 87/86 of 0.712 

suggesting an anatectic origin (Torek and Stephenson, 1966). The 

Balladonia Granite southwest of the Fraser Range gives a similar age 

of 1080'1.50 m.y., with initial Sr 87/86 of 0.715 (Arriens, p.A*). Por-

phyritic granites, some without tectonic foliation. and evidently later 

than the gneisses, occur at several places within the Albany-Fraser 

Province of the thesis area. 

Large pods of metamorphosed mafic and ultramafic rock 

and traces of metamorphosed banded iron formation occur within the 

gneiss of the thesis area, restricted to a broad, northerly-trending 

zone near Munglinup (fig. 1 ). This zone ixobably represents the 

roots of an Archaean greenstone belt. 

1.2.5. FRASER FRONT 

This term has been used informally to group several 

linear features related to the junction of the Archaean granite-

greenstone terrain of the Yilgarn Block and the Proterozoic gneisses 

of the Albany-Fraser Province, particularly from East Mount Barren 

in Doepel, 1975 
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northeastwards (fig. 5 ). It was pointed out some years ago (A.F. 

Wilson, 1969c) that the Fraser Front is geologically analogous to 

the Canadian Grenville Front, both consisting of a structural and a 

metamorphic zone separating Archaean from Proterozoic terrain. The 

Fraser Front, on present knowledge a zone of indefinite width, extent 

and position, encompasses the following: 

a) a zone of major faults, including the Fraser Fault 

and the Jerdacuttup Fault. Faults within this zone 

are not parallel, but form a more complex pattern 

(fig. 34 ). 

b) a metamorphic front, across which greenschist or 

lower amphibolite facies rocks of the Yilgarn Block 

commonly give way southeastwards to rocks of higher 

metamorphic grade. There is evidence for polymeta-

morphism (Bunting et al, 1976). 

c) one of the largest linear gravity features of the 

Australian continent (Anfiloff and Shaw, 1973), in-

dicating that the Fraser Front coincides with a major 

crustal structure. The gravity feature is not con-

tinuous between the Fraser Range and East Mount Barren. 

d) the locus of abrupt change in trend from northerly 

(typical of the Yilgarn Block) to easterly or north-

easterly (typical of the Albany-Fraser Province), as 

envisaged by Clarke et al (1954). 

1.3 	PREVIOUS INVESTIGATIONS 

1.3.1 GENERAL 

The purpose of this section is to review the contribu-

tions of previous workers in the thesis area, and to indicate the 

state of knowledge at the commencement of this project. 
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Although numerous geological investigations have been made 

within the thesis area, most are concerned with the economic aspects 

of a region which was of considerable importance early in the century. 

Not only was it a declared goldfield and one of the State's major 

copper producers, but the variety of other minerals discovered in 

small amounts held out promise of even more economic wealth. Conse-

quently, there are scores of reports on copper mines and their 

surrounding geology, together with investigations of other minerals 

such as gold, graphite, vermiculite, magnesite, nickel, and lithium-

bearing pegmatite minerals, most of which will not be discussed 

further. They are listed in Sofoulis (1958), Thom et al (1977) and 

I.R. Williams (1973b). 

1.3.2 ARCHAEAN ROCKS 

Early investigators include Blatchford (1900), Woodward 

(1902, 1909), and Montgomery (1903, 1910), who established the general 

form of the greenstone belts and the intervening diorite pluton. Prior 

to Thom et al (1977), only two works make a substantial contribution 

to the understanding of the Archaean rocks of the area, and their 

results are summarised below. 

Woodall (1954) studied an area of about 50 km2  (fig; 4) 

containing a narrow volcanogenic belt (the West River volcanogenic 

belt) flanked on the east by the Ravensthorpe Diorite and on the west 

by granodioritic gneiss and migmatite. The greenstone belt, whiCh 

here is only about 2 km wide, consists of a narrow band of schists of 

sedimentary and igneous origin together with a thicker unit which he 

named the "Phillips River Neta-volcanics". The metavolcanics are 

mainly fine-grained amphibolitic lavas and agglomerates, together with 

minor felsic lavas. Within the schists, zones of crushed and laminated 

rocks indicate localised attenuation and shear. The migrnatites 
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marginal to his western gneiss are a product of lit-par-lit injec-

tion of a folded metasedimentary sequence of which the schists of the 

greenstone belt are a remnant. The western gneiss is not cut by the 

dyke suite that cuts both the Ravensthorpe Diorite and the West River 

greenstone belt,. which leads Woodall to suggest that either the 

gneiss was at depth while the dyke suite was being intruded and was 

later faulted into position (Woodall's preference), or that the 

gneiss is younger- than the dyke suite. Detailed petrography of 

several rock types is included in the report, together with an assess-

ment of metamorphism and structure. Although the area studied by 

Woodall is not included within the present investigation, it does 

form part of the Precambrian basement upon which the Proterozoic 

sedimentary succession of the thesis area rests uncomformably. 

Sofoulis and his co-workers (Sofoulis, 1958) produced 

the Phillips River Goldfield Bulletin, which encompasses virtually 

the same ground as the thesis area (fig. 1 ) but with a different 

emphasis. The purpose of the bulletin was to elucidate the geology 

of an area of economic promise, and the greenstone belts were the 

focus of the investigation. The Ravensthorpe Range and West River 

volcanogenic belts were shown to consist of ultramafic to inter-

mediate volcanic and intrusive rocks, together with. sediments and 

banded iron formation. The basic volcanic association, which he 

termed the Greenstone Phase, included metasediments (micaceous, 

graphitic, and feldspathic schists, slates, cherts and quartzite); 

basaltic lavas and pyroclastics; and serpentinous rocks (originally 

pyroxenitic or peridotitic flow rocks). The acid volcanic-clastic 

association, which he called the Whitestone Phase, consisted of 

argillaceous and graphitic schists, with banded iron formation, 

quartzite, chert, and dolomitic limestone, without much felsic 

volcanics. The field work was not supported by thin section exam- 
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ination of the rock types, but the field appearance of the rocks and 

their mode of occurrence is well documented. The Whitestone Phase 

was regarded as the younger of the two associations, occupying the 

axis of a major geosynclineOf complex synclinoria]. form. This major 

structure was deduced from the attitude of the beds, the symmetry of 

lithological units about the proposed axis and their closure to the 

north, together with minor structures which, in my view, included 

deformational structures in rocks of Proterozoic age. I regard 

correlation of northwesterly-trending minor structures of Archaean 

age with southwesterly-trending minor structures of Proterozoic age 

as the explanation of his "conjugate fold system". Sofoulis proposed 

that the greenstone belt forming the Ravensthorpe Range veers sharply 

in strike near Horners Crossing (figure 1 ), to continue mainly be-

neath Proterozoic cover for about 100 km. The mafic intrusive rocks 

which exist in the vicinity of Eyre Range and much of the surrounding 

schist were interpreted as the Ravensthorpe Diorite and the Whitestone 

Phase of the layered succession respectively, exposed through erosion 

windows in the Proterozoic cover. A superimposed tectonic axis trend-

ing southeasterly was proposed to account for this swing in strike of 

the greenstone belt. 

1.3.3 PROTEROZOIC SEDIMENTS 

Early investigators include Gregory (1861), Maitland 

(1900,1901), and Blatchford (1900), who speculated on the relative 

ages of the successions forming the Stirling,Barren,and Ravensthorpe 

Ranges (fig. 3 ). 

Woodward (1909) recognised that the sedimentary sequence 

at Kundip is younger than the succession forming the Ravensthorpe Range. 

He recognised that conglomerate at the base of the younger succession 

rar probably derived from rock types now exposed in the Ravensthorpe 
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Range, and that the size of conglomerate clast diminishes with 

distance from the source. Although he photographed the lowermost 

beds of the younger succession as exposed in a low cliff in the 

Western Steere River, he did not describe this locality. Woodward 

listed the main rock types at Kundip, and described them as sedi-

ments of marine shallow water origin. 

A significant step forward in the understanding of the 

area was made by Blatchford (1919), who recognised that: 

"the evidence pointed to the possibility of their 

being highly folded quartzites with basic sills... 

at the surface one finds a repetition of quart-

zites and quartz dolerites esoo dipping steeply to 

the south ... striking approximately east and west". 

He also pointed out a major difference between the succession at the 

Stirling Range and the succession at the Barrens: 

"volcanic action" (here taken to mean minor intrusives, 

as above) "being almost absent in the Stirling Ranges 

0.. whereas in the Mount Barrens the visible volcanics 

are almost in excess of the quartzites". 

This is a remarkably accurate thumbnail sketch, but unfortunately it 

was superseded by later ideas and this insight into the structure was 

lost. 

The next investigation was many years later, when Ellis 

(1951), who was primarily investigating a reported kyanite occurrence, 

made detailed structural observations ,on the surrounding rocks. 

Kyanite schist and quartzite at East Mount Barren, he concluded: 

"comprise the south limb of a large anticlinal struc-

ture plunging 300  to 35°  to the southwest. The northern 

limb of the structure was not observed in the outcrop 

inspected ... during the investigation. The beds dip 

at 50
o to 60

o to the south, and extremely well-defined 

fracture cleavage of a widespread nature indicates that 
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the whole structure is overturned to the north. 

Dragfolds give frequent confirmation to this 

interpretation. 

It would be difficult to find a better 

series of exposures of metamorphic rocks so 

clearly demonstrating textbook examples of 

minor structures as related to the interpreta-

tion of major structures, than these seen on 

the coast at these localities." 

McMath (1954), in his progress report of the investiga-

tion of the Phillips River Goldfield, lists some of the preliminary 

findings. The unconformity between the Archaean greenstones of the 

Ravensthorpe Range and the sedimentary rocks of the Kundip area was 

clearly established, but the extent of the "Kundip Series" was not 

determined. The rocks of the Mount Barren and Eyre Ranges which he 

termed the "Mount Barren Series", were considered to have undergone 

one phase of folding, distinguishing them from the Archaean rocks 

of the Ravenstborpe Range (two phases). McMath believed that 

Archaean rocks were intermittently exposed through erosion windows 

in the Proterozoic cover, an idea extended by Sofoulis (1955; 1956; 

1958). The possibility of thrusting of the Mount Barren Series was 

considered, based on a variety of evidence (discussed in section 6.2.4). 

Zofoulis (1955), who took charge of the project from 

McMath, recognised that the "Kundip Series" and "Mount Barren Series" 

may be of the same age, and that their difference in metamorphic grade 

may reflect different degrees of tectonism. More evidence of thrust-

ing was observed, including brecciation and remelting of the basal 

conglomerate. In his succeeding report Sofoulis (1956) realised the 

equivalence of the "Kundip Series" and the Mount Barren Series, and 

dropped the former term. He proposed a major deflection in tectonic 

strike of the Ravensthorpe Range greenstone belt in the vicinity of 

Homers Crossing, from which point the Archaean rocks were believed 

to continue southwestwards under the Proterozoic succession. 
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At about the same time, the Mount Barren Group had been 

investigated during a 1000 km-long reconnaissance of the south coast 

of Western Australia by Clarke, Phillipps, and Prider (1954). They 

observed that 

"the Barrens division seems to be made up entirely of 

metasediments interspersed with sills or dykes of 

basic rock" 

acknowledging that this was noted many years before by Blatchford. 

They realised that the presence of mafic intrusions in the form of 

sills constitutes a fundamental characteristic of this Proterozoic 

succession, and from their considerable combined knowledge of the 

geology of the State could compare this with Proterozoic successions 

elsewhere: 

"The main difference between the Barrens and the Stirling 

Range metasedimentary sequence lies in the concordant 

basic intrusions in the former. Interbedded basic 

lavas and sills are common in the Nullagine System 

(Prider, 1948, p.65) and the greenstones of the Barrens 

belt may be regarded as the representatives of this 

Nullagine vulcanise 

* Proterozoic 

Sofoulis and his co-workers produced the Phillips River 

Goldfield Bulletin (Sofoulis, 1958) which, although centring on the 

Archaean greenstone belts, was also the most comprehensive study of 

the Proterozoic sediments to that date. The views of previous investi-

gators not endorsed by this major work naturally faded from public 

ken, including the observation of Blatchford (1919) - later confirmed 

and extended by Clarke et al (1954) - that -Lie succession contains 

basic sills. Sofoulis and his colleagues interpreted these Protero-

zoic intrusions as Archaean dioritic basement, being the southerly 

continuation of the Ravensthorpe Diorite exposed through erosion 

windows in the Proterozoic cover. Similarly, they proposed that 

Archaean schists were sporadically revealed through erosion windows, 
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a concept requiring uncommon skill in the distinction between those 

schists supposedly Archaean and those supposedly Proterozoic. The 

metasedimentary kyanite schists at East Mount Barren were regarded 

as Archaean gneiss, equated with the granitic gneiss and migmatite 

in the Hopetoun area. Nevertheless, they produced the first map 

of the Proterozoic sediments, indicated areas of folding and metamor-

phism, establshed the unconformity with the Archaean, and generally 

charted an extensive and unfamiliar sedimentary succession. 

1.3.4 GNEISS BELT 

There has been no thorough or systematic investigation 

of any substantial part of the mobile belt within the thesis area 

prior to Thom et al (1977). 

Clarke, Phillipps and Prider (1954) recognised that the 

rocks in this zone were Precambrian gneisses and granites with occa-

sional basic dykes. Paragneisses and orthogneisses were identified 

and their petrography described by Prider. Above all, they recog-

nised that the prevalent strike of the gneisses contrasted the strike 

of the greenstone belts in the Eastern Goldfields region to the north, 

and they predicted a major structural discontinuity between these 

units. 

Sofoulis (1958) did not distinguish between Archaean' 

and Proterozoic gneiss, so although he describes various features 

such as dolerite dykes, migmatite and the preservation of metasedi-

mentary lithologies, it is not apparent whether he is referring to 

the Archaean or Proterozoic portion of his unsubdivided gneisses. 

Sanders (1968) and Morgan (1969) discussed the gneisses 

in general terms as a background to their hydrological investigations. 
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Sanders did not subdivide the rocks of the gneiss belt, whereas Morgan 

had a limited subdivision into granite, gneiss, and migmatite, with 

trend lines and fold forms drawn from aerial photographs. 

The occurrence of graphite (Blatchford, 1917; Ellis, 1944; 

Sofoulis and Connolly, 1957), talc, magnesite, and vermiculite (Ellis,1941, 

1944,1945; Johnson and Gleeson, 1951; MacLeod, 1964) in association with 

pods of ultramafic rock and banded iron formation suggests that the 

gneiss belt contains relics of a greenstone belt (Sofoulis,1958; Doepel, 

1975; Thom et al, 1977) more or less restricted to a zone of Archaean 

trend. 

1.3.5 	FRASER FRONT 

Only Sofoulis (1958) and Thom-et al (1977) have invest-

igated the Fraser Front zone within the thesis area. As the Fraser 

Front is central to the theme of this thesis, it is apprgpriate to 

review here the work which led to its recognition, together with subs-

sequent investigation of the Fraser Front as a major crustal structure. 

Clarke, Phillipps, and Prider (1953 1954) made the 

important observation that the gneisses of the coastal strip (now the 

Albany-Fraser Province) trend easterly to northeasterly, contrasting 

the northerly to northwesterly trend of the graniteAreenstone terrain 

inland. They suggested (Clarke et al, 1954) in particular that an angu-

lar discrepancy occurs at Kundip between the trend of the Barrens rocks 

and the trend of the Ravenstborpe greenstones, and in general that the 

trend from about easterly to about northerly must change somewhere bet-

ween latitude 33°30'S and 32o3O1S. From three widely separated observa-

tions they suggested that "a pronounced structural change occurs in 

about latitude 33 30IS." 

The work of Clarke, Philippe and Prider aroused the 
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interest of A.F.Wilson, who postulated on rather tenuous evidence 

(A.F.Wilzon, 1952) that the boundary between the gneisses and the 

granite/greenstone terrain is a low-angle thrust boundary, passing ben-

eath the sediments now known to be Proterozoic. The existence of a reg-

ional low-angle thrust contemporaneous with or linked to the Fraser 

Fault and passing beneath the Proterozoic sediments has not been subs-

tantiated by subsequent field work. He also proposed that the granulitic 

rocks of the Fraser Range belong to the same structural unit as the gneiss-

es of the coastal belt, and that the Fraser Fault, marked by an extens-

ive mylonite zone, has regional significance. These two observations 

constituted a major advance in defining the Albany-Fraser Province. 

Sofoulis and his co-workers (Sofoulis, 1958), who 

investigated the ground now encompassed by the thesis area, regarded 

the gneiss of the coastal belt as Archaean and believed that it was 

overlain unconformably by the Proterozoic sedimentary succession. Term-

ination southwards of the Ravensthorpe Range greenstone belt they expl-

ained by a hypothesis of cross-folding, and consequently saw no need to 

postulate a regional fault. They mapped gneiss and metasedimentaey beds 

in close proximity near the Steere River, and about 3km apart in the 

Jerdacuttup River. The kyanito schists at Five-Mile Beach were grouped 

with (their) Archaean gneisses rather than with the metasedimentary 

succession, to which they belong; consequently their map gives the 

impre.esion that the Frsaer Fault (or its equivalent in the thesis area) 

emerges on the coast at Five-Mile Beach. In fact, the nearest cryst-

alline rocks belonging to the Albany-Fraser Province are some kilo-

metres farther east (fig, 1 ). 

Early geochronology gave the first good indication 

that the gneisses of the coastal belt are considerably younger than 

the greenstone terrain. Ali mite collected by A.F.Wilson from pegmat- 
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ite in the Fraser Range and from pegmatitic schlieren in charnockite 

gneiss at Doubtful Island Bay gave uncorrected "ages" of 1210150 m.y. 

and 1390-150m.y. respectively (Prider, 1955), while Jeffery (1956) 

obtained ages of about 2800 m.y. for the Cattlin Creek negmatite, assoc-

iated with the diorite pluton at Ravensthorpe (fig. 4 ). To Wilson 

(A.F.Wilson, 1958), these results suggested that: 

"the metamorphism which produced the charnockitic 

rocks of the Albany-Esperance-Fraser Range belt 

may be much younger than the primary metamorphism 

which affected the Goldfields areas and produced 

the major granite of south-western Australia." 

Confirmation of this idea was provided by further geochronological 

data (Wilson et al, 1960), and the nature of the mobile belt was 

quite clearly recognised: 

"Flanking and cutting the shield are much younger 

belts of Precambrian rocks which have been fused 

onto the older shield. On the south-eastern side, 

the deep-seated Fraser Fault separates the Gold-

fields rocks (2700 m.y.) from pegmatized basic 

charncokites (1300 m.y.). In this region the shield 

rocks also show a metamorphism at 2400 m.y.." 

Wilson (A.F.Wilson, 1964) reported an intense gravity 

anomaly which: 

"has been traced for at least 150 miles, consist-

ing of a positive gravity ridge over the western 

portion of the Fraser Range (+30 niilligals) and 

a gravity trough (down to -100 milligals) on the 

western side of the Fraser Fault mylonite zone." 

The gravity feature was first correlated with the Fraser Fault and the 

basic rocks of the Fraser Range by Wilson in 1953 (A.F.Wilson,1969), 

although correlation between gravity features and mafic granulite 

ridges had earlier been made for analogous crustal structures in cent-

ral Australia (Marshall and Narain, 1954). 

In 1964, A.F.Wilson (Horwitz and Sofoulis,1965) com-

pare& the Proterozoic gneiss belt which is now the Albany-Fraser 
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Province to the Grenville Province in. Canada, and later (A.F.Wilson, 

1969c) described it as a younger, Proterozoic orogenic belt welded on 

to an Archaean shield. He believed the junction,to consist of a meta-

morphic front and a fault zone, and this has come to be known, inform-

ally, as the Fraser Front. Wilson usually represented the Fraser Fault 

as a single fault of great length, passing through the thesis area in 

a variety of suggested positions-(A.F0Wilcon, 1952, 1955, 1958), none 

of which is currently accepted. 

Other workers restricted the term Fraser Fault to the 

fault west of the Fraser Range, and postulated a shorter fault bet-

ween the Proterozoic sedimentary succession and the Proterozoic gneiss 

belt in the thesis area (Geological Survey of Western Australia, 1966), 

This shorter fault, which is colinear with the Fraser Fault, is now 

known as the Jerdacuttup Fault. Daniels and Horwitz (1969) connected 

the Fraser Fault and the shorter fault (now the Jerdacuttup Fault) 

by a "metamorphic or igneous contact"'  and the Jerdacuttup Fault is 

shown continuing westwards into a major fault now known as the Bremer 

Fault (fig, :3 ). A regional gravity contour map (Australian Bureau 

of Mineral Resources, 1969) was interpreted by Daniels (1971), who 

regarded as the most noticeable feature the truncation of Archaean 

structures of the Yilgarn Block by the Albany-Fraser mobile belt. As 

the contact between the two gravity patterns is gradational, Daniels 

envisaged a wide zone between them in which the influence of the 

mobile belt extends for a considerable distance into the Archaean of 

the Yilgarn Block. 

Gravity model studies by Anfiloff and Shaw (1973) of 

the Fraser Range gravity anomaly suggested that the Fraser Range mafic 

granulite has been thrust upwards at least 4 km through granitic covers  

coupled with the formation of large (12km deep) granite batholiths on 

either side corresponding to the gravity troughs, Mathur (1974) prefers 
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to attribute the gravity troughs to downwarping of the crust, but this 

view is not favoured by Anfiloff and Shaw (1973) on the grounds that the 

Fraser Range anomaly closely matches the known width of the granulite. 

Geophysical and isotopic data have assisted in the inter-

pretation of a large area of poor exposure straddling the Fraser Front 

to the northeast of the Fraser Range (Bunting et al, 1976). Four 

distinctive zones were recognised : 

i) Transition Zone, in which the Archaean rocks of the Yilgarn 

Block are reworked, and intruded by Proterozoic granite. 

ii) Western Gneiss and Granite Zone, of predominantly amph-

ibolite facies; Proterozoic rocks with no Archaean remnants. 

iii) Fraser Complex, consisting of mafic rocks predominantly of 

granulite facies. 

iv) Eastern Gneiss and Granite Zone, which is largely unexposed. 

Isotopic ages in this area were shown to decrease systematically from 

typical Archaean values in the Yilgarn Block to a value of 12891'21 may. 

in the mobile belt (fig. 6), Evidence was found for polymetamorphism, 

including two periods of granulite facies metamorphism. 
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CHAPTER 2 - ARCHAEAN GEOLOGY 

2.1. 	INTRODUCTION 

In the Ravensthorpe area the layered succession consists 

of two volcanogenic belts - the Ravensthorpe Range and West River 

volcanogenic belts - which form an inverted Y-shape around a quartz 

diorite pluton (fig. 4 ). The West River volcanogenic belt, which is 

the smaller of the two, is blanketed to the south by Proterozoic sedim-

ents and phanerozoic cover, and its extent beneath these is unknown. 

The Ravensthorpe Range volcanogenic belt is also concealed by cover to 

the south, but gravity data suggest that the belt terminates near the 

Jerdacuttup Fault (fig. 7 ). To the east and to the west of these volc-

anogenic belts is extensive granitic terrain. The contribution of prev-

ious workers has already been summarised, and the following descript-

ion is largely based on the most recent work, Thom et al (1977) 0 

2.2 THE LAYERED SUCCESSION 

2.2.1 	GENERAL 

The Ravensthorpe Range volcanogenic belt contains two 

types of lithological association - the mafic volcanic association 

and the acid volcanic-clastic association - in cyclical alternation 

and structural repetition. Two volcanic cycles are defined by the 

structural, interpretation, and there are lithological differences betw-

een similar associations of different cycles. 

The lowermost mafic associtaion contains only basalt, 

tuff, and agglomerate, with a minor amount of felsic volcanics. This 

association, which is predominantly greenschist facies, is intruded 

and rafted by the Ravensthorpe Diorite, which has metamorphosed some 

A 

First produced in Record form, as Thom and Lipple, 1973 
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of the rock to amphibolite facies. 

The mafic association of the second cycle is of comp-

arable thickness (2000 to 3000 m), and contains much variolitic and 

amygdaloidal lava of upper greenschist to amphibolite facies. Pillowed 

basalts are common and are often sufficiently well preserved to use as 

local facing criteria. In thin section, pillow lava exhibits primary 

textures but is recrystallised to acicular hornblende, plagioclase, 

biotite, quartz, calcite, chlorite, and iron oxide. As in the lower 

mafic association, gabbroic rocks are not abundant. Only a few examples 

of high-Mg basalts were recognised, and they are presumed to be uncom-

mon. Within this association occur most of the ultramafic rocks of the 

area. These are thick, regionally-conformable bodies of serpentinised 

peridotite, commonly exhibiting "spinifex", dendritic, and skeletal 

textures suggestive of rapid chilling. One example of amygdaloidal serp-

entinite was found, and thin layers of coarsely dendritic-textured 

chlorite-tremolite rock within the major areas of serpentin.ite are 

probably indicative of numerous flows or sills of peridotite. Probably 

both extrusive and intrusive ultramafic bodies are present. Original 

olivine grains are pseudomorphed by serpentine minerals, and pyrox-

ene has altered to tremolite-actinolite. These rocks have been inten-

ively prospected for nickel in recent years, but no geological inter-

pretation hag  been published by the exploration companies concerned. 

The acid volcanic-clastic association of the lowermost 

cycle forms the ridge of the Ravensthorpe Range because of the resist-

ance to erosion. of the constituent banded iron formations. The bulk 

of this association consists of shale, siltstone, and sandstone, tog-

ethere with polynictic conglomerate containing clasts of banded chert, 

banded iron formation, quartz, and possibly weathered mafic material. 

The numerous thin banded iron formations are strongly magnetic, which 

is one of the distinguishing fcaturos of this subprovince. 
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In the acid volcanic-clastic association of the second 

cycle, banded iron formation is not prominent, but this could be a 

feature of erosion, as the association occupies the core of a syn-

cline. The sediments here are mainly siltstone and carbonaceous shale, 

within which there are andalusite and graphite porphyroblasts respect-

ively, indicating weak metamorphism. 

The main structure of the Ravensthorpe Range volcano-

genic belt was deduced from the symmetry and closure of the main lith-

ological units, combined with facing criteria such as sedimentary struc-

tures and pillow forms in basalts. These indicate that the principal 

structure is a south-plunging syncline, whose axial trace coincides 

with the outcrop of the upper acid volcanic-clastic association, and 

whose axial plane dips to the southwest towards the Ravensthorpe Dior-

ite.Its axis does not coincide with the geosynclinal structure proposed 

by Sofoulis (1958), who did not recognise that cyclicity was partly 

responsible for the repetition of lithological associations* 

The presence of easterly-trending faults is inferred 

from the displacement both of lithologies and of aeromagnetic con-

our pattern, but the slip direction on the fault plane is uncertain. 

Gravity contours (Wells, 1960) pertaining to the Ravensthorpe Range 

pass abruptly at about the position of the Jerdacuttup Fault into a 

contour pattern typical of the gneissic terrain, suggesting that the 

greenstone belt is truncated by the fault (see Chapter 5 ). There is 

no geophysical evidence that the greenstonc belt deflects in trend 

to the southwest (fig. 7 ). 
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2.2.2 BANDALUP CREEK CONGLOMERATE 

One of the interesting details in Thom et aJ. (1977) is 

the description of the Bandalup Creek conglomerate. My Olin knowledge 

of the conglomerate is scant , and the follo\,ling description by Lipple 

is the source of my information: 

tlExposed along Bandalup Creek is 700m of polymictic con

glomerate and sandstone overlying massive and pil101,yed basalt. This 

conglomerate has Clasts ranging in size from pebbles up to boulders 

60cm across, and some stretching is apparent. Clasts include well

rounded vein quartz, basalt, coarse-grailwd altered albite-chlorite

hornblende-quartz diorite, metamorphosed banded iron formation, and 

quartzite. One clast of ,;,ell-bedded pyritic quartzite exhibits cross

bedding. Metamorphism of this fragment is i ndicated by the presence 

of 10 per cent ~runerite.. The conglomerate matrix is amphibolitic 

and metamorphism has largely obliterated the distinction in thin 

section bett-leen matrix and smaller pebbles. The sandstone inter

bedded tri th the conglomerate is a ''Iell bedded medium-graint"ld meta

morphosed arkose, containing quartz, plagioclase, hornblende, biotite, 

chlor ite and magnetite with accessory zircon and allanite. The sand

stone has graded bedding and possible cross-bedding.. ,sandstone in 

the central portion of the unit is intruded by a gabbro sill about . 

100m thick. Above the sill sandstone grades upwnrds in·co metamor

phosed conglomerate "lith deformed clast.::; of quartzite and other 

sediments ( including rare possible dolomitic fragments ) and minor 

granitic clasts. Lithologies are consistent along strike. 

The basal contact "r.i th pillot·led basalt is probably an 

unconformity because there is some discordance in strike of the 

sediments a..'1d lavas. Basal conglomerate contains abundant ba.saJ.t 

clasts. Well bedded and cross-bedded quartzite clasts may have been 

derived from the quartzite and conglomerate to the north.. Qu.art;2. 

diorite boulders a.rc abu..'1dant in the 10 er portion of the unit (Ac) 

bu.t rare near the topo 'l'hese are of a similar composi i:ion and 

appearance "to the quartz diorite that occurs south of Ravensthol'.'pe, 

and. northeast of Huckim"obert Rock., rr:bx' absence of thi.s conglomer

atic unit on the SOU.th\·,cl3tern limb of the syncline may ind:i.cate a 

l ensoid distribllt:i.on in a neal·shore er..vironment .. " 
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This conglomerate was assigned to the lowermost acid 

volcanic-clastic association. If the conglomerate represents an 

unconformity and is therefore the base of the lowermost acid volcanic-

clastic association, there is no apparent source for the banded iron 

formation and quartzite clasts which it contains; an even lower acid 

volcanic-clastic association must be postulated. This difficulty is 

removed if the conglomerate represents an unconformity higher up in 

the lowermost acid volcanic-clastic association, and post-dates the 

quartzites and banded iron formations. 

The two suggested sources of the diorite clasts - the 

Ravensthorpe Diorite and diorite at Muckinwobert Rock - are believed 

to post-date the Ravensthorpe Range volcanogenic belt. If one of 

these is indeed the source, then the Bandslup Creek conglomerate 

cannot belong to the two cycles which make up the bulk of the Ravens-

thorpe Range and which have been described in the preceding section; 

it must be substantially younger. Two possibilities are: 

i) The Bandaup Creek conglomerate may be later Arohaeno 

Four major Archaean lithological associations recog-

nised by Gee (1975 ) include aa arenaceous and con-

glomeratic association, whose "stratigraphio signi-

ficance is uncertain", but which is commonly strati-

graphically high0 This association has been recog-

nised at widespread localities throughout the Norse-

man-Wiluna belt (th, equivalent of the Kalgoorlie 

Subprovince of the Eastern Goldfields (I RG Williams, 

1973a)),to ,,ihich the Ravensthorpa Range does not be-

long. Cie lists the distinguishing features of the 

association as 

"the arko:=10 nature of the sandy sediments, 
medium-scale cross bedding, nolymictic con- 
glomerao in which granitic clasts form are 

essential mode, and a dissociation from felsic 
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volcanism." 

This recalls Lipple's description of the Bandalup Creek Conglomera-

tion and the fact, stated earlier, that felsic volcanism is vir-

tually absent in The Ravensthorpe Range volcanogenic belt. Indi-

vidual conglomerates cited by Gee as belonging to his arenaceous 

and conglomeratic association resemble the Bandalup Creek conglo-

merate. For example, the Kurrawang Conglomerate (Glikson, 1971) 

contains well rounded clasts of sodic porphyry, banded iron forma-

tion, metabasalt, metadolerite, and sodic granite, in a matrix of 

quartz, biotite and feldspar. 

ii) The Bandalup Creek conglomerate may be Proterozoic. 

It might belong to any part of the Proterozoic, but 

if it is Proterozoic at all it is most likely to be 

a correlative of the Middle Proterozoic Kybulup 

Conglomerate in the immediate vicinity (section 3.2.2). 

The case for correlation may be argued as follows: 

a) both conglomerates contain clasts of banded iron 

formation, vein quartz, and basalt. The Bandalup 

Creek conglomerate also contains clasts of quartz 

diorite and quartzite, and the matrix is amphiboli-

tic. These differences may merely reflect the in-

fluence of the Ravensthorpe Range land mass and the 

sources of detritus available at each point of sedi-

mentation. 

The Kybulup Conglomerate contains no quartz diorite 

clasts„ perhaps because the Ravensthorpe Diorite was 

submerged or because this diorite was insufficiently 

resistant to form clasts. The Bandalup Creek conglo-

merate, on the eastern side of the Ravensthorpe Range 

and therefore unable to receive detritus from the 
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Ravensthorpe Diorite, may have received its quartz 

diorite clasts from Muckinwobert Rock, the decrease 

in abundance of these clasts upwards perhaps indi-

cating exhaustion of the source. 

The quartzite clasts in The Bandalup Creek con- 

glomerate may derive from Archaean quartzite in the 

vicinity. 

Examples of Precambrian conglomerate with amphi-

bolite matrix have been described by Kamp 

(1971) as "first cycle alluvial or fluvial deposits 

from source areas rich in mafic rocks", and the under-

lying mafic volcanics are no doubt the source of the 

amphibolitic matrix of the Bandalup Creek conglomer-

ate, and of the contained mafic clasts. 

b) The Bandalup Creek conglomerate contains possible dolo-

mitic clasts. Strict equivalence of the two conglomerate 

occurrences is not being argued here, The sequence of con-

glomerate, sandstone and gabbro in Bandalup Creek, although 

relatively thin, may represent a considerable time span if 

deposition was intermittent at that topographical level. Al-

though the base of the Bandalup Creek conglomerate may be of 

comparable age to the Kybulup Conglomerate, the higher con-

glomerate bands in the Bandalup Creek may be considerably 

younger. Hence dolomite present in the Proterozoic succes-

sion in the Kundip area (section 3.2.4) may occur at a lower 

stratigraphic level than the particular conglomerate band in 

Bandalup Creek which contains dolomite clasts, and may there-

fore be the source. If the Bandalup Creek conglomerate is 

Archaean, no source is known for these clasts. 



-40- 

c) The Kybulup Conglomerate is associated with grits, and 

overlain by quartz arenite. Rare feldspar grains occur 

in both of these rock types where they overlie the 

Ravensthorpe Range north of Homers Crossing, and the 

absence of feldspar grains farther west suggests that 

they are most abundant near the source. The Bandalup 

Creek sequence may have been nearest this source, and 

hence the sandstones are arkosic. 

d) The Bandalup Creek sequence includes a thick gabbro sill 

which could be one of the thick sills intruding Protero-

zoic succession farther south (section 3.7). In both 

cases, the sills are contained within quartzite or sand-

stone. 

Two points arise from this discussion. Firstly, the Banda-

lup Creek conglomerate closely resembles conglomerates of Gee's (1975 ) 

arenaceous and conglomeratic association, and there is a case for it 

being a correlative of the Proterozoic Kybulup conglomerate. Perhaps 

Gee's arenaceous and conglomeratic association, admitted to be of un-

certain stratigraphic significance, is Proterozoic. 

Secondly, if the Bandalup Creek conglomerate is Proterozoic 

the unconformity noted by Tipple (Thom et al, 1977) is a major uncon-

formity. There may be outliers of the Proterozoic succession overly-

ing the Archaean Ravensthorpe Range volcanogenic belt which have not 

yet been recognised and delineatedi  just as there are inliers of 

Archaean rocks exposed through erosion windows in the thin cover of 

Proterozoic sediments in the same vicinity. 



-41 - 

2.3 ARCHAEAN GRANITIC ROCKS 

2.3.1 	GENERAL 

To the east of the Ravensthorpe Range volcanogenic belt 

and to the west of the West River volcanogenic belt is extensive 

Archaean_granitic terrain consisting of composite batholiths of unkn-

own size. Mostly these are granite to adarriellite in composition, usua-

lly medium to coarse grained and locally porphyritic. Other finer-

grained and more-mafic types do occur, but they are of small extent. 

On the basis of cross-cutting relationships apparently consistent over 

several kilometres, three different generations of granite/adamellite 

were distinguished (Thom et al, 1977), but it is unlikely that these 

are of much significance. Composite batholiths are emplaced by incre-

ments over a period of time, and later pulses inevitably inject earlier 

intrusions of closely-related rock. 

Granitic rocks may have primary (igneous) foliation, 

tectonic foliation, or no discernable foliation. Locally near the 

Ravensthorpe Range, granitic rocks have very strong schistosity, 

perhaps duo to faulting or to diapiric movement of the granites. 

There are restricted areas of migmatite, which consist 

of fragments, layers and lenses of mafic (usually emphibolitic) rock 

in a granitic host. 

Typically the granites and adamellites contain plag-

ioclase, microcline, quartz and biotite, with accessory magnetite, 

zircon and apatite. In adamellites the proportion of microcline 

exceeds the proportion of plagioclase. 



The Archaean granitic rocks are extensively intruded by 

several sets of mafic dykes_ some of which undoubtedly belong to the 

Widgiemoo]tha Dyke Suite (Sofoulis, 1966). Recognition of this suite 

was rendered difficult by the lack of aeromagnetic data (which in other 

areas reveal the location of the larger members of this suite), and 

only one dyke, located 12 km west of Robert Swamp, was considered to 

belong to this suite. The dyke is an unmetamorphosed gabbro about 80m 

wide, with a layered igneous fabric parallel to the dyke margins. 

2.3.2 	RAVENSTHORPE DIORITE 

Between the Ravensthorpe Range and West River volcano-

genic belts is a pluton of diorite for which the name Ravensthorpe 

Diorite is proposed-(fig. 4 ). It is exposed from north of Ravens-

thorpe, where the two volcanogenic belts merge, southwards to Kun-

dip, where the pluton is overlain by the Proterozoic sediwontary 

succession. "Diorite" in the vicinity of Annies Peak and the Ham-

ersley River, formerly correlated with the Ravensthorpe Diorite 

(Sofoulis, 1958), is demonstrated in this thesis to be altered dol-

erite of Proterozoic age, Although dioritic in its present miner-

alogy, the original mineralogy, has been completely altered and 

there is ample field evidence of chilled margins, contact meta-

morphism, and igneous differentiation. No exposure of Ravensthorpe 

Diorite has been recognised south of the unconformity$  but the 

pluton probably does extend southwards underneath the Proterozoic 

cover, perhaps as far as the Jerdacuttup Fault. 

Within the fringing Ravensthorpe Range and West 

River volcanogenic belts near their contact with the Ravensthorpe 

Diorite are numerous copper mines and prospects, some of which 

also produced silver, and gold. There are manganese prospects in 

the Ravensthorpe Range and in the Hamersley River, some of which 
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contain up to 0.2% cobalt (Sofoulis, 1958). It is generally accepted that 

the Ravensthorpe Diorite is responsible for much of this mineralisation. 

The Cattlin Creek pegmatite (Ellis, 1945; Sofoulis 1958), which intrudes 

rocks of the Ravensthorpe Range and which is probably related to the 

Ravensthorpe Diorite, contains lithium-bearing minerals such as spodumene, 

lepidolite and beryl, together with a variety of other minerals including 

tourmaline, amblygonite, columbite and tantalite. The exotic nature of 

the pegmatite and the widespread, varied mineralisation in this vicinity 

suggest that the Ravensthorpe Diorite magma had an unusual composition, 

although income cases it may not have been the source of the minerals 

but merely concentrated them. 

Minerals from the Cattlin Creek pegmatite yield an age 

of about 2800 m.y. (Jeffery, 1956), representing a minimum age for the 

Ravensthorpe Range volcanogenic belt, which the pegmatite intrudes. 

Most determined isotopic ages for granitic rocks of the Yilgarn Block 

fall between 2700 m.y. to 2600 m.y. (Arriens, 1971); the Ravensthorpe 

Diorite was therefore intruded early in the history of granitic plutonism 

in this region. 

It is immediately apparent from aerial photographs that 

the Ravensthorpe Diorite is cut by two dyke suites, one trending 

northwesterly and the other east northeasterly, the latter being the 

less numerous. These dyke suites were identified by earlier workers 

(e.g. Woodward, 1909);  who recognised not only a difference in trend 

but also a difference in composition of the mafic dykes. The north-

westerly-trending dykes were regarded as epidiorites or amphibolites, 

and the east northeasterly-•trending dykes as quartz gabbros or quartz 

dolerites. This distinction was not made during the 1971 regional 



mapping (Thom et el, 1977). Parallel to the northwesterly-trending mafic 

dykes are thin dykes of rhyolitic nature, which increase in abundance 

westwards across the pluton. During his investigation of the Cattlin 

Creek pegmatite, Sofoulis (1958) found that the northwesterly-trending 

dykes are cut by the pegmatite and therefore pre-date it, whereas the 

east northeasterly-trending quartz dolerite dykes cut the pegmatite, 

and therefore post-date it. Neither dyke suite penetrates the Proterozoic 

succession, which is therefore younger, an observation also made by 

earlier workers (e.g. Woodward, 1909). It may have been an equivalent 

field relationship in the Stirling Range area which persuaded Sofoulis 

(1958) that no dykes penetrate the sediments of the Proterozoic 

succession there. 

The Ravensthorpe Diorite is heterogeneous, as diorites 

commonly are (H. Williams et al, 1954). Hand samples range from 

melanocratic rock rich in hornblende to a leucocratic rock deficient 

in hornblende. Grain size ranges from fine grained (hornblende about 

2mm long) to coarse grained (hornblende about 1cm long), In places, 

particularly adjacent to the volcanogenie belts, the diorite con-

tains abundant xenoliths. These may be largely digested, locally 

increasing the colour index of the rock. 

The Ravensthorpe Diorite has been classified as a 

quartz diorite ( Woodward , 1909), and contains plagioclase, horn-

blende, biotite and quartz. The plagioclase is zoned andesine in 

anhedral crystals, commonly sericitised. The hornblende is a pale green 

variety in anhedral to subhedral grains. Biotite is usually subord-

inate, and commonly has altered to chlorite. Quartz is present only 

in small amounts, and K-feldspar is usually absent. Accessory minerals 

include opaque iron oxides and apatite. 
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The northeasterly-trending acid dykes are fine-grained 

porphyritic rocks, which could be called quartz-feldspar porphyry or 

porphyritic rhyolite. Phenocrysts are principally of sodic oligoclase 

(about An12)  which has been partly sericitised, and there are a-few 

small quartz phenocrysts. The groundmass is an aggregate of quartz and 

feldspar grains with sutured boundaries, and there is a small proport-

ion of altered biotite and chlorite. 
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CHAPTER 3 	NATURE OF THE PROTEROZOIC SUCCESSION 

3.1 	GENERAL 

The Proterozoic succession within the thesis area con-

sists of shallow-water sediments intruded by thick metadolerite sills 

(figure 2 )• Shaley rocks and arenites make up the bulk of the 

sediments, and together with the metadolerite sills constitute the 

three most important lithological units in this study. Undeformed, 

unmetamorphosed shale and arenite can be traced southwards into 

amphibolite-facies pelitic schist and quartzite which have also 

undergone polyphase deformation. Metadolerite sills which in the 

north of the area have relict igneous texture and extreme igneous 

differentiation are represented in the south by ultramafic to quartz-

rich schists with a metamorphic mineral assemblage and texture but 

retaining the overall chemical polarity imparted by igneous differen-

tiation. The succession has been informally named the Mount Barren 

Beds (Thom et al, 1977). 

At the base of the Proterozoic succession is a thin se-

quence of grits and dolomite which crops out only in the north of the 

area where the unconformity is exposed. Although of restricted occur-

rence, this distinctive and persistent basal sequence is useful for 

locating the position of the unconformity,(and therefore the northern 

limit of the Proterozoic sediments) and shows lithofacies variation 

due to the influence of the Ravensthorpe Range land mass. Otherwise, 

the basal sequence is of minor interest here because it is unmetamor-

phoscd and undeformed, and has no metamorphosed or deformed equiva-

lent in the thesis area. 

Other rocks of restricted distribution include deformed 

conglomerate west of Culham Inlet, and the quartzitic breccia which 

forms the Whoogarup Range. 
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Fossils are generally rare, but stromatolites are common 

in the dolomite, and at one locality quartzite contains possible 

animal burrows. 

The age of the succession is generally believed to be 

Middle Proterozoic, based largely on geochronological results for 

the whole of the Albany-Fraser Province and an isotopic age for 

shale in the Stirling Range. 

These topics are discussed in the following order: 

Basal sequence (section 3.2) 

Quartzite (section 3.3) 

Pelite and semi-pelite (section 3.4) 

Conglomerate (section 3.5) 

Breccia (section 3.6) 

Cowerdup Metadolerite (section 3.7) 

Age of the succession (section 3.r) 

Fossil animal burrows (section 3.9) 

3.2 BASAL SEQUENCE 

3.2.1 GENERAL 

The basal sequence of the Proterozoic succession is thin 

but persistent. It has been traced intermittently from the Ravens-

thorpe Range westwards to the edge of the thesis area, though for 

half of this distance exposure is sparse. The basal sequence (fig. 8a) 

consists of: 

dolomite o.7 shale 	(top) 

grit sequence 

basal conglomerate 
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Figure 8a . Basal sequence of the Proterozoic succession 

resting on Archaean diorite, Western Steere 

River. 

Figure 8b • Basal conglomerate resting on the Ravensthorpe 

Diorite - the unconformity between Archaean and 

Proterozoic. 
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3.2.2. BASAL CONGLOMERATE 

At the base of the succession is a thin conglomerate band (fig. 8b) 

which, although seldom more than 2m thick, has been traced discontin-

uously for about 15km westwards from the Ravensthorpe Range. In con-

trast to all later conglomerates in this succession, the basal con-

glomerate contains recognisably-Archaean lithic fragments such as 

banded iron formation and banded chert, and the proximity of unexposed 

basal conglomerate may be inferred from a "float" of this distinctive 

and resistant pebble suite. The only other pebble compositions are 

vein quartz and altered basalt; granitic rock types are conspicuously 

absent. As Woodward (1909) recognised, the Archaean succession now 

exposed in the Ravensthorpe Range is clearly the source of the sedi-

ment. 

Mafic clasts only occur in conglomerate overlying or 

adjacent to mafic lavas, and they diminish in size and abundance away 

from the source. Evidently this rock type does not survive distant 

transport. The absence of dioritic clasts indicates either that the 

Ravensthorpe Diorite, upon which much of the succession rests uncon-

formably, was not a source of detritus, or that the detritus completely 

disintegrated. There is a reduction in the size of clasts of resis-

tant lithologies westwards from the Ravensthorpe Range, particularly 

in the first kilometre or so. Directly above the source, banded iron 

formation clasts can be up to 60cm long, but within a short distance 

westwards the average pebble is only a few centimetres long. Elongate, 

angular clasts give way westwards to more equantlrounded clasts. 

These variations are a function of the energy of transport. 

Banded rock types sometimes split along the layering, 

giving the illusion of angularity. Slabs derived in this manner can 

be identified because they retain part of the original rounded surface. 
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Nothing was found to support the view (Sofoulis 1955; 1958, P.65) 

that brecciation, intense plastic deformation and remelting of the 

basal conglomerate indicate thrusting along the plane of the uncon-

formity. It seems unlikely that such a thin unit would maintain 

either its persistence of its sedimentary character if it were the 

locus of substantial thrusting, and there is no evidence in thin 

section of deformation consistent with this hypothesis. 

The Ravensthorpe Range was above water during deposition 

of the basal sequence. The varied relationship of basal conglomer-

ate to the surrounding sediments reflects the influence of this 

land mass upon sedimentation (fig. 9 ). Conglomerate overlying 

the Ravensthorpe Range gives way upwards to quartz arenite by abrupt 

diminution in the proportion of pebbles. Just west of the range, 

conglomerate grades upwards into a fine pebbly grit and thence into 

arenite. Even farther west, for example in the Western Steere River, 

conglomerate is overlain by grits of a much finer grain size, then 

by dolomite, and then by arenite. In:all cases the arenite is be-

lieved to be the same horizon, and the difference in thickness of 

the sequence below the arenite corresponds to the uneven Archaean 

topography upon which the lowermost sequence of the Proterozoic 

succession was deposited. There is some evidence that similar litho-

facies variation occurs in the sediments east of the range. 

In an earlier section (2.2.2) it was pointed out that the 

Bandalup Creek conglomerate, hitherto regarded as Archaean, may be 

Proterozoic. 

3.2.3. GRIT SEQUENCE 

This sequence is only well exposed in the Western Steere 

River, where about four metres of partially-dolomitised grits in beds 
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about 30cm thick overlie the basal conglomerate. The lowermost beds 

tend to be the coarser and contain abundant Archaean lithic fragments. 

In the finer-grained beds higher up, similar fragments are easily 

recognisable in gritty lenses and layers. Clearly this sequence of 

grits derives from the same source as the basal conglomerate. Most 

beds are graded, and upper surfaces are commonly ripple marked. 

Argillaceous layers of inconstant thickness occurring at intervals 

between arenaceous bands may represent unevenly-compacted muddy beds 

or clayey tops of graded beds. 

There seems to be considerable variation in grain size 

at this particular horizon because of the influence of the Ravens-

thorpe Range during sedimentation. West of Western Steere River the 

equivalent of this horizon seems to be shale; eastwards the equiva-

lent rock seems to be a fine pebbly grit coinciding with the topo-

graphic rise into the Ravensthorpe Range. 

In the Kundip road cutting, the basal conglomerate 

itself is not exposed, although the Proterozoic sequence is exposed 

to within a metre or so of the unconformity with the Archaean. Be-

tween the unconformity and the first massive white quartzite (fig. 2) 

is a sequence of fine-grained shaley rocks with intercalated sand-

stone beds, presumed to be equivalent to the grit sequence in the 

Western Steere River or to its succeeding dolomite. Clayey sur-

faces exhibit syneresis cracks, and there is occasional cross-bedding. 

The opinion of Woodward (1909) is here endorsed, that the sediments 

at this locality are of marine shallow water origin. Within the 

sandstone beds are abundant red spheroidal stains ranging from pin-

head size to 2cm across, either as individual spots or coalesced 

into groups or trails, whose significance is not known. 
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3.2.4 DOLOMITE 

Dolomite generally weathers pale brown to dark brown, and 

is fine grained. Magnesite is a common weathering product, and ex-

tensive magnesite rubble is generally indicative of underlying 

dolomite. The rock consists mainly of the mineral dolomitet  with a 

varying proportion of quartz and chalcedony. Thin layers of collo-

form dolomite, chalcedony, or indeterminate opaque material form 

laminations of algal origin. which outline the stromatolitic forms 

present throughout the rock. Mostly the rock has a granular tex-

ture consisting of polygonal grains of untwinned dolomite about 

0.1mm to 0.05mm across. 

Dolomite is best exposed in the Western Steere River, 

where about 4m of it overlie the basal conglomerate and grits. Here 

the dolomite contains abundant stromatolites of ripple-mat type, 

which on upper surfaces have the form of sinuous ripples and in 

section show stacks of arcuate laminations (fig. 10a ). These stroma-

tolites, which were first recognised by I.R. Williams on a super-

visory visit in 1971, are best preserved in the upper portion of the 

cliff. Below this the dolomite is brecciated and the blocks contain 

misoriented stromatolites. This breccia is not regarded as tectonic, 

but as the product of slumping of partly-consolidated material during 

sedimentation. The lowermost beds of the dolomite are fractured but 

practically continuous, and in conformity with the underlying grits 

and conglomerate. 

Farther west, dolomite contains columnar stromatolites, 

which on upper surfaces have circular traces and in section show 

indented laminations (fin 10b ). Columnar stromatolites are indica-

tive of slightly deeper water than indicated by ripple-mat stromato-

liter; The rocks of the Western Steere River section were probably 



/ 

, 

""' • li  

	

`,...,..____.../ 	• --., 
.0'' ......___...„.. 

- .-, 

	

../ 	.7 	4.a 

- - - 

54  

Figurel0a. Ripple-mat stromatolites in dolomite, Western 

Steere River. End view. 

I 

Figurela. Columnar stromatolites in dolomite, locality 

700. Top view. 



-55- 

deposited nearer the edge of a basin., a view consistent with the 

evidence that the Ravensthorpe Range was above water at the time of 

sedimentation. 

3.3 QUARTZITE 

3.3.1 GENERAL 

The term quartzite is commonly used in this thesis to include 

all arenaceous sediments ranging from the unmetamorphosed quartz arenite 

which forms the low erosional scarp at the northern limit of the succ-

ession, to the completely-recrystallised quartzite which forms the peaks 

of Eyre Range and East Mount Barren. The term includes arenaceous sedim-

ents with considerable impurity (such as iron ore or mica) where these 

sediments occur in lithostratigraphic units consisting mainly of purer 

arenite. 

3.3.2 COLOUR 

Commonly quartz arenite weathers to white or cream, although 

freshly-broken surfaces may be buff to maroon in colour and may exhibit 

colour banding parallel to bedding. Arenaceous rocks of any grade which 

contain an appreciable content of iron ore minerals are various shades 

of grey, but metamorphosed quartzite with a low iron ore content is 

invariably white throughout. Quartz-chlorite schist, sometimes grouped 

with quartzites  is a greasy green colour. 

3.3.3 GRAIN SIZE 

Detrital grain size may vary considerably from bed. to bed and 

from locality to locality, and sometimes varies parallel to bedding in 

a single thin section. The coarsest detrital grains measured are 2mm 

across, and the finest less than 0.1mm, but commonly detrital grains 

are about 0.7mm across. 

For the metamorphosed aronites w  grain size varier';  accord- 
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ing to metamorphic grade, as described by C.J.L.Wilson (1973) and 

illustrated in figure 79 . Partly-recrystallised arenite has bimodal 
grain size. In a given metamorphic zone, grain size may vary from bed 

to bed. At Culham Inlet, unusually coarse beds containing grains 2mm 

across occur alongside beds having a grain size of about 0.4mm. It is 

not known whether this reflects an original detrital grain size diff-

erence. 

3.3.4 	SEDIMENTARY STRUCTURES 

A variety of sedimentary structures occur in quartzite 

all over the thesis area. Some of these structures have survived brecc-

iation and even total recrystallisation, but they are generally flatt-

ened or obliterated in zones of intense deformation. 

Although widespread and locally abundant, cross bedding 

is not ubiquitous. Nevertheless, it has proved to be the most valuable 

facing criterion for confirming normality of sub-horizontal bedding 

and for locating macroscopic folds and overturned strata. It is pre-

served at all grades of metamorphism, and perhaps the most spectacular 

cross bedding of the thesis area is in completely-recrystallised, poly-

gonal-grained quartz-mica schist at Five-Mile Beach. In the Whoogarup 

Range, cross bedding occurs in the vicinity of well-developed boudinage 

de ormalton 
(fig. J9 ), but where 	is intense:  for example in the Phillips 

River just above Culham Inlet, cross bedding is flattened or obliter-

ated. Cross-bedding is particularly abundant in the Whoogarup Range; 

the Culham Inlet-East Mount Barren vicinity; and at Echo Pool, It seems 

much less °omen in the north of the area, where ripple marks are abun-

dant. 

Ripple marks are common in quartz arenite throughout the 

northern part of the area, and they also occur in blocks within the 

breccia forming the Whoogarup Range (fig-14a).  Thezr were never observed 
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-there' 

within strongly-recrystallised rocks, but *gay is no evidence that they 

were ever present so far south. 

Graded bedding is rare in the arenaceous rocks, because 

detrital grain size is usually uniform within a given bed. At Echo Pool 

there is a bluish quartzite consisting of angular "fragments" a few milli-

metres across; although now recrystallised to fine grain size, the frag-

ments acted a individual particles during sedimentation to form the base 

of a graded bed. At the same locality a lm-thick,coarse-grained quartzite 

bed shows reversed grading. opposite in facing sense to surrounding cross 

bedding. 

Slump structures within individual beds were noted at Echo 

Pool, and there are occasional nodules of unknown origin. Flute casts were 

recognised at locality 813, in recrystallised pure quartzite. Thin sequ-

ences of,wavy and lenticular bedding occur in the pelitic successions, 

usually near the contact with massive white quartzite. 

3.3.5 	PETROGRAPHY 

Quartz arenites from the northern part of the thesis area 

are remarkably pure, consisting mainly of well-rounded grains of quartz 

of quite high sphericity with a variable proportion of elongate grains 

(fig.82 ). Most detrital grains have quartz overgrowths in optical cont-

inuity, constituting the siliceous cement. Those arenites which are reddish 

in hand sample consist of quartz grains thinly rimmed with iron oxide. 

Tourmaline is a common accessory in quartzite throughout 

the region, and was described by Prider (in Clarke et al, 1954) as: 

"schorl with strong pleochroism w=deep green, 

or-pale clove brown, and 11=1.660. Many of the 

tourmaline grains have a deeper coloured 

strongly-pleochroic rounded central part 

surrounded by a thin outgrowth of practi- 
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cally non-pleochroic pale green tourmaline -

these appear to be original detrital rounded 

schorl grains with authigenic outgrowths of ' 

elbaite." (fig.16a ). 

Within the thesis area, tourmaline seems less common in the northern 

quartz arenites than in the metamorphic quartzites to the south, 

a fact unrelated to metamorphism but related to the supply of 

sediment available for different stratigraphic units. The propor-

tion of tourmaline varies from bed to bed, and the quartzitic horn-

felis in the Hamersley River with large clots of remobilised tourma-

line (section 3.7.4) was probably unusually rich in detrital tour-

maline. 

Zircon has not been observed in the quartz arenites in 

the north, but is quite common in the quartzites farther south. It 

usually occurs as rounded grains, and authigenic outgrowths are rare. 

The mineral is pale pink, and has distinctively high birefringence 

and high refractive index. 

Ore minerals are common as a dusting on the quartz grains, 

and as a secondary cement. In some cases the ore is granular, and 

probably detrital. 

Anatase was identified by Prider (Clarke et al, 1954) in 

schist west of the Iiamersley River mouth. The mineral formed about 

20% of a heavy mineral band in the schist, along with ilmenite 

(60%) and zircon (20%). It was not recognised during the present 

investigation. 

Lithic fragments are common in gritty lenses and layers 

within quartz arenite near the Ravensthorpe Range. Usually they are 
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composed of chert or of banded iron formation, but other fine-

grained rock types do occur. Lithic fragments tend to be rather 

angular immediately above their source, whereas in quartz arenite 

some kilometres west of the scarp lithic fragments are.rare, small, 

and well rounded. As the rock becomes progressively recrystallised 

southwards, lithic fragments lose their identity. 

The textural changes from quartz arenite to completely 

recrystallised quartzite will be described in section 73.2.  

3.4 	PELITE AND SEMI-PELITE 

Pelite and semi-polite of various metamorphic grades 

form the thickest unit in this sedimentary succession. They are 

grouped together because they are often interbedded, and there is 

an apparent coarsening of sediments to the southwest, suggesting 

that pelite and semi-polite are to some extent lateral equiva-

lents. Together they provide the best record of metamorphic events, 

and they exhibit minor folds in abundance throughout the whole of 

the thesis area. 

The term polite is used here to encompass shale and its 

metamorphic equivalents. Even in the north of the area shale is 

rarely free from the effects of metamorphism and deformation, and 

unmetamorphosed shale is commonly weathered and altered. In thin 

section, little has been learned of the original mineralogy, but 

Sofoulis (1958, p.66) obtained an analysis of shale from Kundip 

townsite. It contained 16.65% Al203 
and 72.535 SiO2, the main 

minerals being illite and quartz with a little kaolin and limonite. 

The illite flakes were mostly 20 to 25 microns across and the quartz 

was smaller, approaching colloidal dimensions. Commonly shaley rocks 

are pale yellow, greenish, or red in colour, and there are wide- 
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spread black shales whose colour is due to their carbon content. 

Sofoulis describes the segregation veins of quartz, sub-parallel 

to bedding, which may be seen in the vicinity of Kundip. These 

are known to be pre-deformation, for they are folded. They may 

be contemporaneous with the thicker quartz segregations associa-

ted with higher-grade metamorphism as at West Beach (section 7.2.1). 

In the fine-grained, slightly metamorphosed shaley 

rocks that have been examined in thin section, tiny phyllosili-

cate minerals and quartz are usually recognisable commonly in 

alternating phyllosilicate-rich and quartz-rich layers, represent-

ing bedding laminations. Rarely there is no preferred orientation 

of these mineralsI but usually there is some cleavage development 

(section 7.2.3). 

Tourmaline is the commonest accessory, and usually 

occurs in rounded, detrital grains. In sample 306 from north of 

No Tree Hill there are innumerable euhedral tourmaline grains of 

. small size and dark colour. They do not resemble authigenic 

tourmaline which tends to be pale in colour even when derived 

from dark-blue schorl (see Pride/4s description, section 3.3.5; 

also Ktynine, 1946). These euhedral tourmalines may have escaped 

abrasion during transport due to their small size, or perhaps the 

source is nearby. Aggregates of sphene or leucoxene are present 

in some samples, but zircon was not identified. 

Semi-pelite includes muddy sandstones and wackes, too 

coarse to be grouped with shale and too impure to be grouped with 

quartzite. The commonest impurities at low metamorphic grade are 

chlorite, muscovite and iron ore minerals in varying proportions, 

with tourmaline and zircon as common accessories. 
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3.5 CONGLOMERATE 

3.5.1 	QUARTZITIC CONGLOMERATE 

Quartzitic conglomerate, described by other authors (e.g. 

Sofoulis, 1958) as "intraformational conglomerate", consists entirely 

of quartzose clasts in an arenaceous matrix. It occurs only in the 

south of the area at Culham Inlet and Mileys Beach (fig. 2 ), 

although Clarke et al (1954) describe similar conglomerate farther west 

at Dempster Inlet and between Point Ann and Point Charles, 

Most clasts are of metasedimentary quartzite, though there 

is a small proportion of clasts of vein quartz. Quartzite clasts may 

be laminated or unlaminated, the laminated clasts being the more elon-

gate at all degrees of tectonic flattening, and they were probably the 

more elongate on deposition. Cross bedding can be identified in some 

of the larger clasts, and laminations generally are interpreted as 

bedding. Laminated clasts are often fish-shaped (figila )1  and tend to 

be arranged so that the laminations in adjacent clasts form a herring-

bone patterns  perhaps,the result'of collapse of longer clasts transverse 

to the foliation. 

The matrix is micaceous arenite, usually with abundant grains 

of ore, contrasting the purity of the quartzite clasts. Variation in the 

proportion of matrix has given all gradations between non-pebbly arenite 

and a conglomerate nearly devoid of matrix. Commonly beds of cono-lomerate 

about 30 cm thick alternate with non-pebbly arenite beds of similar thick-

ness in an apparently sedimentary intercalation. In places, conglomerate 

apparently grades laterally into non-pebbly arenite, but this rela- 



Figurella. Fish-shaped clasts in deformed conglomerate, 

nileys Beach. Approximately XL plane of strain 

ellipsoid. 

Figure llb„Flattened pebbles in deformed conglomerate, nileys 

Beach. Approximately XY plane of strain ellipsoid. 
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tionship may not be sedimentary; deformation has considerably 

flattened the clasts, and the resulting tectonic S-surface is 

usually more prominent than the original bedding surface (fig. 11b). 

As the conglomerate occurs only adjacent to the Jorda-

cuttup Fault, it may be a localised fault-controlled deposit. 

3.5.2 ORE-PEBBLE CONGLOMERATE 

Within the quartzite sequence exposed on the shore 

near East Mount Barren is a thin (about 30cm), but laterally-

persistant conglomerate band. All clasts are composed entirely 

of a steel-blue ore mineral, which does not affect a compass 

needle and is thought to be ilmenite. The matrix of this con-

glomerate is arenaceous. Pebbles of this type were not observed 

within any other conglomerate. A possible source of ore-rich 

pebbles is the ore-rich matrix of the Whoogarups breccia 

(section 3.6). 

3.6 BRECCIA 

Although undoubtedly of tectonic origin, two occur-

rences of breccia are described here, but their tectonic signi-

ficance will be considered in a later section ( 6.2.2 ). 

i) At the base of the middle quartzite band in the 

Hamersley River (locality 642 fig. 18 	) is a quartzitic breccia. 

At this locality the breccia is about 6 metres thick, although 

neither its regularity of shape nor its lateral persistence have 

been checked. The contiguous quartzite bed in places overlies the 

breccia and elsewhere is involved in it, indicating that the boun-

dary is slightly transgressive. In the vicinity of the contact the 

stratified quartzite may be shattered and the breccia commonly con- 



.Isisure 12aa Breccia composed of angular quartzite fragments 

with no fine-grained matrix. Hamersley River. 

Figure 12b. Proportion of rock-gouge matrix exceeds proport-

ion of quartzitic clasts. Hamersley River. 
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tains detached but unrotated blocks of quartzite; nevertheless the 

contact is sharply defined by the presence or absence of intersti-

tial gouge. 

The quartzite sequence at this locality contains both 

finely-laminated and massive quartzite beds, and the breccia clasts, 

which may be laminated or massive, no doubt derive by brittle de-

formation of the local sequence. 

Waterworn pavements of breccia display angular frag-

ments with diversely-oriented bedding and little intervening matrix 

(fig. 12a ). In a few places the proportion of matrix exceeds the 

proportion of clasts (fig. 12b ). The matrix is regarded as rock 

gouge generated along with the clasts during brecciation of the 

stratified quartzites. 

Tabular clasts derived from fissile beds are common, 

and they may be oriented at any angle to the pervasive fracture 

cleavage. Large clasts are sliced by the fracture cleavage, but no 

tectonic flattening was detected. 

ii) Quartzitic breccia forms the main peaks of the 

Whoogarup Range (fig.15a). Variation in size of the fragmentc, is 

considerable, ranging from blocks a metre or more long to fine 

breccia fragments only a centimetre or two across (fig, 13b), but the 

majority of clasts are of intermediate size. Clasts are often 

angular to sub-angular, but may be quite rounded, so that the rock 

approaches conglomerate in appearance. Generally, laminated clasts 

are more elongate than massive clasts.' Near the contact with 
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Figure13a. The main peaks of the Whoogarup Range, which 

consist mainly of quartzitic breccia. The breccia 

has boon folded in F2 (left of photograph). 

Figure 13b Angular breccia, Whoogarup Range. 
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stratified quartzitelwedged-off quartzite blocks occur within the 

breccia. Large blocks separated by matrix may show little relative 

rotation, and a group of blocks may be identified along a distance 

of some ten metres as having belonged to the same bed. On the 

other hand, haphazard bedding orientations frequently attest to 

the considerable rotation of blocks, though their angularity and 

the preservation of ripple marks on their outer surfaces (fig.14a) 

argue against considerable transportation. 

Clasts may be of pure quartzite, or of less pure 

arenaceous rocks such as the grey:  magnetite-bearing quartzite 

common throughout the area. No other family of rock type was 

recognised. 

The proportion of matrix varies, and in- places is not 

abundant. Natrix can be difficult to distinguish frbm clasts of 

the same compositionl  but usually the matrix contains a higher pro-

portion of ore minerals than the clasts. This contrasting ore-

mineral content is also evident in thin section. At one locality 

ore minerals in the matrix reach such a high pro-eor.tion that t7 

..matrix is virtually iron ore, and the black matrix vividly con-

trasts the inset angular blasts of white quartzite. 

Some clasts contain fold hinges (fig.14b ). As these 

folds are randomly oriented and the enclosing matrix shows no 

corroLmonding deformation, the folds are not the result of deforma-

tion of the breccia unit; rather, the breccia derives from folded 

quartzitic strata. There is a crude schistosity throughout the 

breccia, but flattening of individual clasts is not marked. 



Figure 14a. Ripple-marked quartzitic block in Whoogarup Range 

breccia. 

Figure 14b. Fold within an individual clast in the Whoogarup 

Range breccia. 
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3.7 COIMDUP METADOLERITE 

3.7.1 GENERAL 

Blatchford (1919) recognised that the Proterozoic 

succession in this area is intruded by dolerite sills, and al-

though these were subsequently reinterpreted as Archaean dioritic 

basement (Sofoulis, 1953) there is abundant evidence that they are 

indeed minor intrusions post-dating most of the Proterozoic 

succession. The sills are of considerable thickness and their 

presence constitutes a fundamental characteristic of this succes-

sion. The several sheets of the thesis area are grouped together 

as the Cowerdup Metadolerite, on the assumption that they are part 

of the same or closely related intrusion. 

3.7.2 OCCURRENCE 

Metadolerite is the third most extensive rock type in 

the Proterozoic succession of the thesis area, but although approach-

ing quartzite in the area of its surface outcrop, it is considerably 

less well exposed. The sills intrude only quartzite units, suggest-

ing that quartzite afforded easier passage to the intruding magma 

than did. the shaley rock. 

There are three main areas of metadolerite in the study 

area, each yielding different information according to its tectonic 

history: 

i) the sheets which crop out between Quoin Head and 

Fortification H111 (fig. 2 ) are the most ex-

tensive, the best exposed, and the least metamor-

phosed of the thesis area Most of the igneous 

and intrusive features of the Cowerdup Metadolerite 
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have been recognised in the two complete sections 

exposed in the Hamersley River, and these sections 

are discussed in detail. 

ii)AtPitchi Ritchi, zones of schistosity imparted to 

the dolerite by an early deformation record sub-

sequent folding events by which the intrusion may 

be related to the deformational history of the area 

(section 6.1). 

iii)At East Mount Barren, metadolerite sheets have 

been metamorphosed to lower amphibolite facies 

and the unusual metamorphic assemblage provides 

additional information on a metamorphic history 

mostly deduced from metasedimentary schists. 

3.7.3 IGNEOUS DIFFERENTIATION 

The sills are strongly differentiated. At the base is a 

layer of dark green ultramafic rock consisting of uralitic amphibole, 

which grades over a short distance into the altered dolerite forming 

the main part of the sill. Towards the top of the sill, the rock 

becomes more leucocratic, a trend visible to some extent in the field 

but obvious in thin section. The sense of differentiation may be 

used as a way-up criterion, and without exception corroborates facing 

evidence in neighbouring sediments. The sills are not layered. 

3.7.4 CONTACT METAMORPHISM 

Contact metamorphism has been recognised at upper and 

lower contacts of the sills. It usually takes the form of recry-

stallisation of the quartzite within a metre or so of the contact 

surface. The resulting hornfels is a tough, isotropic rock which 

commonly forms rounded, resistant outcrops with a distinctive cream- 
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coloured skin. Less commonly, hornfels has a hackly fracture 

suggestive of brittle rock. The most spectacular contact-metamor-

phic effect is in the quartzite immediately above the lower sill in 

the Hamersley River. This quartzitic hornfels contains dark-coloured 

tourmaline a) concentrated along bedding planes, and b) concentrated 

in large clots, which diminish in size and abundance away from the 

contact(fig.15 ). As the metadolerite contains almost no tourmaline, 

these concentrations in the contact quartzite are attributed to re-

mobilisation of detrital tourmaline grains on intrusion of the doler-

ite. Remobilisation of tourmaline may also be recognised on the micro-

scopic scale (fig.16 ). 

3.7.5 CHILLED MARGINS 

Lower and upper contacts of sills are not everywhere ex-

posed, and chilled margins, which tend to be thin and closely jointed, 

are the least well preserved intrusive features. In the Hamersley 

River, the lower chilled margin of the northerly sheet forms a fine-

grained, closely-jointed selvage a few centimetres thick. It grades 

rapidly into coarser-grained ultramafic rock of the cumulate base 

of the sill. In the Phillips River near Fortification Hill, meta-

dolerite has a similar fine-grained selvage at, the base in contact 

with fine-grained quartzitic hornfels. 

3.7.6 XENOLITHS 

No exotic xenoliths were positively identified within any 

dolerite sheet. Quartzose inclusions within the schistose top of the 

Pitchi Ritchi sheet could either be xenoliths or tectonised quartz 

veins. In the Phillips River near Fortification Hill, dolerite has 

partly wedged a large block away from the main mass of sediments, and 

a sample from the wedge of sediments is rich in feldspar. 
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Figure 15 . A and B. Remobilised tourmaline in quartzite 

above metadolerite sill, Hameraley River. 

A along bedding planes of contact quartzite 

B as clots throughout contact quartzite. 



0 .25 mm  

1,igure 16a. Photomicrograph of ty.oical detrital tourmaline 

grain (dark colour) with authigenic overgrowth, 

in quartzite. Sample 851. 

0,5 mm  

Figure 16b. Remobilised tourmaline (dark) interstitial to 

quartz grains (colourless) in contact quartzite, 

Hamersley River Gorge. 
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In the upper sill of the Hamersley River, the granophyre 

contains lenses of metadolerite with a mineralogy and texture similar 

to the metadolerite forming the middle portion of the sill. There 

is no evidence of marginal chilling, although there is a sharp change 

from granophyre to metadolerite across the boundary of the lenses. 

These could be termed cognate xenoliths. 

3.7.7 	JOIITTING 

Commonly the metadolerite is jointed, occasionally in 

three sets at right angles but more commonly is irregular. 

Cliff sections in the Hamersley River exhibit crude columnar joint-

ing, but these are probably post-consolidation joints, rather than • 

cooling joints geometrically related to the bounding surfaces of 

the sill. 

3.7.8 THICKNESS OF THE SILLS 

The dip of the sills could not be directly measured, but 

if they are concordant intrusions and of constant dip throughout 

their outcrop width, the dip of adjacent quartzite units will be 

comparable. On this basis, the lower sill in the Hamersley River is 

about 300m thick;. the upper sill about 340m thick; and the metamor-

phosed dolerite sheet at The Tors about 200m thick. The thickness 

of the sill at Pitchi Ritchi is difficult to estimate becaust of the 

low dip of the overlying quartzite. 

3.7.9 TOP OF THE LOWER SILL, HAFIERSIEL RIVER 

It will be considered later whether the lower sill has 

a granophyric fraction corresponding to the strongly-developed 

granophyric fraction of the upper sill, and the following field ob-

servations are relevant. 
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The lower sill is continuously exposed from the basal 

chilled margin to the "pigeonite" dolerite of locality R158 (fig.17 

Above this (beyond a zone of no exposure) is chlorite schist which 

persists as far as the quartzite of locality 642. From within the 

chlorite schist were collected a few samples of leucocratic igneous 

rock of doleritic affinity, representing lenses of unknown shape and 

size. 

At first the chlorite schist, which is laterally im-

persistent, was interpreted as phyllonitel  the product of localised 

intense shearing of the leucocratic top of a strongly-differentiated 

sill. The lenses of still-recognisably igneous rock were interpreted 

as less-deformed "augen". 

Regular laminations later observed within the chlorite 

schist (fig.19a) are indicative of a sedimentary origin, and they 

are parallel to thicker layering interpreted as bedding (fig.19b 

In places these sediments abut against igneous rock in the manner of 

a concordant igneous contact rather than a tectonic contact. Field 

evidence points to intrusive interfingering of leucocratic igneous 

rock into chlorite schist of sedimentary origin. 

3.7.10 BASE OF T} LOWER SILL, HAMERSLEY RIVER 

At a position equivalent to the base of the lower sill 

(fig. 18 ) is chlorite schist, similar to that above the sill, and 

likewise formerly interpreted as phyllonite. Lenses of sheared 

dolerite, with relict igneous texture in which white laths of 

altered feldspar are recognisable, are not, as first thought, truly 

gradational into the chlorite schist. There is now good evidence - 

principally cross bedding - that the chlOrite schist is in fact • 

derived from sedimentary rock. The dolerite of the lenses is too 
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SAMPLE LOCALITY MAP 
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FIGURE 18 CROSS SECTION OF HAMERSLEY RIVER TRAVERSE 



7 i7ure 193 Regular laminations in chlorite schist, parallel 

to beddim7 in adjacent sediments. Locality 8160, 

Hamersley River. 

rigurel9b. Knife-edr-e contact of metadolerite (bottom right) 

with cleaved metasedimentary beds. Locality 8161, 

Hamersley River. 
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chloritised and sheared for modal analysis, but the rock was clearly 

mafic or ultramafic rather than leucocratic. These observations are 

consistent with intrusive interfingering of the lower portion of the 

dolerite into sedimentary rocks now represented by chlorite schist. 

3.7.11 PETROLOGY 

a) Nomenclature of rock types 

Mineralogically, much of each sill is diorite, but 

this composition has been achieved by the complete altera-

tion of a more basic rock which contained pyroxene and a 

more calcic plagioclase. The present dioritic mineralogy 

may have led to former correlation of this intrusion with 

• the plutonic Ravensthorpe Diorite (Sofoulis, 1958). 

The inferred mineralogy, relict ophitic texture, 

grain size, and the tlypabyssal nature of the intrusion are 

consistent with this rock having been tholciitic dolerite. 

Only in the leucocratic portions of these differentiated 

sills is the original mineralogy substantially unaltered, 

and the term metadolerite has been chosen as a general 

petrological term. 

-The sills are strongly differentiated, and large 

portions of each sill are not adequately described by the 

term metadolerite. In the iron-enriched pegmatitic portions, 

in which hornblende may be primary and the proportion of 

micropegmatite reaches 505, the rock is approaching grano-

phyre in composition. The term leucodolerite is sometimes 

used to describe rocks between dolerite and granophyre in 

original composition. Rocks near the base of the sill were 

originally ultramafic or nearly so, in that they contain 

up to 705 modal uralite after primary euhedral pyroxene. 
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They are referred to as ultramafic cumulateS (see below) 

in the sense of Jackson (1967) who states that "an ultrama-

fic cumulate is not necessarily an ultramafic rock." 

b)Petrography of the Hamersley River Sills 

Metadolerite is an important lithological unit 

in this succession, and merits petrographical descrip-

tion on that count alone. It is of additional interest 

because it is a strongly-differentiated body which ex-

tends across several zones of metamorphism. The sense 

of differentiation is a useful way-up criterion, and an 

understanding of the petrography of well-e:nosed sills 

esables local facing direction to be deduced from a 

small number of serial samples. 

Most of the igneous features are preserved in 

the two excellent sections exposed in the Hamersley 

River (fig. 18 ), and the petrography of a series of 

samples (located on figure 17 ) from bottom to top of 

these sills is described below. 

In general, these rocks are thoroughly altered. 

Original Ca-bearing plagioclase (presumably about labra-

dorite) is completely saussuritised to clinozoisite, 

sericite, and sodic plagioclase, usually in tiny grains. 

This process obliterates all optical properties of the 

original plagioclase, and all trace of zoning. Relatively 

unaltered, twinned plagioclase is either primary Na-

plagioclase from the last stages of fractionation or a 

product of saussuritication; neither is zoned. Primary 

pyroxene is now represented by uralite, a pale-coloured 

amphibole of tremolitic affinity (Clarke et al, 1954; 

Deer et al, 1966 P.174): The former presence of primary 

pic;oonite is betrayed by relict herrin7bone twinning '(fig,20), 



0.5 min  

Figure 20. Herringbone twinning preserved by uralite 

probably after pigeonite. Locality 6511. 
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Ore minerals have not been specifically determined, but if altered 

to leucoxene are described as ilmenite. 

Despite extensive alteration, the primary texture of the 

original dolerite is commonly preserved, and differentiation or the 

sills is clearly documented in thin section. This is regarded as 

justification for the use of petrological terms intended to describe 

unaltered mafic and ultramafic rock bodies. These terms will be 

used in the remainder of this chapter without the constant reminder 

that the original mineralogy is inferred from alteration products. 

The usage is as follows: 

Cumulate is used here for rocks with marked enrichment in 

primary euhedral pyroxene (now uralite) due to crystal settling of 

the primary pyroxene. Although rocks in the cumulate zone may .con-

tain up to 70% modal pyroxene (now uralite) and were truly ultramafict  

the term ultramafic cumulate is used more widely in the sense of 

Jackson (1967), as described above...The abundant euhedral 

pyroxene (now uralite) is cumulus pyroxene, and the material between 

these is conveniently referred to here as postcumulus material even 

though the term was specifically intended for primary material. 

Thus cumulus pyroxene and postcumulus material are analgous to grains 

and cement in a sediment (Jackson, 1967). 

The term ophitic is used to describe the geometrical re-

lationship of primary pyroxene and plagioclase as in fresh dolerites, 

althoush here the pyroxene is now uralite and the plagioclase now 

consists of clinozoisite, sericite, and sodic plagioclase. Use of 

the term is only possible because the shapes of primary pyroxene and 

plagioclase are mostly preserved (fig. 21). 
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1 mm 	• 

 

ligure 21a. Uraliticed ophitic pyroxene onclosinc saussurit-

ised plagioclase laths. Photomicrograph. 

Locality 658. 

1 mm 

Figure 21b. Saussuritised plagioclase laths (dark colour) 
(l40)04$0,)04,41 1qW,2(44,40. 

4011 uralitised pyroxeneh Photomicrograph. 

Locality 647. 
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A. LOWER SILL 

	

661 	Chilled margin (fig. 22a) 

Tiny uralite flakes in felted clusters make up about half 

of this rock, the remainder being acicular quartz alternating with 

acicular altered feldspar in sheaves one to two millimetres across. 

There is a little iron ore, probably magnetite, as small euhedral 

grains throughout the rock. 

Although the uralite is in tiny flakes, occasional lath 

shapes up to 6mm long by 0.5mm across are discernable in plane polar-

ised light, indicating that the primary pyroxene was markedly elong-

ate. It may be the same pyroxene as is represented by uralitic laths 

of similar dimensions a little higher up, in the cumulate (sample 659). 

Quartz needles within a given sheaf commonly show simul-

taneous undulose extinction, but advanced saussuritisation has ob-

literated the optical properties of the plagioclase. This acicular 

texture, which is confined to the chilled margin, is reminiscent of 

"spinifex texture" and other immature crystal textures resulting from 

rapid crystallisation on chilling. 

	

659 	Ultramafic cumulate (fig. 22b) 
Uralitic amphibole preserves the original cumulate tex-

ture of the ultramafic rock which formed at the base of the sill. Al-

though the uralite may form single crystals, it more commonly occurs 

as fibres and ragged flakes in irregular and "chequerboard" replace-

ment within the cumular pyroxene outlines. Many of the primary 

pyroxenes were stubby, but some were markedly elongate, resembling 

the uralite laths in the chilled margin. None of these long grains 

show evidence of herringbone twinning.. Between the euhedral ura-

litised pyroxenes is saussuritised plagioclase, representing the 

post-cumulus materia2, Rare blobs of quartz in the saussurite are 

probably products of the saussuritisation of Ca-bearing plagioclase. 

Occasionally albite twinning extends right across homogeneous post-

cumulus patches, but it is sodic in composition and it is not the 

original post-cumulus plagioclase. Occasional grains of black iron 

ore, probably magnetite, are commonly rimmed by red-brown biotite. 

	

658 	Ophitic dolerite 

This rock is thoroughly altered, containing uralitic 

amphibole in fibrous and patchy replacement of large, ophitic 



0- 5 mm 

Figure 22a. Photomicrograph of altered chilled dolerite. 

Needles of altered plagioclase (dArk), quartz 

(white) and uralite (grey). Locality 660. 

1 n1 in  

Figure 22b. Photomicrograph of ultramafic cumulate from the 

base of the lower sill, Hamersley River. 

Locality 659. 
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primary pyroxene. There was no elongate primary pyroxene at this 

level in the sill, if this sample is representative. Plagioclaie 

has been completely saussuritised, but ubiquitous lath shapes are 

preserved by tiny grains of clinozoisite, sericite, and Na-

plagioclase. There are occasional larger grains of zoisite, some 

grains of untwinned carbonate, and occasional large twinned grains 

of secondary albite, conspicuously unaltered. Interstitial quartz 

and micropegmatite are common. There is a little ilmenite, mostly 

altering to leucoxene. 

656 	"Pigeonite" dolerite 

Only the preservation of characteristic lath shapes 

attests to the former presence of plagioclase, which has been 

completely saussuritised. There may have been two types of ori-

ginal pyroxene,. both now uralitised. Elongate, twinned blades, 

similar in shape to those noted in 661 and 659, occasionally show 

herringbone twinning and may have been pigeonite. Other uralite 

grains are more equant, show no evidence of herringbone twinning, 

and some have a sub-ophitic relationship to plagioclase; these 

may represent primary augite. 

Micropegmatite consisting of angular quartz inter-

grown with alkali feldspar is present, but is less common than 

interstitial quartz. Isolated grains of alkali feldspar are 

present but uncommon. The ore is probably ilmenitel  as it is 

largely altered to leucoxene. 

There are a few tiny sheaves of radiating tourmaline 

needles, constituting the only occurrence of tourmaline observed 

in the dolerite. 

157B Dolerite 

This rock contains abundant, partly-altered plagio-

clase in twinned laths, together with bladed amphibole. 

The plagioclase, which is andesine, is unzoned. Most 

grains show some alteration to small graincl 	zoisito r.nd tiny 

flakes of sericite, and there is some epidote. 

Some of the amphibole is mid-green and strongly 

pleochroic, and may be hornblende, but most of the amphibole is 

pale green with weak pleochroism and is uralito. Simple twinning 

i common, but herringbone twinning was not observed. 

limonite altering to leucoxene is present but not 

abundant. Quartz occurs as interstitial angular grains and in 
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micropegmatite, but forms a small proportion of the rock. 

757 	Granophyric rock 

The ferromagnesian minerals are dark-green, strongly-

pleochroic amphibole in large grains, and brown, strongly-pleochroic 

biotite. Some of the biotite occurs in small grains within large, 

partially-altered amphibole, and may be replacing it. Saussuritised 

plagioclase in large laths is common, and micropegmatite is abun-

dant. Ilmenite, largely altered to leucoxene, occurs as large grains 

associated with the ferromagnesian minerals. 

This rock closely resembles the samples from the grano-

phyric.fraction of the upper sill (samples 651 K and L). 

B. LEUCOCIATIC IGNEOUS ROCK WITHIN CHLORITE SCHIST 

652 
Although collected from within the chlorite schist which 

overlies the lower sill, this medium-grained rock is clearly related 

to the sill and may represent a late-stage differentiate which has 

been injected into the country rock. 

It is the most feldspar-rich rock collected, consisting 

almost entirely of twinned andesine plagioclase, with interstitial 

chlorite and clusters of sphene. There are a few scattered rhombs 

and grains of untwinned carbonate. Quartz occurs in small clusters 

of equant grains, but is not abundant. 

161 
In hand sample this medium-grained rock has pale spots, 

probably of tectonic origin, in a greenish, schistose matrix. It 

comes from a pod of considerable (but unknown) size within the 

chlorite schist overlying the lower sill. In the field the rock 

resembles the granophyric portion of the Pit chi Ritchi sill. 

The rock is leucocratic, consisting of plagioclase and 

quartz and a considerable amount of chlorite. The original. propor-

tions of plazioclase and quartz are difficult to estimate, as some 

of the quartz may be secondary, but in the altered rock there is 

probably more plagioclase than quartz. The pale-coloured spots 

consist mainly of plagioclase laths, with a little quartz and 

chlorite. These spots may be cross-sections of rock that have 

escaped internal deformation by rolling in the schistosity. 
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Black iron ore is common throughout the rock as small 

grains and as concentrations along the schistosity defined by 

chlorite. 

C. 	UPPER SILL 

6420 	Ultramafic cumulate 

Although this rock contains a high proportion of 

uralitic amphibole and is clearly ultram4ic, any cumulate texture 

of the original pyroxene is obscured by the raggedness of the re-

placing uralite. The matrix, which was originally post-cumulus 

plagioclase, now consists of a felted mass of tiny chlorite and 

sericite flakes. Clinozoisite was not recognised. In places, un-

twinned plagioclase can be observed but this is sodic plagioclase 

derived by hydrothermal alteration. Quartz and bibbite are rare, 

and there are occasional clusters of tiny grains of sphene. 

651A 	Ultramafic cumulate 

Field evidence indicates that this rock 1.s pn nitr-

mafic cumulate at the base of the sill, but a marked schistosity 

obliterates any cumulate texture. The rock consists mainly of 

chlorite, which defines the schistosity, and pale uralitic amphi-

bole in ragged, elongate grains commonly lying across the schist-

osity. Lenses of tiny sericite flakes lie between the anastomos-

ing chlorite-rich layers. 

651B 	Ophitic dolerite 

In hand sample this rock is greenish, but is not 

ultramafic. There is a considerable amount of saussuritic matrix, 

often preserving original lath shapes. Primary pyroxene has been 

thoroughly uralitised, and grain boundaries have been obliterated 

by the wispiness of the replacing uralite. Nevertheless much. of 

the primary pyroxene was ophitic. Quartz occurs as occasional 

interstitial grains, and there is a little leucoxene. 

6510 	Ophitic dolerite 

Primary pyroxene, which probably included a bladed 

and a. sub-ophitic type, has been replaced by a very wispy uralite, 

leaving no record of twinning. The remainder of the rock is mainly 

completely-saussuritised plagioclase. Interstitial quartz is more 

common than in 651A,B and there is some micropegmatite. Isolated 
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grains of alkali feldspar are similar to that in the micropegmatite. 

Ilmenite, always altered to leucoxene, is not common. 

651D 	Ophitic dolerite 

More than half of this rock consists of light-coloured 

minerals, mostly clinozoisite, sericite and sodic plagioclase in 

tiny grains preserving the lath shapes of primary plagioclase. A 

number of plagioclase laths, probably primary, are. partially or 

substantially unaltered. Interstitial quartz and micropegmatite 

are common, but form a small proportion of the rock. Uralitic 

amphibole in large single grains commonly preserves the ophitic 

texture of original pyroxene, but ragged replacement to form a 

fibrous mass of uralite flakes is also common. Ilmenite and 

leucoxene are not widespread. 

651E 	Leucocratic dolerite 

At this position in the sill the rock is markedly leu-

. cocratic. It contains only 12% amphibole, with abundant saussurite 

after plagioclase, and angular graphic quartz associated with large 

patches of coarsely-crystalline zoisite, probably representing 

large patches of micropegmatite. The primary pyroxene was ophitic. 

There is some ilmenite, mostly altering to leucoxene. 

651F 	Leucocratic dolerite 

Uralite in euhedral blades, commonly twinned, occurs 

in clusters enclosed by completely saussuritised plagioclase. Inter-

stitial quartz and micropegmatite are ubiquitous, whereas leucoxene 

after ilmenite is not. 

6511 	"Pigeonite" dolerite 

This rock seems to represent an abrupt change in trend. 

There is much uralite, which is bladed, often simply twinned, and 

sometimes shows herringbone twinning; it may represent primary 

pigeonite. There was probably another type of pyroxene, which formed 

stubby crystals with a tendency to sub-ophitic texture. Interstitial 

quartz is common, and there are small patches of micropegmatite. This 

sample resembles samples 656 and 157B of the lower sill. 

651K 	Granophyric rock 

At this level in the sill the rock is granophyric and 

has a distinct iron-rich mineral assemblage. The amphibole is green 
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and strongly phroic like hornblende, in association with ex 

tensive clusters of small flakes of greenish biotite, and with 

ilmenite, partially altered to leucoxene. Between this ferromag-

nesian network is abundant, partially-epidotised plagioclase and 

much micropegmatite. Clinozoisite and tourmaline are absent, but 

there is some apatite in the micropegmatite patches. 

651L 	Granophyric rock 

This sample contains very little amphibole of any 

kind, but there is abundant greenish biotite in extensive clusters 

of small flakes in association with ilmenite (partially altered to 

leucoxene). Micropegmatite is more abundant than any other mineral 

in the slide, and laths of plagioclase are relatively rare. Ubi-

quitous small grains of epidote are an alteration product assoc-

iated with the plagioclase. There has been some recrystallisation 

of quartz into small, strain-free grains, contrasting the undulose 

extinction of quartz in the micropegmatite. Small apatite grains 

are common in the micropegmatite. 

651M 	Ophitic dolerite 

Large patches of micropegmatite are still common, but 

form a smaller proportion of the rock. limonite and leucoxene are 

common but not abundant7  whereas biotite and epidote are absent. 

The rock mostly consists of completely-saussuritised plagioclase, 

and uralite, which is only weakly pleochroic. Relict ophitic 

texture can be recognised in places. Green, pleochroic amphibole 

occurs as partial replacement at the edge of larger uralite grains. 

b) 	Modal analysis 

Although the rocks are completely altered, it was found 

that the proportions of original minerals could be determined with 

good reproducibility by modal analysis, using a Swift point counter 

over /i000 points. In most samples there are two groups of altera-

tion products with contrasting optical properties: patches rich in 

clinozoisite, counted as plagioclase, and patches of uralitic amphi-

bole, counted as pyroxene. In many instances plagioclase lath 

shapes are preserved by clinozoisite, confirming the correlation, 

and at some levels in the sill primary plagioclase is substantially 
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unaltered. Although primary pyroxene is always completely replaced, 

original pyroxene shapes are commonly preserved; where replacement 

by ragged uralite flakes obscures original pyroxene grain boundar-

ies (samples 642C, 651B, 651E, and 652), modal analysis loses 

precision and accuracy but is still a good approximation. Leucoxene 

is easily distinguished and is counted as ilmenite. Quartz, micro-

pegmatite, and primary amphibole are present in their original form. 

Modal analysis emphasises the extreme differentiation 

of the sills. Primary pyroxene (now uralite) reaches an unusually 

high proportion - up to 70;; - in the cumulate at the base of each of 

the Hamersley River sills. Differentiated tholeiitic sills seldom 

contain much more than 50% pyroxene even in the cumulate zone 

(F. Walker, 1958), although in the Basement Sill of Antarctica 

(Gunn, 1962), for example, pyroxene forms up to 61% of the mode. 

Towards the top of the upper sill in the Hamersley 

River the rock approaches granophyre in composition, with up to 

50% micropegmatite, 30% mid-green amphibole and reddish biotite, 

and an increased abundance of ore. Granophyre forms an unusually 

large fraction of the upper sill, although comparable examples 

have been described. The Kopinang sill in British Guiana (Hawkes, 

1966) has 200 feet of granophyre, representing 15% of the total 

sill thickness. 

Nodal variation curves are shown in fig. 23 & 24, 

and for the purposes of comparison have been divided into 

arbitrary compositional zones. The height of each sample above 

the floor of the sills has not been calculated, because the dip 

of the sills is conjectural and the position of the samples across 

the outcrop width of the sills is only approximately known. 
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Nevertheless the samples are sequential and their positions were plotted 

on 1:40,000-scale aerial photographs; the spacing of sample points 

along the vertical axes of fig.23,24 is therefore approximately pro-

portional to their height above the floor of the sill. 

d) 	Discussion 

These petrological data are based on inferences and approx-

imations, and should therefore be regarded as exploratory. Despite their 

limitations, they give useful insight into the nature of the intrusion. 

The trend of differentiation towards absolute enrichment 

in iron as described by Hawkes (1966) for the Kopinang sill is evident 

in the upper sill of the Hamersley River. The granophyric fraction con-

tains mid-green amphibole (possibly primary) instead of uralite after 

pyroxene; there is abundant ore; and alteration products include biotite, 

and epidote (instead of clinozoisite). These- iron-rich minerals are 

accompanied by abundant micropegmatite, which is consistent with the 

observation of Hess (1956) that 

"the concentration of micropegmatite and iron oxides in the 

last residual liquid... normally occurs about of the way 

from floor to roof." 

Hawkes (1966) considers that the granophyre of the Kopinang sill repr-

esents moderate, and the succeeding ferrodolerite strong, fractionation 

of the parent magma, accomplished by gravitational settling of the 

early-formed minerals and strengthened by convective circulation of 

the magma. The origin of granophyric fractions of tholeiitic sills is 

commonly attributed to differentiation. The Dillsburg, Pennsylvania 

(Hotz, 1953) and Red Hill, Tasmania (McDouga11,1962) sills, according 

to Carmichael et al (1974, p 442), 

"must certainly be pure differentiates. They 

lie within and grade mineralogically into 

associated predominant diabases. Fusion of 
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the sedimentary cover can be excluded as 

a possible factor in their origin; at 

knife-sharp contacts with chilled diabase, 

the only contact effect is hornfelsing, 

limited to a zone a metre or two thick 

(Hotz, 1953, p 678; McDougall, 1962,p 284)." 

All known contacts of the Cowerdup Metadolerite, including%the contact 

above the grarophyre of the upper sill in the Hamersley River, are 

"knife-sharp", with chilling of the dolerite and contact metamorphism 

of the quartzite. Even where leucocratic igneous material has been injec-

ted into chlorite schist (above the lower sill of the Hamersley River) 

there is no evidence in the field or in thin section of contamination 

of the dolerite, or of assimilation of the country rock (fig.19b )4, 

Comparison of modal distribution curves for the sills 

in the Hamersley River suggest that the lower sill has no granophyric 

fraction. It is perhaps significant that below the level of the grano-

phyre, the upper sill resembles the lower sill (fig. 23, 24). Both have a 

lower chilled margin, which is succeeded within a short distance by a 

pyroxene-enriched cumulate layer. Above this is altered dolerite, which 

becomes progressively leucocratic upwards before returning to "normal" 

dolerite composition. Up to this level, pyroxenes have changed in habit 

from bladed (chilled margin), to euhedral and bladed (cumulate zone),to 

ophitic (normal and leucocratic dolerite), and back to bladed (normal 

dolerite). The number of co-existing primary pyroxenes and their ident-

ity is unknown, as they are now completely uralitised. At this level 

(6511,upper sill; 656,lower sill) relict herringbone twinning f ig.2o ) 

indicates the former presence of pigeonite. In the upper sill "normal" 

dolerite with bladed uraljte (sam,,)le 6517) passes upwards with no sign 

of a chilled margin into dolerite with ophitic texture (samples 651K,I, 

M t  and N), possibly representing a reversal in fractionation trend, and 

-111 rock becomec) more granophyric. In the lower sill, continuous expos- 
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posure of the doleritic rock ceases at this level (656), but this may 

not represent the whole of this sill. Leucocratic igneous pods within 

the overlying metasedimentary chlorite schist, though not typically 

granophyric, may indicate that the granophyric fraction associated with 

the lower sill is present within the chlorite schist. If this is so, 

the granophyre could not have formed in place as a differentiate but 

was intruded as a granophyre. Farther west at locality 757, where meta-

dolerite is contiguous with quartzite, a sample from the the lower sill 

closely resembles the granophyre of the upper sill. 

Modal distribution curves for the lower sill in the 

Hamersley River up to locality 656 resemble curves for the Palisades 

sill, New Jersey (Joplin, 1957), particularly if olivine is counted 

with pyroxene (fig,25). On this basis, it would not be suspected that 

the Hamersely River lower sill is incompletely exposed. Similarly, 

modal variation curves for the lower half of the upper sill resemble 

curves for complete, differentiated tholeiitic sills such as the 

Palisades sill. 

In summary, 

i) there is a possible reversal in fractionation trend in the upper sill. 

ii) modal variation curves for the lower sill and for part of the upper 

sill resemble curves for complete, differentiated tholeiitic bodies such 

as the Palisades sill. 

iii) the granophyre of the upper sill contains cognate xenoliths of 

"pigeonite dolerite", but there is no internal chilled margin in this 

sill. 

iv) field evidence and thin section evidence support the view that 
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the granophyre is a differentiate, rather than a product of 

contamination. 

v) there is an overall trend towards iron enrichment, most evident 

in the upper sill. 

There is some evidence, then, that the Cowerdup Meta-

dolerite is multiple, and was emplaced as two pulses: 

a) the first pulse, the less leucocratic, differentiated by 

crystal settling to produce the ultramafic cumulates at 

the base of the sills. 

b) the second pulse, which was granophyric, intruded the 

chlorite schists (then probably shaley sediments) above 

the first pulse of the lower sill; and in the upper sill 

was emplaced directly above the first pulse, plucking 

cognate xenoliths from the already-consolidated margin 

of the first pulse but not chilling against it. The second 

pulse was therefore emplaced before the first pulse was 

cool. 

It may be further conjectured that: 

1)modal distribution curves of the lower sill up to locality 656, and 

of the upper sill up to locality 6511 resemble modal distribution curves 

of complete, differentiated sills elsewhere because they were emplaced 

as single pulses. 

2) differentiation at depth and subsequent emplacement as a mafic pulse 

and a granophyric pulse may explain. the unusual enrichment of pyroxene 

at the base of the sills. 

3) overall trends from ultramafic cumulate (presumably Mg-rich) to 

granophyre (1,'e-rich) reflect derivation from the same parent magma. 
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3.7.12 	NUMBER OF SILLS 

The two intervals of dolerite as exposed in the Hamersley 

River have so far been referred to as two sills. Three possibilities are 

recognised, however: 

i) the dolerite is one intrusion which has been locally 

partitioned into several sheets which independently 

differentiated (fig. 26 ). In the absence of quartzite 

partitions, the Cowerdup Metadolerite should be differ-

entiated as one unit, but this has not been investigated. 

ii) the dolerite is a series of sheets of different age, 

which would differentiate independently even in the abs-

ence of quartzite partitions (fig.26 ). 

iii) the dolerite is one sheet which has been tectonically 

repeated. The sense of differentiation is the same in 

successive sheets, precluding repetition by foling 

but consistent with repetition by faulting. The sills in 

the Hamersley River are of the same order of thickness, 

but petrological similarity has not been firmly establ-

ished. At the base of the intervening quartzite is. a 

breccia (section 3.6) at the required position of the 

postulated fault. 

If the intrusion was emplaced as separate pulses, then 

the third of these possibilities - that of faulted repetition - is 

most likely to give the observed regular alternation of mafic and 

granophyric pulses. 

3.7.13 METASOMATISM 

Quartzite immediately adjacent to motadolerite sills 
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commonly contains abundant microscopic clusters of apatite grains, a 

mineral which is common within the micropegmatite of the differentiated 

sills. Sphene is also unusually abundant in quartzite and quartz-chlorite 

schist adjacent to metadolerite. These are considered to be metasomatic 

effects due to intrusion of the dolerite. 

On the other hand, the prominence of tourmaline in contott 

rocks is ascribed to remobilisation of detrital tourmaline on intrusion 

of the dolerite. Tourmaline is extremely rare in the dolerite, but is 

ubiquitous in the sediments. Detrital and authigenic forms of tourm-

aline (fig.16a) and interstitial (remobilised) tourmaline (fiT.16b) 

are not found together. Interstitial tourmaline only occurs in contact 

metamorphosed rocks. 

The presence of apatite, sphene, and remobilised tourm-

aline in quartzite may be taken as an indication of the proximity of 

unexposed dolerite, as for example at West Loop in the Phillips River. 

3.8 AGE OF '1HE SUCCESSION 

There is no direct evidence of the absolute age of the 

succession in the thesis area, but the sediments can be related to 

neighbouring rock units which have been isotopically dated. There are 

two lines of argument: 

i) the sediments of the thesis area may be correlated 

with those of the Stirling Range, which have been 

dated. 

ii) the rocks of the thesis area may be linked to a 

metamorphic event in the region which has been 

dated, giving a minimum age for the sediments. 

i)Shale from the Stirling Range has been dated using Rb-Sr techniques 

(Turek and Stephenson, 1960, indicating a metamorphic event at 

1150-40 m.y, with evidence to support a minimum age of deposition of 
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of 1340 my. These authors specifically point out that this age may 

not apply to similar rocks of the Barren Range area, as the, sedimen-

tary sequences are not physically continuous. Although this is the 

cautious view, geologists familiar with the rocks at both localities 

have long proposed that they are equivalent in age (Gregory 1861; 

Blatchford, 1900, 1919; and many others), and it is appropriate to 

review the evidence for correlation: 

a) At both localities the succession is lithologically 

similar, consisting mainly of shale and arenites of 

various metamorphic grades, comronly exhibiting cross 

bedding and ripple-marked surfaces. Correlation on 

the basis of lithology is only intuitive, because 

similar litholocies can be of different age. 

b) The structural position is comparable, The succes- 

sion at both localities overlies Archaean rocks and 

is truncated by the same major fault system across 

which lie. crystalline rocks of the Albany-Fraser 

Province. 

c) The Stirling Range and Barren Range sediments, if not 

actually continuous (the intervening area has never 

been mapped), form elongate outliers lying end to 

end, resembling erosional remnants of a more exten-

sive basin. 

d) Paucity of fossil remains at both. localities suggests 

a Precambrian age. 

e) The sediments are of shallow-water origin, have an 

easterly strike, and are locally unmetamorphosed and 

undeformed, in complete contrast to the northerly-

trending, thoroughly-metamorphosed and strongly-

deformed Archaean rocks unconformably beneath. This 

points to a Proterozoic ase. 
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f)Deformational minor structures in the Stirling Range 

sediments described by Clarke et al (1954) resemble 

structures assigned to F3 in the thesis area and have 

the same orientation (section 6.1 ). The overall 

structure of the Stirling Range sediments seems 

relatively simple, as would be expected if it has 

only undergone one phase of deformation. Althbugh 

not proving that the sediments are equivalent, this 

suggests that both were present during the same de-

formational event, presumably the event dated by 

Turek and Stephenson (1966) at 1150 m.y. 

The evidence for correlation of the Stirling Range and Barren Range 

successions seems stronger than the case against it. Both are pro-

bably Proterozoic in age, and both probably underwent the same phase 

of de7oon at about 1150 ;1;j1  hough not necessarily simultaneously. 

They were both deposited before this event, perhaps broadly synchron-

ously at about 1340 my. 

ii) Isotopic ages within the mobile belt show a range of values 

(fig. 6 ). Recent geochronology in the northeast portion of the 

Albany-Fraser Province (Bunting et al, 1976) has revealed a progressive 

decrease in age from typically Archaean values within the Yilgarn Block 

to a value of 12891-  21 my well within the mobile belt. Elsewhere 

values of around 1300 my. are common for Proterozoic gneisses and re-

lated rocks, and granitic bodies probably representing the waning stages 

of gneiss formation (Compston and Arriens, 1968) usually yield ages 

around 1000 m.y. The youngest metamorphic ages are at the Stirling 

Range, where metamorphosed shale has been dated at 11502: 40m.y. (Turek 

and Stephenson, 1966) and at Doubtful Island Bay where gneiss dated at 

1390 m.y. gives a biotite age of 970 m.y. (Wilson of al, 1960). 



The sediments of the thesis area have been regionally 

metamorphosed.af this were a Phanerozoic event, regional geochronology 

should reveal a Phanerozoic age, but only Proterozoic metamorphic ages 

have emerged. It is likely that the metamorphism evident in the Barren 

Range succession was associated with tectonism of Proterozoic age. The 

last tectonic event, F4 of the thesis area, may have occurred in the 

thesis area at about 970 m.y.1  and an earlier deformational event, per-

haps F3 of the thesis areal  occurred in the Stirling Range at about 

1150 m.y. The Barren Range succession was present before the first 

deformation ,it records - Fl - and is probably broadly contemporaneous 

with the succession at the Stirling Range. 

3.9 FOSSIL ANIMAL BURROWS 

At one locality only (R2, near Hamersley Inlet), quartzite 

was observed to contain tubes, usually filled, about 1 cm in diameter, 

resembling fossil animal burrows such as the burrows of Scolithos in 

the Cambrian "pipe rock" quartzite of northwest Scotland (Phemister, 

1948). Several palaeontologists have expressed the view that the tubes, 

if not actually Scolithus burrows, are more likely to be Cambrian than 

Precambrian in age. The succession in which they occur is generally 

believed to be Middle Proterozoic, and it is interesting to consider 

whether the succession may be wholly or partly Cambrian in age, or 

whether burrows resembling Scolithus occur in Middle Proterozoic rocks. 

Firstly, the burrows and their mode of occurrence will be described, 

and the characteristics which point to an animal origin. Secondly, it • 

will he argued. that the tubes occur within the main, metamorphosed 

succession, and that the tubes are therefore at least about 1000 m.y. 

old. 
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The quartzite containing the tubes forms an isolated 

exposure consisting of low cliffs and several large boulders. It 

occurs at the northern boundary of an extensive deposit of Tertiary 

calcarenite or "Coastal Limestone", which separates this exposure 

from the main quartzite masses to the east and south. The quart-

zite has a foliation and is a metamorphic rock, and there is no 

reason to suspect that it is younger than the other metamorphosed 

sediments of the region. 

Generally tubes are about 1 cm in diameter, and cross-

sections are nearly round. Most burrows are normal to bedding, though 

they may be at any angle (fig.27a). The tubes may have a rounded ter-

mination within unlaminated quartzite (fig.27b) or they may terminate 

at bedding planes. Branching is rare, although one example of a Y-

shaped burrow was noted, with no reduction in the diameter of any 

branch. Burrows occasionally reach 50 cm in length, and are generally 

straight. Occasional tubes 0.5 and 1.5 cm in diameter were noted, 

which are ctherwise similar to the average-sized tube. One tube which 

is 3 cm across shows a compound structure. It has a central core 1 cm 

across, which resembles all the other tubes of the locality, surroun-

ded by an outer circular halo 1 cm thick, together forming a 3 cm-

diameter cylinder which has weathered free from the host rock (fig,28a) 

This cylinder, which is about 8 cm long, tapers slightly at both ends 

due to a reduction in thickness of the halo independently of the 

burrow. The origin of the halo will be discussed below. In his arti-

cle on animal burrows of siNilar appearance from 1000 m.y.-old rocks 

of the Zambian Copperbelt, Clemmey (1976) says: 

"the infill exhibits a cuspate structure, probably indi- 

cating active backfilling by the animal responsible" 

This cuspate or meniscus structure is visible in those tubes at locality 

R2 that have been planed by erosion to reveal a longitudinal section 



3 

- 106 - 

Figure 27a. luartzite containing three fossil animal burrows 

oriented at different angles to one another. 

Locality R2. 

Figure27126 Empty animal burrow with rounded termination. 

Locality R2. 



Figure28a. 3 cm diameter concretion with 1 cm diameter central 

fossil burrow, in white quartzite at locality R2. 

Figure 28b. Longitudinal section of fossil animal burrow, 

showing cuspate meniscus structure within the 

burrow. Locality R2. 
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(fig.28b). Meniscus structure is regarded as a good indication that 

the tubes are of animal origin; so is the length of the tubes (ruling 

out concretions); and their various orientations with respect to each 

other and to bedding (ruling out a tectonic origin, and degassing 

and dowatering structures). If they are indeed animal burrows, they 

are unusual in being straight and non-parallel while having no de-

finite angular relationship to bedding. 

The straightness of the variously-oriented burrows and 

the roundness of their cross-sections indicate that the rock has 

undergone no appreciable strain. Those tubes that are elliptical 

are only slightly sos  and the ellipses show no preferred orientation 

with respect to each other or to the foliation of the rock. No other 

markers are available to confirm the amount of strain. 

In thin section the texture and apparent fabric of the 

host rock is strikingly different from the texture and apparent fabric 

of the tube infill. Within the tubes, quartz grains have no apparent 

crystallographic preferred orientation, and the longest dimensions of 

elongate grains tend to be arranged in a concentric pattern (fig.29a). 

In contract, the host rock does seem to have a crystallographic pre- 

ferred orientation, and the longest axes of quartz grains lie within 

the foliation, whieh ends abruptly at the circular margins of the 

tubes (fig. 29b). Crystallographic fabric was measured for the quartz 

grains in the tubes and in the host rock, and the resulti rlg fabric 

d4agrari5 (fi!;, 	) demonstrate that the host rock has a definite or- 

thorhombic fabric syzmetrical to the foliation, ‘:hcreas the quartz 

infilling the la lies 11-2,0 only a weak fabric. This diffe7ence in in-

tensity of fabric r).:._y reualt from an initial porosity differece or 

frou a chemIcal difference induced by the inhabitant of the Lurroty. 
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B. Photomicrograph 

of quartzite matrix 

(foliation vertical 

in photograph) and 

of part of cross 

section of fossil 

animal burrow (bottom 

left). Locality R2. 
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A. Diagram of long 

axes of inequant 

quartz grains in 

1cm diameter fossil 

animal burrow. 

Locality R2. 

FIGURE 	29 
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The third quartz "domain" of interest here is the halo around one 

of the tubes as described above. Although the halo is circular, 

its fabric is identical to, and continuous with, the fabric of the 

host quartzite. Clearly the halo is later than the fabrics  but 

is somehow related to the burrow it encloses. It is likely that 

the burrow acted as a conduit to post-tectonic migrating fluids, 

which locally emanated into the foliated rock to produce a halo 

with different weathering properties from the host rock. This view 

that the halo is of secondary origin is supported by the observation 

that the halo tapers at both ends in the manner of a concretion, 

while the central burrow remains constant. Concretions of similar 

appearance and distinguished as Telemarkites enigmaticus have been 

described by Dons (1959). 

The quartzite containing the burrows has been deformed 

simultaneously with the surrounding sediments, for it possesses the 

texture and fabric appropriate to the metamorphic zone in which it 

occurs, and a foliation and attitude consistent with its location. 

The youngest deformation in the region is probably the 970 m.ya event 

recorded by Wilson et al (1960) and the fossil burrows must predate 

this. 

There is no evidence for an unconformity below the 

quartzite, and there is no reason to suppose that it is younger than 

the rest of the succession, despite its isolated position. It is 

likely, therefore, that the fossils are o3der than about 11551  40 

or perhaps even 15/I0 move as argued above. 

As there is reason to suppose that these burrows are 

the oldest animal traces ever reported (see Clemmey, 1976), a local 

isotopic age would be preferable to deduced relationships. Although 
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the quartzite itself is not suitable for radiometric dating a 

metamorphic age could be obtained from neighbouring politic meta-

sediments having the same foliation. The result would either be 

a) Proterozoic, ruling out a Cambrian age for the 

fossil burrows and confirming the age of the 

succession and the correlations deduced above or 

b) Phanerozoic, leaving the age of the fossils still 

in doubt but revealing Phanerozoic tectonism, not 

hitherto recognised. 

On present evidence, though, the fossil burrows are Middle Protero-

zoics  and tectonism ceased about 970 m.y. ago. 
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CHAPTER 4 	ALBANY-FRASER PROVINCE 

4.1 	GENERAL 

Within the thesis area, the Albany-Fraser Province con-

sists mainly of granitic gneiss, generally oligoclase adamellite in 

composition, with biotite as the main ferromagnesian mineral. Mus-

covite-bearing and amphibole-bearing granitic rocks are rare, although 

amphibole is the main constituent of the mafic dykes, lenses and 

layers within the granitic gneisses. Garnet is ubiquitous through-

out the province. 

In the vicinity of Munglinup is a zone of gneiss contain-

ing scattered relics of Archaean rock types, including metamorphosed 

banded iron formation and ultramafic rock, interpreted as the root 

zone of a former Archaean volcanogenic belt. The Archaean relics 

have been metamorphosed to granulite facies. 

At Native Dog Swamp and Conu Collup Creek (fig .1 ) 

are homogeneous porphyritic adamellites interpreted as later intru-

sions into gneissic terrain. Near Jerdacuttup Lakes is a biotite-

bearing syenite with no tectonic foliation, which may be the youngest 

crystalline rock in this part of the mobile belt. 

4.2 	TYPES OF GRANITIC GNEISS 

Regional mapping of the Albany Fraser Province of the 

Ravensthorpe 2:250,000 Sheet in 1971 (Them et al9  1977) and re-exam-

ination for this project demonstrated that several quite different 

rock types have been previously encompassed under the term "granitic 

gneiss". 
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Three main groups may be distinguished on appearance along: 

i) Banded gneiss 

In most cases, banding is due to obvious composi-

tional layering such as biotite-rich layers in alternation with 

biotite-poor layers, or granitic layers in alteration with am-

phibolite layers (fig. 31a). Sometimes banding is due to concordant 

granitic or pegmatitic intrusions or segregations (fig.31b). In 

other cases, differences in composition of adjacent layers is not 

evident in the field, although banding is prominent (fig.32a). 

ii) Homogeneous granitic rock 

Many so-called gneisses are homogeneous granitic 

rocks or "homophanous granitoids", sometimes with minor inhomogeneities 

such as schilieren or nebulitic inclusions. Although superficially re-

sembling intrusive granites, some may represent homogenised gneisses 

because they grade laterally into banded and heterogeneous varieties 

of gneiss. The presence of mafic dykes enhances the resemblance to 

intrusive granites, although dykes could have been injected after homo-

genisation of the gneisses. 

iii) Migmatites 

The term migmatite is used here to denote granitic 

gneiss containing concordant or discordant blocks and lenses (but not 

boudins) of amphibolite, and excludes banded rocks containing contin-

uous layers,of contrasting composition. Migmatite in this sense is 

not abundant within the thesis area, and seems to be most common in 

the vicinity of large mafic dykes. It was found that the proximity 

of large mafic dykes or swarms of crueller mafic dykes could often be 

predicted from a sudden increase in the proportion of mafic inclusions 

within the granitic gneisses (fig. 32b). 
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1,agure31a, Gneiss with prominent banding due to 

alternation of granitic and amphibolitic layering. 

The gneiss is cut by a later pegmatite dyke. 

Locality 5141. 

Figure31b. Gneiss with prominent banding due to granitic 

segregations. Locality 996. 
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Figure 32a. Gneiss with subdued compositional layering. 

Locality 5021. 

e".••■••=:g." 	 - 	 - .-91111111 
ft 

110 

Figure 3210. Migmatite adjacent to lm-thick mafic dyke. 

Locality X106. 
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In view of the variety of granitic gneisses, their 

gradational and complex inter-relationships, and the poor exposure 

over most of the area, subdivision of the gneisses on a map is 

difficult. 

Morvan (1969) subdivided the reeks of the mobile belt 

into gneiss, migmatite and granite, but his map is very generalised. 

Thom and Lipple (Thom et al, 1977) attempted a more 

detailed subdivision based on a classification of migmatites by 

Mehnert (1971). The aim of the subdivision was to test the regional 

homogeneity of the gneiss belt and to delineate, if such existed, 

zones of broadly different character. It was hoped by this means 

to elucidate the gross structure of the gneios belt and the parentage 

of the gneisses. The structure proposed - that of three northerly-

trending structural zones comparable to the Archaean zones delineated 

in the Lake Johnston 1:250,000 Sheet (Gower and Buntinga  1972) - Is 

not accepted here. Recent field work has not substantiated either 

the presence of faults between the zones or the validity of the zones 

themselves, and different interpretation is now favoured. 

4,3 PARENTAGE OF T1 POCK WIIBIN Ihei GNEISS BELT 

It is generally agreed that there are three distinct 

sources for the rocks of the Altany-Fraeer Province: 

a) reworked Archaean material, including rods of nitra-

mafie, mcLfic, and quartz-magnetite grunerite rocks 

(commonly referred to as metamorphosed banded iron 

formation), together with granitic gneisses formed 

from Archaean igneous and sedimentary rocks 

b) aneiseea derived from Proteroaoic rocks laid down in 
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basins flanking the Archaean Yilgarn Block 

c) late adamellitic and syenitic intrusions, and late mafic 

dykes 

The relative importance of these sources with respect to the gneiss 

belt of the thesis area is not yet known, but there is evidence that 

at least two of these sources did provide material. 

a) Reworked Archaean Rocks 

i)Granitic rocks 

Examination of the Fraser Front within the thesis area 

(section 5.2 ) has shown that some Archaean granitic rocks pass 

without structural break into rocks of gneissic appearance belong-

ing to the Albany Fraser Province. Evidently, then, some of the 

gneisses of the mobile belt derives from Archaean granites, but the 

proportion is unknown. It may Le that many of the homophanous 

granitoids within the mobile belt are reworked Archaean granites, 

but this has not yet been demonstrated. At the Oldfield River, 

largely homogeneous granitic-looking rock well within the Albany-

Fraser Province contains zircon, which has been radiometrically 

dated at 2800 - 2900 m.y. (Richards et al, 1966). This indicates 

either that the gneiss is reworked Archaean or, less likely, that 

the zircons have passed through a detrital stage and the gneiss 

is reworked Proterozoic sediments. 

Adjacent to the Ravensthorpe Range but enclosed within 

Archaean granitic rocks are regional rafts of ultramafic rock, evi-

dently wedged from the Ravenathorpe Range volcanogenic belt during 

emplacement of the granite (fig. 1 ). Other smaller ultramafic 

pods have rinse been located within Archaean granitic terrain 

(fig, 1 ). It is possible that the pods of ultramafic and other 

rocks of Archaean origin in the vicinity of Munglinup were pods 
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within Archaean granitic terrain before reworking in the Pro-

terozoic. 

ii) Relict volcanogenic belt 

In the vicinity of Munglinup is a zone in which 

relict Archaean rocks are widespread within the gneiss. There 

are two large pods of ultramafic rock in the Young River (fig.1), 

one of which has been described on numerous occasions because 

it contains vermiculite in shear zones (Ellis 1941; 1944; 1945; 

Johnson and Gleeson, 1951; MacLeod 1964). Other occurrences of 

vermiculite are known, and there are occurrences of graphite 

(Blatehford, 1917; Ellis 1944; Sofoulis and Connolly, 1957), 

and relict banded iron formation (Sofoulis and Connolly, 1957). 

Graphite and banded iron formation at Munglinup were correlated 

with the Archaean succession at Ravensthorpe (Sofoulis and 

Connolly, 1957), and they are likely at least to be Archaean. 

In this zone, too, there is a great deal of mafic rock within 

the gneisses, including a massive gabbroic pod west of Munglinun. 

Small occurrences of banded iron formation in the immediate 

vicinity (fig. 1 ) support the view that this mafic pod ie of 

Archaean origin. Thin, purplish bands of metasedimentary rock 

of unusually high metamorphic grade (granulite facies) are pro-

bably Archaean in origin. 

The dietribution of these relics indicates a norther-

ly-trending zone, interpreted as the roots of a northerly-

trenching Archaean volcanogenic bel. This need not be the 

volcanogenic belt of the Lake Johnzton 1:250,000 Sheet (Gower 

and Bunting, 1972) with which it is presently aligned, as there 

may be considerable lateral displacement along the Jerdacuttup 

Fnult. Zeeenel Archaean volcanogenic belts are truncated at 
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the Fraser Front, icluding the Ravensthorpe Range volcanogenic belt 

and the volcanogenic belt terminating near Salmon Gums-and.lying 

within the Norseman 1:250,000 sheet (Doepell  1973). It may be signif-

icant that, although the ultramafic pods within the gneisses have been 

prospected for nickel mineralisation, there is no record of copper 

mineralisation, which is a feature of the Ravensthorpe Range volc-

anogenic belt. 

b) Gneisses derived from Proterozoic sedimentary rocks 

Proterozoic sedimentary rocks which could have contrib-

uted to formation of the gneisses must be older than the gneisses, but 

in general isotopic ages for Proterozoic sedimentary rocks in the region 

tend to be younger than the oldest ace recorded in the gneisses. Reg-

ional geochronology indicates metamorphism and migmatisation within 

the Albany-Fraser Province as far back as 1700 m.y. (Doepel, 1975), 

and Bunting et al (1976) have suggested that gneisses at Salt Creek 

(fig.6 ) experienced metamorphism at about 1900 m.y. Present geochron-

ological data for existing outliers of Proterozoic sediments indicate 

ages younger than this (Woodline Beds 16201100 m.y.; Stirling Range 

minimum age 1340 m.y.), and on this basis the sediments have not contr-

ibuted to formation of the gneiss. Proterozoic sedimentary sequences 

older than 1900 m.y. which have contributed to the formation of gneiss 

but which are not equivalent to existing outliers of sedimentary rock 

have been proposed in the northern part of the Albany-Fraser Province 

(Bunting et al, 1976). 

It will be argued later (section 8.2.2) that structures 

in the gneisses of the Albany-Fraser Province within the thesis area 

have the orientation of structures studied in the metasedimentary 

succession, and therefore that the rock units have been deformed 

simultaneously. Gneissic banding is tentatively correlated with $2 

-of the metasedimentary tectonic sequence, implying that the sediments 
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were present before formation of the gneisses. Furthermore, the sediments 

of the thesis area are tentatively correlated with other outliers of 

Proterozoic sediments in the region (section 8.2.1), so that they, too, 

pre-date the formation of gneiss. Younger isotopic ages obtained for 

these sedimentary rocks are probably metamorphic ages (see Turek and 

Stephenson, 1966). 

There is no good field evidence in the thesis area for 

the relative age of the gneiss and the sedimentary succession; for 

example, there are no quartz-rich zones such as might result from 

involvement of quartzites in the formation of gneiss. However, as: 

there has been movement on the Jerdacuttup Fault since this event, 

such metasedimentary relics may well have been displaced outside the 

thesis area. Xenoliths of bedded metasedimentary rock recognised in 

the vicinity of the Jerdacuttup Fault may be contained within later 

granitic rock of the 1000 m.y. old age group. 

In summary: present geochronological evidence,' which 

is meagre, suggests that the Proterozoic sediments were deposited 

after formation of the gneiss; tentative structural correlation across 

the Jerdacuttup Fault suggests that the metasediments may have been 

deposited before formation of the gneiss; field evidence of the rel-

ationship between sedimentary rocks and gneiss is lacking in the 

thesis area. Some authors (Bunting et al, 1976; Doenel, 1975) postulate 

sediments earljer than and later than formation of the gneiss. 

c) Later intrusions 

',Iismatite and gneiss of the Albany-Fraser Province 

within the thesis area commonly contains blocks, slivers or pods 

of mafic material, usually nmr amphibolite, which are concordant 

with the smaller .scale handing of their hosts. It is likely that 
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these mafic rocks were present - as dykes, pills or rafic sedinsnts - 

prior to the formation of the gneisees and migmatites. Intact dykes 

which cross-cut the foliation and the banding of the granitic host 

rock are evidently later. 

At Gollu Collup Creek (near Bedford Harbour, fig. 1 ), 

is a porphyritio granitic rock containing phenocrysts of feldspar 

(fig. 33a ). Although the phenocrysts are aligned parallel to the 

regional banding of the surrounding gneisses, the porphyritic granite 

shows no appreciable deformation and has no banding. There are no 

mafic dykes nor mafic material in any form, and the body is homo-

geneous. At Native Dog Swamp is homogeneous augen gneiss which re-

sembles deformed porphyritic granite (fig. 33b). It consists of par-

0yroblests of anhedral microclina in a matrix of microcline, plag-

ioclase, quartz and biotite, with accessory zircon. The rock ha 

prominent schistosity due to alignment of the phenocrysts and to 

wispy segregations of biotite. No dykes or mafic inclusions were 

observed. Adjacent compositionally-banded gneiss contains concor-

dant layers of porpbysitic granitic rock, interpreted as minor in-

trusions extending from the main mass. The geosstry of the body is 

unknown, due to poss. expcsure. 	;ese two occurrences of porrhy- 

ritic granitic rock are believed to be analogous to the Albany 

Granite, which has been dated as 1100t50m.y. (Turek and Stephenson, 

1966) and has an initial Sr87/86 ratio of 007118, consistest with 

an anateetic origin. The Collu Collup Creek and Native Dos 

Swamp porphyritic granites were probsbly emplaced in the waning 

stages of gneiss formation. 

Near Jerdscuttup Lakes is a small body of syenite 

This rock consists of microcline, oligoclase, biotite and horn-

Mende sith miner apatite and asesssory sphene, zircon, magnetite 

is s6 quartz. The bsdy has no tectonic foliation, and Was probably 



Figure 33a. Collu Collup Creek adamellite. Phenocrysts are 

aligned parallel to the regional gneissosity, 

but the adamellite is little deformed. 

Figure 33b Native Dog Swamp augen gneiss. This may be 

deformed porphyritic adamellite of the Collu 

Collup Greek type. 



- 124 - 
emplaced late in the history of the mobile belt. 

4.4 PREVIOUS CBIN1CAL ANALYSES 

Chemical analyses of thirty granitic rocks were ob-

tained during the regional mapping programme (Thom et al, 197?). 

Analyses of twenty samples from granodiorite/adamellite rocks of 

the Yilgarn Block were compared with analyses of ten samples of 

granitic phases of gneisses from the mobile belt, and the "mean 

Archaean" analysis compared with the "mean mobile belt" analysis. 

The aim was to determine whether there is any significant varia-

tion in geochemistry between the two Precambrian units. No signi-

ficant variation was found, and the overall geochemical similarity 

suggested 

"that much of the Albany-Fraser Province repre-
sents Archaean granitic material that was re-

worked during the period of Proterozoic meta-
morphism." 

The mobile belt probably consists of rocks derived 

from three distiwA sources (section 4.3 ). Two of these cate-

gories - gneisses derived from Archaean sedimentary or granitic 

rocks, and gneisses derived from Proterozoic sedimentary rocks 

may contain granitic segregations. The third category - later 

granitic intrusion - reay occur as bands within the gneisses of 

the other two categories. It is likely, therefore, that the ten 

analysed mobile belt camDles represent more than one category of 

gneiss and possibly all three. Ettensive geochemistry and/or 

structural geology within the mobile belt is probably a necessary 

preliminary to computation of a "mean mobile belt" composition. 
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CHAPTER 5 	FRASER FRONT 

5.1 GENERAL 

Field investigation of the Fraser Front has two aspects: 

0 location of the major fault, in this case the Jerdacuttup 

Fault 

ii) examination of the metamorphic gradient on each side of the 

fault and across the fault. In the thesis area, this has 

only been done for the metasedimentary sequence, and is 

described in section 7,3 . 

5.2 	JERDACUTTUP FAULT 

For many years the Fraser Fault has been represented as a 

single fault of considerable length, passing through the thesis area 

in a variety of suggested positions (A.F. Wilson, 1952; 1955; 195S). 

The Fraser Front fault zone is now regarded as a complex. regic=1 

feature (fig.34 ), end the term Fraser Fault is restricted to the 

fault zone west of the Fraser Range. The major fault in the thesis 

area, which has been named the Jerdacuttup liau'it, is colinear with 

the Fraser Fault. 

The Joxdaeutti4p Fault separates 

a) Proterozoic sediments from Proterozoic gneiss, 

and was first shown in this position in 1966 (Geological 

gur ,ey of Western Australiat  1966) 

b) Archaean greenstonus from Proterozoic gneiss, 

and this is the only portion shown on the most recent 

Geological nap of Western Australia (Geological Seivey of 

Western Australia, 1973) 
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c) Archaean granitic terrain from Proterozoic gneiss. 

This is the most difficult to establish, either photogeolo-

gically or on the ground, because of the similarity of rock 

types. It has been suggested that this portion of the junc-

tion is an igneous or metamorphic boundary (Daniels and Hor-

witz, 1969; Thom et al, 1977). 

The presence of a major structural feature is corroborated by 

regional gravity anomalies (Australia Bureau of Mineral Resources, 1969), 

particularly well defined in the vicinity of the Fraser Range. They are 

less distinct in the thesis area, but indicate that the Ravensthorpe 

Range volcanogenic belt is truncated (fig. 7 ). 

Thom and Lipple's regional mapping of the area in 1971 (Thom 

et al, 1977), based on 1:40,000-scale aerial photographs, confirmed the 

overall straightness of the contact between the bedded metasediments 

and the gneiss. They also concluded that the abrupt change from one 

lithology to the other was more consistent with a faulted contact than 

with a metamorphic transition, and deformation in the metasedimentary 

succession was noted to be intense near the junction and to diclnish 

away from it. Deflection of recent drainage patterns at about this 

line was seen as further support for a fault. 

During field mapping for this project, the contact zone was 

examined for about 100km northeastwards from the vicinity of East 

Mount Barren (fig. 1 ). Exposure generally is poor, but the following 

advances were made: 

i) The position of the Jerdecuttup Fault can now be 

more closely defined from a) further exposures of gneiss and 

bedded metasediments in close proximity, and b) colinear ex-

poaures of intensely-sheared rock. 

ii) The Jerdacuttup Fault approximately coincides with 

an earlier metamorphic front marked by a southeastwards transi- 
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tion from granite to gneiss. 

iii) In the vicinity of the Jerdacuttup Fault, occa-

sional large xenoliths of bedded metasediments have been 

found within deeply-weathered granitic rock. The bast 

granitic rock is interpreted as a late anatectic intrusion 

within the gneiss belt. 

The localities which provide this information (fig. 1 ) are 

few in number, and they merit separate description: 

1) Kyanite schist at Five-Mile Beach was formerly grouped with the 

granitic gneisses of the mobile belt (Sofoulis, 1958), although 

it is part of the Proterozoic sedimentary succession. Thus there 

is no contact on Five-Mile Beach between granitic gneiss and the 

metasedimentary succession, the nearest coastal exposure of mobile 

belt rocks being some kilometres to the east, at locality 491. 

2) Two exposures of gneiss were located in Culham Inlet. Although  

strongly layered, the gneisses are quite granitic in appearance, and 

not noticeably sheared. 

3) Gneiss in the Steers River is foliated, banded and contains concor-

dant pegmatite veins. All of these have been deformed into minor 

folds plunging to the southwest (fig,35a), but although this is the 

same orientation as F4 folds in the metasedimentary succession, 

equivalence of the folds has not been demonstrated (see section 8.2.2). 

The gneiss here is heterogeneous. Granitic rock of varying 

grain size, colour index, and degree of foliation may have diffuse 

or Sharp mutual contacts. Light-coloured, unfoliated granitic 

rock with an igneous texture is ubiquitous, and is judged to be 

the latest of the granitic rocks. In. the creek cutting, very 

weathered granitic rock consisting of kaolinitic material studded 

with coarse unaligned quartz grains contains a xenolith of meta-

sediment about a metre across , Smaller maroon-coloured 
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Figure35a . Gneiss in the Steere River, near the Jerdacuttup 

Fault. Folds in this gneiss have the same orien-

tation as F4 folds in nearby sediments. 

Figure 35b Metasedimentary xenolith in deeply weathered 

granitic rock. Sedimentary laminations are 

preserved. 
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nodules adjacent to the xenolith are granitised metasediment 

with some of the character of metasediment and of granitic rock. 

The xenolithic metasediments are judged to be Proterozoic rocks 

from the succession of the Stirling-Barren Basin, and the grani-

tic host is therefore interpreted as post-dating this succession. 

The layering in the xenolith may be bedding, and the gneissic 

rocks (including later granitic veins) have probably been affected 

by the same deformational events as the sedimentary rocks of the 

Stirling-Barren Basin (section 8.2.2). 

4) In the Jerdacuttup River, exposure of gneiss is abundant but it 

peters out northwards towards the assumed location of the Jerda-

cuttup Fenit. The most northerly exposure of gneiss is shown in 

figure 2 	and the most southerly exposure of metasedimentary 

schist. At locality 436 is a 3m thick finely-laminated meta-

sedimentary xenolith within deeply-weathered granitic rock. Be-

yond the zone of deep weathering is fresh'agmatite consisting of 

angular, unrotated (in the exposed section) blocks of biotite-

rich granitic rock in a less-mafic, igneous-textured granitic 

host. 

At locality 439 is a xenolith of deeply-weathered sediments 

with obvious sedimentary layering, in a deeply weathered granite 

consisting of kaolinitic material studded with coarse, unaligned 

quartz grains. Patches of deeply-weathered granite occur all 

through the xenolith, interrupting the sedimentary layering 

(fig. 3513 )t  in a  :elationship interpreted as granitisation of the 

metasedimentary xenolith. 

Metasedimentary xenolith*, always occur in deeply--weathered 

granitic rock. In the Steers River a mirror kaolin deposit due to 

deep weathering of granitic rock lies in about the assumed posi-

tion of the Jerdacuttup Fault. The significance of this deep 
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weathering is not clear, but the process may be facilitated by 

water passing along the fault plane. 

5) Schistose metasediments at Homers Crossing exhibit abundant, well-

formed F4 minor folds with the regional sinistral vergence and 

southwesterly plunge, which deform S2 cleavage. In places there 

are vestiges of an earlier S-surface at a high angle to S2, inter-

preted as relict F2 folds to which the penetrative cleavage is 

axial planar. The F4 folds are best developed in the northern 

part of the exposure, becoming progressively less distinct south-

eastwards until they are virtually indistinguishable (fig. 36). 

This is interpreted as disruption of Da structures, so that F4 

folds developed only where S2 remained relatively undisturbed. 

If this disruption is due to the nearby Jerdacuttup Fault, it 

indicates movement after D2 and before the formation of F4 folds. 

(6) At Burlabup Creek is a small hill consisting of white quartzite, 

now interpreted as Proterozoic in age. Not much of the rock is 

in place, and although rubble is sufficiently abundant to regard 

as exposure, original orientations of structures are indeterminate. 

The rubble includes blocks of white quartzite with fine bedding 

laminations and minor folds. Several of the blocks are mylonitic 

in appearance, and in thin section show evidence of grain size 

reduction. A short distance farther north is the most southerly 

exposure of ultramafic rock of the Ravensthorpe Range volcanogenic 

belt, and it seems probable that the greenstones are terminated 

by the Jerdacuttup Fault, whose locus is marked by the mylonitic 

quartzite. 

7) At locality 557 ( near the main road to Esperance) is an exposure 

of homogeneaus granite. Towards the southern end of the exposure 

(locality 558B), i.e, towards the supposed location of the Jerdri-

cuttup Fault or the. Fraser Front, the rock develops a strong 
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'Agure 36a. Ye11-developed.-14 folds, Horners Crossing. 

Agure 36b. Poorly-developed F4 folds, due to absence of 

regular 3-surface prior to folding. Horners 

Crvssing. 
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foliation at 020°, prominent banding at 0550, and an irregular 

patchiness. 

8) Northeastwards at locality 874, is strongly sheared granitic rock 

with veins and stringers of epidote. Where unsheared the rock 

resembles igneous-textured Archaean granite. 

9) At locality 580 there is an abrupt tonographic change from tor-

like granite terrain to low-lying exposure of well banded rock 

of tectonic origin (fig. 37a). Within a short distance south-

eastwards, the tor-like granites reappear, but gradually give 

way to rocks of gneissic appearance. 

10) Lipple (Thom et al, 1977) observed an abrupt discontinuity in 

trend of the rocks at locality 880, based on photogeological 

interpretation. Granitic rock with two suites of mafic dykes 

at right angles (a NNW suite and an ENE suite) may be identi-

fied on aerial photographs as stretching northwards well beyond 

the supposed position of the Fraser Front. A linear fabric 

trending about 170°  can be recognised on aerial photographs 

within these granitic rocks, and is interpreted as an Archaean 

feature. Around locality 880, the photopattern is similar to 

that of the Archaean granites, except the NNW dykes are not 

visible and there is a prominent NE trend. On the ground, the 

rocks are granitic in appearance, and they contain mafic dykes. 

There is a strong vortical foliation trending about 160°, which 

is probably related to the Archaean feature of this trend re-

cognised on the aerial photographs. In these respects, the 

rock resembles the Archaean granites. There is also a prominent 

banding in places, striking about 215°, consisting of alternat-

ing biotite-rich and biotite-poor layers. A northeasterly-

plunging lineation and several minor folds with a similar plunge 
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were observed, resembling the deformational minor structures 

common throughout the rocks of the mobile belt. The evidence 

points to tectonic overprinting of Archaean granitic terrain 

at the Fraser Front. Southwards these rocks become, or are 

intimately associated with, rocks of undoubted gneissic 

character. 

11) At locality 5152 is a small exposure of banded rock, originally 

identified as metasedimentary rock, but noWinterpreted as 

intensely-deformed granitic rock. It has a penetrative planar 

fabric which, like the banding, strikes 090°  and is nearly ver-

tical. There are small folds in the fabric, plunging 45°  to the 

east with sinistral vergence. Bands are either black or white, 

depending on the content of tiny flakes of biotite, and there 

are thin seams of epidote. 

12) Archaean granitic rock, locally porphyritic, in the vicinity of 

locality 5't56 contains the strong foliation trending about 170°  

that was observed in Archaean granites farther southeast at 

locality 880(( 9) above). A little southwestwards at about the 

supposed junction of the Jerdacuttup Fault (locality 5156) there 

are zones cf intense deformation and brecciation (fig. 37b), 

and locally the rock appears gneissose. The gneissose character 

increases southeastwards. 

5.3 SUMARY 

j) The location cf the Jerdacuttup Fault can be more closely 

defined than previously. It passes 

a) between exposures of gneiss and the metasedimentary 

succession 

b) through zones of intense deformation 



Figure 37a. Intensely-deformed granitic rock at about the 
assumed position of the Jerdacuttup Fault. 

Locality 585. 

Figure 57b. Brecciated porphyritic Archaean granite at 

about the assumed position of the Jerdacuttup 

Fault. Locality 5156. 
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ii) Xenoliths of metasedimentary rock within granitic rock of the 

gneissic belt indicate that some granitic intrusion occurred 

within the mobile belt after deposition of the Proterozoic 

succession of the Stirling-Barren Basin, or at least after 

deposition of the Mount Barren Beds of the thesis area. 

iii) Intensely-sheared granitic rock has been involved in a subs-

equent deformation (item 10, above). D2 structures at Horners 

Crossing (item 5 above) have been disrupted prior to F4 folding. 

These relationships point to movement on the Jerdacuttup Fault 

after F2 and before F4. 

iv) Transition from granite to gneiss at about the position of 

the Jerdacuttup Fault probably represents a metamorphic 

front, whose existence may have influenced the position of 

the later Jerdacuttup Fault. The transition also indicates 

that some of the gneisses of the mobile belt are derived 

by overprinting of the Archaean granitic terrain. 
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CHAPTER 6 STRUCTURAL ANALYSIS OF THE PROTEROZOIC SEDIMENTS 

6.1 FOLDING 

6.1.1 GENERAL 

Four generations of folding are recognised in the 

Proterozoic sediments of the thesis area. These are designated Fl, F2, 

F3, and F4; the corresponding axial planar foliations S1, S2, S3, and 

S4; and the associated lineations L1,L2,L3, and L4. The three structural 

elements of each fold generation are grouped under D1, D2, D3, and D4 

representing the deformational events during which they formed. It is 

not implied here that the deformational events are of equal signific-

ance; they may be unequally separated in time and of unequal intensity. 

Nevertheless the structures of each generation are successive and exhibit 

consistent mutual relationships over the thesis area. 

6.1.2 D1 DEFORMATION 

Evidence of D1 deformation is now the least abundant in 

the thesis area, haying been overprinted by D210, and D4. The best 

evidence of D1 is the existence of cleavage as the folded surface in 

F2, but there are a. few instances of F1 folds. 

Fl folds 

In the Phillips River at locality 364, a cliff of pelite 

contains a multitude of tight F2 folds with strong axial planar cleav-

age. The folded surface is a spaced cleavage, which is axial planar to 

a number of vortical quartz rods, representing the thickened .hinges of 

F1 folds (fig. 38). 

Another example is in the deformed dolerite at Pitchi 

Pitchi, where 52 schistosity cuts across the limbs of a southerly- 
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FIGURE 38 

Fl folds preserved by vertical quartz rods. S1 is axial 

planar to the quartz rods and is folded in F2 (horizontal 

axes).West Loop, Phillips River. 
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plunging fold in a leucocratic igneous vein. The fold is the earlier 

structure, so is grouped with F1. 

The main peaks of the Whoogarup Range consist of breccia 

in which all clasts are of quartzite, Within several of the clasts there 

are folds, now of haphazard orientation and surrounded by unfolded matrix 

(fig. 14b ). Evidently the breccia was derived by fragmentation of a 

folded quartzite sequence. The breccia itself is folded in F2, so the 

folds in the clasts are interpreted as Fl. 

Conglomerate at Culham Inlet also contains occasional 

clasts which are fold shapes (fig. 39 ). If these were derived as 

folds by erosion of a folded sequence ( and the abundance of eroded 

folds in the scree at Echo Pool illustrates the plausibility of such 

an origin), then they are probably F1. Another explanation of the 

folds is that they were formed by flattening of elongate clasts in 

the conglomerate in a later deformation. 

Mesoscopic S1 foliation 

This foliation is not commonly observed in the field. 

It can be recognised as a cleavage parallel to the folded surface in 

F2 folds, such as at Echo Pool, or it may be apparent as the subordin- 

ate cleavage in S2 crenulation cleavage, such as in the metadolerite 

at Pitchi. Ritchi (fig.500. SI is more commonly observed in thin. section. 

Geometrical forms of a first cleavage 

Before describing S1 foliation on the microscopic scale, 

the geometrical forms which a first cleavage may take are briefly des-

cribed and illustrated schematically in figure 41. 

i) Slaty cleavaFel  with perfect alignment of phyllosil-

icates. 

ii) Crenulation of slaty cleavage;  due to a second deform- 
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Figure 39 . Possible i•'1 fold as clast in conglomerate, 

Gulham Inlet. 

0.5mm 

Figure 40 	31 as folded surface in elongate F2 folds at 

Waindeittup Cliffs (shown in fig.46a ). 

Photomicrograph. 



FIGURE 41 

TYPES OF FIRST AND SECOND GENERATION CLEAVAGE - SCHEMATIC 

First Generation 

A. Slaty cleavage, ri.Th perfect alignment of 

phyllosilicates 

B. Crenulated slaty cleavage 

C. Spaced slaty cleavage. Layers of perfectly- 

aligned phyllosilicates alternate with quartz-rich 

layers 

Second generation 

D. Incipient crenulation cleavage lamellae in short 

limbs of asymmetrical crenulations 

E. Incipient crenulation cleavae lamellae in axial 

planes of symmetrical crenulations 

F.& G. Crenulation cleavage, derived. from D & E 

H.& I. Nearly-perfect slaty cleavage, with vestigial 

packets of early cleavage. Derived from & G 

J. Perfect second-generation slaty cleavage, derived 

from H & I 

K. Spaced crenulation cleavage, in which mica-rich 

layers with crenulation clenvae alternate with 

gnartz-rich layers 

111  1 - hvilosilicate 
I 
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ation. The axial planes of symmetrical microfolds 

(crenulations) or the short limbs of asymmetrical 

microfolds are preferred sites for the development 

of the succeeding cleavage 

iii) Spaced cleavage, typical of semi-pelitic rocks and 

consisting of alternating mica-rich and quartz-rich 

layers. Within micaceous bands, the micas commonly 

have perfect, layer-parallel alignment as in slaty 

cleavage and the foliation is conveniently referred 

to as spaced slaty cleavage. 

Microscopic S1 foliation 

In elongate F2 folds at the northern end of Waindeittup 

Cliffs (fig.46a ), the folded surface is a spaced cleavage interprebed 

as S1. Before crenulation in F2 (flak° ), the micas in the mica-rich 

layers were evidently strongly aligned parallel to the layer. Quartz 

in the intervening layers has no shape fabric. 

A tight pelitic F2 fold at West Loop (locality 3t16) has 

spaced slaty cleavage as the folded surface, and the axial planar cleav-

age S2 is spaced cleavage of the same type. 

An isoclinal F2 fold from a quartzite band in Hamersley 

Inlet (locality 204; see fig. 69b  for comparable fold) has a marked 

elongation of quartz parallel to the trace of the folded surface. 

This is interpreted as an S1 foliation, acquired prior to F2 folding. 

Similarly, a sample from the same horizon at Echo Pool has a. pronounced 

quartz shape fabric parallel to the folded surface, emphasised by the 

parallelism of micas in the matrix and in micaceous layers. Not all 

folds of this type have distinct S1, in some cases because of oblit- 



- 144 - 

eration by strongly-developed S2 axial planar cleavage to the F2 folds. 

In most other rocks of the thesis area, S1 if preserved 

at all is present only as the subordinate cleavage in S2 crenulation 

cleavage. In many rocks, S1 is present in the merest of vestiges, and it 

seems likely that in some pelitic rocks it has been completely obliter-

ated.by S2 slaty cleavage. 

6.1.3 D2 DUORMATION 

D2 deformational structures are much more common than D1 

structures. Complete mesoscopic F2 folds are locally numerous in quartz-

itic rocks, which seem to resist overprinting. In pelitic rocks, vestiges 

of F2 folds are ubiquitous. Several macroscopic F2 folds have been 

identified, the largest of the being at East Mount Barren. S2 is the 

commonest foliation in the thesis area. 

Mesoscopic F2 folds, 

Folds in quartzite at Echo Pool have been assigned to F2 

because they deform a pre-existing foliation S1 as well as bedding. The 

folds'are tight to isoclinal intrafolial folds, and they are commonly 

weathered into relief, exposing hinges as well as cross sections. Folds 

range from rounded concentric to tightly appressed chevrons ( fig. 42) 
and usually have axial planar cleavage. Folds are markedly non-cylind-

ical, commonly showing appreciable axial curvature over the distance of 

a metre or so. This non-cylindricity, combined with the dip of the axial 

plane, leads to a wide range of azimuth and plunge of fold axes. A good 

example of this is illustrated in fig. 43 , where a single non-cylindr-

ical fold has segments of quite different plunge orientations, although 

they all lie in the same plane. Sufficient F2 folds are exposed at this 

locality to provide some statistical. data. Plunge, pitch and axial plane 

were measured for fifty folds, and the results are shown in fig.44a 
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Figure 42. Tight, intrafolial F2 folds in quArtzite at :oho 

Pool. 



12°  

FIGURE 43 

Three segments of a single, non-cylindrical fold with dipping axial plane. 

Orientation of hinges is variable, but they are nearly coplanar. Echo Pool. 
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FIGURE 44. ORIF=ATI= OF F2, ECHO POOL. 
50 minor fold hinges (dots) 

50 poles to axial planes (crosses). 
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The fold axes, although roughly coplanar, range through about 180°  in 

azimuth with a corresponding range of pitch. They lie on a great circle 

parallel to the average axial plane, which is at a small angle to bedding. 

Small isoclinal folds in a thin quartzite band at locality 

206 in Hamersley Inlet bear a remarkable resemblance to those at Echo 

Pool, and the two localities are thought to be strike equivalents. Fig.69b 

shows a refolded F2 fold at this locality. 

At Waindeittup Cliffs the main rock type is pelite, and 

F2 folds are rare because of the effects of overprinting. A number of 

folds of this generation have been preserved in quartz veins and sili-

ceous sediments, which have resisted overprinting: 

a) Quartz veins within the pelites have thickened due to 

migration of quartz during D2 to produce quartz rods at P2 fold hinges. 

Trains of quartz rods linked by planar veining may preserve an F2 ver-

gence opposite in sense to the vergence of the F4 folds in the enclos-

ing nelite (fig. 45b ).Trains of F2 quartz rods. have escaped refolding 

only where they lie axial planar to the F4 folds, otherwise the rods 

are bent and the axial lineation becomes twisted (fig.45a). 

b) Extremely elongate folds in siliceous sediment (fig. 

. 46a ) are also interpreted as 12. Parallel to the folded bedding is a 

pre-existing foliation, now crenulated parallel to the F2 fold hinges. 

These folds are deformed by F4. 

Within the limb regions of large, mesoscopic, southwesterly-plunging 

F4 folds at Waindeittup Cliffs, small folds of contrasting orientation 

(1.'igA6b) are interpreted as F2 folds. Rarely such folds in pelite may 

be observed refolded by F4. 

At linmersley Inlet a thin sequence of politic to quartz-

itic hands has been intensely deformed to yield. breccia and mylonitic 

rocks (fig. 71). quartz slivers in comminuted politic bands probably 



Figure 1+5a, Train of quartz rods formed in the hinges of F2 

folds. Note the lineation parallel to the hinge, 

and the curvature of the rods due to deformation 

in D4. 

Figure45b • Folded quartz vein with 32 axial planar. 62 in 

the polite is folded in D4, but the row of quartz 

rods, which is axial planar to F4, is undeformed. 



Figure 46a. Elongate folds in silceous sediment at Uainde-

ittup Cliffs. See photomicrograph of figure 40. 

Figure 46b. F2 fold in pelitic rock, Waindeittup Cliffs, 

preserved in the limb of a large rnesoscopic F4. 
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represent the remains of quartz veins, and rounded pods of quartz are 

tectonised rods of the type that form in fold hinge zones. In some quartz 

pods, fold hinges interpreted as F2 may still be discerned (fig.71b). 

Before brecciation, the sequence was probably similar to the F2-folded, 

quartz-veined pelitic sequence at Waindeittup Cliffs. Outside the breccia-

tion zone, vestiges of an 5-surface transverse to the S2 schistosity 

probably represent relics of F2 folds to which the schistosity is axial 

planar. The thick sequence of pelites along the shores of Hamersley Inlet 

contains mainly F4 folds, but occasional F2 folds have been recognised 

in the hinge zone of some of the larger F4 folds. North of the inlet, 

there is an interval of siliceous sediment with elongate F2 folds, simi-

lar to those described at Waindeittup Cliffs and illustrated in figure 46a. 

Many good examples of F2 folds were recognised in the 

pelitic rocks near West Loop. F2 folds at one locality have already been 

described (fig. 38 ), and nearby, F2 folds of the same type have been 

refolded by 174  such that F2 axial planes range in orientation from vert-

ical to horizontal. More commonly, F2 in pelite is preserved only as vest-

iges, occasionally as small folds deformed across F4 fold hinges. Thin 

sandstone layers within the pelitic rocks at this vicinity contain small 

isoclinal F2 folds to which the pervasive schistosity is axial planar, and 

which themselves are gently refolded in 14. 

In the Famersley River Gorge, chloritic schist has strong 

schistosity axial planar to sub-horizontal folds in rhythmic bedding lam-

inations (fig,19b)„ These folds are interpreted as F2, and their axial 

planar foliation 52 is deformed by occasional r4 chevrons. 

In the metamorphic schists at West Beach, vestiges of F2 

are all that remain after virtual obliteration by S2. Quartz segregations 
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Figure 47a. Quartz vein within muscovite schist, folded 

in F2 and refolded in F4. West end of West Beach. 

Figure 47b. Quartz veins in biotite-garnet-kyanite schist, 

which may be folded in F2 as well as F4. West 

end of West Beach. 
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sometimes preserve F2 fold shapes, and in places these are refolded in 

F4 (fig 47a). 

At Mileys Beach, abundant F4 folds in quartzite deform 

occasional F2 chevron-style folds whose axial planes lie parallel to 

the gross layering. Other examples were observed in the same quartzite 

horizon near East Mount Barren. 

Macroscopic F2 folds 

The three quartzite bands and two metadolerite sheets in 

the Hamersley River generally dip and face southwards (fig, 17 ), but two 

large folds are apparent in the quartzite: 

a) the more northerly fold is strongly asymmetrical (fig, 

13 ), and several bedding measurements indicate an easterly trend and a 

sub-horizontal axis. The pervasive cleavage in the adjacent chloritic. 

schist is axial planar to this fold, and to tiny folds in quartz veins 

within the schist. All of these folds are interpreted as F2. At one place 

the quartzite is plicated into a gentle fold plunging at about 300  to 1200, 

dispersing the bedding poles measured in its vicinity (fig.43 ). This later 

fold is probably F3. 

b) the more southerly fold is an upright syncline with•a 

shallow easterly plunge and pronounced axial planar fracture cleavage 

(fig11-9a ).parallel to the pervasive S2 schistosity in the neighbouring 

schists. Eastwards this syncline appears to be refolded by macroscopic 

F3 folds at Sigma Hills  supporting the view that the syncline is F2. Its 

southeruniost limb, intact in the Hamersley Rivers  is locally truncated at 

the contact between quartzite and pelite. 

Near East Mount Barren, several lithological units have 

been overturned, as they now dip south but face north. In The Tors meta- 
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FIGURE 48,SLIGHT DEFORMATION 

OF BEDDING IN D3, HAMERSLEY RIVER. 



Figure 49a. Macroscopic F2 fold in quartzite, Hamersley River. 

Figure 49b. Macroscopic fold at locality 8138, south of Annies 

Peak. Several folds in this vicinity may be F2, 

made recumbent by thrusting. 
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dolerite, an ultramafic band representing the metamorphosed cumulate 

base of the sill gives way northwards to basic and then to leucocratic 

metaigneous.rocks. The sense of facing indicated by this relict igneous 

differentiation is confirmed by abundant north-facing cross bedding in 

the adjacent quartzite band to the south (fig, 2 ). This reversal of 

facing direction compared with other lithological units in the thesis 

area is ascribed to macroscopic F2 folding, but the lack of facing evid-

ence to the north of The Tors sill leaves the size of the macroscopic 

fold in considerable doubt. The south-facing limb of the syncline could 

be made up of the quartzites and metadolerites of the Hamersley River 

Gorge, or the syncline could be much smaller and confined to the inter-

bedded quartzites and metadolerites in the vicinity of East Mount Barren. 

Isolated quartzite hills south of Annies Peak are large 

folds of unusual orientations, but they were not examined because of 

difficulty of access. From the side one of these hills appears to be 

a recumbent macroscopic fold (fig.k9b ), which may be an F2 fold made 

recumbent by later thrusting movements (section 6.2.4). 

A large fold in the breccia which forms the main peaks 
.frasoloA fed 

of the Whoogarup Range may also be F2. The breccia contains emmiciada, folds 

as °lasts, and folding of the breccia as a whole is unlikely to be of 

the same generation. The macroscopic fold, which is visible in the photo-

graph of figure 13a is cut by a cleavage which is not axial planar - 

presumably S3. 

Mesoscopic S2 foliation 

Types of S2 foliation are described in detail below, but 

it can be observed in the field that cleavage type varies with lithology. 

politic rocks have penetrative slaty cleavage or penetrative crenulation 
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cleavage; semi-pelitic rocks tend to have spaced cleavage; and in pure 

quartzites S2 is defined by flattened quartz grains. The intensity of 

cleavage seems to increase southwards, and is probably related to the 

intensity of deformation. 

S2 is commonly the surface folded and crenulated in F4, 

particularly in politic rocks. Where a sequence of politic rocks also 

contains competent layers such as quartz veins, 82 may be seen simult-

aneously as the axial planar foliation to F2 folds in the quartz veins 

and as the folded S-surface in F4 folds in the polite, as at Waindeittup 

Cliffs (fig.40 ). At West Beach, where S2 crenulation cleavage is strongly 

developed, vestiges of F2 folds may still be visible. At locality 

R31 in the Phillips River, 82 is locally obliterated by S4. 

The Pitchi Ritchi metadolerite sheet has zones of penet-

rative schistosity which, being axial planar to F2 folds in quartz veins, 

is assigned to D2. The schistose zones, which vary in width but are 

generally a few metres wide, may pass abruptly or gradually iAto more 

massive metadolerite. In places, S2 is a crenulation cleavage consisting 

of alternating light and dark stripes, due to substantial preservation 

of S1 as the light-coloured zones (fig.50a). Quartz veins planar for 

considerable distances describe wide zigzags symmetrically disposed 

about S2, suggestive of shortening, perpendicular to 82, of transverse 

quartz veins. 

Geometrical forms of a second cleavage 

Before describing the microscopic appearance of S2 in 

particular, various geometrical forms which a second generation of cleav-

age may take are briefly described and illustrated schematically in 

figure 41 : 
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leigure 50a. 	crenillation cleavage in Pitchi Ritchi 

metadolerite. S1 cleavage is visible transverse 

to the prominent striping. 

'igure 50b. S2 as axial planar cleavage in quartzite fold, 

litho  Pool. 
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i) crenulation of a pre-existing foliation does not 

constitute a new foliation, but the appearance of new 

cleavage lamellae approximately axial planar to symmet-

rical crenulations or in the short limbs of asymmet-

rical crenulations, or the rotation of existing phyllo-

silicates into these orientations marks the initiation 

of crenulation cleavage (Knipe and White, 1976). 

ii) as the cleavage lamellae become larger and more abundant, 

the new cleavage becomes as prominent as the old cleav-

age. This- is typical crenulation cleavage of the thesis 

area. 

iii) further development of the new cleavage at the expense 

of the old leads to slaty cleavage with only vestiges 

of the earlier cleavage. This, too, is common in the 

thesis area. 

iv) true slaty cleavage, with perfect alignment of phyllo-

silicates, and with earlier cleavages completely oblit-

erated is;  in itself, of indeterminate relative age. 

Only other evidence can reveal whether perfect slaty 

cleavage is first or second generation. 

Microscopic S2 foliation 

Types of S2 slaty cleavage in pelitic and semi-pelitic 

rocks of the thesis area are conveniently described under four headings, 

based on their appearance in the field. The cleavages have been assigned 

to S2 on mesoscopic evidence, except where otherwise stated. 

a) Weak crenulation cleavage, or crenulation only 

There are many examples of weak crenulation cleavage and of crenulation 

only in the thesis area, but either they are demonstrably F4 crenulations 

• or there is insufficient evidence to assign them to any generation with 

confidence. Although no examples can be described under this heading, 
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it is probable that weak S2 crenulation cleavage is present in the 

thesis area. 

b)Penetrative crenulation cleavage 

In low-grade schists, for example.the chioritic schists in the Hamersley 

River Gorge (sample 672), strong crenulation cleavage is expressed in 

tiny flakes of white mica and chlorite. S1 and 82 are both distinct, but 

the fissility of the rock is due to S2. Other low-grade schists with 

comparable crenulation cleavage occur in the Whoogarup Range (locality 

687A), and north of East Mount Barren (locality 790). 

In higher-grade schists, 81 and 82 of the crenulation cleav-

age are expressed in large flakes of muscovite (e.g, Five-Mile Beach, 

fig.51a ). 

c) Spaced cleavage 

In semi-politic rocks, S2 tends to be a spaced cleavage consisting of 

alternating mica-rich and quartz-rich layers, with either layer-parallel 

micas or layer-parallel and crenulated micas in the micaceous bands. 

At West Loop, an F2 fold deforms spaced slaty cleavage 

81 and has spaced slaty cleavage axial planar. Nearby, politic rock 

with no obvious folds has spaced slaty cleavage 82 with vestiges of 81 

oblique to some of the S2 lamellae. 

The prothinent spaced cleavage in semi-relitic rocks at 

Quoin. Head is seen in thin section to be spaced slaty cleavage. Between 

the micaceous layers with layer-parallel micas are quartz-rich layers 

with elongate quartz grains. Although there is no evidence in this sample 

that the cleavage is second generation, samples of adjacent rocks with 

the same. mesossopic cleavage have crenulation cleavage in the micaceous 

layers. 

In the Whoogarups, spaced cleavage is comer, and usually 

proves to he spaced creaulation cleavage. This is the 5rme mesomcopic 

foliation as tile penetrative crenulpon cleavage in adjacent more 

pelitie rocks. 
: 	1bawp3e 	rholgA on fg.  
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-wirure 51a. S2 crenulation cleavarre with S1 still prominent. 

Photomicrograph.(Comoare with fig. 41i.) West Beach. 

1 mm  
Figure 51b. Photomicrograph of small packet of S1 micas 

in a rock having mainly 32 foliation. West Beach. 
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Spaced crenulation cleavage also occurs near Kuliba 

Creek (locality 242) and even nearer Kundip at locality 172. 

d) Penetrative slaty cleavage 

A penetrative foliation so closely spaced that it resembles slaty cleav-

age is the commonest form of S2 in politic rocks. It is the schistosity 

of the phyllites and low-grade pelitic schists throughout much of the 

thesis area. In thin section there may or may not be some indication 

that the cleavage derives from crenulation cleavage (fig. 51b). 

Perfect slaty cleavage S2 is axial planar to a fold in 

pelitic schist at West Loop (locality 356B), and nearby pelitic rock 

.(locality 5203) has slaty cleavage with vestiges of Si crenulations. 

Perfect slaty cleavage in sample 5213 from the same locality is 

probably 82, but cannot be directly related to identifiable folds. 

North of East Mount Barren, sample 807b has spaced slaty 

cleavage with only a few relics of S1 oblique to the S2 lamellae, and 

sample 807 from the same locality has spaced slaty cleavage with no sign 

of S1. Similarly at locality 274 near the Steere River, pelite has 

penetrative slaty cleavage considered to be 82. 

In quartzitic rocks, 82 is commonly defined by flattened 

quartz grains. Samples from tight F2 folds at Echo Pool are fine-grained, 

due to recrystallisation of polygonised, elongate old grains, whose shape 

defined the S2 axial planar cleavage. New quartz grains are small and 

equant. Scattered mica blades are parallel to the old quartz grain shape 

fabric. Equivalent isoclinal folds at 8204 in Hamersley Inlet have axial 

planar cleavage defined by flattened quartz grains and by elongate steaks 

of fine grains of iron ore. In some folds at this locality, S2 is not 

developed. 

The elongate folds in siliceous rock at Waindeittup Cliffs 

have F2 crenulations in 81 cleavage (fig.40 ), with only a weak crenula-

tion cleavage, which is restricted to the micaceous layers. 
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6.1.4 D3 DEFORMATION 

D3 deformation affects a limited area (fig. 52) and was 

first recognised in the Phillips River where open, easterly-trending 

folds with a distinctive lineation deform D2 structures and are them-

selves deformed by Dk. D3 structures of this nature also occur at Fort-

ification Hill and No Tree Hill. It is suggested here that their east-

erly plunges are low because prior to D3 they formed a shallowly- 

dipping regional quartzite sheet (fig 	). 

Between Quoin Head and Fortification Hill is a group of 

post-F2 folds whose steeper plunges are due, it is suggested, to F3 

folding of more-steeply inclined strata. 

Mesoscopic F3 folds 

At Echo Pool, quartzite bands contain numerous intrafolial 

F2 folds, as described in section 6.1.3. A few folds at this locality 

seem too open and too upright to be grouped as F2. One of these (fig. 

5kb), an open asymmetrical fold plunging gently eastwards and having 

strong axial planar cleavage is regarded as F3. A tight F2 fold has 

been "domed" by an easterly-trending later fold, probably F3. Occas-

ional fracture cleavage in unfolded bedding is interpreted as S3 

rath r than S2. On the whole, though, effects of D3 at this locality 

are small. 

Upriver, the effects of D3 become more noticeable, and 

in particular S3 cleavage in quartzite is prominent. Unfolded quartz-

ite beds have fracture cleaVage S3 (fig. 53a) which post-dates D2, but 

in places S3 is difficult to distinguish from S2 because of the similar-

ity in orientation. At West Loop, F3 becomes more easily distinguishable, 

#i.ndotight F2 folds are less common. At locality R35 the cliff-face 
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Azure 53a. S3 fracture cleavage in quartzite, locality 

R28, Phillips -dyer. 

Figure 53b. L3 lineation on waterworn quartzite block, 

locality R35, Phillips Aver. 



Figure 54a. Large F3 fold in cliff at locality R35, Phillips 

River. Fold plunges gently to 110°. 

Figure 54b. Open F3 fold at Echo Pool, plunging gently to 

the east. 
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contains large, chevron-like folds with prominent axial planar fracture 

cleavage and an equally prominent intersection lineation (fig. 53b). F3 

may be responsible for the variation in orientation of pelitic F2 axial 

planes and for deformation of a group of F2 rod-like folds in a quartz-

ite band within pelite, in both cases on an easterly axis. 

The quartzite which can be traced discontinuously from 

Echo Pool to West Loop passes upwards into Fortification Hill. The 

mesoscopic structure of Fortification Hill is poorly known because of 

the difficulty of access and because of blocky jointing and other part-

ings in the quartzite which obcurs bedding. Several lineations with low 

easterly plunge (fig 52) may relate to F3 folding, and this easterly 

fabric is overprinted by occasional southwesterly-plunging minor Fk 

folds. 

No Tree Hill contains ample evidence of F3 folding. Pre-

served mesoscopic fold closures demonstrate that the folds are open, 

shallow, and gently easterly-plunging, with well-developed axial planar 

cleavage and abundant intersection lineations resembling 53 and F3 

respectively in West Loop. The F3 structures are deformed by occasional 

Fk folds. 

In the Hamersley River Gorge section, bedding forming large 

folds with southwesterly trend is locally plicated into a small, 

easterly-plunging fold with the orientation of F3 (fig.k8). This 

observation supports the view that the large  folds at this locality 

are indeed F2 (section 6.1.3). 

Within pelitic rock at locality R36 in the Phillips 

River, a spaced cleavage displacing S2 slaty cleavage is axial planar 

to small, easterly-trending folds (fig. 55a). The distinctive spaced 

lineation, the trend of the folds, and the fact that they are deformed 

by Fk and deform F2 indicate that the easterly folds are F3. The south-

erly-trending Fk fold at this locality has axial crenulations, and 



Figure 55a. Asymmetrical F3 folds in pelite, with prominent 

spaced axial planar cleavage and gentle easterly 

plunge. Locality R36, Phillipsr■River. 

Figure 55b. Asymmetrical F3 folds in semi-pelitic rock, 

Hamersley Inlet. Folds have low easterly plunge 

but no obvious axial planar cleavage. Strong S2 

schistosity is the folded surface. 
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crenulations with a southerly trend are prominent all over this 

exposure. A tight sigmoid fold in the layering of the pelite may be 

deformation of bedding by F2; the axial planar cleavage is fanned by 

later deformation, perhaps by F3. 

At locality R 184 in the Whoogarup Range area, schists 

composed of alternating pelitic and quartzitic beds exhibit strongly-

developed fracture cleavage S3. Where cleavage is subdued, bedding is 

easily distinguishable (fig. 56a), but where fracture cleavage is 

pronounced the continuity of bedding is interrupted by apparent dis-

placement across cleavage planes, giving spectacular transposition of 

the earlier S-surface. S3 fracture cleavage is axial planar to tiny 

folds, now reduced to detached hinges and segments of limbs within 

the microlithons between cleavage planes (fig. 56b). Rarely, small 

F3 folds are preserved intact, exhibiting steep plunges to the east. 

Cleavage traces are curved over the exposure, and at one point they 

form a distinct fold plunging to the southwest, and interpreted as 

F4. There is-no mesoscopic S4 associated with this fold. 

Macroscopic F3 folds 

Fortification Hill is an extensive, flat-topped hill 

which, viewed from the north (frontispiece), seems to be made up 

of horizontal tiers of white quartzite, evidently evoking the ramparts 

of a fortification. The tiers of quartzite belong to a sub-horizontal 

sheet resting on southward-dipping strata (fig.57). Viewed from the 

east it is apparent that this sheet has been macroscopically folded 

on an easterly axis/  and although bedding dips within the sheet are 

commonly as steep as in the underlying strata, the folds are shallow 

and have a low easterly plunge reflecting the low initial dip of 

the sheet. On aerial photographs Fortification Hill stands out in 

bola_ relief as a rectangular expanse of quartzite in which easterly-

trending macroscopic folds are•prominent. These folds are interpreted 
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Figure 56a. 63 spaced cleavage in alternating quartzitic and 

pelitic bedded metasediments. Whoogarup Aange. 

Figure 56b. Detail of N3 of figure 56a, showing detached 

hinges between the cleavage planes. 



Figure 57. White quartzite sheet of Fortification Hill 

draped over Llore steeply-dipping strata. Viewed 

from the west. (Compare with frontispiece). 
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as F3, the macroscopic equivalent of the smaller easterly-trending 

folds in the horizontal sheet of the Phillips River. 

Bedding dips from quartzite in the vicinity of No Tree 

Hill plot as a girdle indicating folding with a low easterly plunge 

(fig. 58), consistent with the abundant lineations and with the meso-

scopic folds already described at this locality. 

Several macroscopic folds in the vicinity of the Whoo-

garup Range are considered to be F3: 

At the base of the Whoogarups Range breccia peaks is a 

large mesoscopic fold in impure quartzite whose bedding attitudes 

indicate a plunge of 30°  to 140°  (fig. 58). Bedding attitudes measured 

in the sediments to the west and north enhance this bedding-pole 

girdle, indicating a macroscopic fold plunging to the southeast, to 

which the mesoscopic fold is probably parasitic. Minor structures 

in the vicinity confirm the attitude of this macroscopic fold. 

Mesoscopic folds, where preserved, have easterly plunges, for example 

50°  to 115°. Well formed boudins (fig. 59a) plunge 50°  to 130°  and 

are probably parallel to the macroscopic fold hinge. Cross bedding 

in this vicinity combined with cross bedding to the east at Finger-

print Hill indicate a macroscopic syncline plunging to the east (fig. 

60). 

The informal name Fingerprint Hill has been given to 

a hill of white quartzite near the Whoogarup Range. The name is 

prompted by the concentric pattern of bedding traces, as seen on 

aerial photographs, which have resulted from erosion of the macro-

scopic fold closure. At this locality bedding laminations are common, 

and cross-bedded units provide occasional evidence of the stratigraphic 

top. Facing evidence indicates a synclinal structure (fig. 60), and 

bedding attitudes indicate that the fold is an overturned macroscopic 
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1. 46 poles to bedding, Sigma Hill. 

2. 25 poles to bedding, Whoogaraps. 

3. 38 poles to bedding (dots) 
No Tree Hill. 

12 lineations (crosses). 

4. 33 poles to bedding, Fingerprint Hill. 

5.,50 poles to bedding, Hamersley River. 

FIGURE 58 STEREOGRAPHIC PLOTS, I% b3 



Figure 59a. Boudins in bedded quartzite, Whoogarup Range. 

Between boudins are lenses of quartz, narked 

"q" in photograph. 

iigure 59b. cross-bedding adjacent to boudins. 
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plunging 60°  to 140°  (fig.58). Locally, minor structures deviate from 

this average, for example intersection lineations at 50°  to 1100, but 

such variation may be the effects of F4 deformation. The axial trace 

of the macroscopic fold is curved for the same reason. On the limbs 

of the fold, cleavage is difficult to distinguish from bedding, but 

in the hinge region the cleavage is at a high angle to bedding and is 

believed to be axial planar S3. Visible variation in the cleavage 

attitude over short distances is ascribed to F4 cross-folding, but 

no great departure from an easterly direction was observed. S3 cleav-

age is crinkled in places by F4 deformation. 

Sigma Hill is the informal name given to a prominent hill 

of white quartzite located on the closure of a macroscopic syncline 

which, with its complementary anticline, has a sigmoid trace on aerial 

photographs. Bedding attitudes and cross-bedding directions indicate 

overturned complementary folds plunging about 50
o to 100° (fig. 58), 

with Sigma Hill on the hinge of the syncline. Bedding can be distin-

guished as fine, black laminations (similar to fig. 66b) and most data 

were obtained from laminated quartzite belonging to the syncline. 

In the hinge region of the syncline, cleavage is present but subdued, 

whereas in the hinge region of the anticline, fracture cleavage is 

sufficiently intense to obcure bedding. In one of the nearby creek 

sections, bedding has a prominent fracture cleavage interpreted as S2, 

associated with a macroscopic F2 syncline (seen in profile in fig.49a) 

which is refolded by the Sigma Hill F3 folds. 

F3 folds and other D3 structures are restricted in 

occurrence to west of a line stretching from Quoin Head to Echo Pool. 

It is suggested that they are restricted in fact to west of a fault, 

the Sigma Hill Fault, to which they may be related (section 6.2.3). 
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6.1.5 	D4 DEFORMATION 

This is the youngest penetrative deformation of the thesis 

area, and because F4 folds are unaffected by overprinting, they are the 

commonest generation of fold in the thesis area. S4 is a crenulation 

cleavage, usually not as strong an S-surface as the folded surface. So 

although F4 are the commonest folds, S2 is the commonest foliation. 

Minor F4 folds are most abundant in politic rocks, which 

are finely laminated and incompetent. Minor folds only occur in quart-

zite which is thinly bedded or which has a schistosity; massive quart-

zite units are usually only broadly warped in F4, or they form macro-

scopic folds, as at East Mount Barren. 

Mesoscopic F4 folds 

F4 mesoscopic folds in polite generally extend in trains 

for long distances along the layering and pass in phase through 

successive layers in the manner of kink bands. Characteristically 

minor folds in politic rocks are chevrons, with straight limbs and 

narrow hinge zones, but many folds have profiles too rounded and hinge 

zones too wide to fit this description. Typical F folding of pelite 

is illustrated in fig. 61 	Fold style varies with rock type i.e. 

style is a function of the competence or the anisotropy of the folded 

unit. Within the pelites at Waindeittup Cliffs, occasional planar  

quartz veins are folded in F4 along with the pelitic schistosity; 

whereas the politic rock tends to form chevron folds, the quartz veins 

form folds with rounded hinges.. Wavelength 18 proportional to 

thickness, and sandstone layers of inconstant thickness form groups 

of folds of inconstant wavelength (fig, 62a). Where polite and quart-

zite are folded together, the polite, being thinly laminated and in-

competent, generally forms several folds of smaller wavelength nestled 

within or draped around each single fold in quartzite (fig. 62b ). 

Throughout the thesis area F4 folds are generally asymmetric, and 
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tend to have consistent southwesterly trend. 

At Waindeittup Cliffs, abundant quartz veins sub-parallel 

to 52 are folded in F4 along with the slaty cleavage. Thickening of 

the hinges by migration of quartz is not so pronounced a process in 

D4 as in D2, (section 6.1.3), but does occur. In one particular 

exomple here, the plunge of the quartz vein folds is not everywhere 

parallel to the plunge of the folded slaty cleavage of the enclosing 

pelite, although in profile the folded surfaces are parallel. 

It may be that the quartz veins and the slaty cleavage were not ini-

tially parallel, and that one surface has folded conically. 

F4 folds in politic rock are generally non-cylindrical, 

as may be seen in the field or from a plot of a statistical number of 

plunges measured on cylindrical segments of folds (fig.63 ). There is 

a considerable range in the plunge of fold hinges, but the bearing is 

nearly constant because the axial planes are sub-vertical. 

Mesoscopic F4 folds are uncommon in quartzite, which is 

generally thickly bedded. Where beds or layers are thin, as at Echo 

Pool (fig Pia ) and Mileys Beach (fig. 64b)1  mesoscopic folds do occur, 

and at Mullion Point they are abundant. Southwest 'of Mullion Point at 

locality 813, quartzite beds are thicker and the foldt are of greater 

wavelength (about 3 metres). 

Where quartzite has strong 52 schistosity, small F4 folds 

are usually common. They may be chevron folds, with the same asymmetry 

and direction of plunge as adjacent politic folds. For example, at 

locality 171 south. southeast of Kundip is an elongate hill capped by 

quartzite. The platy 52 fabric of the quartzite forms abundant small 

F4 folds with the same southerly orientation as the macroscopic folds 

apparent on the aerial photograph, and the same as the small F4 folds 
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Figure 61a. Asymmetrical 74 folds in biotite-muscovite 

schist, near East Mount Barren. 

Figure 61b. Symmetrical F4 folds in pelitic schist, 

Mileys Beach. 
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A. Folds of different 

wavelength from folding 

of lensoid sandstone 

layer, Echo Pool. 

FIGURE 62 

B. Finely-laminated 

pelite forms folds 

of smaller size 

than the interbedded 

quartzite. Locality 

R206, Hamersley 

Inlet. 



1. Semi-pelite, Mileys 
Beach. 

N 

2. Quartzite, Mullion 
Point. 

N 
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3. Pelite, Pitchi Ritchi. 	4. Pelite, Waindeivhro 
Cliffs. 

1. 50 minor fold plunges (dots). 
50 poles to axial planes (crosses). 

2. 90 minor fold plunges (dots). 
50 poles to axial planes(crosses). 

3. 60 minor fold plunges. 

4. 100 minor fold plunges. 

FIGURE 63 STEREOGRAPHIC PLOTS OF 

FIELD MEASUREMENTS OF L4, S4 

(Continued...) 



6. Pelite, Ilileys Beach. 

N 

8. Pelite, West Beach. 

- 

5. Pelite, Five-llile Beach. 

7. Semi-pelta, East 
Mount Barren. 

5. 28 minor fold plunges. 

6. 40 minor fold plunges. 

7. 70 minor fold 7)1unges. 

8. 110 minor fold plunges. 

Figure 63 (continued). Stereographic plots of 

field measurements of L4,54. 



}Azure 64a. These F4 folds in quartzite at Echo Pool refold 

isoclinal i2 folds (not visible in this photograph). 

Figure 64b. F4 folds in quartzite, Mileys Beach. 
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in the underlying politic rocks. Although only a single planar fabric 

parallel to the folded surface can be discerned in the quartzite, there 

is evidence in the pelitic rocks that the folded surface is itself a 

crenulation cleavage, i.e. S2, and the folds are therefore 111. In a 

similar schistosity in quartzite at the southern part of the Phillips 

River, minor F4 folds are rare but there are occasional asymmetric 

flexures with the orientation of F4. Further upriver at locality R28, 

schistose quartzite contains asymmetric chevrons resembling the F4 

chevrons in the underlying pelitic rock. 

Mesoscopic folds are rarely visible in igneous rock be-

cause there is usually no planar fabric to form the fold. At Pitchi 

Ritchi, zones of penetrative S2 foliation in the metadolerite sill 

are folded into F4 chevrons, rarely a metre across (fig.68a ) but 

abundant on a centimetre scale. In longitudinal section these tiny 

folds resemble kink bands having the regional asymmetry and trending 

about 2100. 

Mesoscopic S4 foliation 

S4 axial planar foliation is common throughout most of 

the thesis area, but it is rarely as prominent an S-surface as the 

folded surface. Thus, in contrast to F2 folds, F4 folds are never 

obliterated by their own axial planar foliation. 

S4 is best developed in the southern part of the area, 

where deformation and metamorphism are greatest. At Five-Mile Beach 

S4 is expressed in biotite in spectacular transposition of the folded 

surface (fig, 65 ). Nearby, S4 is a micaceous foliation axial 

planar to small 1'4 fclds in semi-pelitic schist (fig.61a ). 



ioigure 65a. A in biotite-garnet-kyanite schist, Yive-Mile 

Beach. 64 is prominent. 

Figure 65b. Detail from schist of figure 65a, showing S2 (the 

folded surface) being transposdd by 34 (the axial 

planar foliation). 
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Commonly S4 is poorly developed even in pelitic rocks 

and is best seen in thin section. The presence in the field of well 

developed L4 crenulation lineation is usually a good indication that 

S4 crenulation cleavage has also developed to some degree. 

In some instances, particularly in quartzites, 84 is a 

fracture cleavage. At locality 813 fracture cleavage is locally 

intense, so that beds are divided into wafer-thin slices (fig‘66a). 

Bedding laminations within each slice is undisturbed (fig.66b ). 

The cleavage is most intense in the vicinity of the few mesoscopic 

F4 folds at this locality. 

Mesoscopic L4 lineation 

This may take the form of small corrugations and crenu-

lations, which are particularly well developed in the hinge zones of 

the F4 macroscopic folds near East Mount Barren. L4 intersection 

lineation is common in rocks which have S4 axial planar cleavage; 

for example, the fracture cleavage at locality 813. The orientation 

of L4 confirms the attitude of the asymmetric minor folds, whose 

short limbs have been disrupted by the intense fracture cleavage.  

(figs  67 

Mesoscopic overprinting by D4 

Because D4 was preceded by three deformations, a con-

siderable variety of overprinting relationships occurs over the 

thesis area. 

a)Overprinting of D1 structures by D4 

This is rare, but does occur. Deformation of the 

elongate F2 folds at Waindeittup Cliffs, for example 

is deformation of 81 as this is the folded surface 
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Figure66a. S4 fracture cleavage in quartzite, axial planar 

to F4 folds (not apparent on this photograph ). 

Locality 813. 

Figure 66b. Cleaved quartzite of figure 66a, from the side, 

showing undisturbed bedding laminations within 

thin cleavage sheets. Locality 813. 
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1. Poles to S2, mesoscopic fold, locality R28. 
2. 75 bedding poles (dots) 

63 poles to fracture cleavage (circles) 	Locality 813. 

25 intersection lineations (crosses) 

3. 32 poles to bedding, East Mount Barren fold train. 

4. 31 poles to bedding, localities 28-35. 

5. 24 poles to bedding, locality 213, Mileys Beach. 

FIGURE 67. STEREOGRAPHIC PLOTS OF 
BEDDING AND CLEAVAGE MFORMED IN D4. 
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of F2. 

b) Overprinting of D3 structures by D4 

At locality 35 in the Phillips River, S3 fracture 

cleavage which is axial planar to the large chevron 

folds in the cliffs is deformed by a large open F4 

fold -trending at about 200°. A spaced L3 lineation 

is oblique across the F4 hinge. 

Gentle F3 folds with S3 cleavage in the bed of the 

Phillips River at locality 5203 are folded on a 

southwesterly axis by F4. In a similar manner, the 

D3 structures in the quartzite at No Tree Hill are 

deformed by F4. 

The spectacular S3 "strain slip" fracture cleavage in 

schist at the base of the Whoogarups (fig,68b ) has 

been folded on a southwesterly axis. 

The greatest variety of overprinting relationships is of D2 deforma-

tional.structures: 

c)Overprinting of F2 by Fk 

At Echo Pool, tight to isoclinal F2 folds abound in the 

sequence of quartzites. There are two good examples of 

refolding in Fk of these F2 folds at this locality. At 

the northern end of this exposure open, southerly- trend 

ink;, gently-plunging F4 folds (fig.65a ) have small F2 

isoclines and L2 lineations wrapped around the hinge. 

In the other example, a tight F2 fold with 

pronounced axial planar cleavage is refolded by a sub-

horizontal, southerly-trending Fk fold which also de-

forms and fans S2 (fig.69a ). 

At Hamersley Inlet (locality 206), isoclinal F2 folds 

of the same type as at Echo Pool are refolded on a 



Figure 68a. 62 schistosity in metadolerite folded in 24. 

Pitch i Ritchi. 

Figure 68b. S3 schistdisity in quartzitic and pelitic schist 

folded in F4. Whoogarup Range. 
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Figure 69a. F2 fold (hammer head aligned parallel to axis) 

refolded by F4 fold (notebook rests on hinge). 

Echo Pool. 

Figure 69b. Isoclinal F2 fold (hinge beside compass) refolded 

by F4 fold. Locality 206, Hamersley Inlet. 
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southwesterly axis (fig. 69b). Folds and refolds are 

weathered into relief, and this exposure, though small, 

is spectacular. F2 folds are non-plane, non-cylindrical 

isoclines with hinges in diverse orientations due to re-

folding, and the lineation L2 due to intersection of 

axial planar cleavage and the folded surface is parallel 

to F2 fold hinges. F4 folds in the quartzite are of 

constant southwesterly trend, although the amount of 

plunge varies. Axial planar cleavage S3 is present, bat 

there is no pronounced L4 lineation. F4 folds have 

distinct vergence, consistent with the vergence of F4 

folds in the neighbouring schicts. Unlike F2 folds, 

which tend to be single-layer structures, F4 folds 

usually involve adjacent pelitic rock, and the thinly 

laminated polite commonly forms several folds of smaller 

wavelength to each fold in quartzite (fig.63b).  Within 

the polite, crenulation cleavage axial planar to F4 

folds is more pronounced than the equivalent foliation 

in the quartzite. 

At Waindeittup Cliffs, refolding of politic F2 folds has 

already been mentioned. Farther upriver refolded poli-

tic F2 folds are ubiquitous. At R32, isoclinal F2 folds 

in pelite are deformed across F4 fold hinges. At local-

ity 346 in West Loops  F2 folds are refolded by F4 such 

that F2 axial planes now range in orientation from hori-

zontal to vertical about a southwesterly axis. 

At West Beach, quartz veins folded in F2 are refolded in 
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F4 (fig. 4701  with prominent S4 axial planar cleavage 

in the enclosing schist. 

d) Overprinting of F2 by S4 

It is not uncommon to find, on F2 folds, F4 crenulations 

and crenulation cleavage oblique to the F2 axial plane. 

The same relationship is common in thin section; where 

the folded surface of F2 can be identified, F4 cleavage 

is oblique and clearly unrelated 

e) Overprinting of S2 by F4 

Types of S2 foliation in politic, semi-politic and quart_ 

zitic rocks have already been described, and all types 

have been deformed into F4 folds. Conversely, virtually 

all F4 folds deform one of these types of S2 cleavage, 

or (especially in quartzitic rocks) bedding. Much of 

this aspect has been considered under "Mesoscopic F4 

folds". 

0 Overprinting of S2 by S4 

Usually S2 in politic rocks is more strongly developed 

than S4, and the effect of overprinting is crenulation 

of the laminations, i.e. overprinting by L4. Rarely, 

for example at Five-Mile Beach; S4_ foliation is almost 

as prominent as the folded surface. In the Phillips 

River (locality R30), there is an instance of strong 

S2 slaty cleavage being locally obliterated by sk. At 

this locality, bedding is marked by isolated thin sand-

stone layers in the politic sequence. Regional slaty 

cleavage is axial planar to tiny isoclinal folds of 

the sandstone, and hence S2 is cub-parallel to bedding. 
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Where the sandstone layer forms open Fk folds with a 

southerly trend, only Sk crenulation cleavage can be 

discerned. Between these two extremes there is a zone 

of irregular overprinting. 

g) Overprinting of L2 by F4 

F2 folds commonly have an axial lineation due to crenu-

lation of the folded surface, to mineral elongation, or 

to intersection of axial planar cleavage with the folded 

surface. It is a characteristic of F2 that the lineation 

is parallel to the hinge, even where the folds are non-

cylindrical. In comparable Fk folds, there is usually 

no prominent axial lineation. Refolding of F2 folds can 

readily be recognised by the presence of a deformed linea-

tion (fig.45a). This is the best criterion for disting-

uishing F2 quartz rods (with an axial lineation) from 

refolded quartz rods (with a twisted lineation) in the 

pelitic sequence at Waindeittup Cliffs. Deformation of 

L2 can also be seen at Pitchi Ritchi, where quartz vein 

folds to which S2 schistosity is axial planar have beem 

refolded in Fk. Similarly at locality 206 in the Hamer- 

sley River, F2 folds which have been refolded by Fk have 

a deformed lineation. 

In the quartzites with a strong schistosity folded in Fk 

(locality 171; Phillips River localities 1128 and 367), the 

intersection lineation L2  is concomitantly deformed across 

P4 fold hinges. 
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Macroscopic F4 folds 

A train of macroscopic F4 folds at East Mount Barren is 

conspicuous on aerial photographs. The largest of the folds is about 

700m across with an amplitude of about 500m, the folds diminishing in 

size westwards. Bedding attitudes indicate that the folds plunge at 

about 50°  to 190°  (fig, 67), and this is confirmed by associated 

lineations and minor fold hinges, which plunge at about 45°  to 190°. 

The macroscopic F4 folds at this locality deform the overturned north-

facing limb of a macroscopic F2 syncline; consequently the antiforms 

are synclines and the synforms are anticlines. 

No other complete macroscopic Fit folds are evident, 

although the sinuous nature of the major quartzite and metadolerite 

units throughout the thesis area is probably largely due to F4 de-

formation. 

Vergence of mesoscopic F4 folds is constant over most of 

the thesis area, although local reversal in vergence of small, para-

sitic folds from one limb to the other of larger mesoscopic folds is 

not uncommon. The only important change in vergence occurs in the 

vicinity of Mullion Point (fig, 70), but it is only visible for a 

short distance above the level of the tides, The change in vergence 

is probably related to the macroscopic F1+ folds at Fast Mount Barren. 

Symmetrical folds can be recognised over a short distance at West 

Beach. The largest of these, which lies between the zones of sinistral 

and dextral asymmetric mesoscopic folds, probably marks the axis of 

the macroscopic fold to which the vergence is related. 
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6.2 FAULTING 

6.2.1 GENERAL 

Apart from the Jerdacuttup Fault, whcih is considered 

separately (Chapter 5), the only faults previously proposed within the 

Proterozoic sediments of the thesis area are thrusts. Formation of breccia 

at the Whoogarup Range and deformation of the basal conglomerate at Kundip 

were attributed to thrusting (Sofoulis, 1958), but it is more probable 

that they relate to some other tectonic event. Major high-angle faults, 

if present, must be parallel to the strike of the sediments as there are 

no major discontinuities in bedding. Strike faults are difficult to 

locate, but one such fault - the Sigma Hill Fault - is proposed on a 

variety of evidence. Thrusting of sediments is proposed here on fresh 

evidence which does not support the views of earlier workers. 

6.2.2 	BR} ;CIA 

Breccia. at the Whoogarups and in the Hamersley River have 

already been described (section 3.6).- The main peaks of the Whoogarups 

are entirely composed of breccia, evidently tectonic in origin because 

it contains blocks of quartzite plucked from adjacent strata. The breccia 

contains eroded folds identified as Fl, and so was formed by fragment-

ation of an Fl-folded quartzitic sequence. The breccia as a whole was 

folded in F2. Although it follows that the brecciation event occurred 

between F1 and F2, the nature of the event has not been established. There 

is no independent evidence for a fault in this vicinity. 

The breccia at the base of a quartzite unit in the Hamers-

ley River Gorge is also formed by fragmentation of a local quartzitic. 

sequence. In this case no eroded folds have been recognisedi  and the 

breccia is not visibly folded. The breccia is cut by fracture cleavage 

identified as 82, because it is parallel to the pervasive S2 cleavage 

in the adjacnAt cbleritie schists. Repetition of quartzite and meta- 
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dolerite units as suggested in section 3.7.12 requires a fault in 

this position. If this fault does exist, it must predate F3, which 

has folded the lithological contacts. 

At locality R111,(Hamersley Inlet) is a zone in which 

pelitic and quartzitic beds have been comminuted by cataclasis (fig 71a). 

Quartz slivers within the fragmented pelitic beds are interpreted as 

relict quartz veins, and tectonised quartz pods contain fold closures 

interpreted as F2 fold hinges (fig. 71b). Elongate quartz slivers 

pitch 65°  NE in a schistosity striking 220°  and dipping steeply to the 

southeast. The tectonic fabric is itself folded in a deformation regarded 

as F3. These folds have an easterly trend, and a low easterly plunge, 

similar to the F3 folds farther west. It is interesting that F3 folds 

should occur here, in the vicinity of a fault which may be related to 

the Sigma Hill Fault. F3 folds are not ubiquitous in the thesis area, 

and it may be that they are related to faulting. 

6.2,3 SIGMA HILL FAULT 

On the coast west of Hamersley Inlet (locality 771, fig. 1) 

is a headland of politic and semi-pelitic schists with pervasive S2 sc 

schistosity axial planar to occasional F2 folds. Parallel to S2 are 

innumerable quartz veins ranging in width. from millimetres to metres 

(fig. 72), striking at about 225°. It is common for quartz veins to 

occur in ancient, brittle fault zones, and there are-many examples in 

Western Australia where quartz "reefs" or veins have been demonstrated 

to mark the locus of a major fault (e.g. I.R.Williams et al, 1976). 

Nevertheless, the presence of quartz veins in the headland at locality 

771 is not sufficient evidence in itself for a major fault, although 

it is here considered to be supporting evidence for a fault. The 
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Figure71a. Brecciated semi-pelite. ,4uartz slivers are 

remnants of quartz veins. Cataclastic fabric 

is subsequently folded. Locality 8111, 

Hamersley inlet. 

Figure7lb Detail of quartz pod in brecciated semi-pelite, 

showing F2 fold hinge. Locality 8111, Hamersley 

Inlet. 
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Figure 72. Numerous straight, vertical quartz veins in 

schist. Headland at locality 771. 
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headland marks the contact between quartzite and pelite. At the 

same contact in the Hamersley River a strongly-schistose quartzitic 

rock which resembles mylonite (but does not possess a mylonitic 

microstructure) lies on the line of truncation of a metadolerite 

sill and a macroscopic F2 syncline in quartzite (section 6.1.3). 

The contact itself is folded in F3. There is some field evidence, 

then, for a fault along this junction, occurring between F2 and F3. 

The same fault might also be postulated from a considera-

tion of outcrop distribution, which cannot be satisfactorily explained 

in terms of stratigraphy and folding alone. A fault with a large 

sinistral eomponent of movement along this junction allows correla-

tion of the two quartzite/metadolerite blocks and of the two wedges 

of pelitic rock (fig.73 ), thereby simplifying the structure and 

stratigraphy of the thesis area (fig. 74 ). This postulated fault 

will be referred to as the Sigma Hill Fault. 

A fault through the breccia of locality 111 would be 

parallel to and of the same age as the Sigma Hill Fault, and both 

may be related to the Jerdacuttup Fault (Chapter 5). 

6.244 	THRUSTING 

Early thrusting hypotheses 

Most investigators of the Stirling-Barren Basin have 

proposed thrusting of the rocks from a southerly direction. 

In the Stirling Range area, Woolnough (1920, p103) 

suggested "over-thrusting from south to north, with formation of 

crush conglomerate,. on Worrungup". 

Clarke et al (1951, 1954) found evidence elsewhere in 
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the Stirling Range for 

"overthrusting from the direction approximately 200°  along 

parellel thrusts dipping about 45°S. There was consider-
able strike-slip component in this overthrusting with the 

south (hanging-wall) block moving to the east causing the 

general easterly pitch of the drags associated with the 
overthrusting" (Clarke et al, 1954, p.12) 

There is no reason to doubt that thrusting exists at the Stirling 

Range, and its precise location is not of importance here. Recogni-

tion of thrusting in the Stirling Range succession probably stimulated 

the search for thrusting elsewhere. 

In the Barrens area, A.F. Wilson (1952) proposed large-

scale thrusting of the Proterozoic sediments on the basis of one ob-

servation made in the Hamersley River. He located 

"good contacts between the politic and arenaceous rocks 

of the Proterozoic Mount Barren Group and the granitic 

rocks of the Central Province 	 the contact is marked 

by a large zone of thrust-plane quartz and phyllonite 

indicative of intense thrusting." 

From this observation and from evidence elsewhere, he proposed thrust-

ing from south southeast followed by thrusting from south southwest or 

southwest. 

McMath (1954) considered the following field observa-

tions to be some evidence for thrusting: 

0 the northern limit of the sediments, which is a sinuous 

scarp, is consistent either with the emergence of a 

thrust plane or with the outcrop of a flatly-dipping 

sedimentary sequence 

ii) the presence of brocciated quartzite 

iii) suspicion of repetition of strata southwards 

iv) the relatively low topographic level of the rocks north 

of East Mount Barren and the Eyre Range, suggestive of 
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an imbricate zone on the sole of, or in advance of, 

a major low-angle thrust plane. 

McMath points out that these are tentative views based on incomplete 

investigations. 

Sofoulis (1955; 1956; 1958) favoured the idea of thrusting, 

and regarded brecciation, intense plastic deformation, and remelting 

of the basal conglomerate as evidence that the thrust plane is more 

or less coincident with the base of the succession. The sediments 

were folded during thrusting into "isoclinal buckles" (1956, p29), 

but the thrusting is regarded as mild because, amongst other reasons, 

the basal conglomerate is evidently derived from the adjacent Archaean 

layered succession. 

Recent field work within the thesis area has not confirmed 

the opinion of Sofoulis that there has been thrusting along the base 

of the succession. The brecciation, intense plastic deformation, and 

remelting he reported in the basal conglomerate were not located. On 

the contrary, the basal conglomerate seems to retain its sedimentary 

character over long distances, and there is no evidence in thin section 

of deformation compatible with thrusting along the plane of the uncon-

formity. 

The exposures examined by A.F. Wilson in the Fitzgerald 

River have not been visited during this project, but it seems unlikely, 

from present knowledge, that large-scale thrusting of the whole succes-

sion can be demonstrated at that locality. 

Evidence of thrusting from recent mapping 

From the geological map (fig. 2 ) it can be seen that the 

presence and orientation of quartzite at three localities - Fortifica- 
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tion Hill, No Tree Hill and between Echo Pool and West Loop - is 

inconsistent with the macroscopic structure defined by the other 

quartzite horizons. Quartzite forming Fortification Hill has been 

interpreted as a sub-horizontal (excluding the effects of F3 folding) 

sheet resting on southward-dipping quartzite and metadolerite (frontis-

piece; fig. 57 ), it passes laterally into the sub-horizontal quart-

zite sheet intermittently exposed between West Loop and Echo Pool. 

A similar sub-horizontal, sheet at No Tree Hill rests on politic rock 

but is not in sequence with it. These anomalous quartzites are 

probably remnants of a regional quartzite sheet not in sequence with 

the underlying strata, which must be explained in terms of a strati-

graphic inconformity or thrusting. 

The following evidence favours thrusting: 

i) Although the quartzite sheets are sub-horizontal, 

they contain intrafolial F2 folds 

ii) A quartzite band at locality 204 (Hamersley Inlet) 

correlated with the Echo Pool quartzite and lying 

within a southward-dipping politic sequence may 

represent the roots of the regional sub•-horizontal 

quartzite sheet. Transition from moderately-dipping 

quartzite within the stratigraphic sequence to 

Shallowly-dipping quartzite not within the strati-

graphic sequence is most easily explained in terms 

of thrusting. 

iii) Quartzose rubble with mylonitic and cataclastic 

microstructure is widespread north of No Tree 

Hill (fig.2 ). Although not in situ, the mylonitic 

rubble is suggestive of a thin mylonite sheet at the 

contact between politic terrain. and the quartzite of 

No Tree Hill. 
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The sub-horizontal sheets contain intrafolial F2 folds and 

are folded in F3. Thrusting therefore occurred between F2 and F3, and 

may have been associated with the Sigma Hill Fault and other strike 

faults of similar relative age. Evolutionary block diagrams of litho-

logical units before and after thrusting and faulting are shown in 

figure 73. 

6.3 SUP ARY OP STRUCTURE OF THE PROTEROZOIC SIMMEN2S 

The main structural features in the metasedimentary rocks 

of the thesis area are listed below. 

FOLDING 

D1 	Mesoscopic Fl folds are not common, their presence being 

inferred from evidence at a few localities. 

SI foliation is preserved in some F2 folds, and as the 

subordinate surface in S2 crenulation cleavae:e. 

D2 	hesoscopic F2 folds are widespread, but only locally abundant. 

In pelitic rocks, vestiges of mesoscopic F2 folds are common, 

but complete folds tend to be obscured by S2 axial planar 

cleavage or by overprinting by later deformations. Complete 

mesoscopic F2 folds, usually with distinct axial planar 

foliation, are locally abundant in thinly-bedded quartzite. 

Several macroscopic P2 folds have been identified in the thesis 

area. 

S2 foliation is a penetrative structure from the Jerdacuttup 

Faelt.aielost to the northern limit of the thesis area. It is 

the commonest foliaticat, and in pclites it is generally S2 

which is the 2-surface folded in 	SP ranges between a 

crenulation cleavage and e siaLy cleavaLe. 
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D3 	F3 folds are restricted to west of the Sigma Hill Fault and 

to the regional quartzite thrust sheet forming Fortification 

Hill, No Tree Hill, and the quartzite at Echo Pool. F3 folds 

have a moderate or shallow plunge depending on whether the 

beds were moderately or shallowly dipping prior to F3 folding. 

F3 macroscopic folds are common. 

S3 is generally a spaced cleavage, and L3 intersection line-

ation is a spaced lineation. Both of these minor structures 

have the same restricted distribution in the thesis area as F3. 

D4 	MacrosCopic F4 folds are the commonest folds of the thesis 

area. They are particularly abundant in pelitic and semi-

pelitic rocks all over the thesis area from just south of 

Kundip to the Jerdacuttup Fault. Thinly-bedded quartzite 

may have mesoscopic F4 folds. A train of macroscopic F4 folds 

of diminishing size westwards in the vicinity of East Mount 

Barren indicates that the effects of D4 were most intense 

adjacent to the Jerdacuttup Fault. 

S4 is generally weakly developed, but it is locally prominent 

in the zone of highest metamorphism next to the Jerdacuttup 

Fault. 

FAULTING 

The Sigma Hill Fault was active between F2 and F3, because it disrupted 

F2 folds and is itself folded inn. 

Thrusting occurred after the formation of F2 intrafolial folds and 

prior to F3 folding. 

INTRUSION 

The Cowerdup Metadolerite was emplaced prior to Dl, because a leucocratic 
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igneous vein in the metadolerite at Pitchi Ritchi is folded in F1, 

ans S2 crenulation cleavage in metadolerite has S1 as the subordinate 

S-surface. 
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CHAPTER 7 METAMORPHISM 

7.1 GENERAL 

Although detailed metamorphic petrology is beyond the 

scope of this thesis, two aspects have been broadly investigated. 

Firstly, the relationship of metamorphic minerals to 

deformational minor structures has been considered, and the sequence of 

crystallisation. It is deduced that the peak of metamorphism occurred 

in D2, although formation of some garnet and staurolite and recrystall-

isation of quartzite occurred after D2. 

Secondly, preliminary metamorphic zones across the meta-

sedimentary succession have been constructed from metamorphic mineral 

assemblages in pelitic, semi-pelitic, and doleritic rocks, and from 

textures in quartzites. Although. not all of the metamorphic index min-

erals are contemporaneous, it is evident that there is a steep meta-

morphic gradient across the thesis area related to the Fraser Front. 

7.2. RDATIONSHIP OF METAMORPHISM '10 MINOR STRUCTURES 

7.2.1 GENERAL 

The relationship of metamorphic minerals to the folds, 

foliations, and lineations of their host rocks may be distinguished 

on the mesoscopic and microscopic scales. Although in favourable circ-

umstances chlorite, muscovite, and biotite may be related in the field 

to particular minor structures, low-grade rocks are most readily invest-

igated on the microscopic scale. At higher grades of metamorphism where 

metamorphic minerals are large and abundant, much infonation may be 

gained on the mesoscopic scale. 

7.2.2 MESOSCOPICRELATIONSHIPS AT HIGHER METAMORPHIC GRADES 

Within a relatively narrow zone adjacent to the Jerda-

cuttup Fault, politic and seni-pelitic metasediments contain biotite, 

almandine, staurolite, and kyanitel  and their distribution is shown in 
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figure 75. From their first appearance, they increase dramatically south-

eastwards in size and abundance towards the Jerdacuttup Fault, reaching 

maximumdevelopment at West Beach and Five-Mile Beach. Several localities 

of interest are described separately (see fig. 2 ). 

a) West end of West Beach 

Apart from occasional bands of metamorphosed white quartz-

ite, the two main rock types are coarse biotite-garnet-kyanite-staurolite 

schist - within which there are innumerable Leams or "sweats" of quartz 

(fien) - and fine-grained muscovite-biotite-kyanite schist with 

prominent S2 foliation. 

In the coarse biotite-garnet-kyanite-staurolite schist, 

almandine and kyanite are abundant. Typically they occur in garnet-rich 

and kyanite-rich layers adjacent to the quartz seams, and the layers are 

folded in F4. 

Only rhombdodecahedral garnet was recognised here$  ranging 

in size from pinhead size to rare examples 4cm across. In the largest 

garnets an internal foliation may be visible, which in some cases is at an 

angle to the external foliation S2, indicating syntectonic rotation. 

Kyanite occurs in dark green to black blades which may be 

up to 10cm in length, but they are commonly .much. shorter. This type of 

kyanite is seen in thin section to contain many inclusions of iron ore, 

and analysed samples (Ellis, 1951) have more than 10:/, iron oxides. Theta 

is also a purer, pale blue kyanite which is so uncommon that it is not 

considered further here. Long axes of dark green kyanite blades lie in 

the 82 foliation, but otherwise are unoriented. Kyanite-rich layers are 

folded in F4, and individual kyanite blades are bent at F4 fold hinges. 

Stanrolite is not as common as carnet and kyanite in this 

schist, but some large (2cm long) staurolite crystals were observed dist-

inctly growing across the 82 foliation. 
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In the finer-grained muscovite-biotite-kyanite schist, 

S2 is prominent but vestiges of F2 are preserved in places. Within S2, 

blades of kyanite have their long axes within the foliation but are 

otherwise unoriented. Books of biotite lie within. and across S2. In 

this schist, almandine and staurolite are uncommon. 

b) East end of West Beach 

Here S2 is folded into abundant Fk folds, although vest-

iges of F2 are still discernable in places. Thin garnet-rich layers 

parallel to S2 are folded in Pk. Mostly these are rhombdodecahedral 

garnet, but within the same rock an elongate mineral, resembling garnet 

in its reddish-brown colour but staurolite or kyanite in its bladed 

habit, has now been confirmed as garnet. The garnet blades, which may 

measure up to 2cm x 0.3cm x 0.5cm, have pale stripes parallel to their 

length, due to layers of different inclusion density within the garnet. The elongate 
shape of the garnet results from restricted lateral growth at the boundaries of quartz-
rich layers within the rock, combined with relatively rapid growth along micaceous 
layers (Powell and MacQueen, 1976). 

c) Locality 21k 

Bands now rich in garnet, staurolite, and kyanite are 

folded in F2 and refolded in Pk. Although some kind of metamorphic 

segregation may have occurred prior to D2, there is no evidence at this 

locality that kyanite, staurolite and garnet were present at that stage. 

These minerals are most abundant at this locality along S2 foliation 

planes, within which lie the long axes of staurolite and kyanite, but 

these define no lineation. Staurolite is particularly abundant at this 

locality. 

d) Five-Mile Beach 

Biotite-garnet-kyanite-staurolite schist and muscovite-

biotite-kyanite schist as described at the west end of West Beach are, 

at Five-:Mile Peach, partly transposed into S4. Biotite-rich and muscovite-

rich. layers are folded in F1+ and cut by axial'planar cleavage defined 

by the preferred orientation of biotite (fig. 65 ). Where S2 is 
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less affected by S4 it can be seen that the earlier foliation contains 

kyanite blades whose long axes lie within the foliation planes but are 

otherwise unoriented. 

e) Locality R46 

Occasional thin pelitic layers intercalated within a sequence 

of vertical quartzite beds at this locality have been deformed into 

southwesterly-plunging minor folds interpreted as F4. Some folded. layers 

are kyanite rich, and within these layers the long axes of kyanite blades 

define a pronounced lineation. interpreted as L2, now deformed across 

minor F4 fold hinges.. 

7.2.3 

 

MICROSCOPIC RELATIONSHIPS AT HIGHER MEMMORPIIIC GRADES 

• Within the almandine-kyanite-garnet-bearing schists, 

S2 crenulation cleavage is beautifully developed, and where defined 

solely by muscovite (fig.51a) is identical to S2 crenulation cleav-

age in zones of lower metamorphism. It haa already been described. 

(Chapter 6) how 32 cleavage lamellae deve]op in the axial planes of 

symmetrical microfolds or in the short lictbs of asynmetrical micro-

folds in S1. From a series of samples collected at West Beach it can 

be seen that zones of S2 cleavage lamellae increase in width till S1 

disappears and the rock has only second-generation slaty cleavege (fig, 

51b ). S1 is also obliterated by the growth of large biotite flakes 

in mimetic replacement of S2 muscevite, a process which continues till 

52 id defined solely by biotite. 

Rhombdoiecahedral garnet with heeagoral cross sections crow 

across S2 crenulation cleavage in muscovite and are evidently post-S2. 

There are oeeasional cxamrles in thin section of allightly rotated 

garnet, coefirming obaervations made in the field. lt was also observed 

in the field at the east end of West Beach that thin layers of garnet 
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were folded in F4. In thin section, the garnets involved in these folds 

contain strings of inclusions interpreted as S2. 

Elongate garnet, which has abundant quartz inclusions, shows 

no evidence of reaction or any sign apart from its elongate habit that 

it replaces another mineral (fig. 76 ). Semi-quantitative electron micro-

probe analyses* of elonsate and rhoml)dodecahedral garnet revealed no 

compositional difference. Elongate garnet in thin section may be either 

parallel to or transverse to S2; where transverse to S2, elongate garnet 

grains commonly appear bent, as if deformed. 

Kyanite is usually in blades parallel to 821  an observation 

which was also made in the field. In samples from the small F4 folds 

of kyanite-rich layers from locality R46 (above), kyanite blades at the 

hinge may be bent. and have undulose.extinction. More commonly, kyanite 

grains in hinge zones are small, perhaps due to brittle failure or to 

strain-induced recrystallistaion. At locality 680 near Quoin Head., 

kyanite in impure quartzite is kinked, due to post-metamorphic deform-

ation. Movement along the adjacent Sigma. Hill. Fault (section 6.2.3) is 

thought to have occurred between F2 and F3. 

Staurolite is usually sieve-like, with numerous quartz inclus-

ions arranged in rows parallel to the foliation 82, whether the staurolite 

grain is itself parallel to or transverse to the foliation. 

7.2.4 SUMMARY OF RELATIONSHIPS TO MINOR STRUCTURES 

It is probable that the earliest of the minerals discussed 

is muscovite, which forms S2 crenulation cleavage of the type seen else-

where in the thesis area, and whose develo
A
ment has been described in 

Chapter 6. S2 cleavage lamellae in muscovite are mimetically replaced 
by biotite, whose development contributes to obliteration of S1 rillise■.. 

* Courtesy of Mr.P.Suddaby, Imperial Coiloc7e. 
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2mm 4 

Figure 76a. Elongate garnets (black) in quartz-muscovite 

schist. West Beach. 

0.5 mm  
Figure 76b. Kyanite at hi-e of minor F4 fold shows 

undulose extinction. Locality R46. 
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ovite flakes. Kyanite seems to occur only within S2, whereas staurolite 

and garnet occur within S2 and grow across it. Large biotite and chlorite 

flakes grow across S2. S4 is not well developed, and there are no assoc-

iated metamorphic minerals. 

This evidence indicates that conditions appropriate to the 

formation of kyanite, staurolite, garnet and biotite existed in D2. After 

formation of S2, conditions appropriate to the formation of staurolite 

and almandine garnet were sustained, but kyanite was not formed at this 

stage. Waning of metamorphic conditions is indicated by the formation 

of large unoriented biotite and chlorite flakes, and by retrogression 

of- an unknown metamorphic mineral. to chlorite in The Tors metadolerite 

sill as postulated later (section 7.3.3 ). There is no well developed 

S4 foliation, and no associated metamorphic mineral assemblage. 

7.2.5 OTHER ASPECTS 

In samples containing large grains of staurolite, garnet, and 

kyanite in abundance, individual grains impinge upon one another. 

Although such inter-relationships are apparently consistent, the 

minerals may have nucleated simultaneously and grown at different rates 

(Vernon, 1977). A sequence of crystallisation deduced from grain to 

grain relationships of this type has not been attempted. 

The relationship of metamorphic minerals to minor structures 

for low-grade rocks is not discussed in detail here. It has bean obser-

ved that low-grade schist with 61 in chlorite may have S2 crenulation 

cleavage lamellae in either chlorite or muscovite or both. Some schists 

are probably retrogressed due to shearing in S2, and the D1 mineralogy 

is not known. 
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7.3 METAMORPHIC ZONES 

7.3.1 	GENAL 

Metamorphic zones are conventionally established on the 

basis of metamorphic mineral assemblages in polymineralic rocks. 

C.J.L.Wilson (1973) showed a correspondence between metamorphic zones 

as established from Barrovian index minerals, and the progressive 

development of mi4tructure and microfabric in quartzite. In the 

thesis area there are abundant polymineralic schists with Barrovian 

index minerals and there are abundant pure quartzites. Both groups 

of rocks have been examined to test whether there is any correspon-

dence between them, and to investigate whether textural (i.e, micro-

structural)zones in quartzite show any abrupt discontinuity over the 

thesis area, revealing tectonic displacement after the microstructure 

was developed. 

7.3.2 PROGRESSIVE TEXTURAL CHARGES IN QUARTZITE 

Introduction 

Changes in microfabric accompanying the transition from 

undeformed quartz arenite to recrystallised quartzite have been 

described by many authors (e.gt  Fellows, 1943; Phillips, 1945; 

Sylvester. and Christie, 1968), who usually relate microfabric devel-

opment to progressive changes in physical conditions such as deform-

ation or metamorphism. Correspondence between microfabric development 

and metamorphic grade, first described by CajeL.Wilson (1973) for 

rocks at Mount Ise., Australia, can be shown to obtain in the thesis 

area. Progressive development of microstructure in quartzite across 

the thesis area is conveniently described here under metamorphism, 

although the process is commonly referred to as a product of deforma-

tion. 

Ortical Strain Features 

Optical strain features occurring in naturally-deformed 
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quartzites have recently been defined by White (1973). Those relevant 

to this investigation of quartzite microstructure include the following: 

Undulatory extinction (fig:77a) is the variation in 

extinction position of a grain as if the grain were bent. It may be 

due to lattice bending, which arises from an excess of dislocations 

of one sign, or it may be due to misorientation of the lattice across 

closely-spaced dislocation walls approximately along prism planes. 

Banded undulatory extinction (fig.77b) resembles deformation band- 

ing, but has diffuse edges. 

Deformation bands (fig.78a ) consist of dislocation 

walls nearly parallel to prism planes separating zones of internal 

banding. The bands have sharply delineated edges, but in contrast 

to elongate sub-grains they have undulatory extinction within each 

band. 

Most deformation lamellae (fig.78b ) are zones of 

narrow, sub-basal sub-grains differing from deformation bands mainly 

in orientation (White, 1976). White points out that seven struc- 

tures have been correlated with deformation lamellae, and the 

common assumption that they are slip planes should be confirmed by 

electron microscopy. Deformation lamellae are commonly about 

normal to deformation bands and banded undulose extinction. 

Sub-grains (fig. 85b) are small areas of relative 

misorientation in a grain subdivided by dislocations walls. A grain 

may be described as polygonised when it consists entirely of sub- 

grains, and on rotation beyond a relative misorientation of about 

70, sub-grains become new grains and the host grain loses its identity. 

Microfabric of the Mount Isa quartzites 

C.J.L. Wilson (1973) studied the changes in quartz 

microfabric, which includes microstructure and C-axis patterns of 



0.5 mm 

Figure 77a. Undulatory (or undulose) extinction in quartz. Locality 4660. 

X polars. 

0.25mm ► 

Figure 77b. Eanded undulatory extinction in quartz grain. Locality 

R15. X polars. 
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0.5 mm , 

Figure 78a. Deformation bands in quartz grain, A polars. iAocaiity 4660. 

0.5 mm  

Figure 78b. Deformation lamellae in quartz grain, polars. Locality R15. 
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preferred orientation, in a prograde regional metamorphic sequence 

of pure quartzites at Mount Isa, Australia. He recognised four stages 

of microfabric development in the transition from undeformed quartz 

arenite to high-grade quartzite, which he set out as follows: 

1) initially undeformed, round and strain-free detrital 

grains are modified with deformation and metamorphism 

to become flat and elongate in the foliation and con-

tain deformation bands and lamellae (chlorite zone) 

2) new strain-free grains appear which have C-axis 

orientations controlled by the old host grain (chlor-

ite and biotite zone). 

3) these new grains grow to eliminate the old grains 

(biotite zone) and form a polygonal microstructure 

(biotite-cordierite zone) 

4) abnormal growth of a few grains within the polygonal 

aggregate results in large grains with complex three-

dimensional shapes (sillimanito zone) 

Quartz C-axis patterns for each of these stages demonstrated a pro-

gressive change in preferred orientation with increasing metamorphic 

grade. 

In his description of the microstructures, Wilson 

divided the quartzites at Mount Isa into six groups on the basis of 

morphological appearance: 

1) quartzites with detrital grains 

2) quartzites with old and new grains 

3) coarsening 

4) polygonal 

5) abnormal coarsening 

6) exaczerated grain growth 

He showed the relation:3111p between these subdivisions and metamorphic 
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grade in a diagram reproduced here as fig.80 

Microstructural changes in quartzite of the thesis area 

Sixty pure quartzite samples from the thesis area have 

been examined. Because the presence of accessories, such as mica, can 

influence the development of microstructure (C.J.L. Wilson, 1973), 

quartzites were selected which contain a small proportion of access-

ories. The samples were collected from planar bedding, because quart-

zite associated with mesoscopic folds commonly has a localised micro-

structure such as axial planar foliation. The distribution of the 

samples over the thesis area is shove in fig.81 

For the purposes of this thesis, one of Wilson's mor-

phological subdivisions has been expanded, to show more clearly the 

progressive nature of the changes in the thesis area. The last tuo 

of his subdivisions are not encountered, as the quartzites here reach 

only medium-grade (kyanite) metamorphism. The microstructural groups 

employed here are: 

1) quartzites with detrital grains and no recrystallisa-

tion 

2) quartzites with detrital grains and limited recry-

stallisation 

3) quartzites with advanced or complete recrystallisation 

1+) quartzites with coarse new grains 

5) quartzites with polygonal grains 

1. Quartzites with detrital grains 

Detrital grain size varies from bed to bed and from 

locality to locality, and can vary parallel to bedding in a single 

thin section. In general, quartzites are fine grained (0.2 - 0.5mm) 
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1.5 — 

1 . 0- 

0- 5 — 

detrital old new polygonal exaggerated 

FIGURE 79 

after C.J.L.Wilson 1973 

Microstructural 
characteristics 	of 
the quartz grains 
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after CJ L Wilson 1973 
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or medium grained (0.5 - 1.0mm), with no apparent geographical or 

stratigraphical grain size pattern. 

Grains of high sphericity are common in the quartzite 

of this group, particularly in the northwest of the area (fig, 82a ), 

As the effects of deformation increase eastwards and southwards, the 

proportion of elongate grains increases till the rock consists almost 

entirely of flattened grains defining a foliation (fig 83b). 

Detrital grains are commonly in contact and there are 

many examples of apparent interpenetration. Sometimes this takes 

the form of smaller grains nestling in the concavity of irregularly-

shaped larger grains, as evidenced in one case by the intervening 

authigenic rim (fig,82b). In other cases, apparently-concave grains 

may consist of a rounded detrital core, whose original boundary is 

invisible, with an optically-continuous overgrowth impinging on a 

neighbouring grain. IONIIIIMIO■11/111/111/1/1/~/INONIONO. In 

other cases, however, interpenetration is probably the result of the 

deformation process known as pressure solution, The most convinc-

ing evidence of pressure solution in this group of quartzites is 

apparent mutual penetration of detrital grain outlines and irregular 

truncation of large grains by stylolites. 

undulose extinction is ubiquitous. In common with 

other optical strain features, undulose extinction generally passes 

without interruption from grain to overgrowth, indicating that it 

is a result of deformation of the quartzite rather than features 

present in the detrital grains. In several cases, stresses set up 

by neighbouring grains have evidently induced the lattice bending 

Eastwaras and southwards, undulose extinction is more 

pronounced; it is commonly banded undulose extinction and seems to 



1 mm  

a). Well-rounded detrital Grains with authigenic rims. Some Grains 

have undulose extinction. Locality 5207. 

0.5mm  

b). Small detrital grain nestles within the concavity of a larger 

grain. Locality 5207. 

Figure 82. .02artzites with detrital grains and no recrystallisation. 
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grade into deformation banding with well-defined boundaries (see 

White and Treagus, 1975). 

Deformation bands are only abundant in quartzite in the 

southeast of this zone (e.g. sample R 232 and sample R 144, 

figure 81 ), increasing along with other strain features such as 

grain flattening and undulose extinction. The sample containing the 

greatest abundance of deformation bands and lamellae was collected 

from the only quartzite in this group containing obvious mesoscopic 

cleavage (fig.83a). Deformation bands pass uninterrupted from grain 

into overgrowth, and deformation bands in neighbouring grains are 

commonly parallel., This seems good evidence that most of these 

deformation bands were not features inherent in the detrital grains 

but are a consequence of deformation of the quartzite. 

Deformation lamellae are uncommon in samples from the 

northwest (e.g. sample 717), but are abundant in samples from areas 

of higher strain in the southeast of this zone. It can be seen in 

fig 	that the lamellae are narrow and parallel, and independent 

of deformation bands and undulose extinction. In grains which con-

tain deformation bands and lamellae, the lamellae appear bent, and 

it may be that the lamellae are the earlier structures. 

Sub-grains are rare in rocks of this group, but occa-

sional grains are completely polygonised. 

2. Quartzites with detrital grains and limited recrystallisation 

As recrystallisation is at an early stage in this micro-

structural group, the sites of recrystallisation are more easily re-

cognised. There are three different sites: 

i) new grains commonly form at the margins of old grains, 

particularly at the ends of elongate grains lying in the 



1 m m 
A. Deformation bands and lamellae are abundant in this sample 

(R143) which comes from the cleaved quartzite of figure 66a 

0.5mm -1 

 

B. Flattened quartz grains, locality R221, No Tree Hill. 

Figure 83. Deformation in the quartzites with no recrys-

tallisation. 
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foliation (fig.84 ). Where old grain margins are 

sutured by marginal recrystallisation mutual pene-

tration of detrital grains cannot be detected. 

ii)recrystallisation may occur within grains, commonly 

at sites of high strain such as deformation band 

boundaries (fig.85a ). 

iii)recrystallisation may proceed by progressive rotation 

of sub-grains in polygonised quartz grains, which are 

more common in this microstructural group than in the 

first (fig.85b). 

Marked undulose extinction and deformation bands are 

ubiquitous in the old grains, whereas the tiny new grains have only 

weak undulose extinction, or are strain-free. 

3. Quartzites with advanced or complete recrystallisation 
Small new grains with only slight undulose extinction 

form 50% or more of each of the rocks of this group, and remaining 

old grains are distinctively large and deformed (fig.86a).  Deformation 

bands and deformation lamellae are prominent in the old grains, and 

many old grains are polygonised to sub-grains. Progressive rota-

tion of sub-grains to give new grains with distinct grain boundaries 

(fig, 85b) is probably an important recrystallisation mechanism in 

this microstructural group. Clusters of new grains derived by sub-

grain rotation commonly retain sufficiently similar relative orien-

tation to indicate that they derive from a larger, old grain. There 

is evidence that other types of recrystallisation were operative. 

Progressive recrystallisation along linear zones of high strain such 

as deformation band boundaries or deformation lamellae has sub- 

divided grains into segments with simultaneous extinction and matching 
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1 mm  

A. itarginAl recrystallisation. Detrital grain boundaries are 

still evident in some old large grains. Locality 257. 

0.25mm  

B. Recrystallisation occurs at the end of grains and the 

new grains define an incipient foliation. Large old grains 

still in contact at sides. Locality 'P. 232. 

Figure 84. quartzites with limited recrystallisation. 



0.1 mrn 

.crystallisation of small new brains along a narrow 

zone in a large old grain. Note deformation lamellae in 

old grain (bottom left). Locality R15, Echo Pool. 

0.5mm 	, 

B. Polygonised old grain consisting mainly of sub-grains. 

Note how sub-7rains become new grains by progressive mis-

orientation. Locality R151  Echo Pool. 

Figure 85.  Pecrystallisation sites in quartzite. 



0.5 mm 
A. Large old grain surrounded by small new grains, and 

small remnants of old grains (with deformation lamellae). 

Locality 419 . 

, 	0.2 mm , 

B. Small new grains and small remnants of old grains. 

Locality 4-17. 

Figure 86. quartzite with advanced or complete recrystallisation. 
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optical strain features. Margins of old grains are sutured due to 

peripheral recrystallisation. 

Reduced old grains can be difficult to distinguish from 

new grains. For the quartzites at Mount Isa, C.J.L. Wilson (1973) 

considered that: 

"the only positive identification of old grains is 

the presence of very fine deformation lamellae, 
deformation bands and strong undulose extinction." 

In the case of the quartzites of the thesis area, it is certain that 

new grains may have marked undulose extinction and contain deformation 

bands, but the disappearance of deformation lamellae as recrystallisa-

tion progresses seems to support the view that the lamellae are assoc-

iated with old grains only. 

The rocks of this microstructural group have undergone 

considerable average grain size reduction due to breakdown of old 

grains and to the presence of small new grains. New grains under-

going grain growth are still much smaller than the relict old grains. 

4. Quartzites with coarse new grains 

The rocks of this group are much more even grained than 

in the preceding group, and the average grain size is increased due 
• 

to growth of the new grains. These rocks appoeximate in grain size 

to the original quartz arenites from which they derive, but the grains 

are lees turbid perhaps because they contain less inclusions. Extinc-

tion in many grains is only slightly undulose, but the majority of 

grains have pronounced undulose extinction and deformation bands are 

widespread. Deformation lamellae are rare or absent, and no old grains 

were positively identified. 

In his equiv0:11'?.at mierostrueture:- group, C.J.L. Wilson 
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1mm 

a. Locality 815 

1mm 

b. Locality 5267 

Figure 87. Quartzite uritr coarse new grains. 



-236- 

(1973) found the coarse new grains to be equant. In the quartzites 

of the thesis area, coarse new grains are elongate (fig 87 ). Grain 

boundaries are straight or smoothly curved, contrasting the sutured 

margins of other groups due to peripheral recrystallisation. Small 

new grains that are present are distinctly polygonal. 

5. Quartzites with polygonal grains., 

All grains show a tendency to polygonal shapes, and 

dihedral angles of about 120°  are common. Boundaries are straight 

or gently curved. The rocks have a homogeneous grain size, and the 

average grain size is similar to that of the detrital quartz aren-

ites. Usually grains are strain free, but slight undulose extinc-

tion does occur. Other optical strain features such as deformation 

bands and lamellae are uncommon(fig. 88). 

Microstructural Zones within the Thesis Area 

When divided into these five microstructural groups, 

the sixty quartzite samples fall into five microstructural zones with 

remarkably little overlap (fig 81 ). Zone boundaries are arbitrary, 

because the nap is a diagrammatic representation of a continuous 

change in microstructure. The zonation indicates a progressive change 

in microstructure across the thesis area, reaching maximum develop-

ment adjacent to the Jerdacuttup Fault. Fig 39 shows how the micro-

'structural zones are related to metamorphic zones determined from 

metamorphic mineral assemblages in polymineralic rocks. Given 

microstructures in the thesis area occur at approximately the same 

metamorphic zone as C.J.L. Wilson established for quartzites at 

Mount Ica. Zone boundaries are apparently straight despite the com-

plexity of folding, and it is likely that the microstructures result 

from an event which post-dated thrusting and the formation of macro- 
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1 mm 

A. Locality 5260 

1 mm 

B. Locality 376, conglomerate pebble. 

Figure 88. Polygonally-recrystallised quartzite. Note 

tendency to straight grain boundaries and 120°  

dihedral angles. Most grains are strain free. 
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Relationship between qua rtzita microstructure and metamorphic grade in the thesis area. 
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scopic folds. 

7.3.3. HARROVIAN ZONATION FROM POLYMI 

 

IC ROCKS I 

 

Metamorphic mineral assemblages 

a) Pelitic rocks 

Metamorphic effects are least in the northern part of 

the thesis area. Here shaly rocks are fine grained, consisting of 

tiny phyllosilicate flakes sometimes accompanied by tiny grains of 

quartz and accessory minerals. A sample of shale from Kundip town-

site was found to consist of illite flakes 20 to 25 microns across 

and quartz of even smaller, almost colloidal dimensions, together 

with a little kaolin and limonite (Sofoulis, 1958). In thin 

section, phyllosilicate flakes are generally too small to be speci-

f ically identified by optical means, but they resemble sericite. 

Southeastwards, chlorite becomes ubiquitous, sometimes 

accompa,...:4 by white mica flakes of increasing size southeastwards 

across the thesis area. This white mica is referred to as musco-

vite in this thesis, although its composition has'not been checked.' 

Sphene is common in small amounts, but its unusual abundance in 

metasediments adjacent to the Cowerdup Metadolerite suggests that 

some may be metasomatic in origin. 

b) Semi-pelitic rocks and impure quartzites 

In the north of the thesis area these rocks contain 

detrital quartz grains and sericite. Southwards, the colourless 

phyllosilicate becomes coarser and is tentatively identified as 

muscovito9  and it is commonly associated with chlorite. Recrystalli-

sation of constituent quartz grains is analogous to their recry-

stallisation in pure quartzites, except that the shape and growth 

of grains is influenced by adjacent impurities. 
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Near East Mount Barren, biotite is common in semi-

pelitic schists and impure quartzites, and adjacent to the Jerdacuttup 

Fault they also contain almandine, staurolite, and kyanite. Quartz grains 

tend towards polygonal shapes, but commonly they are elongate polygons 

due to lateral confinement by mica flakes (fig 90 ). 

c) Metadolerite. 

Metadolerite in the Hamersley River sills has already 

been described in detail (section 3.7.11). Most of each sill consists 

of pale green uralitef clinozoisite, plagioclase, and quartz. The cumul-

ate portion consists mainly of uralite, whereas the upper, granophyric 

portion contains mid-green amphibole, olive-green biotite, epidote, 

plagioclase, and quartz. In schistose zones chlorite may be more abundant 

than uralite. At Pitchi Ritchi, the mineralogy of the metadolerite sill 

is comparable, but the rock is much more deformed. 

In The Tors sill in the southern part of the thesis area, 

metadolerite has undergone higher grade metamorphism. The ultramafic 

portion of the sill now consists mainly of elongate blmles of tremolite, 

set within which are clusters of polysynthetically-twinned clinochlore 

corresponding to the dark-coloured crystals visible in hand sample. These 

may represent a Mg-rich metamorphic mineral which has since retrogressed. 

The ultramafic layer gives way upwards to metamorphosed 

dolerite consisting of mid-green amphibole, quartz, plagioclase, biotite, 

and some granular spheric. Amphibole may be acicular with abundant, euh-

edral cross sections, or it may be in the form of large, sieve-textured 

grains; in both cases it is mid-green and strongly pleochroic. 

Quartz and plagioclase become more abundant up the sill, 

and biotite becomes more abundant than amphibole. Garnet is common as 

small euhedral grains. In the granophyric portion near the top of the 



1 mm  

Figure 90. 4ecr:stallised quartz in quartz-mica schist 

tends to form elonIFate polygons. Lateral growth is 

restricted by mica blades. 	Beach. 
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sill, quartz is so abundant that the rock, which also contains biotite 

and plagioclase, might well be mistaken for semi-pelitic schist. "Sieve-

textured" plagioclase containing "inclusions" of quartz is identified 

as metamorphosed micropegmatite, and individual clouded feldspar grains 

are probably of similar origin. Garnets are large and contain abundant 

inclusions which indicate a little rotation. Quartz aggregates contain 

equant, polygonal grains but where laterally confined by mica blades, 

quartz grains tend towards elongate polygonal shapes. 

Metamorphic Zonation from Polymineralic rocks 

The metamorphosed rocks of the thesis area can be divided 

into a number of zones based on conventional Barrovian index minerals, 

although these zones are only provisional. It has been shown that not 

all of the index minerals are contemporaneous. 

i) Chlorite Zone 

Pelitic rocks contain chlorite, muscovite/sericite, and a 

little quartz. 

Semi-pelitic rocks contain chlorite, muscovite/seric:Ue and 

abundant quartz 

Basic rocks contain uralite, clinozoisite, plagioclase, 

and quartz 

Ultrabasic rocks contain mainly uralite 

Granophyric rocks contain mid-green amphibole, biotite, 

epidote, plagioclase, and quartz 

ii) Biotite Zone 

Serni-pelitic rocks and impure quartzites contain biotite, 

muscovite, and abundant quartz 

iii) Almandine, Staurolite, and Kyanite Schists 

AJthorsh these minerals are not exactly contemporaneous, they 
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are restricted in occurrence to a belt immediately adjacent 

to the Jerdacuttup Fault. 

Pelitic and semi-politic rocks contain biotite, almandine, 

staurolite, muscovite, and quartz. 

Ultramafic rocks contain tremolite, and probably contained 

another metamorphic mineral now represented by clusters of 

clinochlore. 

Basic rocks contain mid-green amphibole, plagioclase, biotite, 

and quartz. 

Granophyric rocks contain abundant quartz, plagioclase, 

biotite, and garnet. 

Figure 75 illustrates the steep metamorphic gradient across 

the thesis area, but this map was constructed from index minerals which 

are not exactly contemporaneous. Kyanite and some almandine and staurolite 

occur in S2 and are syntectonic with respect to D2; some garnet and staur-

olite grow across S2 and are post-tectonic with respect to D2. Non-persist-

ence of kyanite may be due to waning of regional metamorphism. Alternat-

ively, it may be due to disturbance of metamorphic conditions due to 

local tectonics - telescoping of metamorphic zones due to the formation 

of The Tors syncline; local distortion of isograds by the large F4 fold 

in the vicinity of East Mount Barren; and uplift adjacent to the Jerda- 

cuttup Fault are three possibilities. 	  

7.4 SUMMARY OF METAMORPHISM 

The main conclusions from investigation of the metamorphism 

are 

1) There is a stoop metamorphic gradient across the thesis 

area, reaching maximum development.  at the Jerdacuttup Fault. 
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The metamorphic gradient is revealed by provisional metamor-

phic zones established from Barrovian index minerals, and 

corroborated by zones of progressive microstructural devel-

opment in quartzites. This metamorphic gradient is part of 

the Fraser Front. 

2) Comparison of conventional metamorphic zones and zones of 

progressive microstructural development in quartzites el-Jew 

that given quartz microstructures occur at about the same 

metamorphic zone in the thesis area as found by C.J.L.'1ilson 

for rocks at Mount Isa_(figs. 80, 89). 

3) Quartz microstructural zone boundaries are straight, despite 

considerable thrusting of quartzite after F2. This is macro-

scopic evidence that regional recrystallisation of quartzite 

occurred after F2. 

Mesoscopic and microscopic evidence in polymineralic 

rocks show that the peak of metamorphism occurred in 1)2, when 

kyanite, garnets  and stauralite formed in S2. Metamorphism was 

sustained for some time after the formation of S2, when staur-

olite and garnet formed across the foliation. Metamorphism 

waned before F4. 
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CHAPTER 8 CONCLUSIONS 

8.1 EVOLUTION OF PROThROZOIC ROCKS NEAR THE FRASER FRONT 
AT RAVENSTHORPE 

The sequence of geological events deduced for the Proterozoic rocks 

of the thesis area is summarised as follows: 

1) Gneisses of the Albany-Fraser Province were formed, partly 

from Archaean greenstones and granitic terrain, and perhaps 

partly from early Proterozoic sedimentary rocks deposited 

in a basin flanking the Archaean Yilgarn Block. Formation 

of the gneisses occurred at about 1900 to 1700 m.y. ago, 

on present geochronological evidence. 

2) The sediments of the Stirling-Barren Basin, which consist 

of marine shallow water sediments - principally quartzite and 

shale - were deposited on an uneven topography formed by Arch-

aean granitic rocks and greenstones, and possibly Proterozoic 

gneiss. Available geochronological evidence suggests that the 

sediments have a minimum age of about 1540 m.y, but it is 

possible that they pre-date the formation of gneiss (see 

section 8.2.2). 

The Archaean Ravensthorpe Range was above water when Protero-

Zoic sedimentation commenced, and the basal sequence shows 

lithofacies variation in the vicinity of the range. This ridge 

became submerged during deposition of the first major quartzite. 

Fossils are rare, but stromatolites are common in the dolomite 

of the basal sequence, and a few fossil animal burrows were 

discovered in quartzite. 
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3) The Cowerdup Metadolerite was intruded into the major 

quartzite units of the Proterozoic succession, causing 

contact metamorphism of the quartzite and remobilisation 

of detrital tourmaline. The intrusion shows extreme differ-

entiation, and it have made have been emplaced in two pulses 

of different composition. There are two intervals of dolerite, 

which may represent separate sills or a single sill divided 

by country rock. Alternatively, a single intrusion may have 

been repeated by faulting, and this is the preferred inter-

pretation on present evidence. 

4) The first recognised deformational event, D1, occurred after 

emplacement of the Cowerdup Metadolerite. Minor structures 

relating to D1 are uncommon, but several F1 folds were 

recognised and S1 is commonly identifiable as the subordinate 

S-surface in S2 crenulation cleavage. 

5) The Whoogarups breccia was formed by an unidentified tect-

onic event which fragmented an F1-folded quartzitic seouence. 

The Whoogarups breccia as'a whole has been folded in F2. The 

Hamersley River breccia was formed at al)out the same time, 

perhaps by the same event. 

6) The next recognised. event is D2. Mesoscopic F2 folds 

are abundant, but they tend to be obscured by prominent S2 

axial planar foliation and by later overprinting. S2 is the 

commonest foliation in the thesis area, and is commonly the 

S-surface folded in F4. Several macroscopic F4 folds have 

been recognised, including The Tors syncline. 

Kyanite, almandine, and stanrolite were formed at this stage, 

representing the oldest-recognised regional metamorphic event. 
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7) A period of major faulting followed D2. The Jerdacuttup 

Fault, the Sigma Hill Fault, the fault through the brecciated 

sequence at locality 8111, and the fault (if it exists) which 

repeated the Cowerdup Metadolerite, were all active at this 

stage. These proposed faults are sub-parallel and have the 

northeasterly trend of the Fraser Front. Major thrusting also 

occurred at this time, and may have been associated with the 

Sigma Hill Fault. 

Pre-existing kyanite in the rocks adjacent to the Sigma Hill 

Fault is deformed by kinking. 

8) Metamorphism was sustained beyond D2, as garnet and staur-

olite formed across the.S2 foliation. Provisional metamorphic 

zones established from Harrovian index minerals in polyminer-

alic rocks reveal a steep metamorphic gradient across the 

thesis area towards the Jerdacuttup Fault. Progressive changes 

in the quartz microstructures (textures) in quartzites across 

the thesis area show a similar gradient. These:textures in 

quartzite must have been imposed after D2, as the textural 

zone boundaries are straight despite considerable thrusting 

after D2. 

9) D3 accompanied or followed the formation of the Sigma Hill 

Fault, as D3 structures are largely restricted to west of the 

line of the fault; D3 post-dates thrusting, however, as the 

thrust sheets are folded in F3. 

10) In D4 were formed the abundant mesoscopic folds throughout 

the pelitic and semi-pelitic rocks of the thesis area. Earlier 

structures are extensively obliterated or deformed by D4 struc- 
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tures, but F4, S4, and L4 tend to have consistent orientations 

over the thesis area. S4 is well developed only adjacent to 

the Jerdacuttup Fault. The only macrosconic F4 folds in the 

area occur in a train of decreasing size westwards from the 

Jerdacuttup Fault, confirming that D4 was most intense in this 

vicinity. 

Metamorphism had waned considerably by this stage. 

411 

11) Granitic rocks such as the Albany Granite, Balladonia 

Granite, Native Dog Swamp and Collu Collura Creek adamellites 

were intruded into gneisses of the Albany-Frase Province about 

1000 m.y. ago, some of them, which are deformed, before tect-

onism ceased. Initial Sr87/86 ratios of about 0.712 for some 

of these bodies are consistent with anatectic origin. 

Intrusion of syenite at Jerdacuttup Lakes was one of the last 

events in the thesis area. The syenite is undeformed. 
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8.2 	REGIONAL CORRELATIONS 

8.2.1 CORRELATION OF PROTEROZOIC SEDIMENTARY SUCCESSIONS • 

The suggestion has often been made (e.g. Daniels, 1971; 

Doepel, 1975) that the outliers of Proterozoic sedimentary successions 

at the south end of the Yilgarn Block (fig 91) may be remnants of a 

more extensive sedimentary cover, although geological and geochrono-

logical evidence has argued against their precise equivalence. Possible 

correlatives include the Woodline Beds (Sofoulis and Bock, 1962), the 

Fraser Range granulites (see A.F. Wilson, 1969a), the Mount Ragged 

Beds (Doepel and Lowry, 1970) and the successions in the Stirling-

Barren Basin. As more field data are now available, it is appropriate 

to review these possible correlations. 

The Mount Barren Beds consist mainly of shaley rocks and 

quartzite, intruded by thick dolerite sills, with a thin basal se-

quence of conglomerate, grits, and dolomite. The quartzites are 

ripple marked and cross bedded, and the succession is of marine shallow 

water origin. In the north of the thesis area the beds are unmetamor-

phosed and undeformed, and beds dip gently to the south. They overlie 

unconformably the Archaean Ravensthorpe Range and West River volcano-

genic belts, and the Ravensthorpe Diorite. Metamorphism and deforma-

tion increase markedly towards the Fraser Front, and the succession 

is truncated by the Jerdacuttup Fault. The Mount Barren Beds are be-

lieved to post-date formation of the gneisses of the Albany-Fraser 

Province, but there was probably granitic activity after deposition of 

the sediments. The age of the Mount Barren Beds is uncertain, but in-

direct evidence such as later granitic intrusion and regional geochro-

nology points to an age in excess of 1000 m.y. 
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The succession at the Stirling Range is the most likely 

correlative of the Mount Barren Beds, and this has been argued in 

section 3.8. The main evidence for correlation is: 

i) The lithologies are similar. The Stirling Range 

succession consists mainly of shale and quartzite of 

various metamorphic grades, commonly with ripple marks 

and cross bedding. 

ii) The structural position - at the faulted margin of 

the Yilgarn Block - is comparable. 

iii) The sediments at each locality form elongate outliers 

end to end and may even prove to be continuous. 

iv) Both successions are Proterozoic, judged from a 

variety of evidence including unconformity over Archaean 

rocks and paucity of fossils. 

The final point for correlation proposed in section 3.8 - that some of 

the deforr.t•ion-17  events are common to both successions - can now be 

examined more closely. The deformational history of the Stirling 

Range sedimentary succession is poorly known, but some information is 

provided by Clarke et al (1954): 

"There are zones of intense disturbance at various places.. 

where there has been much overfolding from the south. 

Within these zones the quartzites and phyllites are in-

tensely contorted and the drag folds pitch 10°  to 15°  

in the direction 110°  magnetic. In all the disturbed 

zones seen in the field the pitch was always in the 

direction 100°  to 120°  magnetic. Moreover the cleavage 

also strikes in this direction and dips from 30°  to 60°  

to the south and the drag structures read south block up. 

The deposition of the sediments was followed by over-

thrusting from the direction approximately 200°  along 

parallel thrusts dipping about 45°  south. There was 

considerable strike-slip component in this overthrusting 
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with the south (hanging-wall) block moving to the east 

causing the general easterly pitch of the drags assoc-

iated with the overthrusting.... The low-grade metamor-

phism of the Stirling Range beds was effected during the 

period of overthrusting." 

Clarke et al (1954) associate the 110°  structures with 

the thrusting and oblique-slip faulting. The F3 structures in the 

thesis area, which have a comparable easterly orientation, may also 

associated with thrusting and oblique-slip faulting (Chapter 6). 

The low-grade metamorphism in the Stirling Range beds, which was 

"effected during the period of overthrusting", is probably the meta-

morphic event dated by Turek and Stephenson (1966). This deforma-

tional event, identified as F3 in the thesis area, may have affected 

the whole of the Stirling-Barren Basin, perhaps broadly synchronously 

at about 1150 m.y. in which case this figure represents a minimum 

age of deposition of the Mount Barren Beds. The structure of the 

Stirling Range beds seems simples  and the relative complexity of 

structure of the Mount Barren Beds may be due to their proximity to 

the Jerdacuttun Fault (i.e. to the Fraser Front). 

Geochronological evidence indicates that granites were 

intruded in the Albany area at about 1000 m.y. (Turek and Stephenson, 

1966), after deposition of the Stirling Range sediments. Woolnough 

(1920) proposed that the sediments were actually intruded by granite, 

but exposure is poor in the contact zone and this claim has not been 

substantiated. 

The Fraser Complex (Doepel 1970) consists mainly of basic 

pyroxene granulite with bands of acid granulite and acid gneiss, and 

remnants of gabbro. A pod of granite and numerous pegmatites intrude 



-253- 

part of the complex. A.F.Wilson (1969c) considers that some of the 

gabbroic rock is metamorphosed gabbro, and has named it the East Fraser 

Gabbro. He also considers that some of the acid bands are metamorphosed 

quartzo-feldspathic sediments, and that the presence of amygdales and 

relict pillow forms indicates that the bulk of the basic granulite is 

metamorphosed basic volcanics. A.F.Wilson (1969c) and Arriens and 

Lambert (1969) regard these basic volcanics as having been emplaced 

not more than 300m.y. before the 132812 m.y. metamorphic event at this 

locality. Tyrwhitt and Orridge (1975) have reported metaquartzites of 

the order of hundreds of metres in thickness infolded with the pyroxene 

granulites. Typical assemblages in these quartzites are quartz, feldspar, 

and garnet with minor graphite and magnetite. They also describe basic 

and ultramafic complexes which may be differentiated intrusions. Inter-

calations of quartz-feldspar-garnet granulite within the basic granulites 

may represent acid pyroclastic horizons. Combining these observations, 

with the qualification that authors may have given different names to 

the same rock type, the following lithologies have been recognised within 

the Fraser. Complex: quartzite; quartzofeldsrathic sediments; acid pyro-

clastics; gabbro, norite and differentiated igneous bodies; basic volc-

anics; and later granite and pegmatite. This list includes some of 

the lithologies known in the Mount Barren Beds, but others - such as 

the basic volcanics - are unrepresented in the sediments of the thesis 

area. There are-thick dolerite sills in the Mount Barren Beds, and it 

may be that these were succeeded by or accompanied by basalt extrusion 

at a higher stratigraphical level, as in the case of the Karroo dolerites 

and lavas (Holmes, 1965, p.1221). Although correlation is conjectural, 

evidence so far does not preclude the possibility that the rocks form-

ing the Fraser Complex were partly contemporaneous with the sediments 

of..the Stirling-Barren Basin, and-  partly younger. The presence of cross- 
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cutting pegmatites in the Fraser Complex is consistent with the 

evidence that granites post-date Proterozoic successions elsewhere. 

The Woodline Beds occupy a northeasterly-trending elongate 

belt 6km by 52km within the Widgiemooltha 1:250,000 sheet area (Sof-

oulis and Bock, 1962). The succession, which is only about 200m thick 

(Low, 1975), consists mainly of shaly rocks, capped by a thin quartzite 

unit and underlain by a thin basal conglomerate. Beds dip at low angles 

to the southeast, and the succession unconformably overlies Archaean 

granite and metasediments. A shale isochron for the Woodline Beds 

indicates an age of 1620±100 m.y. (Turek, 1966), which is the oldest 

age obtained for Proterozoic metasediments in the region. The age of 

1340 m.y. for deposition of the sediments of the Stirling Range is a 

minimum age (Turek and Stephenson, 1966), and its true age of denos-

ition may not be greatly different from that of the Woodline Beds. 

Other authors (e.c, Sofoulis, 1966) have drawn attention to the 

lithological similarity between the Mouht Barren Beds and the Woodline 

Beds. 

The Mount Ragged Beds (Doepel and Lowry, 1970) consist of 

quartzite, mica schist, and quartz-pebble conglomerate. The rocks 

dip steeply and in places are overturned. Doepel and Lowry suggest 

that the sedimentary succession unconformably overlies the migmatites 

(gneisses) and the granite which is exposed. in the vicinity. Clarke 

et al (195k) report regmatite cutting some of these sediments, and 

it seems likely that the adjacent granite post-dates the succession 

as has been found elsewhere. The Mount Ragged Beds have been strongly 

metamorphosed and deformed, prompting the suggestion (Clarke et al, 

1954, p. 18) that they are contemnoraneons With the adjoining gneisses. 
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At McKays Creek (fig 91 ) in the northeastern part of the 

Albany-Fraser Province, Bunting et al (1976) report an "unusual meta-

morphosed layered gabbro" which ranges in composition from mafic to 

ultramafic. The predominant rock type contains green amphibole after 

pyroxene, epidotised plagioclase, and abundant garnet. In the same 

vicinity is tightly-folded quartzite containing pale green muscovite, 

kyanite, garnet and tourmaline. Bunting and Van de Graaff (1974) have 

suggested a nossible correlation with the Woodline Beds. I suggest 

correlation of the McKays Creek sediments with the Mount Barren Beds 

of the thesis area, and correlation of the McKays Creek gabbro with 

the Cowerdun Metadolerite. 

In summary, the similarities between these outliers of 

Proterozoic sediments include the following: 

i) all of them contain quartzite and shale, or the 

metamorphic equivalent. Some contain metamorphosed 

gabbroic or doleritic intrusions.' 

ii) all of them probably predate granite 

iii) all of the outliers have a northeasterly or easterly 

trend, parallel to the edge of the Yilgarn Block. 

iv) all of them are older than 1000 m.y. and they may 

be considerably older 

v) most of them have northeasterly-trending folds, suggesting 

deformation by the same event. 

Although equivalence of the Stirling Beds, Mount Barren 

Beds, Fraser Complex, Woodline Beds, Mount Ragged Beds and McKays Creek 

metasediments is far from proven, there are strong similarities. It is 

suggested that the differnces in metamorphism, isotopic age, and degree , 

of deformationmainly reflect the tectonic position of the sediments: those 

overlying- the.Arclp.ean shield away from the Fraser. Front are the least 

deformed and metamorphosed, and apparently the oldest. 
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8.2.2 TENTATIVE CORRELATION OF STRUCTURES ACROSS THE JERDACUTTUP FAULT 

Although systematic structural analysis was not attempted 

for the gneisses of the thesis area, some structural data were collected 

and are shown in figure 2 . 

The most prominent structural feature is the NE-trending, 

SE-dipping gneissic banding, which has been subsequently deformed by a 

set of structures trending between NE and SE, and by a set of structures 

trending S to SW. In some places there is evidence that the S to SW 

structures are later than the NE to SE structures. An obvious possibi-

lity is that: 

1) The NE-trending gneissic banding is equivalent to the 

most prominent, penetrative foliation, S2, in the metasedim-

ents, which has the same. NE trend and is the S-surface in 

which later structures are developed. 

2) The NE to SE-trening minor structures in the gneiss 
h 

are equivalent to the D3 minor structures of similar 

orientation in the metasediments. 

3) The S to SW-trending minor structures in the gneisses 

are equivalent to D4 minor structures of similar orientation 

in the metasediments. 

The relative age of the various structures within the 

gneisses and their relationship to the structural sequence in the 

metasediments remains to be systematically investigated, but if the 

above correlation is valid, the implications are considerable: 

a) If the gneissic banding is equivalent to S2 in the metasediments, 

it is likely that the gneisses were formed. after deposition, of the 

metasediments. 
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b) This in turn implies an age of the metasedimentary succession in 

excess of 1600 m.y. (the oldest isotopic age of the gneisses : Doepel, 

1975), and argues equivalence with the oldest known succession in the 

region, the Woodline Beds. 

c) The sequence of events might be: 

i) Deposition of Proterozoic sediments unconformably 

on Archaean rocks at about 1600 - 1700 m.y. (the age 

of the Woodline Beds). These sediments would have 

covered a considerable area, at least encompassing 

all known outliers. 

ii) D1 

iii) D2 - formation of gneissic banding (possibly at 

depth), and of S2 in the metasediments across the major 

fault. 

iv) Movement on the major fault, possibly with a 

"gneissic block up" component. 

v) D3, possibly at about 1150 m.y. (the tectonic event 

dated in the Stirling Range). 

vi) D4 
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8.3 STRATIGRAPHY OF THE MOUNT BARREN BEDS 

8.3.1 GEN 

A number of informal stratigraphic terms have been applied to 

the sedimentary succession in the thesis area, as discussed by Sofoulis 

(1958) and Thom et al (1977). Sofoulis proposed the term "Stirling-

Barren Series" for the sediments within the whole of the Stirling-

Barren Basin, but this implies a stratigraphic equivalence not yet 

demonstrated. Thom et al (1977) suggested the term "Mount Barren Beds", 

a-term restricted to the succession in the vicinity of the thesis area, 

and employing the informal term "beds" rather than "series", as recomm-

ended in the Australian Code of Stratigraphical Nomenclature 

From investigation of the thesis area, it is clear that inter-

pretation of stratigraphic sequence is largely dependent on the inter-

pretation of gross structure. Having proposed a structural interpretation, 

it seems appropriate to propose a stratigraphy, although it is emphasised 

that this is tentative. 

8.3.2 -ASSUPIPTIONS 

A stratigraphy is proposed below which is based on the following 

assumptions : 

i) The Sigma Hill Fault relates the metadolerite/quartzite of 

the Hamersley River Gorge with those of the Fast Mount Barren 

area (fig. 74 ). Similarly, all pelitic rocks in the thesis 

area are faulted equivalents. 

ii) The quartzites of Fortification Hill, No Tree Hill, and 

from Echo Pool to West Loop in the Phillips River have been 

thrust from a position stratigraphically above the quartzite 

forming Sigma Hill (fig.74. ). 

iii) The conglomerate at Culham Inlet and Mileys Beach does not 
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represent a major unconformity within the succession mapped 

in the thesis area. 

8.3.3 STRATIGRAPHY 

The Proterozoic succession commences with a basal sequence 

which is well exposed in the Western Steere River (section 3.1). For 

this sequence the name Carracarrup Formation is proposed, with the 

Kybulup Conglomerate and Desmond Dolomite as named members. This 

formation is of the order of 6 m. thick. 

The first quartzite formation, the Kundip Quartzite, 

is estimated at s'a m thick. It overlies the Carracarrup Formation at 

the northern limit of the sediments, and forms the prominent erosional 

scarp there. 

Succeeding the Kundip Quartzite is a thick formation of 

shales, phyllites, semi-pelitic sediments and schists, grouped as the 

Phillips Phyllite. The thickness of this formation is indeterminate, 

because of the penetrative folding. 

The highest exposed formation in the thesis area is the 

quartzite of the Quoin Head/Cowerdup/Bast Mount Barren horizon, named 

the Quoin Head Quartzite, which is about 120m thick. This formation is 

intruded by the Cowerdup Metadolerite. 

For the whole sequence in the thesis area, the term 

Mount Barren Group is proposed. 

These units are illustrated in fig. 92. 
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