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Abstract 

The Arthur ·River ·area is situated on the north-west coast of Tasmania The rocks 

outcropping in the area are correlates to the Proterozoic metasedimentary sequences of the 

Rocky Cape Group. The Rocky Cape group and its correlates dominate the geology of the 

north western region of Tasmania, but are however, relatively under studied. 

The major part of this study involved a detailed analysis of the sedimentology in the Arthur 

River area, and from this a depositional model was constructed. A comparison of these 

results with the Rocky Cape Group 'type-section' is also presented. A minor part of this 

research was structural mapping, which outlines the structural history of the area. 

Sedimentological studies showed that the Arthur River area contained three separate facies: 

a laminated carbonaceous mudstone; quartzarenite; and interbedded siltstone facies. These 

are interpreted to have been deposited in: a deep, low energy, reducing slope environment; 

a high energy, shallow marine tidal dominated shelf environment and; a moderate to low 

energy, outer shelf environment situated above storm wave base, respectively. Interesting 

sedimentary structures found within these rocks included: guttercasts in facies 1 and 3 and 

mudcracks in facies 3. The formation of the mudcracks was most probably due to the 

processes of diastasis. 

When the facies were combined into one depositional basin model, it was shown that the 

palaeo-shoreline of this basin section was striking in a NW -SE direction. The tidal 

palaeocurrent signature was parallel to this, forming a longshore tidal current system. 

The main structure of the area fits with the regional trends outlined for the western 

correlates of the Rocky Cape Group. Dominant folding is in the NW -SE direction (Fl ), 

with minor folding in the NE-SW direction (F2). Faulting in the area may also be related to 

these stress fields . 
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Chapter ·1 Introduction 

This sedimentological and fi.eld m~pping study was conducted in the Arthur River area, 

north-west Tasmania (Fig 1.1 and 1.2). All rock outcrop in the Arthur River area is of the 

Proterozoic Rocky Cape Group correlates. The Rocky Cape Group and its correlates 

dominate the geology of the north west of Tasmania (Fig 1.1). They are the oldest exposed 

s~quence in the north west, however, they have not been the focus of Tasmanian geology 

and therefore are still relatively under studied. 

This project aims to add to the knowledge of the Rocky Cape Group and correlates. No 

sedimentary logging has previously been conducted on the western correlates. The 

sedimentary logging, along with provenance studies should give a more detailed account of 

the depositional environments of the Proterozoic Rocky Cape correlates. The structural 

data collected in the field area will define facies outcrops and add to the understanding of 

the deformational history of the Rocky Cape Group and correlates. 

1.1 Geographical Location and Access to the Field Area 

The field area is an 8 km stretch of coastline which begins 1 km south of the Arthur River 

mouth and continues north ending 2 km past Bluff Hill Point, NW Tasmania. It extends 

inland to the Marrawah - Arthur River road which is the eastern boundary of the field area 

(Fig. 1.2). Most of the area is within the Arthur - Pieman Protected area, with some 

farming land which has limited access to the inland outcrop. Rock exposure is almost 

continuous along the coastline, however, immediately inland the outcrop was covered by 

modem dune sediments. The inland outcrop is scattered and consists of resistant 

quartzarenite. The mudstone is not exposed inland except along roads or in quarries. 
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Figure 1.1: Geology of Tasmania, showing the extent of the Rocky Cape Group and the location of the 

field area, after Burrett and Martin, 1989. 
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Figure 1.2: Extent of the field area, indicating land marks within the area. Inset map was modified 

from Burrett and Martin, 1989. 
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Coastal tracks close to the shoreline made the continuous outcrop of the coast easily 

accessible. The rocks are fresh due to the strong seas on the west coast, and shoreline 

vegetation is sparse, therefore the extent of fresh outcrop was not a concern. Inland outcrop 

is within thick scrubby vegetation and is not as fresh or continuous. Inland data was 

collected by traversing from' .the coastal tracks. Six weeks were spent in the field, but only 

one week on inland outcrop. 

1.2 Previous Work 

Gee (1967) conducted the most extensive study of the Rocky Cape Group. Within it he 

presented a historical review of study in the North west, a summary of this is presented 

here. The first geological recording of rocks on the North West coast was done by 

Strzelecki (1845 in Gee, 1967).' From 1870 to 1913 numerous geological studies were 

carried out in the Rocky Cape area in search of minerals and economic potential. 

Significant work was done after this by Carey (1949 and 1953 in Gee, 1967) who defined 

the "Rocky Cape Geanticline" and proposed that the rocks within it were upper 

Precambrian to lower Cambrian. Sprys work (1957, 1962 and 1964 in Gee, 1967) looked 

at defining the stratigraphy of the "Rocky Cape Geanticline", however, the later work done 

by Gee, 1967 modified and redefined this stratigraphic succession. During the 1960's 

regional mapping of the north-west was carried out by Longman and Matthews (1963), 

McNeil (1961, and Spry 1964 in Gee, 1967) inland along the Arthur and Pieman Rivers 

and along the west coast. hnportant correlation's of units in these areas were made to the 

North coast Rocky Cape 'type section', studied in detail by Gee (1967). 

My study area is situated on the western side of the Smithton trough, and so far continuity 

of the formations in Rocky Cape Group has not been traced beyond the middle reaches of 

the Arthur River. These rocks west of the Smithton Trough have similar lithologies and 

display a similar low level of regional metamorphism to the Rocky Cape Group on the 

North coast (Burrett and Martin, 1989), and are therefore grouped as correlates of the 

Rocky Cape Group. 
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Work in these Rocky Cape correlates has been limited. The most relevant work to my field 

area was done by Lennox (1976). His study included the structure and sedimentology of 

rocks on a coastal stretch between Bluff Hill Point through to Temma at reconnaissance 

level. 

1.3 Geology of the Rocky Cape Group and Correlates 

These Proterozoic rocks dominate the north west corner of Tasmania. The age of the rocks 

is not well known but has been estimated by Turner et al. (1992 in Seymour and Calver, 

1995) as approximately 1100 Ma. The Rocky Cape Group and correlates are the oldest 

rocks in the north west, their base is unexposed and they are unconformably overlain by the 

Togari Group stratigraphy (Smithton Synclinorium) (Seymour and Calver, 1995). The 

Rocky Cape Group 'type section'. is along the north coast and this is where the stratigraphy 

of the group has been based. It will be presented to help in the comparison of the rocks in 

my field area to the Rocky Cape units. In general the Rocky Cape Group consists of 

interbedded super mature sandstones and siltstones, which have a low metamorphic grade. 

1.3.2 Regional Geology 

Stratigraphv 

Rocky Cape Group Stratigraphy (as defined by Gee, 1967) :
 

The Rocky Cape group is at least 5700m thick (base not exposed). It consists of 4 main
 

units, the Cowrie Siltstone (at the bottom), Detention Sub-group, Irby Siltstone and Jacob
 

Quartzite (at the top; Fig. 1.3).
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Jacob Quartzite Supermature quartzarenite with silica cement, 

ll00m with abundant planar crossbedding. . 

Irby Siltstone Dominantly siltstone with black shale, dolomite, 

750m sub-greywacke and hematitic breccia. 

1400m	 Detention Dominantly supermature cross-bedded quartz 

Subgroup sandstone with interbedded siltstone 

2450m
 

Cowrie Siltstone Black pyritic shale with interbedded siltstone.
 

Figure 1.3 : Stratigraphy of the Rocky Cape Group, modified from Seymour and Calver (1995) and 

Gee (1967). 

Cowrie Siltstone 

This formation was named by Spry (1957 in Gee 1967). The type section on the western 

foreshore of Rocky Cape is defined by Spry as finely laminated shale, well bedded flaggy 

or laminated siltstone, and black mudstone, with some cross-bedded sandstone layers. 

Later work by Gee (1967) has outlined some of the sedimentary features in more detail. 

Petrographic work showed an unusually high silica content, giving a cherty texture. The 

finely laminated shale grades up to a coarse siltstone interbedded with sandstone as it 

grades into the Detention Subgroup. 

Detention Subgroup 

The Detention Subgroup was proposed by Gee (1967) to embrace Spry's (1957) previous 

units of Bluff quartzite, Port Slate and Cave Quartzite, to form a mappable unit. It is 

defined by Gee, 1967 as an assemblage of dominantly cross-bedded orthoquarzite with 

minor interbedded non-persistent siltstone beds. 
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Jacob Quartzite 

The Jacob Quartzite is defined by Gee (1967) as a formation of cross-bedded orthoquartzite 

with minor interbedded non-persistent siltstone horizons. 

The Detention and Jacob silicified quartzarentites 

Gee describes both the Detention and Jacob quartzites as orthoquartzites, however, the 

nomenclature has been changed to 'silicified quartzarenite' in later publications on the 

Rocky Cape Group, such as Burrett and Martin (1989) and Seymour and Calver (1995). 

This avoids any metamorphic reference in the name. The rocks are quartzitic, but this may 

be due to the highly siliceous cement (Turner in Burrett and Martin, 1989). 

The features of these two quartzarentite units are important to my study as there is a large 

area of quartzarenite outcrop in the field area, near Arthur River. It is interesting to 

compare this Arthur River quart~arenite  with the quartzarenites of the type section. Gee 

(1967) chose to describe the orthoquartzite units together as they are very similar in 

lithology. I have chosen to take the same approach so that the descriptions are more 

concise. 

In general a typical orthoquartzite (Gee, 1967) is described as a well sorted, white quartz 

sandstone characterised by abundant crossbedding. The bedding thicknesses vary from 5 

180 cm and contain faint internal laminations. There is an absence of interbedded 

conglomerate. In hand specimen they are dominantly fine grained, with a composition of 

97% quartz. The interbedded lutite layers within these two quartz~enite units have 

thicknesses from 1-2m up to 50m, with a limited lateral extent. The interbedded layers 

consist of abundant cross-bedded sandstone lenses in a grey siltstone. 

Gee (1967) shows that the Jacob quartzite differs from the Detention quartzites in its finer 

grainsize, thinner crossbedding units, more consistent crossbedding direction, the greater 

abundance of ripples and more shaly layers. 

Irby Siltstone 

The Irby Siltstone formation is a black siltstone with minor dolomite and sandstone lying 

conformably between the Detention Subgroup and the Jacob Quartzite. Gee (1967) 

describes its composition as mainly siltstone with lesser amounts of black shale, dolomite, 
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quartzite and sub-greywacke. The siltstone contains small scale depositional sedimentary 

structures such as wavy crossbedding, scour-and-fill structures and irregular erosional 

planes. 

Depositional Environment 

Sedimentation has been interpreted as initially upon a stable shelf starved of clastic imput 

and over time clastic imput increased which lead to the accumulation of unusually thick 

blankets of shallow marine mature sands (Gee, 1971 in Burrett and Martin, 1989). 

Structure and Deformation History 

The explanatory notes compiled by Brown (1989) for the Smithton 1:50000 map sheet 

summarize the deformation in the Rocky Cape Group. The rocks have undergone three 

phases of deformation during the Penguin Orogeny. Cleavages formed at each stage; the 

primary (dominant) cleavage is a slaty cleavage and the secondary cleavages are 

crenulation cleavages. Dolerite dykes were intruded before the first phase, after the first 

phase and after the second phase of deformation. Gee (1967) noted that the lithological 

differences within the Rocky Cape Group affect the style of the deformation. Fold limbs 

are nearly planar, with high strain in siltstone beds. Within the quartzites, high-angle 

thrusts occur, some of these are break-thrusts in anticline hinges. 

Folding 

Folding was associated with the first two stages of deformation. Fold hingelines trend (Fl 

ENE-WSW, F2 NE-SW) in the Rocky Cape region, but to the west, in the Bluff Hill Point 

region they trend (Fl NW-SE, F2 NE-SW). Both fold styles however, are similar, with 

open, asymmetric upright folds associated with a well developed cleavage. Folding in the 

overlying Smithton Synclinorium has a similar style to the major folding in the Rocky 

Cape Group, which implies that the major deformation post dates deposition of the 

Smithton Synclinorium and is relatively young. This fits with Turner's (1993) 500 Ma date 

for peak metamorphism within the Rocky Cape Group.(in Seymour and Calver, 1995) 
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1.3.3 Local Geology 

My field area is situated within the correlates of the Rocky Cape Group. As mentioned 

previously no continuity can be followed from Rocky Cape through to this north-western of 

the Rocky Cape Group correlates. The north-western section stretches from Green Point 

through to Temma (Fig. 1.1) and the main studies within it have been done by Lennox 

(1976) and Seymour D.B. pers. comm. in Burrett and Martin (1989). The study by Lennox 

(1976) included the study of the rocks around Bluff Point in my field area. Lennox looked 

at both structure and sedimentology, however, his project was broader and covered outcrop 

through to Temma and also an area near Sulphur creek on the north coast. A more detailed 

look at the sedimentology is necessary. 

Sedimentologv oUke Artkur River area (from Lennox, 1976) 

Lennox found quartzarenite with mudstone sequences intercalated. Within the siltstone 

north of Bluff Hill Point sedimentary structures of graded bedding, scour-and-fill 

structures, pseudonodules and clastic dykes were found. The clastic dykes were interpreted 

to have formed in mudcracks. Lennox concluded that the environment of deposition was 

probably tidal flat with dolomite and clastic dykes of mudcrack origin indicating exposure. 

Structure oftke Artkur River Area (Lennox, 1976) 

In the Bluff Hill Area Lennox found north westerly trending folds and primary cleavage. 

There was also evidence of a later set of north easterly trending folds and weak crenulation 

cleavage seen in the siltstone, north of the Bluff. 
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1.4 Aims 

My underlying aim is to increase the knowledge on the Rocky Cape Group. More 

specifically, my aims have been to: 

1.	 Present detailed sedimentary logs; and use these to interpret environments of deposition, 

to a greater detail than previous work. This interpretation will be compared with the 

Rocky Cape 'type sequence' studied by Gee (1967). 

2. Conduct provenance studies to accompany the interpretation	 of deposition and basin 

conditions. 

3. Conduct structural mapping in order to construct a geological map	 of the area and; 

compare the structural data with that from other studies in the Rocky Cape Group. 

The following chapters 2,3 and 4 will present this data. Chapters 5 and 6 will discuss the 

interpretations of this data, and outline the implications it has on understanding the geology 

of the Rocky Cape Group and more specifically its correlates on the north west coast. 
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Chapter 2 Sedimentology of
 

the Arthur River Area
 

2.1 Introduction 

In Chapter 1, the Rocky Cape Group and its correlates were introduced and it was noted 

that no detailed sedimentological studies have been conducted on these Precarnbrian 

metasediments in this study area. This study has aimed to initiate a detailed examination of 

the succession in the Arthur River mouth area using field observations, sedimentary 

logging and thin section descriptions. This data and initial interpretations will be presented 

in this chapter. For the purposes of this study these Rocky Cape Group correlates 

outcropping in the area have been subdivided into three facies (Fig. 2.1.1). These consist 

of: 

- a dark finely laminated mudstone facies (Facies 1), that outcrops in the southern part of 

the field area, around the Arthur River mouth and an isolated outcrop further south. 

- a buff cross-bedded and ripple marked quartzarenite (Facies 2), that outcrops from 1 km 

north of Arthur River to Cradle Point, and south of Arthur river around Gardiner Point. 

Inland outcrop is also present and this is concentrated around the Bluff Hill Point 

lighthouse. 

an light coloured interbedded siltstone/sandstone (Facies 3), consisting mainly of 
~  

silicified siltstone that outcrops on the coast from Cradle Point through to the most 

northern extent of the coast in the field area. Inland outcrop is found south of the 

lighthouse. 

2.1.2 Methods 

Detailed sedimentary logs were measured over the continuous outcrop of the coastal 

sections in selected representative areas. The average length of each log is 5-10 m. The 

sedimentary structures within the logs are drawn as they appear in outcrop. Accepted 

sedimentary symbols and labels are accompany the logs to help define the specific 

sedimentary structures. The symbols adopted were from Tucker (1990). 

11 



"" !( 

Q 

.. 

~ -" 0 

~  §
80 

~ 

G 
~ 

\) 

~ 

~ 

• Facies 1- Laminated Mudstone 

o Facies 2 - Quartzaren~e 

• Facles 3 - In1erbedded S1l1stone 

EJ Inland Sil1stone outcr~ 

/ 
Gad 

N POOl 

~ . 

I I 
1101 
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When describing the rock samples in thin section, grain size conventions following the 

Udden-Wentworth grain size scale were used as presented below (Table 2.1.1). The 

classification triangles of Folk et al. (1980) were used, the parent triangle for arenite is 

presented here (Fig. 2.1.2) . 

Gravel 

Sand 

Silt 

Clay 

Name 

Boulder 

Cobble 

Pebble 

Granule (gravel) 

Very coarse sand 

Coarse sand 

Medium sand 

Fine sand 

Very fine sand 

Coarse silt 

Medium silt 

Fine silt 

Very fine silt 

Clay 

Average grain-size (mm) 

256-4096 

64-256 

4 - 64 

2-4 

1 - 2 

0.5 - 1 

0.25 - 0.5 

0.125 - 0.25 

0.062 - 0.125 

0.0156 - 0.062 

0.0078 - 0.0156 

0.0039 - 0.0078 

0.002 - 0.0039 

0.00006 - 0.002 

Table 2.1: The Udden-Wentworth grain-size scale used for the description of clastic 

sedimentary rocks in this study (adapted from Leeder, 1982). 

Q 

F' ~~I  I~I  J. 'R 

Figure 2.1.2 : Parent triangle for arenite classification of Folk, Andrews, and Lewis, 1970. Q = 
monocrystaIline and polycrystaIline quartz (excluding chert). F =monocrystalline feldspar. R =rock 

fragments (igneous, metamorphic, and sedimentary, including chert). 
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2.2 Facies 1 - Finely Laminated Mudstone 

2.2.1 Outcrop Description 

The southern most mudstone occurrence outcrops from immediately south of the Arthur 

River mouth and extends for 1 km to the .north.. The outcrop north of the river is semi

continuous, occurring as large 100 m long sections broken by gulches or areas of sand. On 

the southern side of the river the siltstone is exposed on a 30 m wide strip next to the river 

that extends inland for 100-200 m. Small 1 m gaps in the section may be eroded faults. 

Isolated outcrop also occurs 1 km south of the river mouth. Although this is not in contact 

with the outcrop near the river mouth it may be the same stratigraphic unit. All of the 

mudstone outcrops are fine shales with silt laminae. They are dark grey - black, smooth, 

flat and low lying, and occur along the shoreline and so are reasonably fresh. There are no 

exposed contacts between this mudstone facies and the adjacent quartzarenite outcrops. 

2.2.2 Sedimentary Structures 

The sedimentary structures are best illustrated in the logs of facies 1. These logs will be 

referred to throughout this section and will therefore be introduced first. Log 8, 11 and 12 

are all logs taken within facies 1. Log 8 is presented in figure 2.2.1, with accompanying 

photographs on plate 2.2.1. Logs 11 and 12 are presented in figure 2.2.2 also with an 

accompanying set of photographs (PI. 2.2.2). 

It should be noted that the fine lamination present throughout the logs is the main 

diagnostic feature of this facies. The description of this lamination will be presented at the 
~ 

end of this section as it is the most conspicuous feature and requires a more detailed 

analysis and interpretation. The bedding features occurring on a larger outcrop scale will 

be outlined first. These outcrop scale bedding features are well illustrated in the 

sedimentary logs. 

2.2.2.1 Bedding· Outcrop scale 

Beds of the finely laminated mudstone are interbedded with massive or disturbed siltstone 

layers (Log 8 and 11). These disturbed beds range from 10 cm - 1.5 m thick and are 

defined by the absence of lamination or the presence of disrupted structure, not by grain 

size change. The rocks are of a relatively constant grain size with only minor coarsening to 

sand in places. These fine grained sandstone beds are only centimetres thick (Log 8 &12). 
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Figure 2.2.1: Sedimentary log of fades 1, north of the Arthur River mouth. 15 



Plate 2.2.1: Photographs accompanying log 8 from fades 1, and some examples of syn

sedimentary faulting and dyke development. 

a) An example of disturbed slurry layers, grading into intraclastic laminated c1asts and back 

to undisturbed planar lamination (Scale: lens cap diam. is 63 mm). 

b) Syn-sedimentary folding, occurring within a disturbed layer (Scale: lens cap diam. is 63 

mm). 

c) Guttercast from within log 8. This guttercast is slightly overhanging on the right side, and 

appears to be joined to a bedding layer at the base (Scale: lens cap diam. is 63 mm). 

d) Small scale disturbances illustrated by the small Syn-sedimentary folding (Scale: lens cap 

diam. is 63 mm). 

e) A Syn-sedimentary fracture that has been filled with slurry sediment from above (Scale: 

lens cap diam. is 63 mm). 

oThe development of a Syn-sedimentary dyke. The dyke is fIlled with slurry sediment from 

the disturbed layer at the base. This sediment has then been squeezed up fractures to form 

the dyke (Scale: lens cap diam. is 63 mm). 
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Figure 2.2.2: Sedimentary logs 11 and 12, taken from facies 1 in the north Arthur River outcrop. 17 



Plate 2.2.2: Photographs to accompany logs 11 and 12, illustrating the sedimentary features 

(Scale: the lens cap has a diarn. of 63 mm). 

a) Very fine interlarninated claystone and siltstone, of <mm scale in places. This is the 

typical parallellarnination within .the non-disturbed beds of facies 1.
 

b) Dlustration of the parallel laminated bedding broken by a small bed of slightly disturbed
 

layering.
 

c) Disturbed bedding, with a parallellarninated bed overlying. The disturbance has resulted
 

in slumping and folding.
 

d) Syn-sedimentary fault. The offset of a thin coarse siltstone bed defines the fault.
 

e) Syn-sedimentary folding within a disturbed layer,
 

t) One side of a guttercast illustrating the nature of the erosional sides. The fill of the gutter
 

consists of a slurry base with intraclastic infill sitting above it.
 



o

 



2.2.2.2 Disturbed Beds 

As previously mentioned, some beds have been defined as 'disturbed layers'. These occur
 

in a variety of fonns, depending on the level of disruption. In the case of the least
 

disturbed beds, laminae are warped and slightly folded (PI. 2.2.1d). With increasing levels
 

of disturbance folds become tighter until the bedding is overturned (Log 8, PI. 2.2.1 b).
 

Folding can ultimately be intensified to the point that the beds and laminae are broken and
 

no longer continuous, in which case the more brittle, competent blocks of sediment are
 

broken and become intraclasts within the beds. Internally however, they preserve the
 

original lamination. The progression from folded, to intraclastic, to massive 'slurry'
 

bedding is present in the sequences, and is thought to represent an increase in level of
 

disturbance. This progression is broken into sections and described in more detail below:
 

Sedimentary folds
 

Sedimentary folding occurs on a bedding scale. The folded beds and laminae can remain
 

attached to the adjacent plar:tar bedding or can be detached and floating in a "slurry" of
 

homogenised sediment (PI. 2.2.1b and d in log 8).
 

Intraclasts
 

If laminated beds are more lithofied and less ductile, they are not folded but broken up to
 

fonn intraclasts. Rafts of laminated silt occur within non-laminated silt beds (log 8: 2.2 m,
 

log 12: 4.5-4.7 m and 0.2-0.4 m). The intraclasts range from small brittle pieces of
 

laminated silt through to larger folded and less brittle fragments.
 

The more disturbed the layer is, the less remnant laminated clasts are preserved, and the
 

size of the preserved intraclasts decreases down to millimetre scale; seen in thin section 73,
 

PI. 2.2.3b).
 

Massive Non-laminated Beds
 

These are the most disturbed layers and consist of massive poorly sorted mudstone in
 

which all signs of lamination have been destroyed, except for the very small intraclasts (PI.
 

2.2.3b).
 

For convenience, I have named these layers 'slurry' layers, as they appear to consist of
 

homogenised mixture of sediment of identical grain size to the laminated units.
 

The small intraclasts within these beds appear to have some level of preferred orientation.
 

19 



These 'slurry' layers can be separate beds (log 12: 3.3 m) but they usually form the base of 

disturbed layers and grade up into less disturbed intraclastic sediments (Log 12: 0.1-0.3 m, 

4.4- 4.8m) or sedimentary folded areas. 

Interpretation 

These disturbed beds have a variety of forms, but all seem to be related to each other, 

grading into one another. It is unclear whether the range of disturbances is due to just one 

sedimentary process acting, or whether each type of bed is related to an individual 

sedimentary process. It is well known that sedimentary folds are due to slumping of 

unconsolidated sediment down slopes (Potter and Pettijohn, 1977). The sedimentary folds 

in this sequence have axes all angled in the same direction and this supports a model of 

slumping down a palaeoslope. 

Slope environments are often as~ociated  with gravity flow deposits. Similar bedforms to 

the numerous types of disturbed beds outlined above, have been interpreted as gravity 

flows (Myrow and Hiscott, 1991). It is therefore possible to conclude that all of the slump 

folding, intraclast layers and slurry layers present in facies 1 are related to deposition on a 

slope. Sediment failure results in in situ liquefaction producing disturbed bedding. The 

partially liquefied beds, in combination with the slope results in the formation of debris 

flows. 

The sediment failure has been interpreted by Myrow and Hiscott (1991), to be caused by 

cyclical wave loading associated with large storms. The environment of ~eposition  of such 

disturbed bed deposits is therefore likely to be a slope that is influenced by storm energy. 

The water movement produced by the storm provides a destabilising force for the sediment 

causing it to slump down the palaeoslope. 

2.2.2.3 Syn-sedimentary Faults 

Syn-sedimentary faulting and fracturing with associated sedimentary dykes are present on a 

m scale. The faults disrupt the laminated beds and are infilled with mudstone. An obvious 

fault is present in log 12: 2.9- 3.15 m (PI. 2.2.2d), where a sandstone layer has been 

displaced along the fault with associated drag. An example of a sedimentary dyke is 

presented in Plate 2.2.lf, where lighter coloured 'slurry' sediment has moved up into the 

fault. Smaller fractures associated with this sediment dyke are present 2 metres to the 
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right, have been infilled with sediment from above (PI. 2.2.1e). 

Interpretation 

Syn-sedimentary faulting and fracturing is due to instability of sediments on palaeoslopes 

(Potter and Pettijohn, 1977; and Myrow anti Hiscott, 1991). The gravity forces sediment to 

move down the slope and faults or fractures develop along planes of weakness to 

accommodate this movement. Sedimentary dykes form by the movement of underlying 

water saturated sediment up into the fracture. The pore pressure of the underlying 

sediment pushing it up through the fracture. In conclusion the main environmental feature 

needed for both Syn-sedimentary faulting and dyke formation is deposition on a 

palaeoslope. 

2.2.2.4 Gutter Casts 

Two gutter casts are present in the mudstone facies outcrop north of Arthur River mouth. 

Log 8: 3.2-3.35 m and log 12: 0.6-0.8 m show the location and form of the gutter cast 

structures. Both are defined by erosional boundaries cut into the underlying sediment. The 

infill consists of slurry material, which is the same as that described above in the disturbed 

massive layers and intraclastic material. 

Gutter cast 1 : Log 12 

This structure appears to be a pair of guttercasts connected via a thin bed. These two 

connected guttercasts are exposed in outcrop at an angle sub-parallel to the palaeoflow 

direction giving a longitudinal 2 dimensional view. .. 

The combined length of the structure is approximately lA m and the depth is a maximum 

of 12 cm at the left hand end shallowing to 5 cm. The width of the gutter can not be 

determined in the available outcrop. Using the classification for gutter casts proposed by 

Myrow (1992), these casts are: shallow rectangular and shallow rounded in shape, 

connected by a thin bed and contain structureless to intraclastic infill (PI. 2.2.2f, log 12). 

The structureless fill is identical to the 'slurry' sediment described in the disturbed layers, 

and contains intrac1asts floating within it. The intraclasts are laminated and have been 

slightly deformed penecontemporaneously. The density of the intraclasts increases towards 

the top of the gutter cast infill. 
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Gutter cast 2 - Log 8 

The gutter cast in log 8 occurs approximately 50 m south along the outcrop from gutter cast 

1. It has slightly different characteristics and is classified using Myrow (1992) as an 

irregular shape with a flat base. It is discrete with a structureless infill. Another interesting 

feature is the apparent connection of the gutter base with a sediment layer. The gutter has 

eroded underneath some of the side walls to form an overhanging area. This eroded area 

joins a sedimentary layer at the base and the gutter thins out, forming a tail (PI. 2.2.1c and 

Fig. 2.2.3). 

Figure 2.2.3: Dlustration of gutter cast 2, outlining the gutter dimensions, axis trend and relationship 

with the surrounding bedding. Plate 2.2.1c accompanies this diagram: 

This gutter cast is also only exposed in two dimensions. The outcrop shows a cross 

sectional view which appears perpendicular to the flow direction. It is 27 cm deep and 54 

cm wide at the top narrowing down to a width of 25 cm. 

The infill is the same as the slurry layers and it contains small intraclasts that are <3 cm 

long and 1-2 mm's thick. Some of these intraclasts look to be eroded from the gutter cast's 

edges, and have a preferred orientation. Sediments overlying the gutter cast are disturbed 

(Fig. 2.2.3). 
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Palaeoshoreline Data 

The axis of gutter casts has been shown by Myrow (1992) to be perpendicular to the 

palaeoshoreline. The axis of guttercast 2 was measured (Fig., 2.2.4), and outlines a 

palaeoshoreline with a NNW-SSE trend. 
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Figure 2.2.4: Rose diagram of the axis trend of gutter cast 2 in facies 1. It indicates a palaeoshoreline in 

a NNW-SSE direction. 

Interpretation of Gutter Casts 

The first person to describe guttercasts was Whitaker in 1973 (Myrow, ..1992). He noted 

that they were common in both hummocky siltstone and rippled sandstone fades. Most of 

the documentation on gutter casts shows that they form in sandstones with sandy infill, but 

Martel and Gibling, 1994, have noted that their guttercasts were cut into muddy substrate. 

In this instance the muddy substrate is interbedded with sand and the environment is part of 

a lacustrine storm dominated sequence. The gutter casts are within the nearshore lake 

fades, less than a metre above the hummocky cross stratified siltstone fades. This is 

evidence that gutter casts occur in muddy substrate that is closely associated with storm 

influenced sediments of Hummocky Cross Stratified (HCS) siltstone. The mudstones in 

the Arthur River area do not have any association with sandstone beds, but are interpreted 

as storm influenced. 
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A feature which supports the stonn related occurrence of gutter casts is the graded 

intraclastic fill. The infill becomes progressively richer in intraclasts towards the top of the 

gutter cast in log 12. This may be the result of stonn worked sediments from up slope 

being deposited on top of a slurry filled gutter. The stonn would have first sourced the 

unconsolidated muds on the sea floor, which where then turned into slurry, and washed 

into gutters. This would have exposed the more consolidated material to stonn erosion 

resulting in ripping up mudclasts from the seafloor which were then deposited on top of the 

slurry filled gutters. 

The overhanging walls (Log 8) is an interesting feature which may also support stonn 

related deposition. The walls of gutter casts would not be resistive to wave, tide and current 

energy for long, if they were overhanging (Myrow, 1992). The preservation of 

overhanging walls was therefore C?xplained by Myrow (1992) as due to rapid accumulation 

of sediments in the freshly eroded scours. The similarity of the fill and the surrounding 

rock within the gutter casts of this study suggests that transport of the stonn sediment was 

limited and deposition was rapid. This explains the preservation of the overhanging wall. 

Another feature of the guttercasts that is explained by stonn related deposition is the 

presence of disturbed beds overlying the guttercasts. The disturbed overlying sediments 

(Fig. 2.2.3) may be due to only partial filling of the gutter by the stonn event. An example 

of this was seen on a gutter cast studied by Myrow (1992) who noted that the structure was 

not completely filled so the lip and shape of the gutter affected later overriding flow and 
Jo 

deposition. 

Environments for Gutter Cast formation 

Gutter casts similar to these in facies 1 have been interpreted to fonn in 

palaeoenvironments ranging from tidal flat to submarine fan (Whitaker, 1973). However, 

in more recent studies of Kreisa (1981), Leithold and Bourgeois (1984), Myrow (1992) and 

Martel and Gibling (1994), they have been described from shallow marine rocks and are 

considered to be stonn-generated features. The gutter casts of facies 1 are therefore most 

likely to have fonn in this stonn influenced shallow marine environment. The environment 

needed is subtidal, and must be shallow enough to be affected by stonn activity. 
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A study done by Krassay (1990), presents gutter casts in a storm influenced siliciclastic 

shelf sequence. The gutter casts are within the interbedded sandstone and clayey siltstone 

facies, of the this sequence. This facies contains other sedimentary structures including 

flaser bedding, low angle cross lamination, wave ripples and ripple lamination, and has 

been interpreted as above storm wave base (SWB) and below fair weather wave base 

(FWWB). 

The sedimentary structures seen in Krassay's facies are different to those in facies 1, 

therefore a different environmental interpretation is needed. Facies 1 has less current 

influenced features and therefore is in a lower energy, and possibly deeper water 

environment. It is still storm influenced but it may only be affected by very large, deep 

storms, and is therefore below the normal storm wave base (SWB). A second possibility is 

that facies 1 occurs at a very similar water depth as Krassay's facies but it is in a more 

protected area of the shoreline tha~  does not receive as much current action, if any. 

2.2.2.5 Parallel Lamination
 

The parallel laminae are the most conspicuous feature of this facies. They occur on a
 

millimetre scale and are therefore best described in both hand specimen and thin section.
 

The thin section descriptions are included within the appendix (App. 2.2.1).
 

Photomicrographs a, d and e on plate 2.2.3 illustrate these laminae and show in detail the
 

constituents of these layers.
 

Components of the Mudstone 

There are three main components: 

1.	 A dark, possibly biogenic material makes up approximately 15% of the layers in all the 

thin sections examined. This material is usually dark brown and has no particular shape. 

It appears to be aligned with the flow direction, seen best in thin section No.73 (PI. 

2.2.3b). An intraclast has dark brown material curving around one end of it, 

representing the flow of material around it. This dark material also defines the cleavage. 

It has moved from its sedimentary layering and lined up along cleavage planes. 

2.	 The other fine grained component of these layers is of lighter colour and consists of clay 

minerals, micas and very small quartz grains. Very fine white mica laths make up the 

bulk of this component. This material is the main component of the rock. 
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Plate 2.2.3: Photomicrographs of the laminated mudstone, fades 1: 

a) Clay rich lamination of fades 1. Note the association of siltstone with the darker 

__ carbonaceous layers. 2.5X Mag. under crossed polars. 

b) Dlustrates the presence of small siltstone clasts within a non-laminated 'slurry' matrix. 5X 

Mag., under plane light. 

c) The dark clay layers have disrupted the surrounding siltstone layers during dewatering 

processes. The siltstone layers- therefore consist of lenses. 5X Mag., under plane light. 

d) Layers of associated biogenic material and siltstone are present at the bottom of the slide. 

The majority of the slide shows graded bedding, from siltstone through to carbonaceous 

clay. 2.5X Mag., under crossed polars. 

e) Siltstone rich lamination. Note the distinct layers and the lack of graded bedding. 2.5X 

Mag., under plane light. 





3.	 The third major component is the fine silt sized quartz grains. This component makes 

up the coarser and lighter laminae within the mudstone package. These coarser grained 

laminae often appear only one grain thick in hand specimen, however, thin section 

examination indicates the usual thickness of these silt layers is at least 2-3 grains thick. 

Other Components 

Heavy minerals are also present throughout this facies. They are usually concentrated 

within the quartz silt or the poorly sorted layers and are medium silt size or smaller. They 

have high relief and 2nd to 3rd order interference colours and are interpreted to be zircons. 

Unequivocal identification is however, difficult because they are so fine grained. Opaques 

may also be present but as the rock is dark in colour they are difficult to see. The heavy 

mineral separate from a siltier layer within this fades shows that these zircons are euhedral 

in shape. 

Small Scale Features of the Laminae and their Components 

It is clear, even in hand specimen that the layers in this mudstone facies are not always 

planar laminae. Often the siltstone layers are not continuos and form lenses that are 

separated by the finer grained mudstone. Some of the these small scale disruptions may be 

due to deformation and cleavage development but most appear syn-sedimentary. Siltstone 

lenses related to the small scale disruption are presented in plate 2.2.3 c. It is thought that 

these lenses have developed due to loading with water saturation during ~iagenesis.  As the 

water escapes the underlying mud layer it deforms the silt layer which is less competent. 

Silt layers also appear to be broken and folded due to sedimentary deformation. Finer clay 

layers pushed up due to the pore water pressure, and break the quartz silt layers. 

Most of the layering is however, relatively planar with coarser and finer layers alternating 

form of mud silt clay triplets, and mud silt couplets. The coarser silt is interlayered with 

either the light clay or the dark biogenic material (PI. 2.2.3a). These layers are usually well 

sorted and distinct (PI. 2.2.3e) but some grading occurs (PI. 2.2.3d). The sharp contacts 

between the well sorted quartz silt and underlying darker clay layers can sometimes be 

erosional (App. 2.2.1 thin section 8). 
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The graded layers are generally thicker and have the same components as the rest of the 

layers. Their base consists of quartz silt sized grains with a sericite matrix grading up as 

quartz grains decrease both in size and distribution, and a coarser sericite matrix becomes 

more dominant. This grading continues until the quartz is no longer present. At this point 

the brown biogenic material becomes intercalated and becomes progressively more 

enriched as the coarser matrix is lost. On top of this biogenic layer is a light coloured clay 

layer. It is finer grained than the dark brown organic particles. The base of this graded 

layering described above can be seen in plate 2.2.3.d. 

Interpretations 

Deposition of fine scale laminae 

Laminated sediments record depositional and environmental trends with 

decadal/interannual resolution (Kemp, 1996). They therefore have very important 

implications if used as palaeoenv.ironmental indicators. A number of authors have looked 

in detail at their components. This has revealed information on the different depositional 

processes involved in the formation of laminae and the palaeoenvironments related to these 

different modes of deposition. The following section will compare the observations made 

by these authors with those made in this study. 

Schieber (1986) has interpreted the depositional environment of carbonaceous striped 

shales (similar to facies 1) to be subtidal, but no further restrictions can be made on the 

water depth by looking at the fine laminae themselves. Schiebers laminated sediments 

were interbedded with hummocky cross stratified sand, and therefore he was able to 

conclude that the water depth was no more than a few tens of metres. There are no such 

interbedded features found in the mudstone facies in this study area, and therefore no 

constraints can be placed on the water depth. 

The Origin of Carbonaceous Silt - Constraints on the Environment of Deposition 

The most important requirements for the sedimentation of carbonaceous material outlined 

by Schieber (1986) are: 

1. A source of organic matter 

2. a reducing condition at the site of deposition; and 

3. low sedimentation rates 

During the Mid-Proterozoic, which is the estimated age of the Rocky Cape Group and its 
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correlates, cyanobacteria were probably the sole source of organic matter (Bould, 1981 a in
 

Schieber, 1986). This restricts the environment to somewhere that cyanobacteria inhabit.
 

cyanobacteria were planktonic, formed intertidal microbial mats and benthic microbial
 

mats that could extend to water depths of 50 m on light requirements alone (Schieber,
 

1986). The laminated mudstones of facies 1 lack any features caused by exposure (e.g.
 

desiccation cracks), and therefore the organic material is not from in situ intertidal mats.
 

It was probably sourced from either accumulated planktonic matter or from in situ burial of
 

subtidal benthic mats.
 

In either case the presence of the carbonaceous material in these rocks therefore restricts
 

the environment of deposition to a subtidal, reducing environment with low sedimentation
 

rates.
 

Processes involved in Forming the Laminae
 

Some of the thin sections of faci~s  1 show an association of silt grains with carbonaceous
 

material (PI. 2.2.3a). This association is described by Schieber (1986) as a particle trapping
 

property of the mucilage mat of cyanobacteria mats. He explains that the silt grains would
 

become trapped preferentially in areas covered by sticky mats. Using these arguments
 

there is some evidence of benthic microbial mat growth within the processes of
 

sedimentation of this facies. The main process that explains the lamination deposition
 

however, is interpreted to be suspension settling.
 

Suspension Settling
 

It should be noted that the silt does not always combine with the carbona~eous  material. It
 

often occurs as well sorted and distinct layers intercalated with distinct shaley layers.
 

Similar parallel and distinct silt and shale layers are interpreted to be a product of
 

suspension settling. In this model shales characterized by alternating very thin (tenths of a
 

mm thick) laminae of silt and clay which are not graded, and show more couplets per rock
 

area than other types represent suspension settling (O'Brien, 1996).
 

A definition of suspension settling is provided by Stanley (1983 in O'Brien, 1996).
 

Suspension settling is the deposition of laminated facies in a stratified water column. The
 

particles concentrate into density interfaces, or detached turbid layers, which in time
 

produces a progressive release of silt and clay over large areas of the sea floor. O'Brien,
 

1996 outlines three possible mechanisms of suspension settling:
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1. Hemipelagic settling which is thought to be the mechanism for depositing organic rich 

sediments. 

2. Deposition from higher in the water column from a detached turbid layer; and 

3. Deposition from dust clouds blown into the basin and subsequently settled through the 

water column. 

From comparing the laminae structure seen in facies 1 with the diagrams and descriptions 

in O'Brien (1996), the formation of these laminae is due to either a detached turbid layer or 

settling out of dust clouds, which has interrupted the background sedimentation of the 

hernipelagic organic-rich clays. 

Fine well sorted silt layers (O'Brien, 1989 in O'Brien, 1996) have been interpreted as 

deposition in the distal portions of a basin (O'Brien, 1996). The silt layers in this study 

show the same features and ther~fore  may also represent distal basin deposition. O'Brien 

(1996), also explains that an aeolian source for these silt layers is possible. Some or all of 

the sediment may be brought into the basin by dust storms. Once the sediments settle onto 

the water the sedimentation processes follow the same suspension settling process. 

Storm Deposition 

The mud, silt and clay laminae seen in thin section are comparable to the carbonaceous 

silty laminae, shale drapes and silt lenses seen by Schieber (1986) in the Newland 

Formation. Schieber interpreted these as storm deposits. The storm generated lamination 

in facies 1 is represented by the graded lamination. The storm current~  generated in the 

shallower water environments travel down to deeper level in the form of turbidity currents. 

The gradual reduction in energy of the small current pulse results in the formation of 

graded bedding. 

2.2.2.6 Non laminated layers ('Slurry' layers) 

Slurry and disturbed layers of a small scale, are also present that are best described in hand 

specimen (PI. 2.2.2.b, log 11) and thin section. These layers can be 1-2 mm or up to 1-2 m 

thick. They occur sporadically throughout the laminated sequence and do not appear to 

have any pattern in their distribution. These 'slurry' layers are not laminated and their 

components are poorly sorted. Intraclasts of varying sizes occur within these layers, they 

can be up to 1-2 cm long and 0.8 cm thick. These clasts are generally elongate and have a 
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preferred orientation. Some intraclasts are very small and are composed of clay or biogenic 

laths, hardly visible in hand specimen as they blend into the poorly sorted matrix. 

When viewed under thin section the slurry layers consist of the same main components that 

make Hp the undisturbed lamination (listed above), but are poorly sorted. Thin section No. 

73 is an example of the slurry layer in thin section (App. 2.2.1 and PI. 2.2.3 b). The bulk of 

the layer is a sericite/micaceous matrix with subangular quartz silt grains evenly distributed 

throughout (PI. 2.2.3.b). The general percentages of the quartz and micas within this layer 

are very similar to the laminated rock, and there are no additional components. Clasts 

within this layer are distinguished from the matrix as they either contain silty laminae or 

have a more organic rich matrix. Biogenic material within the matrix is often concentrated 

around these clasts has congregated (PI. 2.2.3b). 

Interpretation 

The 'slurry' layers are interpreted as storm deposits. This is supported by the occurrence 

of the slurry material within gutter casts, a known storm feature. The storm currents have 

eroded the unconsolidated sediment, and mixed it forming a homogeneous slurry. The 

similarity of the components within these slurry layers with the laminated iayers suggests 

that the source of the storm sediments is proximal to the site of deposition. 

An alternative process for the formation of the slurry layers is liquefaction. Movement due 

to gravity flows has been interpreted to produce liquefied sediment flow (Myrow and 

Hiscott, 1991). This interpretation is supported by the association of t~e  slurry material 

with other gravity flow bedforms of intraclast beds and disturbed layers. 

2.2.3 Summary of the environment of deposition 

Finely laminated silts and muds can accumulate in a variety of different environments,
 

where the site of deposition is protected and sediment input is regular. Therefore, to
 

constrain the depositional environments it is necessary to analyse the other sedimentary
 

structures found within this facies.
 

The main types of structures present can be considered as two groups:
 

- Slope structures: syndepositional slumping with additional low angle truncation of
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bedding, sedimentary slump folds, disturbed and intraclastic layers, sedimentary faults 

and associated sedimentary dykes. 

- Storm deposits including: gutter casts, intraclast layers and slurry layers and minor graded 

bedding. 

Some of these structures have been interpreted to be due to a combination of both a slope 

environment and storm activity. The structures associated with gravity flows including the 

disturbed and intraclastic layers require disturbance, due to storm currents to initiate 

slumping of the slope sediment. 

The presence of these additional sedimentary structures therefore constrains the 

depositional setting to being on a slope, with influence from storm currents. 

The comprehensive book by Potter, et al., 1980, presents a summary table of the features of 

mudstones and shales in a variety of different environments. The 'slope' and 'rise' fades 

descriptions where silty muds are finely interlaminated with pelagic muds, slumps and 

slides and some escape structures (Potter, et aI., 1980) resemble fades 1. The 

sedimentation processes outlined for this environment by Potter, et aI., (1980) are 

resedimentation of gravity and suspension flows along with slumping and some pelagic 

sedimentation , which is consistent with the interpretations made for fades 1 in this 

chapter. 

The structures not explained by these processes are the storm generated features, that 

clearly indicate that in this case, the slope environment was influenceq by storm related 

currents. Possible slope environments that fit this analysis are continental slope and 

prodelta slope. Distinguishing between the prodelta environment and the shelf-mud 

environment as possible depositional environments for fades 1 is difficult. Reineck and 

Singh (1980) noted that the prodelta environment may be difficult to distinguish from the 

shelf-mud environments unless vertical and horizontal sequences are well established. No 

direct associations can be made with demonstrably deltaic fades therefore the environment 

can not be further defined. 

In summary, the host environment for fades 1 was a slope environment affected by storm 

generated currents. The main process of sedimentation involved in the formation of fades 

1 is suspension settling. This implies that the environment is dominantly quiet water, with 
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very little current activity. The environment is therefore below the storm wave base, as it is 

not affected by storm waves. Large storm activity inshore from facies 1 does however, 

result in storm currents influencing facies 1 sedimentation. The currents related to storm 

water moving back from the coastline scour the substrate forming guttercasts. These storm 

generated currents may also disturb the water ladden slope sediment, initiating slumping 

and gravity flows. The depositional environment is a quiet, reducing deep water slope 

environment, below SWB, that is intermittently disrupted by storm generated currents. 
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2.3. Facies 2 - Quartzarenite 

2.3.1 Outcrop Description 

The quartzarenite rocks are the most extensive outcrop in the area. They stretch for at least 

5 km of the coastfine broken only by gulches or quaternary beach sediments (Fig, 2.1.1). 

They consist of clean supermature sandstone composed of 95% quartz placing it within the 

quartzarenite field the arenite classification of Folk (1980; Fig. 2.1.2). In general the 

quartzarenite is white, light pink to light grey, well sorted, medium grained, silica 

cemented, cross-bedded and ripple marked. 

The outcrop is relatively fresh, as a result of wave action on the coast and, therefore, 

sedimentary structures are generally easily observed. However, the brittle nature of the 

silicifed sandstone results in extensive fracturing of most outcrop. Numerous fracture sets 

exist, making it hard to distinguish bedding at times. Some of this fracturing is related to 

faults which have small displacements of bedding. In the northern section of the coastal 

outcrop around Cradle Point the quartzarenite is also gently folded. The quartzarenite 

sequence, has been roughly calculated, using the trigonometry and an average bedding dip 

of 45° to be > 1900 m thick, assuming there is no repetition due to faulting. 

2.3.2 Sedimentary Structures 

Planar lamination, cross-bedding and ripple marks are the only sedimentary structures 

within the quartzarenite facies. The planar lamination is present throughout the sequence, 

but cross-bedding and ripple marks can occur in varying degrees with some areas heavily 

cross-bedded (log 3- Fig. 2.3.1) and others heavily ripple marked (log 10 - Fig. 2.3.2). 

Most outcrop usually shows a combination of both ripple marks and cross-bedding (log 13 

- Fig. 2.3.1). 

2.3.2.1 Planar Laminated beds 

Planar lamination is common and occurs in association with both cross-bedding and ripple 

marks. The beds range from 70 cm to 5 cm thick and usually contain internal parallel 

lamination. The laminae are approximately 1 cm thick and are defined by slight changes in 

grain size or composition. The silicification caused by cementing and/or metamorphism 

has, however, often partially obscured these lamination traces, giving the beds a 

superficially massive appearance. 
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The thin planar laminated beds of 5 - 10 cm, usually occur as sets of at least 3 or 4 and are 

mainly associated with ripple marked beds. The thicker planar laminated beds are found 

between cross-bed sets and have average thicknesses of 20 - 30 cm. 

Interpretation : Planar lamination is associated with two particular combinations of 

current strength and grain size (Fig. 2.3.3). These combinations are of: 

- low bed shear stress (current velocity) and coarse grained sediment (coarse sand to 

gravel); 

- or high bed shear stress and a range of grain sizes from very fine sand to gravel. 
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Figure 2.3.3 : Bedform phase diagram to show the equilibrium stability fields of the various 

sub-aqueous bedforms developed by uniform, steady flow over granular beds in straight 

laboratory channels. The stippled areas between fields represent the overlap of the results of 

different experiments, (after Leeder, 1988). 
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It is most likely that the planar bedding present in these rocks is due to the later 

combination as the grain size is generally fine to medium. Coarse grained planar beds are 

rare and are present only in log 10 (Fig. 2.3.1) at about 2.5 m. These may be due to the 

former combination. 

2.3.2.2 Cross bedding 

The cross beds are visible in two dimensions only (Plate 2.3.1e), and have amplitudes 

ranging from 10 cm to 60 cm. They are usually interlaminated with planar lamination 

(Plate 2.3.1d) or ripple marked layers and are often topped with ripple marks (log 13 - Fig. 

2.3.2). In some areas where cross bedding is particularly common (log 3 and log 13 - Figs. 

2.3.1 and 2.3.2) the cross-beds are not interbedded with ripple marks or planar bedding, but 

are stacked directly on top of each other (ie. amalgamation). The spacing of foreset 

laminae inside cross-bed sets is usually 1-2 cm, and the bases are often coarser grained 

(Plate 2.3.1a). 

Interpretation : Cross-bedding and cross lamination described on this scale is a result of 

dune or sandwave movement and formation (Collinson and Thompson, 1984). Trough 

cross bedding results from movement of crescent shaped dunes, while tabular cross

bedding results from migration of straight crested dunes. Possible host environments for 

these structures are variable and include aeolian, beach, bar, fluvial or shoreface (above 

storm wave base (SWB» settings. Analysis of palaeocurrents and other associated features 

in section 2.3.2.4 and 2.3.3 will place more constraint on the palaeoenvironmental 

conditions. 

2.3.2.3 Ripple Marks 

The ripple marks found in facies 2 come in a variety of forms including current, wave and 

interference ripples (Plate 2.2.1 b and c). 

Symmetrical ripples are the most common form, but it is hard to distinguish whether they 

are either wave or current ripples as the process of silicification has destroyed internal and 

the ripples are usually only visible in two dimensions. It is assumed, however, that at least 

some of them are wave ripples. 
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Plate 2.3.1: Photographs of cross-bedding ripple marks within the quartzarenite: the scale: 

lens cap has a diam. of 63 mm. 

a) Coarse gravel at the base of a cross-bed, and along some of the cross lamination. The 

maroon staining is a weathering feature present in certain areas within the quartzarenite. 

Sample 13 was taken from this location. (Field of view, laterally is approx. 15 cm). 

b) Asymmetric and symmetric ripple marks. Both have transverse straight crest patterns. 

c) Two examples of interference ripples (far right and top left), and asymmetric ripples 

(bottom left). The far right ripple marks show a catenary transverse crest pattern; the top 

left have a catenary out-of-phase pattern; the bottom left shows a straight transverse 

pattern. 

d) Interbedded cross and planar bedding in quartzarenite, fades 2 south of the Arthur River. 

(Hammer is 31 cm long). 

e) Two dimensional view of cross-bedding and planar bedding, taken between Church Rock 

and the Bluff Hill lighthouse. 
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The size of the ripple marks vary with amplitudes from less than 0.5 cm to 3.5 cm and 

wavelengths from 1.5 to 16 cm. These measurements are the extremes however, and most 

ripple marks have an amplitude of approximately 1 cm and a wavelength of 3-4 cm. The 

ripple marks not only vary in size but also in their crest patterns. The types observed 
. . 

included: straight transverse, sinuous transverse out-of-phase catenary transverse and 

catenary swept, using the conventional classification of AlIen (1968) in Leeder (1988). 

Some examples are presented in Plate 2.3.1b and c. Bifurcating ripple crests were also 

noted (Plate 2.3.1b). 

The ripple marks are strongly associated with the tops of cross-beds within log 13 (Fig. 

2.3.2; which is representative of the typical quartzarenite sedimentary structure 

distribution). Within the more ripple marked endmember (log 10 - Fig. 2.3.1), however, 

they are associated with planar lamination. 

Interpretation: When referring to the bedform diagram (Fig. 2.3.3) current ripples form 

with low bed shear stress (current velocity) in very fine through to coarse sand. With 

increasing grainsize and current velocity ripple marks are replaced by either planar or 

cross-bedding and this explains the association with these bedforms. Ripple marks can 

therefore exist in any environment that has sand-sized sediment subject to periods of low 

energy current activity. The presence of interference ripples suggests that two different 

currents interacted in these areas (Collinson and Thompson, 1984). Persistent wave activity 

only occurs above fair weather wave base (FWWB) therefore the presence of interference 

ripples is taken to indicate periods of deposition above the FWWB. 

2.3.2.4 Bedding Relationships and their Implications for Current flow 

The relationships within the sequence of cross-bedding, planar lamination and ripple marks 

can be explained by changes in both shear stress related to current velocity and grainsize 

changes when referring to the Bedform phase diagram (Fig. 2.3.3). 

Within the dominantly cross-bedded end-member of facies 2 common bedding 

relationships include: a sequence of cross-bedding followed by planar bedding then ripple 

marks, back to planar bedding then cross-bedding in fine to medium grained sandstone (log 

3 - Fig. 2.3.1, 0.5-1.2 m and 1.2-2 m). This is interpreted to represent waning current 
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energy with an associated decrease in grain size (resulting in ripple formation) followed by 

an increase in current energy and finally in grainsize (resulting in cross-bed deposition). 

This represents both an anti-clockwise then clockwise movement within area a, (Fig. 

2.3.3). From this it is clear that in this association the planar laminae would represent 

upper plane bed structures due to a reduction in grainsize relative to cross-bedding 

deposition, and/or an increase in current energy relative to ripple mark deposition. 

The relationships in log 13 (Fig. 2.3.2, 2.l-2.5m and 2.8-3.lm) support this and also show 

that planar beds within this facies also represent upper plane beds. The transition from 

ripple marks to cross-beds to planar beds at medium to fine grainsize is explained by an 

anti-clockwise movement within area a (Fig. 2.3.4). 

Within log 10 (Fig. 2.3.2), both upper and lower plane beds are present. The upper plane 

beds are the most common. They result from an increase in current energy relative to the 

ripple mark deposition, as they are not associated with any grainsize change, this fits within 

area b (Fig. 2.3.3). There are however, examples where ripple marks grade up into coarser 

grained planar laminae (log 10, 2.5m). This is accompanied by an increase in grain size 

(represented by anti-clockwise circulation within area c, Fig. 2.3.3), indicating that the 

planar structures are lower plane beds. The formation of these planar beds is therefore 

controlled by sediment supply, such that if there is an imput of coarse grained sediment 

into a low flow ripple forming environment the bedform structure changes to lower plane 

bed. 

Summary 

The planar laminae fall both in the upper and lower plane bed areas on the bedform phase 

diagram (Fig. 2.3.3). Most however are within the upper plane bed area, and considering 

the lack of mudstone in the sequence, this indicates a consistently energetic current 

dominated depositional environment. Cross-bedding and ripple marks are also present 

interbedded in repeated sequences. They indicate regular fluctuations in both current 

energy, and sediment supply resulting in these repeated sequences. This regular current 

energy can be provided by a number of different environments. The palaeocurrent analysis 

in section 2.3.3 should place some constraints on the possible currents affecting the 

deposition of this facies. 
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2.3.3 Palaeocurrent Analysis 

Palaeocurrent data was collected from both ripple marks and cross-bedding from sites along 

the coastal quartzarenite outcrops stretching from south of Arthur River to East Bluff point . . 

(Fig. 2.1.1). 

2.3.3.2 Methods
 

,!,he orientation of ripple mark crests was measured as a pitch on the bedding surface.
 

When collecting cross-bed data the current direction was attained by measuring the plane of
 

the cross-bed foreset, and the associated plane bed reading.
 

The quartzarenite sequence has been folded during deformation, however, most of the 

outcrop occurs on one limb of a regional anticline and dips generally to the north. The 

palaeocutrent data therefore, needed to be unfolded and untilted this was done by using the 

bedding readings from each location, of which the palaeocurrent data was unfolded around 

using a stereonet. These unfolded palaeocurrent directions are within the appendix (App. 

2.3.1. 

Once unfolded the palaeocurrent directions were plotted up as rose diagrams using a 

stereographic projection program, 'Georient'. Stereonets for each individual area along the 

coast were plotted up and are included in the appendix (App. 2.3.2). The combined, 

regional plots of cross-bed orientation and ripple crest orientation will be presented within 

the text (Fig. 2.3.4). 

Potter and Pettijohn (1977) summarize the interpretations of palaeocurrents from numerous 

studies. When looking at cross-bedding and ripple marks studies by Selly (1968) and Allen, 

(1968) in Potter and Pettijohn (1977), they state that the regional current rose is more 

significant than the variance. As a result these regional rose diagrams will be the focus of 

the following discussion. 

42 



--------

Figure 2.3.4: Rose diagrams indicating the regional palaeocurrent plots: 
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b) Plot of the ripple crest orientations. The crest orientation strikes NNE-SSW. and has an associated 

ripple forming current in the WNW-SES direction. 
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2.3.3.3 Results 

When analysing the regional palaeocurrent data from the quartzarentite facies of the Arthur 

River area (Fig. 2.3.4 a and b), a bimodal signature is clearly represented in the cross-beds 

(Fig. 2.3.4 a). In general the plot shows a bimodal and bipolar current direction in the ESE 

and WNW directions. It also shows a north trending mode which makes the plot slightly 

polymodal. This polymodal signature is more noticeable when the palaeocurrent plots are 

broken down into more specific areas along the coast (App. 2.3.2). These specific area 

plots are also mainly bimodal, fitting the regional signature. 

The ripple crest orientation (Fig. 2.3.4 b), is striking NNE - SSW, which is perpendicular to 

the cross-bedding orientation. The current producing the ripple crests flow perpendicular 

to the crest orientation, and is therefore in the WNW-ESE orientation, parallel to the cross

bed palaeocurrent direction. 

2.3.3.4 Interpretation 

The regional current directions are dominantly bimodal and bipolar in the ESE and WNW 

directions, with a small N-S component. 

Bipolar palaeocurrent patterns can be produced in a number of environments (Pettijohn et 

al., 1987). The bipolar pattern is most commonly interpreted to represent a tidal 

environment. It can however, be present in streams when dunes and antidunes both occur 

(Power, 1961 in Pettijohn et aI., 1987); and has been noted by McKee and Tibbitts (1964, 

in Pettijohn et al. 1987) in recent seif dunes. 

It is most likely that the bipolar signature from this study is related to tidal deposition. 

Pettijohn et al., (1987), state that bimodal patterns with mutually opposed modes (ie. 

bipolar as present at Arthur River) have been described from presumed littoral or shallow 

marine deposits, where the bipolar axis is assumed to coincide with alternating tidal 

currents. In addition De raaf and Boersma (1971, in Potter and Pettijohn, 1977), state that 

a bimodal, bipolar signature for both ripples and cross-bedding is a very strong indicator of 

a tidal environment. No polar ripple current directions were measured, however, the trends 

of the ripple mark currents coincide with the cross-bed current directions of ESE and 

WNW, and it is quite likely that they are also bipolar. In conclusion, the cross-bedding 
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bipolar palaeocurrent signature outlines a tidally influenced environment. 

The ripple crest orientation shows a strong NNE-SSW trend. When combining this with 

the cross-bed plot, it can be shown that the tidal current reversal occurs perpendicular to 

this ripple crest orientation. The implications for this will be discussed in Chapter 5, when 

this data is combined with other palaeoflow data from other facies. 

2.3.4 Composition of the Quartzarenite (Thin Section Studies) 

The quartzarenite is dominated by quartz grains, hence the classification. A general 

description of this facies in thin section is a: white-rose pink, well indurated, well sorted, 

well rounded, laminated medium grained, silica cemented, quartzarenite. There is 

however, some variability, in grainsize, the minor components present and sorting. At one 

end to the spectrum, sample CS 13 is a moderately to poorly sorted, well rounded, bimodal, 

coarse sand - gravel, sublitharenite. At the finer grained end of the spectrum is sample CS 

12, which is a white, well sorted, subrounded, fine grained, silicified quartzarenite. It is 

common to observe a variation in the grain size on less than bedding scale. Quite often a 

medium grained bed will contain finer grained laminae (PI. 2.3.2 a). This grainsize change 

does not define grading. All of the thin section descriptions are presented in the appendix 

(App. 2.3.3). The major components present include: quartz, rock fragments, heavy 

minerals and minor matrix. These components will be described in detail below. 

2.3.4.1 Components 

Quartz - There is a variety of quartz types found within the quartzarenite facies which are 

most obvious in the coarse grained samples. Quartz types found include: a range of 

strained quartz from slightly undulose extinction to banded quartz and grains containing 

boem laminae; a range of composite grains are also present from semicomposite to 

composite and composite metamorphic (these classifications are from Folk, 1980). Some 

quartz grains have also been deformed brittly and are fractured. Examples of some of the 

quartz types in the quartzarenite facies are presented Plate 2.3.2 b) and Plate 2.3.3a). 
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Plate 2.3.2 : Photo micrographs of facies 2 

a) Photomicrograph of medium and fine grained layers of quartz, with a very fine mica 

matrix outlining the grains in places (crossed polars, 2.5X mag.; sample CS 14). 

b) Photomicrograph of a bimodal Iitharenite with gravel grains in a fine grained quartz 

mode. Larger grains consist of quartz with straight extinction; composite quartz (bottom 

right); and strongly undulose quarts grains (bottom left). Some mica matrix is can also be 

observed (crossed polars, 2.5X mag.; sample CS 13). 





Rock Fragments 

The only rock fragments found within facies 2 are siliceous chert and quartz rich 

metamorphic rock fragments. Chert grains were described from each sample and are 

therefore presumed to be present in the whole range of grain sizes w.ithin the quartzarenite 

from fine grained sand to gravel. The coarser grained rocks displayed the most variation in 

chert types. Sample CS 13 contains a laminated chert grain (Plate 2.3.3 b), normal 

microquartz chert and chert grains displaying both micro and macro quartz (Plate 2.3.3 c). 

The strained metamorphic quartz are the only other rock fragment present (Plate 2.3.2 b 

and 2.3.3 d). 

Heavy Minerals 

The heavy minerals found in thin section included very well rounded tourmalines (Plate 

2.3.3 h) and rounded zircons (or monazites; Plate 2.3.3 g). This is comparable to the heavy 

minerals described by Gee (1967), from the 'orthoquartzites' of the Rocky Cape type

section. The zircons are usually of a fine grain size, while the tourmaline grains can be fine 

to medium. Slide mounts of heavy mineral separates were produced for this facies and are 

included in the rock catalogue. Analysis of these heavy minerals was not undertaken as the 

microprobe was not available. 

Matrix
 

The quartzarenite has very limited matrix and in most areas has a silica cement. However,
 

it is common, to see very fine micas surrounding the quartz grains in some samples. This
 

mica matrix tends to be more heavily associated with the coarser grains (PI. 2.3.2 b and PI.
 

2.3.3 a,e). Its presence appears to have inhibited the suturing of grains in places. This is 

best observed in the smaller mode of sample CS 13, where grains are often surrounded by 

a mica matrix (Plate 2.3.3 e). The absence of matrix and resultant direct contact between 

quartz grains can lead to more intense grain deformation (PI. 2.3.3 a). Therefore, although 

it is only a minor component of the rocks within this facies it is important for taking up 

metamorphic strain. 

2.3.4.2 Summary and the Relationships of these components 

The quartzarenites show a very restricted composition. All samples show well rounded 
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Plate 2.3.3 : Photo micrographs of fades 2 

a) Photomicrograph of a bimodallitharenite, showing a semicomposite quartz grain (bottom 

right); mica matrix between the quartz and; strong undulose extinction in two grains (top 

right), caused by the strain of the two grains being in contact (crossed polars, 5.0X mag.; 

sample CS 13). 

b) Photomicrograph of a bimodal litharenite, showing a laminated chert rock fragment 

(bottom centre); a composite quartz grain (left centre); metamorphic quartz (far right); 

and quartz with undulose extinction (top left), (crossed polars, 2.5X mag.; sample CS 13). 

Note a break in the rock is present down the centre of this photomicrograph, this is not a 

feature of the rock. 

c) Photomicrograph of a bimodallitharenite, showing a chert rock fragment with macro and 

microcrystalline quartz (crossed polars, 2.5X mag.; sample CS 13). 

d) Photomicrograph of a bimodal ripple marked coarse to fine grained sublitharenite, 

showing a rock fragment of strained metamorphic quartz (bottom right); a composite 

quartz grain (top left); a quartz grain with strong undulose extinction (left) and quartz 

grains with slight undulose extinction (top centre), (crossed polars, 2.5X mag.; sample CS 

71). 

e) Photomicrograph of a bimodallitharenite, showing a coarse gravel mode of quartz and 

composite quartz, with a fine grained sand mode of quartz with a mica matrix (the matrix 

is darker and outlines grains) (plain light, 2.5X mag.; sample CS 13). 

f) Photomicrograph a fine grained quartzarenite, showing the silica cementing and sutured 

boundaries of the quartz grains (crossed polars, IOX mag.; sample CS 12). 

g)	 Photomicrograph of a rounded (Fe) rich tourmaline, within a dominantly fine grained 

quartzarenite rock, (plain light, IOX mag.; sample CS 76). 

h) Photomicrograph of rounded high relief minerals (most probably zircon or monazite), in a 

fine quartzarenite. Undulose extinction and sutured boundaries on the quartz grains is 

displayed, (crossed polars, IOX mag.; sample CS 71). 
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and well sorted quartz grains as the dominant component. These quartz grains are 

surrounded either by a fine micaceous matrix or quartz cement or a combination of both. 

Within these quartz rich rocks minor rock fragments and heavy minerals are scattered. The 

rock fragments are most abundant within the coarse grained samples, where they comprise 

up to 15% of the rock. The heavy minerals have an even distribution throughout all 

samples and never comprise more than 3% of the rock. 

Bimodal grainsize was noted in three of the quartzarenite samples that was not obvious in 

outcrop. The most contrasting difference in mode sizes is present in sample CS 13 (PI. 

2.3.3 e), where gravel fragments sit within a fine grained sandstone matrix. Traditionally 

bimodality has been interpreted to represent aeolian environments, however, other 

possibilities are presented in the literature, including marine deposits sourced from aeolian 

reworked sediments. The environments related to bimodal sandstone deposits are still 

being argued, and this issue will not be discussed in this study. 

2.3.4.3 Interpretations 

Provenance - From thin section analysis it is clear that some sources of the components of 

the quartzarenite are recycled sediment due to the presence of chert grains. In addition the 

presence of strained composite quartz indicates a metamorphic source. No further 

constraints can be placed on provenance at this stage. 

Deposition - The well rounded and well sorted characteristics of the quartz grains represent 

extensive abrasion and winnowing of the sediment in a high energy environment. 

Transport in a fluvial system or wave action in a nearshore environment are possible 

settings. 

Possible Environments - Possible environments are a tidally controlled shoreline or shelf 

setting. The sand-sized sediments may be sourced from the higher energy shoreface, or 

from fluvial output through a delta system. 

2.3.5 Summary and Palaeoenvironmental Interpretations 

When combining the interpretations made from sedimentary structures and their 

relationships with palaeocurrent and thin section description, the environment of deposition 
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for facies two can be narrowed down to a high energy tidally influenced shallow shelf 

setting. 

There are three possible shallow water tidal influenced environments; supra-tidal; inter

tidal; and sub-tidal. Terwindt (1988) outlines the defining characteristics of the deposits of 

each of these sub environments. Supratidal tidal deposits are dominated by mud rocks, 

with fine laminations and the presence of gypsum! salt pans. A supratidal environment for 

this facies can therefore be ruled out. Similarly, an intertidal environment also contains 

features that are obviously not present in facies 2. These include: drainage channels, a 

general fining upward sequence, desiccation cracks and the presence of flat topped ripples. 

It is therefore most likely that facies 2 is a subtidal deposit. 

Facies 2 lacks the mud drapes on foresets of cross-bedding which is characteristic of 

subtidal deposits. However, TeIivindt (1988), notes that many subtidal deposits do not 

show this kind of slack-water mud draping. The presence of upper plane beds in the 

sequence illustrate that the environment is high energy, and this high energy flow regime 

may be the reason that mudstone is not present within the sequence. 

The coarser gravel layers (Sample CS 13), may represent lag deposits. At least 1-2 m of 

the quartzarenite sequence was dominated by coarse sediment at the site where sample CS 

13 was taken. A characteristic feature of subtidal deposits is the presence of large lag 

deposits m-dm's thick and as wide as several 10-100 m. These occur in wide channels 

which have been influenced by high velocity currents (Terwindt, 1988). 

It should be noted that thick sandstone· sequences from the Proterozoic have been 

interpreted as tidal deposits by previous workers. Levell (1980), has interpreted the late 

Precambrian Lower Sandfjord Formation in North Norway as a tidal shelf deposit. This 

formation is 1500 m thick and contains only one interbedded fine sandstone - siltstone 

facies which comprises of less than 2% of the whole formation. It is therefore very similar 

to facies 2 in its thick, homogeneous sheet-like sandstone composition. 

A study by Anderton (1976) on the late Precambrian Jura Quartzite also supports a model 

for tidal deposition. 
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2.3.5.2 Conclusion 

The data from this study suggest that the possible environment of deposition for facies 2 is 

subtidal, high energy and tidally influenced. It is not yet possible to constrain this further, 

to an actual environment, such as a tidal shelf environment described by Levell (1980). It 

is emphasised by Tewindt (1988), that the analysis of specific environments should not be 

attempted without also considering the adjoining facies characteristics, so the facies can be 

placed in a sequence. No depositional contacts with the quartzarenite facies were noted, 

however, an attempt to correlate and further define the environments for facies within the 

study area will be presented in Chapter 5. 
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2.4 Facies 3 - Interbedded Siltstone/Sandstone 

2.4.1 Extent of the Outcrop 

The northern occurrence of the interbedded siltstone facies outcrops almost continuously 

for 2 km along the coast, from northeast of Bluff Hill Point to the northern end of the field 

area (Fig. 2.1.1). It is broken by small bays of sand, and occurs mainly as small 20-30 m 

wide headlands. 

A small group of isolated pods of this facies also occurs inland. It can not be directly 

correlated with the coastal outcrop due to lack of exposure but is similar, both 

sedimentologically and structurally. Cleavage is more obvious within this inland facies 

due to less mechanical erosion. 

Most of the coastal outcrop is eroded by wave action and is therefore relatively fresh. The 

finer, muddier rocks are eroded down to the point that they are only exposed at low tide. 

The more silica rich rocks are more resistant and form the jagged headlands. 

2.4.2 General Description 

Facies three is the most variable facies. It mainly consists of light coloured massive and
 

finely laminated siltstone, which can be interbedded with fine sandstone beds, or coarse
 

intraclastic conglomerate. Up-sequence this facies is variable unlike facies 1 and 2.
 

Base (Log 1 and 2 - Fig. 2.4.1)
 

The southern end or base of the sequence is a pale buff - grey mudstone with finely inter


laminated coarse siltstone and fine-grained sandstone. The laminae are not regular and can
 

be spaced from <1 cm up to 20-30 cm. They are a prominent feature of this end-member
 

and are often only mm to cm apart and commonly associated with shrinkage cracks (Log 1:
 

0.5-2 m) and remnant ripples (Log 1: 6.5 m; Fig 2.4.1). Within this fine-grained laminated
 

rock are laminated sandstone beds ranging from 1 cm to 1 m thick. The base of the thicker
 

sandstone beds can have load cast structures and the internal laminae can be convoluted.
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Intermediate A (Log 6 - Fig. 2.4.2) 

The intermediate section represents outcrops on Island Point. Log 6 was taken from the 

most western part of the island and represents the sandiest sequence. It differs from the 

base (lithofacies described· above) as it contains thick cross-bedded sandstone bodies 

interbedded with units of finely laminated mudstone. This mudstone is very similar to that 

described from the base of the sequence with fine-grained, laminated and sometimes ripple 

marked sandstone with associated shrinkage cracks. The shrinkage cracks are most prolific 

in this intermediate unit (Log 6: 1.6-2.1 m, Fig. 2.4.2). 

Intermediate B (Log 5 - not drawn) 

This sequence is between the intermediate A unit and the silicified fine cherty end-member 

of Facies 3. It is characterised by 10-30 cm thick, fine-grained sandstone beds and is 

sandier than both the intermediate'a) and the overlying units. These sandstone beds contain 

fine mudstone laminae and occasional ripple marks or they can be cross-bedded or 

massive. Between these sandstone beds are grey mudstone beds. These are massive and 

usually have a thickness of 2-3 cm but can be up to 30 cm thick. 

North End-member (Log 5A - Fig. 2.4.3) 

This unit outcrops at the northern end of Facies 3, and has a gradational contact with the 

intermediate B sequence. It is dominantly a fine-grained micaceous siltstone with thin 

sandstone interbeds that contrast with the thick sandstone interbeds of the intermediate B 

unit. The thin, fine-grained sand interbeds are mm's to cm's thick and are often lenses 

representing remnant ripple marks. The fine-grained mudrock in which the sand interbeds 

or laminae occur can be either micaceous (Sample CS 42), or dolomitic chert (Sample CS 

41). The hard cherty appearance of some of the beds is an easily recognisable feature 

useful in distinguishing this fine mudrock unit from the basal unit. This cherty jagged 

appearance was also present in the inland outcrop south of the lighthouse (Fig. 2.1.1) which 

is therefore best correlated with the northern end-member of facies 3. 
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Plate 2.4.1: Photographs of Facies 3, representing the base and intermediate A units of the 

sequence. 

a) Interbedded siltstone and sandstone from the base unit. Note the very thinly bedded 

mudcrack layers at the base (Scale: hammer length = 31 cm). 

b) Part of the base sequence illustrating the siltstone rich areas. A small sandstone bed is 

present in the middle of the photograph (Scale: hammer length = 31 cm). 

c) Part of log 6, intermediate A unit, showing thick sandstone beds within the finely 

laminated siltstone (Scale: lens cap diam. = 63 mm). 

d) Part of log 6, intermediate a unit, showing thin sandstone interbedded with the dominant 

light grey siltstone (Scale: hammer length =31 cm). 

e) Illustration of load casts at the base of a moderately thick sandstone bed. This is from 

within the base unit of facies 3 (Scale: hammer length = 31 cm). 
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This northern end-member also differs from the basal unit by its lack of shrinkage cracks. 

This unit has the thin fine-grained sandstone beds but no associated sand filled cracks. A 

further diagnostic feature is the presence of intraformational conglomerates. Sample CS 40 

and CS 43 are examples of these conglomerate layers. They will be discussed in more 

detail in section 2.4.2. In general they are white in colour and contain pebble-gravel sized 

clasts. Sample CS 40 contains flat intraformational clasts best displayed on the weathered 

surface. The significance of this will be discussed further in Chapter 5. The samples do 

not react to acid and are welllithified. Their appearance suggests they may have originally 

been limestone that has been silicified during diagenesis. 

Carbonate (Sample CS 38) 

The most northerly outcrop of fades 3 is an isolated white, dolomitic outcrop (Sample CS 

38; see app. 2.4.1, for thin section description). The rock is composed of about 60% 

dolomite and 25% silica. The dolomite and silica are probably secondary, diagenetic 

products replacing a primary limestone. Chlorite and other micas are also present. The 

presence of this cherty dolomite on the last outcrop before a large beach may have some 

significance, and this will be discussed in Chapter 5. 

2.4.3 Sedimentary Structures 

Fades 3 contains numerous sedimentary structures, partly due to the variation in lithology. 

Many structures are due to the interaction of wet sand and mud, and are therefore not ideal 

indicators of possible environments of deposition. These structures will therefore be 

briefly discussed at the beginning of this section, but most of this sedimentary structure 

section will focus on presenting structures which help define a depositional environment, 

including shrinkage cracks, gutter casts and conglomerate layers. 

2.4.3.1 Structures due to Water Saturated Sediment 

Load Casts and Flame Structures 

A number of load casts and associated flame structures were noted throughout the base and 

intermediate A units (PI. 2.4.le). They are present on the boundaries between mudstone 
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and fine to medium grained sandstone beds at varying scales. The cast structure is usually 

between 20-30 cm in diameter, but can be smaller when the associated sandstone bed is 

thinner. The associated flame structures are not strongly developed in these occurrences, 

and this results in the sandstone filled casts being well attached to the sandstone body 

above (PI. 2.4.1e). 

Interpretation 

Load casts and flame structures inevitably occur together. The load cast is produced in the 

overlying sandstone, while the flame structures are tongues of mud squeezed in between 

the cast structure. Potter and Pettijohn (1977), outline the conditions needed for the 

formation of these paired structures: 

• The first requirement is a muddy, wet substrate upon which the sand is deposited. 

• The process of depositing the sand triggers two factors causing the formation of the 

structures: 

a) drag exerted by the turbidity current on the watery clay film of its bed; 

b) local settling and squeezing caused by the rapid accumulation of overburden on the 

highly mobile foundation of mud. 

This set of conditions is not indicative of any particular environment. It only requires the 

rapid deposition of a sand bed on a water saturated, plastic layer, which is commonly mud. 

It should be noted that these structures are common in Precambrian rocks (Potter and 

Pettijohn, 1977), which is the estimated age of the Rocky Cape Group and correlates. 

Sandballs 

The occurrence of sand balls was only noted once in facies 3 (Log 4: Fig. 2.4.4). They are 

isolated balls of laminated coarse grained siltstone (fine-grained sandstone) within a non

laminated sandstone bed. Other names for these structures include load balls or 

'psuedonodu1es' (Lennox, 1976). The examples observed in this study contain deformed 

internal laminations, typical of sandstone balls (Fig. 2.4.4a), with sizes ranging from 6-8 

cm in length and 2-3 cm deep. They are only seen in cross sectional view. 

Interpretation 

Sandstone balls are thought to be formed when a load cast or sand pillow sinks into the 

underlying mud to the point where it is no longer attached (Leeder, 1988). It should be 

noted that in the example from facies 3 there is no overlying sandstone bed present. 
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However, Collinson and Thompson (1984) note that in some cases there is no evidence of 

overlying sandstone, but they gave no explanation for this. The depositional conditions 

needed for the formation of these sandstone balls is the same as that for load casts (above). 

Convolute Bedding 

Convolute bedding is present in fine-grained sandstone beds within the basal part of facies 

3 (Log 1 and 2). The convolute beds are 10-40 cm thick, with one example including a 10 

cm base of undisturbed laminated sand (Log 2: 35-36 m). 

Interpretation 

Convolute bedding is often confused with crumpling formed by gravity slumping (Potter� 

and Pettijohn, 1977). The structures in this study have been interpreted as convolute� 

bedding as they have the distinguishing features of:� 

- internal convolution with no disturbance of the external bed shape;� 

- a constant thickness of the bed, which is not usually seen in slumped beds;� 

- anticlinal folds with sharp crests, and box-shaped synclines;� 

- occurrence in fine sand to coarse siltstone ; and� 

- in some cases the convolution is confined to the upper part of the bed.� 

The explanation of how convolute bedding is formed is not well documented. Collinson� 

and Thompson (1984) state that it is due to plastic deformation of partially liquefied� 

sediment soon after deposition. Pettijohn et al., (1987) define it as some kind of internal� 

readjustment of material in a quick to near quick condition. It is commonly associated with� 

water and sediment escape structures (sand volcanoes) and often occurs in turbidite� 

sandstones, or just below the sediment surface in present-day river floodplains and tidal� 

flats (Collinson and Thompson, 1984). It has been suggested that on tidal flats,� 

liquefaction may be aided by breaking waves during the emergence of the bed or by the rise� 

and fall of the water table through the sediment (Collinson and Thompson, 1984). In� 

summary, convolute bedding is evidence for rapid deposition but can occur in many� 

environments given the right materials and conditions.� 

Conclusions� 

None of the sedimentary structures described in this section place unequivocal constraint� 

on the environment of deposition. They all represent rapid deposition of water saturated� 

sediment and are often associated with interbedded fine-grained sandstones and mudstones.� 
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sedimentary features. This log is within the base unit of fades 3, and has been presented to illustrate 

the stratigraphic relationships of some impol"taJ!t sedimentary structures. 
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2.4.3.2 Gutter Casts 

Two adjoining gutter casts occur in the basal unit of facies 3. They are exposed in both 

planar and cross sectional views (Fig. 2.4.4, Plate 2.4.2a). The interesting feature of these 

gutter casts is that they appear to have undergone two different erosion and infill events. 

The bases of each erosion event are layered with sand while the rest of the infill is finer 

grained, (PI. 2.4.2a). The first erosional surface is a deep tongue that is filled with a fine

grained sandstone that grades upward. This is overlain by a second scoured surface that 

contains a coarser more obvious sandstone base. 

Using Myrow's (l992b) classification, these gutter casts have a deep rounded shape; they 

are connected by a thin bed; and they contain structureless and planar laminated infilI. 

They differ from the gutter casts in facies 1 in both their shape and type of infilI. 

Palaeocurrent Analysis 

The orientation of the axes of the paired gutter casts of facies 3 were measured. The axes 

of gutter casts are most commonly oriented perpendicular to the palaeoshoreline in most 

ancient deposits (Myrow, 1992a). The directions of the gutter cast axes from facies 3 are 

toward the north east (Fig. 2.4.5). 

50 40 30 20 10 
% I I I I I I I I I I r I I I I I 4, 50I I I 10/0 
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Figure 2.4.5: Rose diagram of the axis directions of the gutter casts in Fades 3. 
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This implies that the palaeoshoreline for facies 3 was NW - SE trending. This data will be 

combined with the palaeocurrent data of facies 1 and 2 in Chapter 5. 

Interpretation 

A discussion of gutter cast literature and possible depositional environments was presented 

for facies 1 in section 2.2.2.4. In summary, it was shown that gutter casts occur mainly in 

shallow marine rocks, and are considered to be storm - generated features (Kreisa, 1981; 

Leithold and Bourgeois, 1984; Myrow, 1992 and Martel and Gibling, 1994). 

The gutter casts of facies three are similarly interpreted as storm generated features that 

were formed within a shallow water marine environment. The presence of two separate 

scouring events (discussed above), may represent two individual storm events occurring in 

a close time frame, with little sedimentation between events. 

A study done by Krassay (1990) documents guttercasts in an interbedded sandstone and 

clayey siltstone facies (as previously discussed in section 2.2.2.4). Krassay noted that the 

upper end-member of this facies is sandier and contains sandstone interbeds 1.5-5 cm thick 

with load casts and wave ripples. This is similar to the intermediate A unit of facies 3 in 

this study that outcrops on Island Point. 

Krassay's (1990) sandier siltstone upper unit is underlain by a clayey siltstone end

member. This clayey unit contains flat wavy 0.2-2 cm lamination defining ripple cross 

lamination. The base unit which underlies the Intermediate A unit of Facies 3 is also a 

clayey, finely laminated siltstone, similar to the sequence described by Krassay (1990). 

In conclusion, Krassay's heterolithic facies was interpreted to represent deposition in a 

storm influenced marine environment at water depths between storm and fair weather wave 

base, in the upper offshore to lower shoreface zone. The presence of gutter casts in facies 3 

of the Arthur River area, and the similarity of the rocks in which they occur with that in 

Krassay's gutter cast facies, gives good reason to similarly interpret the environment of 

deposition of facies 3. Further discussion of the environment of deposition will be 

presented at the end of this section (2.4), where this comparison with Krassay's rocks will 

be drawn on along with the depositional implications from other structures. 
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Plate 2.4.2 • Photographs of sedimentary structures within the base unit of facies 3. 

a) Cross section of a gutter cast seen in Figure 2.4.4. It show two episodes of infill, outlined 

by the sandy bases (Length of the pacer pen is 140 mm). 

b) Sandstone balls and mudcracks seen in Figure 2.4.4 (Log 4). The sandstone balls are in 

the centre of the photo. (Diam. of the lens cap is 63 mm). 

c) Plane and slight cross sectional view of mudcracks seen in figure 2.4.4. The trace of the 

mudcracks on the bedding surface is sinuous. (Length of pacer is 140 mm). 

d) Cross sectional view of abundant mudcracks. Every mudstone layer has been cracked 

and is infilled with sand from above. (Field of view is approx. 400 mm). 

e) Cross sectional view of mud cracks from Log 6 (Fig. 2.4.2). The centre crack penetrates 

several layers of both sand and mud. (Diam. of the lens cap is 63 mm). 
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2.4.3.2 Mud Cracks 

Introduction 

A detailed description and accurate interpretation of the mud cracks is an important part of 

the discussion· of fades 3. It was noted in Terwindt (1988) that most authors simply report 

the presence of mud cracks, without indicating their origin, and this can lead to the miss 

interpretation of possible environments. If they can be interpreted correctly however, they 

can be very constraining on the environment of deposition. The formation of mud cracks is 

still a contentious issue. A review of the main arguments will be presented below in the 

interpretation of the mud cracks in fades 3. The possible processes involved in mud crack 

origin include: desiccation; syneresis and diastasis. These will be discussed in more detail 

further on in this section. 

Lennox (1976), who studied the rocks of fades 3 in the Arthur River area, suggested that 

the mud cracks present were due to either desiccation or syneresis. In conclusion, he 

interpreted them to be due to desiccation due to exposure in a tidal flat environment, 

without any apparent justification for this choice. Lennox's interpretation will be re

assessed in this section, through detailed descriptions of the crack morphology. 

Description 

Occurrence 

Mud cracks are common throughout the intermediate A and basal units of Fades 3. The 

upper units of intermediate B and the upper end-member lack the presence of mud cracks, 

although interlayered clayey siltstone and sandstone, similar to that associated with mud 

cracks in the lower unit is present. Within the lower units the cracks occur at the base of 

fine sandstone laminations which are within clayey siltstone, or sometimes at the bases of 

thin sandstone beds that overlie clayey siltstone. This is illustrated in Log 1, 2 and 6 (Fig. 

2.4.1 and 2.4.2). The logs also show that the cracked layers are not evenly distributed 

throughout the sequence. The cracked layers occur in distinct groups within the 

sedimentary logs. In part, this is due to their association with sandstone which means they 

do not occur within the massive clayey siltstone beds. 

Bedding Relationships 

The interbedded or interlayered thin sandstone and siltstone layers which host the mud 
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cracks are common throughout the sequence, and therefore the mud cracks are a common� 

sedimentary feature. The beds hosting the mud cracks show a range of relationships with� 

other beds. They can occur within the massive siltstone beds (Log 1), in-between two thick� 

sandstone beds (Log 6), at the top of thick sandstone beds, or below a group of thin� 

sandstone beds (Log 6). This relationship of the mud cracks with "coarser grained beds may� 

be important in the interpretation of formation of the mud cracks in the following sections.� 

It should be noted however, that they occur in a range of bedding relationships, and do not� 

have any systematic association with surrounding coarser grained beds.� 

Associated Sedimentary Structures� 

The mud cracks occur in sequences that contain cross-bedded sandstones, convolute� 

laminated sandstones, gutter casts, ripple marks, load casts and flame structures. The� 

ripple marks in particular have a close association with the mud cracks. Quite often the� 

thin sandstone interbeds or sandstone laminae that infill the crack structures are ripple� 

marked layers, or contain remnant ripple marks (Log 6).� 

Common Morphology� 

All of the mud cracks occur within fine grained, silty or clayey rock. In all cases the crack� 

infill is coarser than the host rock, and usually lighter in colour. The crack shape varies,� 

but in general they are all thin elongate structures that are sub-perpendicular to the bedding.� 

They can be either straight or curved, and have parallel or non-parallel sides. Some� 

important characteristics will be described in more detail below.� 

Detailed Description 

Polished slabs of samples displaying the mud crack morphologies are presented here (Fig. 

2.4.7). A thin section of one sample was also described to document the details of the type 

of fill and the mechanism involved in filling the crack (App. 2.4.2). 

Shape 

The mud cracks are viewed normal to bedding and therefore only the cross-sectional shapes 

can be described. Cowan and James (1992), have summarized the shapes of cracks normal 

to bedding in a table (Fig. 2.4.6). This classification will be used for describing the mud 

cracks of facies 3. 
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Figure 2.4.6: Summary of crack characteristics viewed normal to bedding; after Cowan and James 

(1992). 

The range of crack shapes include first: all of the basic structures of straight, jagged and 

branched (Fig. 2.4.7). Within these groups are: 

- straight tapering down (Fig. 2.4.7g); straight tapering up (App. 2.4.2a); straight with 

partial dilation (Fig. 2.4.7f); and many examples of straight pinch and swell (Fig. 2.4.7 

and Plate 2.4.2e). 

- jagged tapering up and down (Fig. 2.4.7 a,b,c,f.); and jagged bulging (Fig. 2.4.7 a,b,c). 

- branched differential dilation and partial dilation (Fig. 2.4.7 a,b,c); and branched pinch 

and swell (Fig. 2.4.7 a,b,c,f). 

Shape In Plan View� 

Plate 2.4.2c is the only illustration of these mud cracks on the bedding surface in facies 3.� 

It shows that the trace of these cracks is sinuous in plan. This has been described as being� 

a characteristic of syneresis cracks (Plummer and Gostin, 1981).� 

Mudcrack Infill� 

The dominant type of crack infill is massive fine sandstone/siltstone (Fig. 2.4.7 a,b,c d,g� 

and PI. 2.4.3 a,b). Other fills included silica (Fig. 2.4.7f), which is probably a secondary� 

silica cement and laminated fine material (Fig. 2.4.7e). Plate 2.4.3 illustrates that the sandy� 

infill is the same material as the sandstone interbeds within the rocks. Another interesting� 

feature observed in the thin sections of the cracks (Plate 2.4.3b) is a collection of heavy� 

minerals (zircon or monazite) and coarser grains at the base of the crack structure. This� 

shows that the material has been sorted during the process of crack infill.� 
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Figure 2.4.7 - Cross sectional views of mudcracks within facies 3, illustrating the different 

morphologies observed (drawn to scale from polished slabs). 

a,b,c) These drawings are all from the same rock (Sample CS 7C). The cracks are hosted by a dark 

green silicified siltstone and are filled with a dark grey-green rme sand. 

d) The host rock is a grey silicified laminated mud, interbedded with a green-grey sand and filled with 

this sand (Sample CS 52). 

e)� The host rock is a white cherty finely laminated mud, and cracks are with a white layered material 

(Sample CS 6A). 

t)� Host rock is a pale c1aystone with fine pink silt lamination. The fill is either silt or silica cement 

(Sample CS ID). 

g) The host rock is a green cherty mudstone, and the cracks are infUled by fine clean light grey 

sandstone. Note the presence of crystal casts which could have been from dolomite rhombs (Sample 

CS 6C). 





Plate 2.4.3 - Photomicrogruphs of 

mudcracks from Fades 3 - sample CS 52. 

a) This shows a crack structure that 

penetrates more than one layer. 

It has a bulging morphology due to 

compaction of the surrounding 

mudstone layers. It is filled with coarse 

silt, 2.5X mag. under plane light. 

b) Shows the base ofa striaght bulging mudcrack ending within a mediums grained 

sandstone layer. The base is curved upward and contains coarser and heavier grains than 

the rest of the crack infilI. Note the presence of zircons (or monozite) at the base of crack 

showing high birefringent colours, lOX mag., under crossed polars. 



Interpretation 

As previously mentioned the interpretation, mud cracks is still contentious. The three 

possible processes of formation include: desiccation, syneresis and diastasis. Because of 

the importanc;e of these structures to the correct palaeoenvironmental analysis of facies 3, a 

brief description of these three types will be presented. 

SHRINKAGE CRACKS 

Desiccation Cracks 

Desiccation cracks are formed by the shrinkage of clays due to loss of pore water from 

evaporation and drying out (Collinson and Thompson, 1984). They usually have a 

polygonal, tapering down shape and are infilled from above (Plumer and Gostin, 1981). 

The environment in which they form has to be subaerial and exposed (Terwindt, 1988). 

Examples include supratidal, upper intertidal and playa lake environments. 

Syneresis Cracks 

Syneresis is the name given to the process s>f subaqueous dewatering in mudstone. This 

dewatering can be due to either flocculation or because of salinity-induced changes in the 

volume of certain clay minerals (Collinson and Thompson, 1984). The shape of syneresis 

cracks are much less regular than desiccation cracks. They are non-polygonal and are not 

often straight sided. In plan view they have sinuous traces. Their infill can be sourced from 

above or from below by fluidized sediment (Plumer and Gostin, 1981). This results in both 

tapering up and tapering down shapes. 

Both Astin and Rogers (1991) and Cowan and James (1992) offer alternative 

interpretations for the formation of "syneresis-like" crack structures, and in addition Astin 

and Rogers (1991) suggest that there are very few, if any, true examples of syneresis cracks 

reported in the literature. 

Diastasis Cracks 

Diastasis cracks are the most recent crack type described in the literature. Cowan and 

James (1992) suggested that the formation of some crack morphologies could not be 

explained by the processes of syneresis or desiccation. They presented an alternative 

process termed diastasis. Diastasis cracks represent cracking due to differential mechanical 
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behaviour. In this model, interiayered stiff mud and loose sand layers react differently to� 

mechanical stress, causing the mud to crack (Cowan and James, 1992). Cowan and James� 

(1992), illustrate that the crack morphologies they have summarized (Fig. 2.4.6) can all be� 

explained by mechanically driven cracking.� 

Interpretation of Fades 3 mudcracks:� 

The mud cracks of fades three have features most like either syneresis or diastasis cracks.� 

They are not desiccation cracks as they are not polygonal in shape, they are infilled from� 

both the top and bottom; and their assodated sediments show no evidence of subaerial� 

exposure.� 

Considering the arguments put forward by Astin and Rogers (1991) and Cowan and James� 

(1992), the mudcracks of fades 3 are interpreted as diastasis cracks. Some crack� 

morphologies are unlike those d~scribed as syneresis. The partial dilation and branching� 

common in fades 3 mudcracks is described by Cowan and James (1991), as typical of� 

diastasis. The presence of sandbeds above the horizons on which the mudcracks form (Fig.� 

2.4.2) supports this interpretation. The shear and tension causing the mechanical cracking� 

(diastasis) is postulated by Cowan and James to be caused by:� 

-Small scale differential loading due to the migration of sand bedforms across a stiff mud;� 

- and the force of large sea waves in shallow water causing pore pressure changes.� 

The deposition and migration of these overlying sandstone beds could have provided the� 

shear and tension necessary for diastasis cracking. It should be noted however, that not all� 

the mudcracks present in Fades 3 fit diastasis interpretation. Further analysis and� 

interpretation of crack structures is necessary.� 

Conclusion� 

The mudcracks in fades 3 were interpreted by Lennox (1976) to be desiccation cracks, that� 

indicated that the environment of deposition for these rocks was a periodically exposed� 

tidal flat. This interpretation could not be supported by observations presented here. The� 

presence of diastasis cracks does not constrain the environment of deposition as desiccation� 

cracks would. A new palaeoenvironment interpretation will be interpreted in section 2.4.5.� 
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2.4.3.4 Intraformational Conglomerate Layers 

Intraformational conglomerate layers are present throughout the upper half of the facies 3 

sequence. Sample 31 represents a conglomerate from the intermediate B unit. It is 

composed of sub-angular mudstone and fine sandstone clasts. A more detailed description 

is contained in the thin section description (App. 2.4.1 - CS 31). The conglomerate layers 

Log 5A (Fig. 2.4.3) are slightly different to those in the intermediate b unit, and consist 

mainly of plate like clasts in a whitesilicified matrix. The clasts are composed of a light 

coloured more resistant material, and are therefore conspicuous on a weathered surface. 

Sizes range from 2 cm _0 5 mm in diameter. The matrix is possibly originally carbonate, 

which appears to have been partly silicified. Small pink (possibly haematitic) sand sized 

grains are common throughout it. 

Interpretation 

Flat pebble conglomerates have b~en interpreted as storm deposits in shallow to deep ramp 

environments (Lee and Kim, 1992). Mount and Kidder (1993) have interpreted the 

intraclast conglomerates of the Sellicks Hill Formation, South Australia to be from a 

subtidal carbonate ramp environment. With both these interpretations in mind, these 

conglomerate layers of facies 3 are interpreted as subtidal shallow ramp deposits. Like the 

Sellicks Hill Formation, these rocks could also have originated from a carbonate ramp, as 

their matrix textures resemble carbonate. The rocks did not react positively to acid, but 

they may be dolomitic. 

2.4.3.5 Ripple marks and Crossmbedding 

Ripple marks are present throughout all the units of facies 3. They cap fine sand layers and 

their bases are often associated with mud cracks in the lower units. When internal foreset 

lamination is observed it is unidirectional indicating the structures are current ripples. 

These do not place any constraint on the environment of deposition. Planar cross-bedding 

is present in the thick sandstone beds within Log 6 - Intermediate A unit. Foreset planes of 

some of these cross-beds were measured for paleocurrent analysis. 

Palaeocurrent Analysis 

Palaeocurrent data was collected from cross-bedded sandstones within the base and 

intermediate A units. Only three measurements were taken as crossbedding was not 

common. It was measured by recording the plane of the cross-bed foresets and the bedding 
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surface. The foreset plane was then unfolded and untilted. 

Facias ~___________ 

30 

3 PIs 

Figure 2.4.8: Stereoplot of the cross-bedding palaeocurrent directions from Facies 3. 

The results (Fig. 2.4.8) show that the palaeocurrents are bimodal, in the WNW and NE 

directions. The interpretations of a bimodal current signature were discussed in section 

2.3.3. The aim is to compare this data with that for the cross-bedded quartzarenite of facies 

2, to see if the directions, and therefore the currents acting are similar. This correlation will 

be done in chapter 5. 

Interpretation 

The presence of ripple marks and cross-bedding indicates that tractional currents operated 

in the environment of deposition. 
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2.4.4 Components of Fades 3 

As previously mentioned, facies 3 varies throughout its extent in terms of both sedimentary 

structures and lithology. The rocks range from clayey siltstones- sandstones - carbonates 

and intraformational conglomerates. The conglomerate layers were discussed in section 

3.4.2.6, therefore the focus of this section is the interbedded sandstones and mudstones 

based on thin section descriptions, focusing on the composition of certain rock types, and 

how these differ from that seen in facies 1 and 2. The thin section descriptions are 

included in the Appendix (App. 2.4.1) 

2.4.4.1 Sandstone Beds 

Sandstone beds occur throughout facies 3, but are most common in both the Intermediate A 

(PI. 2.4.1c and d) and B units. They are from 10 cm - 1.5 m thick and are composed 

mainly of subrounded, fine grained quartz. Within the intermediate A unit they have a 

slightly green colour, due to th: presence of chlorite (Thin Section CS 51), while the 

sandstone in intennediate B facies is light pink (Thin section CS 33 and CS 32). All of 

these sandstones have been silicified and contain a cherty groundmass, resulting in well 

lithified resistant outcrop. 

The composition of these sandstone units is dominantly quartz. Other components of 

interest include: sericite altered, presumably feldspar grains; chlorite replaced, originally 

euhedral minerals (unidentified); chert and mudstone rock fragments; fine grained micas; 

zircons (or monazite); tourmaline; and an unusual dark blue-green, well rounded, 

nonpleiochroic, isotropic mineral that is possibly hercynite (a granulite facies spinel) or 

Uvarovite (a chromium garnet). A photomicrograph of these sandstone components is 

presented in Plate 2.4.3a of thin section CS 33. 

Interpretation 

The rocks are moderately to well sorted, sub-rounded to subangular, fine grained quartz 

rich sandstones with significant mica matrix and silica cement. The sorting and mature 

composition suggest that the sediment is well winnowed. However, the grainsize of fine 

sand and a the presence of a matrix suggests only moderate current activity at some times. 

These sandstone beds therefore may represent a dumping of sediment during storms. The 

well sorted fine sands may be sourced from an environment of higher current activity. 
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Plate 2.4.4: Photomicrographs of the thin sections of different rock types within fades 3. 

a) Photomicrograph of a sandstone from the intermediate B unit. It shows mainly fine quartz grains in 

a chlorite and white mica matrix with a dark blue-green spinel or garnet mineral in the centre. 

Sample CS 33, 10X Mag. plain light. 

b) Photomicrograph of a cherty mica ~ch  mudstone from the base unit. It shows the light brown mica 

material with a preferred orientation, and a cherty cement. At the base there is a coarse grained 

layer of chert c1asts. Sample 7A, 2.5X Mag., crossed polars. 

c) Photomicrograph of a micaceous dolomitic chert from the upper unit. The chert and mica have a 

preferred orientation. The dolomite consists of rhomboidal crystals within the cherty matrix and is 

thought to be a diagenetic product. Sample CS 41, 20X Mag., crossed polars. 

d) Photomicrograph of a cherty dolomite from the most northern outcrop in the field area. This 

sample represents the most carbonate rich rock in the area. Both the chert and dolomite appear to 

be secondary growth. Sample CS 38, lOX Mag., crossed polars. 
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Comparison 

The facies three sandstones can appear similar to facies 2 rocks in outcrop (PI. 2.4.1 c), but 

differ slightly in their composition. In summary the sandstone of facies 3 represents a 

lower energy environment due to the presence of significant amounts of matrix; its less 

well rounded and smaller grains; and the presence of mudrock fragments. within it. It may 

represent a deeper water facies, in the case of facies 2 not exposed to the constant wave 

energy which removed the fine grained material. 

2.4.4.3 Fine grained - mudstone rocks 

These fine grained rocks consist of a combination of clayey micaceous material, siliceous 

cherty material and dolomite. The ratios of these components varies though the facies 3 

sequence, with mica rich, chert rich and carbonate rich rocks present locally. 

Mica rich 

Sample CS 42 is from the upper end of facies 3, Log 5A (Fig. 2.4.3). It is a representative 

siltstone rock for this upper end-member and is composed of 75% mica, with minor quartz 

and silica cement. Sample CS 42 A similar siltstone is also common in the base unit of 

facies 3. This is represented by sample CS 7A (PI. 2.4.1b), which is composed of 45% 

mica and 35% silica. 

Silica Rich 

Sample CS 41 was the most silica rich rock sample. In hand specimen it has a very smooth 

cherty appearance with no distinguishable grains. Its hard silicic nature in combination 

with cleavage development results in jagged, sharp outcrop that was very distinctive and 

easily recognizable inland, south of the lighthouse. This cherty rock is common in the 

intermediate B and the upper unit and is interbedded with either sandstone or siltstone 

beds. It is not seen in the two lower units of facies 3. 

In thin section the main component is a silica matrix, or chert which makes up 50% of the 

rock. Other components are mica (30%) and dolomite (15%). The mica and chert fabric is 

strongly aligned with the cleavage orientation (PI. 2.4.1 c). The dolomitic component 

present here is not found in the fine grained rocks in the base of this facies and is 

characteristic of the upper end-member. 
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Carbonate 

Carbonate was seen in two samples of the upper end-member, facies 3, but not from any 

samples in the lower units. The carbonate rich sample (CS 38; PI. 2.4.3d), was from the 

most northern outcrop in the area. It consists of 70% dolomite and 30% silica cement. The 

occurrence of this carbonate rock as the last outcrop in the north of the area may be 

significant. The large beach to the north of the outcrop could represent erosion of a non

resistant carbonate package. 

Diagenesis 

The silica and dolomite in sample CS 38 occurs euhedral dolomite crystals sit within a 

silica cement and in part appear to be replacement minerals. A more detailed study would 

be needed to determine the relative timing of diagenetic replacement. It should be noted 

that most of the rocks of facies .3 have been silicified and contain a cherty cement, and 

therefore silicification has been a wide spread process in the diagenesis of facies 3. The 

dolomitization is not a prolific and is restricted to some of the beds in the upper end

member and many reflect significant primary carbonate. 

2.4.5 Summary of Interpretations 

The variability of lithology and complexity of the sedimentary structures make it hard to 

determine specific environment of deposition for facies 3. The presence of mudstone and 

high energy sandstone show that deposition was a result of variable conditions. The cross

bedded sandstone beds represent high energy deposition, while massive or finely laminated 

mudstones have been deposited in a low energy environment. 

Cotter (1990) and Krassay (1994) have both interpreted very similar heterolithic facies as� 

storm influenced siliciclastic shelf deposits. The common features between these two� 

facies and facies 3 at Arthur River area are:� 

- most obviously, the well developed heterolithic beds;� 

- sandstone beds, of decimeter size;� 

- gutter casts;� 

- intraformational conglomerate (or breccia);� 

- and fine clayey siltstone interbeds.� 
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The sandstone beds, gutter casts and intrafonnational conglomerate layers are all 

interpreted to represent stonn deposition (Krassay, 1994). The higher energy needed to 

bring in coarser grained material is supplied by the stonn. The interbedding of sandstone 

and finer-grained. sediment is therefore a result of nonnal quiet water deposition, 

overprinted by stonn deposition (Krassay, 1994). Another common feature in facies 3 is 

the presence of remnant ripples. The sequence studied by Cotter (1990) contains these 

structures and they are also attributed to stonn activity. 

In conclusion Krassay (1994) has interpreted the environment of deposition of a sequence 

similar to facies 3 to be between FWWB and SWB, in the upper offshore to lower 

shoreface zone. It is a possibly therefore that facies 3 is the product of a very similar 

environment, however, this can not be confinned without assessing the facies that are in 

depositional contact with facies 3: Unfortunately, this is possible in this study area. 

The possibility that facies 3 represented a tidal deposit was also investigated. However, the 

absence of true desiccation cracks has removed the obvious link with a tidal environment. 

The lack of evidence for exposure within the sequence rules out both a supratidal and 

intertidal environment of deposition. It is possible however, that the environment is 

subtidal. Its heterolithic structure is comparable to subtidal deposits of the Precambrian 

interpreted by Balwin and Johnson (1977). 

The thick sandstone present in log 6 could represent migrating sand waves within this 

subtidal environment. Similar sandstone bodies have been interpreted in this way (Baldwin 

and Johnson, 1977). Palaeocurrent data is sparse but show a bimodal signature, but it is 

not the classic bipolar tidal pattern. It has been noted however, that tidal environments do 

not always show this signature, and can quite often be unimodal (Levell, 1980). 

In conclusion, it is possible that facies 3 has been deposited in a stonn influenced shelf 

environment. However, the influence of tidal currents, resulting in tidal facies deposition 

can not be dismissed. 
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Chapter 3 - Provenance Studies� 

3.1 Introduction 

Initially, provenance studies were to be conducted using whole rock geochemical analysis 

of mudstones and analysis of heavy mineral separates within the quartzarenites. 

Microprobe analysis was to be conducted on the heavy mineral separates and this data was 

to be compared to data from other microprobe analysis. This has not been achieved as the 

microprobe was not available for use. The main element to this chapter is therefore the X

Ray Fluorescence (XRF) analysis of the mudstones. The heavy mineral separates have 

been mounted on slides (Recorded in the Rock Catalogue). Future analysis of these may 

help in further studies of the Rocky Cape Group and Correlates. 

3.2 XRF Analysis - Mudstones and Chert I Argillite 

3.2.1 Introduction 

XRF analysis was conducted on mudstones from facies 1, near the Arthur River mouth, 

and fine grained cherty rocks from facies 3. 

3.2.2 Methods 

1.� Each sample was crushed and milled into a 100 grain sample of powder. These powders 

were then made into pills and XRF analysis was conducted. This XRF analysis was 

done by the Geology Department, University of Tasmania using standard techniques 

(Robinson pers.comm.), which are modified from Norrish and Chappell (1967). A 

selection of major and minor elements were analysed (App. 3.1 - lists the results for 

these selected elements). 

2.� The data from this analysis was then nonnalised to Post Archaean Australian Shale 

(PAAS) and plotted (Fig. 3.1). La-Th-Sc and Th-Sc-Zr/lO triangular plots were also 

produced for the mudstone samples (Fig. 3.2 and 3.3). 

In addition further plots were produced for the Facies 3 - chert samples. Previous 

workers have developed (Murray, 1994) and refined (Girty, et aI., 1996) separate 
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analyses for groups of samples containing a combination of cherts and argillites. These 

analyses allow for the diagenetic modifications intrinsic to chert (Murray, 1994). The 

plots on discrimination diagrams developed by Murray (1994) are presented in Figures 

3.4 and 3.5. 

3.2.3 Results 

The plots produced and interpreted in this provenance study are presented in Figures 3.1

3.5. 

The plots of values normalised to PAAS (Figs. 3.1) demonstrate that: 

- All of the mudstones within facies 1 have the same geochemical signature. The samples 

from south of the Arthur River (represented by open squares) match those from the north 

(represented by open circles), supporting the present correlation. 

- The sample of inland mudstone (represented by a filled circle) also shares the same 

signature, and therefore the inland siltstone is possibly part of this facies 1. 

- The facies 3 plots are different to facies 1, and on average their trace element abundances 

are lower. This may be explained by the high silica content of the facies 3 rocks. These 

differences have lead to the omission of facies 3 data from Figs. 3.2 and 3.3. The facies 3 

samples along with the mudstone data has instead been plotted on diagrams developed 

especially for cherty and argillaceous rocks (Figs. 3.4 and 3.5). 
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Figure 3.1 : Plot of the composition of mudstones from the Arthur River area, normalised to Post 
, 

Archaean Australian Shale (PAAS)..The samples are taken from facies 1 laminated mudstones both 

north and south of the Arthur River (represented by open circles and squares); samples from inland 

mudstone outcrops (represented by full circles); and samples from Facies 3 fine grained 

beds(represented by diamonds). 
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and Crook (1986). 81 
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3.2.4 Interpretation 

3.2.4.1 Source Rocks 

When assessing the plot normalised to PAAS of the Arthur River mudstones (Fig. 3.1) 

large deficiencies are present for phosphorus, titanium, vanadium and nickel. The 

interpretation here is that the basin is dominated by a mature continental source. There is 

no evidence of a significant basaltic component in the source region. 

3.2.4.2 Tectonic Setting 

The plots used to interpret the provenance of chert and argillite rocks (Figs. 3.4 and 3.5) 

yield information on the tectonic setting of the depositional environment. A continental 

margin setting is clearly shown by figure 3.4 ( based on the fields proposed by Murray, 

1994). This continental margin setting is also supported by the distribution of points in 

figure 3.5 (using fields set up by Murray, 1994). 

The triangular plots (Fig. 3.2 and 3.3) can also be used to interpret a tectonic setting in 

which the rocks were deposited. The discrimination fields used for the interpretation of 

this plot were taken from Bhatia and Crook (1986). The fields of these plots are slightly 

more definitive, and show that the spread of data points fall within the Continental Island 

Arc field. 

In conclusion the tectonic setting of the sediment source for the rocks of the Arthur River 

area is interpreted to be a continental margin. This is further defined by the triangular plots 

(Fig. 3.2 and 3.3) composed from only the mudstone data, as a continental island arc 

setting. This island arc component of this model is supported by the P and Ti anomalies in 

the PAAS normalised diagram but the Nb is not depleted leaving some doubt about the 

presence of an active margin setting. Some euhedral zircons are recognised in heavy 

mineral separates taken from siltier beds within facies 1. This along with the geochemical 

island arc signature represent the first suggestions that the Rocky Cape Group was 

deposited on an active, rather than passive margin. 
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Chapter 4 - Structure of the� 

Arthur River Area� 

4.1 Introduction 

The study by Lennox (1976) initiated the first structural mapping of the area. His field area 

covered half of the current field area, focussing on Bluff Hill Point and the siltstone north 

of Bluff Hill (facies 3). The mapping in this study has covered a larger area, extending past 

the Arthur River mouth to the south. The results of this mapping are presented on the maps 

(Figs. 4.1 - 4.4). An interpretive map of the area (Fig. 4.5) has also been constructed using 

this data, as well as data from Lennox's (1976) study and an aeromagnetic survey presented 

in MC Clenaghan and Seymour (1996). 

The structure of the area is dominated by brittle deformation, with extensive faulting and 

fracturing being the main feature in outcrop, especially in the quartzarenite sequence. 

There is some folding within the quartzarenite and northern siltstone which are open and 

gentle. 

The principal aim of this chapter is to present the data collected in the field and conduct a 

brief analysis of it. Particular attention will be payed to the nature of facies contacts, as 

this is important in the discussion and interpretation of the stratigraphy in Chapter 5. 

J 
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4.2 Macroscopic Structures. 

The main macroscopic structure of the Arthur River area is a possible northern limb of an 

anticline. The majority of the bedding dips moderately to the NNE (Fig. 4.1), with minor 

variation around local folds. This bedding orientation indicates an anticline axis to the 

south of the field area and/or a synclinal axis to the north. The distribution of poles to 

bedding indicate a fold axis plunging at 120 towards 3300 (average fold axis of the 

calculated beta axis measurements taken from a bedding stereonet of each of the facies). 

All of the coastal cleavage measurements taken from each of the facies may relate to this 

regional folding as they all generally have NW - SE trends (Figs. 4.6 d,e,f). 

4.3 Mesoscopic Structures 

4.3.1 Faults 

The area has undergone extensive faulting and fracturing which is evident in both outcrop 

and map scale. All of the facies boundaries have been interpreted to be faults, as rock type 

changes are sharp and no depositional contacts were found. These interpreted faults are 

presented on figure 4.5. There is a complex fault geometry in the centre of the map 

resulting in a wedge shape block of facies 3 being exposed. Fault striations were 

recognised for the southern fault (South Fault - Fig. 4.4). The interpreted style and 

relationships of the faults are schematically represented in the cross sections (Fig. 4.7a and 

b). 

4.3.1.2 South Fault 

This south fault has been interpreted as a large sinistral reverse fault, and is associated with 

a wide zone of damage. The large movement on the fault has brought a very low energy 

mudstone facies into juxtaposition with a high energy quartzarenite facies (Fig. 4.7a). 
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It can be seen in figure 4.4 that extensive bedding drag and fracture development are 

associated with the fault. There are numerous fracture sets present near the end of the 

quartzarenite outcrop. Some of these fracture planes have associated quartz fibres (Fig. 

4.8a). The sense of movement outlined by the fibres was dominantly sinistral reyerse. The 

main fault plane is assumed to be parallel to the dominant fracture sets and therefore the 

inferred sense of movement of the fault is sinistral reverse. Stress analysis was conducted 

on these fracture sets and all but one measurement fell within a stress field outlined by 

principal axes of: 

er 1: trend 137, plunge 0 

er 2: trend 47, plunge 2 

er 3: trend 234, plunge 88 

The major offset on the south fault is most probably due to action of this stress field. 

4.3.1.3 Outcrop Scale Faulting 

Small faults are present throughout all of the rock types (Plate 4.1a). Associated 

movements were not easily detected in most of the faults, however, the strike of the faults 

are recorded (Fig. 4.8b). The faults occur in all orientations, with the dominant orientation 

being approximately N - S. 

These faults can be associated with extensive fracturing, some veining and breccia zone 

development. The breccia zones are up to 1-4 m wide in the quartzarenite facies and up to 

40 cm wide in the interbedded siltstone facies. 

The associated fracturing and quartz veining commonly occurs within the quartzarenite, but 

is also present in the more deformed areas of the interbedded siltstone (facies 3). An 

example of the fracturing and veining within the quartzarenite has been documented in 

detail to illustrate the association with faults and the extent of development (Fig. 4.9). The 

stereonets relating to this fault system are presented in the appendix. 

I 
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Fractures 

The main feature of figure 4.9 is the associated fracturing relating to the fault. Most of the 

fractures extend off of the main fault plane. They occur in a few particular orientations, all 

of which represent directions of splays present in the main fault, these orientations will be 

outlined below: 

1.� The two splays striking approximately E - W, in the top left and bottom right positions 

on the fault are associated with closely spaced fractures on the right side of the fault and 

wide (1 m) spaced fractures on the south left side of the fault. A dip slip movement can 

occur along these fractures on the left side (Fig. 4.9.b). 

2.� A N-S striking splay is present in the bottom left corner of the diagram. This splay has 

associated N-S striking fractures that occur only on the left hand side (SW) of the fault. 

They occur a either single fra~tures or sets of closely spaced fractures. The distance 

between each fracture or fracture set is approximately 1 m. 

3.� Fractures are also associated with the main fault, which trends (132°). These fractures 

only occur at the southern end between the splays of the fault and within the middle of 

the fault. The fractures between these southern splays are well developed and closely 

spaced (10-20 cm), but stop against the fractures with the N-S strike. 

The different distributions of the fracture orientations is an interesting point. N-S 

fracturing is confined to the southern side of the fault, NW - SE fracturing is confined to 

the middle of the fault (between splays) but E-W faulting is present on both the north and 

south sides of the fault. This distribution of fractures could be related to the splay 

development either side of the main fault plane. The southern side of the fault shows 

splays developing in both the E-W (top left), and N-S (bottom left) directions. The 

fractures on the southern (left) side are developed in both these directions. The northern 

side of the fault shows a splay developed in the E-W direction and only E-W fractures are 

present on this side. NW-SE fractures are only present in the middle regions of the main 

fault field and do not occur on either the north or south sides, they are orientated in the 

main fault direction. 

In summary it should be noted that the two of these fracture sets, relating to the splays off 
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the main fault are perpendicular to each other (N-S and E-W).� 

Veins� 

There are two main vein orientations, one in the main fault orientation, striking 130°, and� 

one striking 055°, which is nearly perpendicular to the other set. Both of the sets are quartz� 

veins and show crystal growth perpendicular to the vein walls indicating that the veins have� 

developed due to extension. Extension haS therefore occurred in the NE-SW direction and� 

the NW-SE direction. The NE-SW veins are concentrated between the two bottom splays� 

o~  the diagram indicating that the main extension direction in this area of the fault system� 

is NW-SE. The NW-SE veins are developed mainly on the southern side of the fault,� 

indicating a NE-SW extension on this southern side.� 

The relationship of these two vein sets has been described and is presented in Figures 4.9.1� 

and 4.9.2. Both of these diagrams illustrate that the veins in the NE-SW direction cross cut� 

the veins in the NW-SE direction: It is interpreted therefore, that the extension in the NE�

SW direction which is related to the formation of the main fault plane, predates the� 

extension in the NW-SE direction.� 

En echelon vein arrays are also associated with this fault system. They occur mainly on the� 

northern side of the fault. These arrays show extension directions in the E-W direction,� 

and the NW-SE direction. The arrays define dextral and steeply/shallowly dipping surfaces� 

striking parallel to the main fault surface (130°). The array perpendicular to the main fault� 

surface (striking 035°) indicates a sinistral offset and a N-S compression.� 

Bedding� 

The bedding appears to be dragged near the fault system, dipping to the NW on the� 

southern side of the fault and to the N on the northern side. It is possible that the fault is� 

related to folding in the area.� 

Summary� 

This fault system shows structures developing in four main directions:� 

1.� The main fault is in a NW-SE direction and associated with that it is fracturing and 

veining. The en echelon vein arrays suggest a dextral movement on this fault. 

2.� Splay faults have developed in an E-W direction and associated with this direction are 
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also fractures, and en echelon arrays of quartz veins. 

3. Another splay has developed in a N-S direction and has associated fractures. 

4. One set of veins-has developed in the NE-SW direction, perpendicular to the main fault, 

these are the later vein sets. 

" These directions outlined above represent two sets of perpendicular directions. One set of 

perpendicular directions are the N-S, E-W directions, the others are in the NE-SW, NW-SE 

directions of which the main fault lies within. There are two vein arrays in this later 

direction, which are perpendicular and parallel to the main fault. They are purely 

extensional in nature suggesting high fluid pressure in a post-kinematic environment. 

4.3.2 Folds 

Folding within the outcrop is not common, but is noted within both the quartzarenite and 

interbedded siltstone facies. The folds are open and gently plunging, and are concentrated 

in the northern outcrops of the quartzarenite and are marked on the fact maps (Figs. 4.2 and 

4.3, plate4.1b). 

A stereoplot of the fold axes shows three orientations (Fig. 4.8b), some plunging to the 

NW, some to the NNE and others to the NE. The cleavage development within the coastal 

outcrop of facies 3 and the facies 1 outcrops (Fig. 4.6 d,f), are axial planar to the NW 

trending folds. These folds occur within the quartzarenite, and at times have an associated 

coarse anastomosing axial planar cleavage (Plate 4.lc) which shows the same orientation 

as the cleavages in facies 1 and 3 (Fig. 4.6e). The quartzarenite also contains small folds 

from just south of Church Rock, that have a NE trend, and steeper plunges (Fig. 4.8b). 

These folds have no associated cleavage orientations. The NE striking beds at Cradle Point 

(Fig. 4.2) may however, relate to this fold event. 

4.3.2.2 Associated Cleavage 

As mentioned above, cleavage associated with folds in the quartzarenite can be coarse 

anastomosing cleavage, however, it is often a fracture cleavage and can have a spacing of 

up to 15 cm. The facies 1 cleavage development is of a different style to that seen in the 

quartzarenite. It is a closely spaced, disjunctive, smooth cleavage, that is defined by the 

orientation of carbonaceous material and micas. 
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Plate 4.1: Photographs and photomicrographs illustrating structural features of the Arthur 

River Area. 

a) A fault in the fades 3 siltstone, just east of Bluff Hill Point, illustrating bedding drag. The 

length of the geological pick is 31 cm. 

b) Mesoscopic folding within the quartzarenite at the northern end of Log Point, trending 

NW-SE. The geological pick ha.s a length of 31 cm. 

c) Coarse spaced, disjunctive, anastomosing axial planar cleavage in the hinge of a fold at log 

point. The lens cap has a diameter of 63 cm. 

d) An example of the extensive smooth, closely spaced, disjunctive cleavage present in the 

coastal outcrop of fades 3. It has a NW-SE average orientation. The lens cap has a diam. 

of 63 cm. 

e)� Photomicrograph of the main cleavage within the interbedded siltstone fades. It is 

defined by the orientation of mica and fine grained quartz fabric. This cleavage has been 

weakly crenulated. 





The cleavage in coastal facies 3 rocks has a number of different styles. Within the finer 

grained rocks it is a closely spaced, disjunctive, smooth cleavage (Plate 4.ld), like facies 1 

which changes into a wider spaced disjunctive, anastomosing cleavage in the coarser 

grained rocks. A thin section of a siltstone from this facies 3 also showed a crenulation 

fabric (Plate 4.1e). The crenulation was not recognised in outcrop and it is very weakly 

developed. 

4.3.2.3 Association with Faults 

Many of the fold structures within the area are spatially associated with faults, sharing 

common orientations. The folds within the inland facies 3 siltstone (Fig. 4.1a, and 4.7) 

have an associated axial planar cleavage in a N-S orientation (Fig. 4.8c). This in the same 

orientation as the interpreted faults surrounding the siltstone outcrop. The plot of these 

fold axes are presented on the stereonet (Fig. 4.8b). They represent the shallow plunging 

north trending folds shown on the stereoplot. 

The faults within the quartzarenite are quite often associated with faulting. The anticline/ 

syncline folds oh North Bluff Hill Point have a trend of approximately 308°, which is in the 

same NW-SE orientation as the fault described in detail, from this area (Fig. 4.9). Many of 

the folds in the quartzarenite are spatially associated with faults, which strike parallel to the 

axial planes. The brittle quartzarenite fabric will quite often fault in the hinges of folds. 

This feature was also noted by Gee (1967), in the 'orthoquartzite' outcrop on the north 

coast. This style of high angle thrusts through the folds was interpreted by Gee (1967) as 

break-thrusts through anticline hinges. 

4.3.2.4 Summary 

Three orientations of folding were noted for the Arthur River area. The dominant 

orientation of the fold hinges and associated regional cleavages has folds plunging to the 

NW. These folds occur within the quartzarenite and are often associated with fault 

development. Other fold orientations were also noted: the NNW-SSE folds within the 

inland siltstone are associated with fault development, and have an associated N-S striking 

cleavage (165°). The other folds recorded were minor NE striking folds, restricted to the 

quartzarenite near Church Rock. No associated cleavages were measured, however, the 

NE trending bedding on Cradle Point maybe an expression of this fold system. 
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4.4. Conclusions 

The Arthur River area appears to be the NE dipping limb of a large anticline to the SW. 

The fold axis relating to this bedding dip plunges gently to the NW. 

" 
The main mesoscopic folding in the area is also of a NW-SE direction. This folding, 

along with the proposed regional folding has an axial planar cleavage, which is present in 

all rock types throughout the area. Faulting in this orientation is also present and can be 

related to the folding, in the form of break thrusts through anticline hinges. 

Other important structural features of the area include the large faults which are present at 

all facies boundaries. Folding related to some of these large faults is present in an inland 

outcrop of facies 3. The fold axis orientations of these fault related folds plunge gently to 

theNNW. 

The largest fault in the area, the South Fault, has a sinistral reverse movement, resulting in 

the juxtaposition of Facies 1 and 2. The stress system related to this fault is inconsistent 

with the NW plunging fold drag. The interpretation of bedding drag against this fault is 

more consistent with this fault movement post-dating the NW folds. 

The only other folds present in the field area are minor, NE trending folds occurring in the 

quartzarenite around Church Rock. These NE trending folds however, are more consistent 

with the stress direction on the South Fault. 

4.5 Comparison 

4.5.1 Local 

On a local scale this structural data can be compared to that of Lennox (1976). Lennox 

found two cleavages within the facies 3 siltstone: one relating to first generation folding in 

a NW-SE strike, the other to second generation folding in a NE-SW orientation. This 

second cleavage crenulates the first. Folding related to these cleavage orientations was 

found within the quartzarenite. The interpretations presented in this study fit these general 

conclusions presented by Lennox (1976), but the folding in the inland fades 3 does not 
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relate to any of these deformation orientations. These folds have a N-S orientation, which 

is related to the faulting in the area. This study has shown that the faulting in the area, has 

an important affect on the deformation. 

4.5.2'Regional 

The regional structural data for the Rocky Cape Group has been summarized by Brown 

(1989 in Burrett and Martin, 1989). This states that the F1 hingeline orientations on the 

west coast outcrops of the Rocky Cape Group correlates have a NW-SE orientation. This 

matches the data collected in this study. 

The F2 hingelines in the area are of a NE-SW orientation. This orientation matches some 

minor fold trends from the Church Rock area in this study, and it can therefore be 

concluded that these folds are due to F2 folding throughout the area. These minor folds 

have been interpreted to be related to the stress system producing the sinistral reverse 

movement on the South Fault. The South Fault, therefore, may be associated with the F2 

regional stress system. 

4.5.3 Summary 

The structure mapped in this study fits in well with regional trends. The faulting is a 

previously unmapped feature of the area, but is important as it hides the depositional facies 

contacts. It can also have folding and cleavage development associated with it. The largest 

fault in the area showed a sinistral reverse movement, and this may relate to the F2 regional 

stress field. 
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Chapter 5 -�

Palaeoenvironmental and� 

Basinal Setting� 

5.1 Introduction 

Three different facies and associated environments of deposition have been defined for the 

rocks within the Rocky Cape Group correlates of the Arthur River area. Depositional 

contacts between these facies are not exposed, and the structural interpretation is that the 

contacts in this area are all faults.: 

It is hard to construct a basin depositional model, which includes all the facies without the 

knowledge of depositional contacts. However, it will be attempted in this chapter by 

establishing links between the facies. 

The aim of this chapter is to present a summary of the characteristic features of each facies 

then use these characteristics to establish links between facies. A basin depositional model 

will then be proposed. Finally this model will be compared with previous basinal models 

for the Rocky Cape Group and correlates. 

5.1.2 Summary of the Characteristic Features of each Fades 

5.1.2.1 Fades 1 • Carbonaceous Laminated Mudstone 

The diagnostic features of facies 1 include: fine mm scale lamination; the presence of 

carbonaceous material; synsedimentary slump folds and faults; gutter casts; and 

slurry/intraclastic layers. The depositional environment providing the necessary elements 

for the formation of these sedimentary features is a low energy (most likely deep water), 

reduced, storm influenced, marine slope environment. 
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5.1.2.2 Facies 2· Quartzarenite 

The diagnostic features of facies 2 include: a supermature quartzarenite composition, 

which in some places has bimodal sorting; the presence of ripple marks, cross-beds and 

both lower. and upper energy field planar beds; a bipolar palaeocurrent signature; and an 

absence of mudstone. The environment of deposition accounting for the formation of these 

features is a high energy, wave-and tide-influenced, nearshore marine shelf environment. 

5.1.2.3 Facies 2 • Interbedded Siltstone 

The diagnostic features of facies 3 include: thinnly interbedded sandstone and mudstone; 

ripple-marked fine sandstone interbeds; cross-bedded sandstone layers; and the presence of 

gutter casts and intraclastic conglomerate layers. The environment encompassing the 

conditions to form these features must include both low energy and high energy periods. It 

is suggested that this environment of deposition is a shelf setting between FFWB and 

SWB. In this area storm cycles generate small scale fining upward sequences with 

. sandstone� bases, however, normal conditions provide dominantly low energy 

sedimentation of clayey siltstones. The higher energy sandstone and intraclastic layers are 

the result of larger storms which have moved sand from the nearshore into this offshore 

environment. 

5.2 Establishing Links Between the Facies. 

This section will outline links between the facies by comparing the lithologies; the 

sedimentary structures present and the related depositional processes. From the brief 

summaries above it is clear that facies 1 and 2 do not share any common features. It would 

therefore be difficult to propose adjacent environments of deposition together in a basinal 

model. 

Facies 3, however, provides a possible link between the low energy facies 1 and the high 

energy facies 2. The construction of a basin model therefore needs to be based on the 

interpretation that facies 3 is the intermediate facies, between facies 1 and 2, both of which 

share characteristics with facies 3. These common features (links) will be discussed below. 
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5.2.2 Links Between fades 

5.2.2.1 Shared features of Facies 1 and 3 

The composition of the finer grained c1ayeysBtstone- endmember of facies 3, is similar to 

that of facies I but lacks the carbonaceous material. Both lithologies are dominated by fine 

grained clays and micas which implies that they both resulted from quiet water 

sedimentation. A deep water environment has been suggested for both. The absence of 

c"arbonaceous material in facies 3 is interpreted to be due to deposition under oxidizing 

conditions. Evidence of storm influenced sedimentation is also present in both facies in the 

form of small, discrete fining upwards sequences, and gutter cast structures. 

In summary, both facies are dominated by quiet water sedimentation, which is overprinted 

by influence from storm currents: The differences between these facies can be explained 

by differing water depths and changes in the slope of the substrate. Facies 3 shows no 

evidence of slope deposition, and is assumed to represent a shallower water environment 

due to more abundant fining upward sequences and no preservation of carbonaceous 

material. 

5.2.2.2 Shared Features of Facies 2 and 3 

The thick (m scale) sandstone beds within facies 3 are very similar to facies 2 in both 

outcrop appearance and composition. They consist of a well rounded and well sorted 

silicified quartz sandstone. They also contain planar cross-bedding which is a common 

feature of facies 2. Another similarity is the abundance of ripple marked beds which often 

top cross-beds in both facies. 

The presence of typical facies 2 sandstone beds within facies 3 shows that, at times, the 

depositional environment of facies 3 was influenced by the same depositional processes. 

Both facies therefore show evidence of a high energy, wave and current influenced, 

oxidised environment. The main difference between these two facies is the proportion of 

mudstone. Facies 2 contains no mudstone while facies 3 is dominantly mudstone. This is 

explained by the positions of each facies relative to the FWWB. Facies 3 is interpreted to 

have been situated below FWWB and therefore was protected from regular wave action 
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which allows sedimentation of mud. Facies 2 however, sat above FWWB and was 

constantly exposed to wave and other current activity, which inhibited the settling of mud. 

5.2.3 Stratigraphic Sequence 

The most logical stratigraphic sequence for these facies of the Arthur River area is one that 

places facies 3 between facies I and 2. When constructing a stratigraphic sequence it is 

important to not only consider facies links but also field observations and structural data. 

The structural interpretations discussed in chapter 4 suggest that the size and movement of 

the fault between facies 2 and 3 on the northern coast is minor compared to the large fault 

between facies 1 and 2 in the south. This north coast fault was interpreted as a small 

structure developed along a depositional contact. This is supported by the similar bedding 

dips in facies 2 and 3 either side .of the fault. If this interpretation is correct, facies 3 will 

lie adjacent to and stratigraphically above facies 2. 

When referring to the structural map of the area (Fig. 4.1) facies 1 also appears to overlie 

facies 2, however, they occur on either side of the large South fault. To satisfy the 

sedimentological links presented in this section, facies 2 should occur stratigraphically 

above facies 3, making facies 3 the intermediate facies. The presence of a large fault 

between facies 1 and 2 renders this stratigraphic succession possible. Facies 3 has been 

faulted out, resulting in the juxtaposition of facies 1 and 2. 

In summary, a probable stratigraphic succession for the Arthur River area has a base of 

quartzarenite, which is overlain by the interbedded siltstone, followed by the laminated 

mudstone (Fig. 5.2.1). This proposed stratigraphic sequence fits both the sedimentological 

links, and the structural interpretation if it is described as a transgressive sequence. The 

interpretation of a transgressive sequence is explained in section 5.3 in more detail. 
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Figure 5.2.1: Stratigraphy of the Arthur River Area, thicknesses were calculated using the apparent 

thickness, average dip of the bedding and trigonometry. Note that none of the contacts between the 

facies are depositional. 

6

5.3 Basin Model 

This stratigraphic succession can now be used to construct a basin model. Fades 3 

represents an intermediate environment that was influenced by both high and low energy 

depositional modes. In chapter 2, fades 3 was interpreted to have been deposited on a 

silidclastic shelf between FWWB and SWB. 

When we apply this interpretation to the basin position and environment of the other two 

fades in a basin model implies that: relative to fades 3, fades 2 will be nearer to the 

shoreline in a shallower water, tidal influenced environment above fair weather wave base 

(FWWB); and fades 1 will be in a more distal, lower energy environment, below storm 

wave base (SWB) and upon a slope. 

There are two possible slope models for fades 1, a prodelta slope or continental slope. The 

prodelta option does not match with the depositional environments for fades 2 and 3. 

These facies show no evidence of any fluvial processes being involved in their formation, 

and have been interpreted as shelf deposits. The continental slope environment of 

deposition for fades 1 is therefore considered a better option. It fits in well with the 

shallower water fades 2 and 3 shelf depositional environments. Fades i will therefore be 

presented as a continental slope deposit in this basin model (Fig. 5.3.1). 
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Figure 5.3.1: Depositional basin model and palaeoenvironmental interpretations for the fades 

described from the Arthur River Area, Rocky Cape Group correlates. Fades 2 represents a tidal shelf 

-o deposit above FWWB; fades 3 represents a shelf deposit below FWWB and above SWB; and fades 1 

represents a continental slope deposit below SWB. 
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A sea level transgression acting on this basin model would result in the stratigraphic 

sequence presented in figure 5.2.1. Transgression of the shoreline would result in a gradual 

deepening of the water, which would place deeper water shelf facies (facies 3) on top of 

facies 2, and the even deeper water facies 1, on top of this. The stratigraphic sequence of 

the Arthur River area is therefore interpreted to represent a transgressive sequence. 

5.4 Combining Palaeocurrent Data - Shoreline Model 

Now, that links between facies have been made and a basinal model has been constructed, 

it is useful to combine the palaeocurrent data from each of the facies. Combining the 

palaeocurrent data can produce a palaeo-shoreline orientation and help interpret the current 

.. directions relative this shoreline. 

5.4.1 Gutter casts 

The axis of gutter casts has been shown by Myrow (1992), to be perpendicular to the 

palaeo-shoreline. Both facies 1 and 3 contain gutter casts. Combining the axis 

measurements made in each facies (Fig. 5.4.1), yields an average palaeo-shoreline for this 

stratigraphic sequence orientated NW - SE, as presented in figure 5.4.1. 

5.4.2 Cross-bedding 

Most of the cross-bed and ripple mark orientations for the Arthur River area were taken 

within facies 2, however, some cross-bed orientations were recorded from the sandstone 

beds within facies 3. The facies 3 palaeocurrent data were bimodal, like those of facies 2, 

but were not bipolar. However, when combining these measurements with those from 

facies 2, there is still an overall bipolar signature (Fig. 5.4.2) with a NW - SE orientation. 

The measurements from facies 3 fit within the spread of the facies 2 bipolar orientations. 

This strengthens the interpretation that facies 2 and 3 are genetically related and formed in 

closely associated depositional environments. 
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Figure 5.4.1: Rose diagram of all trends of gutter cast axes present in the Arthur River area. This 

demonstrates a palaeo-shoreline striking (NW - SE : 140 - 3200 
). 
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Figure 5.4.2: Palaeocurrent directions taken from cross-bedding measurements within facies 2 and 3. It 

shows a regional bipolar current signature in the orientation of SE • NW (120 - 300~.  
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The bipolar palaeocurrent orientations of facies 2 have been interpreted to represent a tidal 

current signature (Chapter 2.3). The fact that facies 3 orientations fit within this spread of 

facies 2 orientations implies that the cross-bedded sandstones within facies 3 was 

influenced by the same tidal current system. 

5.4.3 Combining Current and Shoreline Data 

Comparing the palaeocurrent data with the palaeo-shoreline orientation will illustrate the 

relationships that currents within this depositional basin had with the shoreline. 

Superimposing the shoreline orientation (Fig. 5.4.1) onto the cross-bedding current 

directions (Fig. 5.4.2) shows that the tidal currents producing the cross-bedding were 

generally parallel to the shoreline (Fig. 5.4.3). 
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Figure 5.4.3: Superimposed palaeo-shoreline orientation, on top of cross-bedding palaeocurrent data. 

It shows that the current direction and shoreline are almost parallel in the NW-SE direction. 

It is also interesting to compare the ripple crest orientation from facies 2 with the palaeo

shoreline (Fig. 5.4.4) which shows that the dominant ripple crest orientation was 

perpendicular to the shoreline. This implies that the currents responsible for ripple 

formation were also longshore. It is therefore likely that the ripples were also generated by 

the longshore tidal currents. 

111 



Ripple Crest Orientalion 

.~ 
 

20 10 10 20 

% % 

Dom i(l'Mt 
leiff' le. crest- -, 
orie-\tOltiOns 

fb laeo- shoreliO'\e. .. Ori e,.,tatiofl 

ILfOO 

18 PIs 

Figure 5.4.4: Rose diagram showing the superposition of the palaeo-shoreline orientation on top of the 

ripple crest orientations for fades 2. It shows that ripple crests are both perpendicular and parallel to 

the shoreline. 

A small component of the ripple crest orientation data indicates a NW - SE trend, parallel 

to the shoreline. It is noted in the literature that ripple crests are commonly sub-parallel to 

the shoreline (Potter and Pettijohn, 1977). These ripples are produced from an onshore 

current, that is perpendicular to the shoreline and probably related to wave activity. 

5.4.4 Summary 

A schematic diagram of the palaeocurrents, palaeo-shoreline and facies relationships of this 

sedimentary system has been constructed from the correlations presented in this section 

(Fig. 5.4.5). Tidal current movement was parallel to the shoreline and resulted in cross

bedding and ripple mark formation. The gutter casts were the result of storm activity 

where the water and sediment moving offshore has scoured small channels in the seafloor. 

These storm/rip currents were orientated perpendicular to the shoreline. The source, or 

shoreline could be either in a SW or NE direction. It is suggested in the diagram (Fig. 

5.4.5) that the source and therefore the shoreline is in a SW direction relative to the facies 

containing the guttercasts. 
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Fig. 5.4.5: Plan View - Diagrammatic representation of the relationships between palaeocurrents and 

palaeo-shoreline for the sedimentary sequence constructed for the Arthur River Area. 

5.5 Comparison with Previous work on the Rocky Cape 

Group and correlates 

The sedimentology of the Rocky Cape Group and correlates has not been extensively 

studied. Lennox (1976) presents a brief discussion of the depositional environments for the 

siltstone of the Bluff Hill area (Facies 3), but does not attempt to explain the origin of the 

'orthoquartzite'. Gee's (1967) study of the Rocky Cape Group 'type section' on the north 

coast presents the most comprehensive interpretation of the depositional environments for 

the different facies and includes a basin model. This section will therefore focus mainly on 
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comparing the interpretations presented here with those of Gee (1967). 

5.5.2 Local Comparison 

The study by Lennox (1976) provides the only local interpretation of the study area for this 

thesis. In summary, Lennox considered the rocks of the Bluff Hill' area to have been 

deposited in a shallow water, probably tidal environment. In a broad sense this 

interpretation fits the interpretation presented in this study, however, more specific 

discussion by Lennox (1976), proposes a tidal flat environment for the Bluff Hill siltstone 

(Facies 3). The detailed description and interpretation of facies 3 in this study does not 

support this tidal flat interpretation. The rocks show no evidence of exposure during 

deposition, which is diagnostic of tidal flat environments. It is also quite likely that tidal 

flat environments of mid-late Proterozoic age would preserve stromatolites. No evidence 

of stromatolites or organic material was observed in fades 3. Instead, the sedimentary 
"" 

structures and bedding associat~ons  in facies 3 supports a subtidal, dominantly storm 

influenced environment. 

Lennox (1976) did not attempt to put the environments he proposed into a comprehensive 

basin model. It is therefore not possible to make stratigraphic comparisons on a local scale. 

This study has aimed to present an initial stratigraphy in which further studies of western 

Rocky Cape correlates can be compared. 

5.5.3 Regional Comparisons 

Regional comparisons will be made with the work of Gee (1967), as it is the most 

comprehensive study outlining the type-section of the Rocky Cape Group and presenting a 

depositional basin model of the sequence. 

5.5.3.2 Depositional Basin Model for the Rocky Cape Group type-section (Gee, 1976). 

The stratigraphy of the Rocky Cape Group type-section was presented within the regional 

geology section of chapter 1. In summary, it consists of the Cowrie Siltstone at the base, 

overlain by the Detention Sub-Group then the Irby Siltstone, and finally the Jacob 

Quartzite unit. The depositional model presented by Gee (1967) for this stratigraphy is as 

follows: 
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Cowrie Siltstone 

The base of the sequence is not exposed, therefore Gee was unable to examine the initial 

basin sedimentation. Cowrie Siltstone has been interpreted to represent a quiet aqueous 

environment at a depth sufficient for suspension fallout of silt and clay. At the time of this 

Cowrie Siltstone sedimentation, Gee interprets the environment as a starved basin. The 

transition into the overlying Detention Sub-group is explained by infilling of the basin with 

excess sediment and a very slow rate of subsidence, resulting in a shallowing of the basin. 

This causes a facies change from silt to sand. 

Detention Sub-Group 

Deposition of the Detention Sub-Group occurred in a shallow marine environment. Gee 

interprets that long standing stability of the basin conditions is needed for the deposition of 
..

such thick shallow water quartzarenite bodies. 

Irby Siltstone 

The Irby Siltstone is a fine grained facies that separates two thick quartzarenite units the 

depositional environment was initially a starved, quiet environment which was 

progressively filled resulting in stable shallow water environment influenced by gentle 

currents. The change in basin condition relating to the occurrence of this quiet water 

sedimentation between the two quartzarenite units has been interpreted as either due to 

temporary bar restrictions or a sudden deepening of the basin. 

Jacob Quartzite 

Deposition of the Jacob Quartzite represents the return of the shallow water shelf 

conditions responsible for the deposition of the Detention Sub-Group. Transition from this 

quartzarenite into the overlying finer grained Port Slate unit is expressed as the appearance 

of interbedded siltstone, until eventually the sandstone forms only discrete lenses. 

Ultimately conditions returned to the starved basin conditions similar to those responsible 

for the deposition of the Cowrie Siltstone. 
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5.5.3.3 Comparison to the Arthur River area Sequence 

In summary, the sequenced described by Gee is a result of shallowing (regression) then 

deepening (transgression~  withiQ a basin. The sedimentary sequence from the Arthur River 

area can not be directly correlated with the type-section stratigraphic succession, however, 

it does contain similar facies groups. Both sequences consist of interbedded siltstones and 

thick sandstone facies, and therefore the depositional processes must be similar. 

The depositional model proposed here for the Arthur River fining upwards stratigraphy 

represents a deepening of the basin. This transgressional succession could correlate with 

one of the deepening phases present in the Rocky Cape Group type-section stratigraphy. 

The transition from the Detention Sub-group to the Irby Siltstone and that from the Jacob 

Quartzite to the Port Slate both represent transgressional phases. It is therefore possible 

that the stratigraphy of the Arthur River area is an expression of one of these cycles in 

another part of the extensive Rocky Cape Group depositional basin. 

It is not viable to take the interpretation beyond this point as the faulting developed in the 

Arthur River area has resulted in the absence of any depositional contacts. It was not 

determined how much of the original sequence was faulted out. 

5.5.3.4 Fades Correlations 

Although the stratigraphic sequences of the Arthur River area and Rocky Cape Group on 

the north coast can not be directly correlated, similarities between the facies of the Arthur 

River area and the Rocky Cape Group type-section have been noted. The presence of 

similar facies indicates that the two sequences were deposited under very similar 

conditions, probably within the same basin system. 

Siltstone Fades 

Both the Cowrie Siltstone and Irby Siltstone include units similar to the laminated 

carbonaceous mudstone (Facies 1) in the Arthur River area. These units are described as 

pyritic finely laminated black shales, and have been interpreted as starved basin deposits. 

Although the facies 1 rocks do not contain pyrite, they also represent deposition in a 

starved deep water basin environment. 
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Shrinkage cracks have been described from the Irby Siltstone of the Rocky Cape type 

sequence (Calver and Baillie, 1990). Their presence suggests a similarity between Facies 3 

in the Arthur River area and the Irby Siltstone. Gee (1967) gescrib~s the Irby Siltstone as 

black pyritic shale grading up to a bedded clastic dolomite, followed by a horizon of 

interbedded 'orthoquartzite', followed by silt and mudstone containing shallow water 

depositional structures, and capped by subgreywacke with detrital haematite. Facies 3 at 

Arthur River does not follow this lithological trend but it does however, contain units that 

fit the same broad descriptions, with the exclusion of the black laminated shale. Clastic 

dolomitic beds, interbedded quartzarenite, silt and mudstone units and coarse beds 

containing detrital haematite were all noted within facies 3. 

The environment of deposition of the Irby Siltstone has been interpreted as a sublittoral 

environment of moderate water depth, below fair-weather-wave-base. The sandy layers 

were rapidly deposited by wind driven traction currents, presumably generated by storm 

events (Calver and Baillie, 1990). 

This interpretation is very similar to the interpretation of the depositional environment for 

fades 3 proposed in this study. It is therefore possible to conclude that both fades 3 of the 

Arthur River area, and the Irby Siltstone of the Rocky Cape type-section are 

representations of the same regional facies group. 

Quartzarenite fades 

The thick quartzarenite units are the most obvious similarity between the Arthur River and 

type-section sequences. The Arthur River area is dominated by a 1900 m thick 

quartzarenite outcrop, it has been interpreted as the base to the Arthur River stratigraphy. 

Gee's (1967) type-section stratigraphy contains two quartzarenite units which have a 

combined thickness of 2500 m. 

The basin conditions required for the formation of such thick quartzarenite bodies are hard 

to explain. A large, continual sediment supply along with gradual subsidence and tectonic 

stability for long periods of time are all necessary requirements for the formation of thick, 

shallow water quartzarenite units. This problem was discussed by Gee (1967), and it is a 
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common problem within Precambrian sequences which often contain thick quartzarenite 

units (Pettijohn et aI., 1987). 

No direct correlations can be made between the facies 2 - quartzarenite of Arthur River and 

those in the type-section, however, the descriptions are almost identical. They contain the 

same sedimentary structures and the same components, including the types of heavy 

minerals present. Both represent a shallow marine, high energy environment. It can be 

concluded that, like the siltstone units above, the quartzarenites from each of these 

sequences represent expressions of the same broad regional facies group. 

5.5.3.5 Proposing Regional Facies Models for the Rocky Cape Group and Correlates 

Regional facies models can be developed through correlation of the facies in the Arthur 

River area with those from the Rocky Cape Group type-section. Similarities between the 

facies of the two stratigraphic se"quences have been discussed above. These similarities 

were used to construct the broad regional facies pattern. There are three common regional 

facies types each representing a different depositional environment within the regional 

basin setting. These regional facies encompass all of the sedimentary units of the Rocky 

Cape Group and correlates, but will not be as specific as the facies already discussed. The 

proposed three regional facies include: 

1.	 A facies deposited in a deep water, quiet marine basin environment that is influenced by 

suspension settling and minor storm associated processes. This facies is a dark coloured 

(carbonaceous) finely laminated mudstone that can be pyritic. The preservation of 

carbonaceous material indicates a reducing environment. Examples of units that fit 

within these broad facies parameters are: the majority of the Cowrie Siltstone unit; the 

base of the Irby Siltstone; the upper silt section of the Port Slate; and Facies 3 of the 

Arthur River area. 

2.	 The other most distinctive facies is that of the thick quartzarenite units. These are 

considered to be shallow marine shelf deposits. The palaeocurrent analysis of facies 2 at 

Arthur River indicates a clear tidal signature. Gee (1967) recorded a bimodal signature 

from the Detention Sub-group and Jacob Quartzite and also proposed a tidal influence. 

This broad fades is therefore interpreted to represent an extensive tidal shelf 
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environment. The units within this facies are: the facies 2 quartzarenite unit of Arthur 

River and the Detention Sub-group and Jacob Quartzite units of the Rocky Cape type

section. 

3. The third factes is the most variable.	 It represents the environments transitional between 

the shallow water tidal shelf deposits and the deeper water, distal basin deposits. It can 

therefore include high energy sediments such as conglomeratic layers and sandstones 

through to low energy sediments such as thick mudstone layers. The basin setting for 

this facies is below FWWB and above SWB. It formed in an oxidising environment, 

and is often dolomitic, placing it above the carbonate compensation depth (CCD). 

Storm processes are important in the deposition of this facies. Storm deposits such as 

graded bedding, and coarse sandstone layers are common, and interrupt the background 

low energy mud deposition. Representative examples of this facies include the Irby 

Siltstone (excluding the base) and the facies 3 - interbedded siltstone of the Arthur River 

area. 

It should be noted that the facies groups proposed above do not represent unique 

stratigraphic horizons. The overall stratigraphy of the Rocky Cape Group and correlates 

may have included numerous repetitions of these broad facies groups. These broad facies 

groups are presented here in the attempt to outline the range of environmental conditions 

within the depositional basin of the Precambrian Rocky Cape Group and correlates. It 

must also be noted that other regional facies groups may occur within the Rocky Cape 

Group depositional basin. Further study of the Rocky Cape Group stratigraphy may reveal 

the presence of additional regional facies elements within this depositional system, and 

may also refine the facies model presented here. 
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Chapter 6 - Conclusions
 

The main focus of this study was on the sedimentology of the Arthur River area. The 

initial conclusions on the sedimentology were: 

1.	 Three different facies outcrop within the Arthur River area. The environments of 

deposition of these facies are quite distinct, they will be outlined below. 

2.	 Facies 1 - Finely laminated carbonaceous mudstone: is deposited in a low energy, 

reducing slope environment that is possibly a prodelta or continental slope. The related 

facies show no evidence of a deltaic system, therefore it is more likely to be a 

continental slope rather than prodelta. It is influenced by both suspension settling, and 

minor storm generated activity. It is however, interpreted to be deposited below SWB. 

3. Facies 2	 - Ouartzarenite: is deposited in the almost opposite basin conditions. It is 

representative of a high energy, tide and wave influenced shallow marine shelf 

environment. It was deposited above FWWB and the bipolar palaeocurrent signature 
, 

indicates a dominantly tidal influence. 

4. Facies 3 - Interbedded Siltstone: is the intermediate facies and has been deposited in an 

environment with variable conditions. The conditions range from high energy tide 

influenced to low energy, storm and suspension related deposition. The environment is 

interpreted to be between FWWB and SWB. The presence of carbonate and the absence 

of organic material indicate the environment is oxidising and above the carbonate 

compensation depth. 

6.2 Applying this Sequence to a Depositional Model 

These 3 facies represent a sequence of environments from high to low energy. Although 

no depositional contacts were observed, their common features result in links between 

environments of deposition, which then allows construction of a basin model. The basin 

model includes environments from shallow shelf through to shelf slope. 
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6.2.2 Comparison to the Rocky Cape Group 'type-sequence' 

The depositional basin model proposed in this study is in more detail than that of Gee 

(1967), it does however, accommodate the depositional environments that were proposed 

by Gee (1967) for the Rocky Cape 'type-section' stratigraphy. This basinal model can 

therefore act as a tentative and basic model for the depositional basin setting of the Rocky 

Cape Group and correlates as a whole. 

The facies outlined in this study were also compared to the 'type-section' stratigraphy of 

Rocky Cape. This resulted in the development of broad, regional facies models. These 

regional facies models encompass the stratigraphy of both the 'type-section' and Arthur 

River area, and range from shallow marine shelf through to distal basin. 

6.3 Provenance 

The provenance results from the whole rock analysis of mudstone adds to the information 

to the depositional setting of the Rocky Cape Group and correlates. The results outline a 

continental island arc setting, and are the first set of results to suggest an active continental 

margin setting for the Rocky Cape Group and correlates. Further investigation is needed 

before any conclusive statements on the Rocky Cape Group tectonic setting can be made. 

6.4 Structural History 

The structural history of the west coast was previously outlined as Fl, NW-SE trending 

folds followed by F2, NE-SW trending folds. The structural analysis of the Arthur River 

area can be linked to this regional structural history: 

1.	 NW-SE striking folds and faults were well documented within the quartzarenite, and 

cleavage development throughout the area is in this orientation. These structures are 

probably caused by the regional Fl stress field. 

2.	 Minor folds were also noted within quartzarenite trending to the NE. They have been 

correlated with F2 of the regional structure. The sinistral reverse movement on the 

'South Fault' fits within this NE-SW stress field. 

3.	 In addition NNW-SSE striking faults and associated folds are present within the facies 3 
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inland outcrop. The axial planar cleavage developed here does not fit into the regional 

fold orientations and is related to the faulting. 

6.5 Summary 

This study provides a base for comparison of Rocky Cape Group correlates on the west 

coast. The structural interpretations have supported the regional structural trends, and in 

addition, have provided information on faulting within the area. 

The extensive faulting has removed depositional contacts between the facies. The 

stratigraphy of the area was therefore based on finding depositional similarities between 

facies, and considering the amount of movement on the individual facies/fault contacts. 

The stratigraphy suggested was not definite enough to compare with the 'type-section' 

stratigraphy, however, regional facies correlation was conducted and broad regional facies 

groups have been outlined. 

The sedimentology of the Rocky Cape Group still needs work. Continued studies of 

specific areas, focussing on the stratigraphy should be carried out in the hope to construct a 

regional stratigraphy. 
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