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SEDIMENTARY STRUCTURES IN THE COFFS HARBOUR SEQUENCE 

The sediments of the Coffs Harbour Sequence are characterised by a

large array of sedimentary structures which have been described previously by

Korsch (1968, 1971). Consequently only brief descriptions of the more

important structures will be presented here.

(i) The classification ofcbedding follows Pettijohn and Potter (1964, p.5)

who list four possible variations for the external form of bedding. Their

second variety (beds unequal in thickness; beds laterally uniform in

thickness, beds continuous) is the most common one in the Coffs Harbour

Sequence. Variable flow conditions must have existed during deposition

because different beds have different thicknesses, but there has been little

noticeable erosion because the beds are laterally uniform in thickness and

are continuous, at least over the scale of the outcrop. Laminated bedding

is common and mainly confined to the finer-grained siltstones and mudstones

(e.g. S32555, Plate 6C). Laminations parallel to bedding planes are more

common than cross laminations which only exist on a small scale (up to 5 cm

thick) associated with convolute bedding.

(ii) The massive parts of the sequence only occasionally contain large

amounts of intraformational mudstone fragments, but frequently show uneven

basal contacts (Korsch 1968).

(iii) Graded bedding is extremely common in both the massive and well-bedded

units. In the well-bedded units graded beds range in thickness from 4 cm to

over 70 cm (e.g. GR 6322 2754), whereas in the massive units the thickness of

graded beds ranges up to 3 m (e.g. GR 6330 2692). Kuenen (1952) recognised

eight varieties of graded bedding.	 His delayed graded bedding is very

common, particularly in the massive units, and most of his other varieties

occur also.

(iv) Occasionally the intraformational mudstone chips exhibit a marked

orientation of long axes parallel to bedding due either to orientation during

deposition or compaction by the weight of overlying sediments (Plate 6D), No

evidence of imbrication was observed.

(v) Load casts are very common and are an important indicator of the facing

direction. They are generally small (up to 5 mm) and are usually symmetrical

in form, but asymmetrical varieties and flame structures occur occasionally

(Plate 6E).
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(vi) Current structures such as scour marks and tool marks are extremely

rare and where present are groove casts,indicating a north-west or south-

east source direction. Some scour-and-fill structures occur in the massive

units as well as in the well-bedded sediments but are relatively uncommon.

Erosion to a depth of less than 30 cm is the usual order of magnitude, and

no deeper channels were observed (e.g. GR 6322 2735).

(vii) Convolute bedding is common at Bare Point, Signal Hill and Look-at-me-

know and all are of the closed-face variety, no truncated folds having been

observed. The convolutions occur in beds which range in thickness from

10 cm to 1.3 m (Plate 6F).

(viii) Slump structures such as folds and megabreccias are common in the

sequence (Korsch 1971). Of particular interest is the Mullaway slump

megabreccia (GR 6322 2738) in which cherty blocks are surrounded by a matrix

of silty siliceous sandstone. The transportation was from the north. Boudins

and pull-apart structures occur in some siliceous beds where these competent

units have been deformed and the less competent material has flowed into the

remaining spaces (e.g. GR 6327 2668). Bioturbated mud and sand is common in

the Coffs Harbour Sequence but no feeding trails or burrows –were observed.

(ix) A clastic dyke at Tree Point (GR 6432 3095) is 1 m wide, intrudes well-

bedded greywackes and mudstones, and can be traced along strike for over

60 m. Bedding orientations are approximately 050/E/65 and the orientation of

the dyke varies from 080/S/50 to 100/S/30. After rotation of bedding to the

horizontal, the dyke at Tree Point has orientations of 000/W/30 to 020/W/50.

It is possible that this dyke was injected vertically after some tilting had

taken place and was then itself tilted by further deformation of the sediments.

This clastic dyke is a true "neptunian dyke" as defined by Smith and Rast

(1958) and because it has sharp-edged, straight-walled sides it is inferred

that it was formed by the forceful injection of quicksand, either from above

or below, after consolidation (Pettijohn et aZ. 1972, p.127).

Petrographically the dyke is a feldspathic greywacke (S32485) and the

surrounding sediments are lithic greywackes (S32486, Table 7, Fig. 10A), the

main differences being the feldspar content (P/F = 0.65 in S32486 and 0.97 in

S32485) and the abundance of matrix and lithic fragments (see Table 7). Both

rocks appear to have been derived from a similar source of dominantly acid

volcanic detritus (V/L = 0.91 in S32485 and 0.85 in S32486) which is the same

as the source for the remainder of the Coffs Harbour Sequence. The relatively

massive nature of the dyke filling agrees with that described by Potter and



Table 7:	 Modal analyses of greywackes from a clastic

dyke and surrounding sediment at Tree Point

Dyke
S32485

Intruded Greywacke
S32486

Quartz 22.2 17.1

Plagioclase 41.8 13.7

K-feldspar 1.4 7.5

Hornblende

Accessory Detrital Minerals 0.5 0.2

Secondary Minerals 3.6 1.3

Minerals-Cement 12.8 25.2

Acid Volcanic Fragments 8.8 7.0

Intermediate-Basic Volcanics 0.5 2.5

Holohyaline Fragments 6.8 20.4

Plutonic Fragments 1.4

Sedimentary Fragments 0.3 1.3

Metamorphic Fragments 1.4 2.4

P/F 0.97 0.65

V /L 0.91 0.85
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Pettijohn (1963) who also demonstrated that clastic dykes may be derived from

either above or below their present positions.

Location of Source Area 

Korsch (1971, Fig. 3) determined the thickness of individual beds in

several headlands in the Coffs Harbour region and showed that the thickness

diminishes from north to south and from this concluded that the depositional

current flowed from a northerly quadrant to a southerly quadrant. The data

have been regrouped here for (1) mudstone beds, and (2) coarser sediments,

mainly greywackes (Fig. 10B), and stratigraphic columns have been constructed

(Fig. 11). From north to south there is progressively less variation in the

thickness between mudstones and greywackes. Beds also tend to be thicker in

the north (e.g. Arrawarra) than in the south (e.g. Signal Hill). These

results indicate a northerly source.

Convolute bedding occurs at Bare Point in the northern part of the

area, and was measured to determine the current direction there. Crowell

(1955) considered that the fold axes of convolute bedding form approximately

normal to the current flow, and that anticlinal convolutions exhibit down-

current overturning (Potter and Pettijohn 1963). The convolute bedding at

Bare Point, after unfolding of the containing beds, indicate a current

direction from the west (283° _+  6°). No other directional indications such

as flute casts have been observed.

Korsch (1971, p.66) concluded, using individual bed thicknesses,

convolute bedding and style of slump folds, that the source area was located

to the north or north-west, and that conclusion is supported here.

SEDIMENTATION OF THE COFFS HARBOUR SEQUENCE 

The most important mechanisms in transportation and deposition of

sediments of the Coffs Harbour Sequence have been gravity-driven mass-movements

such as turbidity currents. In places there are beds similar to those termed

contourites by Hollister and Heezen (1972) and Bouma (1972) which are

inferred to have been deposited by countour-following bottom currents.

As demonstrated in the previous section, the acid volcanic

source area lay to the north-west of the present position of the sequence,

and subaerial erosion rather than contemporaneous volcanism produced most of

the detritus. The freshness and high degree of angularity of most of the
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detrital grains indicates a short transportation distance. The thickness of

the more massive units indicates that the density currents were capable of

moving large bodies of sediment at any one time. The absence of shallow

water sedimentary structures suggests that deposition occurred below the

zone of shallow neritic traction currents.

Petrographic features such as poor sorting and abundant matrix, and

sedimentary structures such as graded bedding, load casts, convolute

bedding and slump structures are indicative of a turbidite origin for most

of the sediments. Bouma (1962) recognised five distinctive intervals within

a turbidite layer. From top to bottom these intervals are:

Te - pelitic interval with no visible sedimentary structures.
Td - upper interval of parallel lamination.
Tc - interval of current ripple lamination. Ripples, cross bedding and

convolute laminations occur.
Tb - lower interval of parallel lamination.
Ta - graded interval showing more or less distinct graded bedding.

As well as complete sequences (Ta-e), base cut-out sequences (e.g. Tb-e),

truncated sequences (Ta-d) and truncated base cut-out sequences (e.g. Tb-c)

were observed by Bouma (op. cit.).

Hollister and Heezen (1972) introduced the term "contourite" for

sediments formed by reworking of material by countour-following bottom

currents on the floors of ocean basins. Previously, many workers had

reported the presence of these currents (e.g. Heezen and. Hollister 1963, 1964;

Heezen and Ruddiman 1966; Schneider et al. 1967; Zimmerman and Hollister 1970)

but there was little knowledge of their role in sedimentation. They originate

in polar regions where cold water sinks and moves towards the equator by

routes that are topographically controlled. Bouma (1972) interpreted sand-

stone beds in the lower part of the Niesen flysch of Switzerland as ancient

contourites.

Hollister and Heezen (1972) did not find a standard internal sequence

of sedimentary structures in contourites, but did list the following

diagnostic features: massive bedding is absent, grain orientation is well

developed, matrix is less than 5%, and sorting is good. Hence contourites are

essentially hydraulically sorted placer deposits with sharp upper and lower

contacts. Their differences from turbidites have been summarised by Bouma

and Hollister (1973, Table 1). Contourites have less matrix (0-5%) and are

better sorted and thinner bedded than turbidites, and heavy mineral placers

help to accentuate any horizontal or cross laminations.
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In parts of the Coramba Beds, particularly Units B and C, reworking

of tuffaceous material has occurred and heavy minerals (mainly hornblende)

have been concentrated to define laminations within the sediments (Plates 6G,

6H). Hence it is considered that some beds from the Coramba Beds were

formed by the reworking of unconsolidated material by bottom currents and

therefore are ancient contourites.

No evidence was found to suggest that a grain flow mechanism

(Stauffer 1967; Middleton and Hampton 1973) was operative during deposition

of the Coffs Harbour Sequence.

Coramba Beds: Both the thick massive greywackes of the Coramba Beds, and

the thinner well-bedded greywackes of the sequence as a whole are interpreted

as proximal turbidites. The presence of coarse-grained thick beds, basal

scours, high sand-mud ratios and many complete Ta-e sequences are similar to

the properties listed by Walker (1967, p.32) for proximal turbidites. In

particular these proximal turbidites belong to the more restricted facies C

of Walker and Mutti (1973).

Brooklana Beds: The Brookland Beds shows features such as thin fine-grained

beds, low sand to mud ratios, well-graded beds and common laminations and

hence are considered to be distal turbidites (Walker 1967; Walker and Mutti

1973). Some minor proximal turbidites occur. A source direction for the

Brooklana Beds cannot be determined because no directional indicators were

observed. However because of the petrographic similarity to the Coramba Beds

it is considered that these sediments were derived from the same source area.

Moombil Beds: The Moombil Beds have no visible sedimentary structures, and

are interpreted as being pelagic mud-grade sediments. They represent Facies

G, pelagic and hemipelagic muds, in the facies classification of Walker and

Mutti (1973). Rare greywackes in them are similar to those of the Coramba

Beds and can be assumed to have the same source area.

In conclusion, sediments of the Coffs Harbour Sequence were

deposited mainly by turbidity currents with minor contour-following bottom

currents also operative. The older units are equated with distal turbidites

and the Coramba Beds is equated with proximal turbidites. The material has

been transported from an acid volcanic source area located somewhere to the

north or north-west.
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DYAMBERIN BLOCK 

The presence of diamictites in the Dyamberin Beds, and abundant

orthoconglomerates in the Sara Beds makes the sediments of the Dyamberin

Block distinct from other sediments in the Rockvale Coffs Harbour region.

Dyamberin Beds 

The Dyamberin Beds consists of slate, siltstone and greywacke with

interbedded horizons of diamictite and rarer orthoconglomerates.

Orthoconglomerates and Diamictites 

The orthoconglomerate observed in Marengo Creek (GR 5386 2670) grades

upwards into a coarse greywacke and is interbedded with slates. The clasts

are all well-rounded and mainly of pebble size. They are all flattened, with

the plane of flattening intersecting a well-developed slaty cleavage at an

angle of about 10°. The clasts include acid volcanics, chert, siliceous

mudstone and sandstone.

The clasts in some diamictites are few and scattered, but in others

make up almost 50% of the outcrop. The grainsize of the matrix varies from

mud to coarse sand. The most common rock is a pebbly mudstone with about

20% of pebbles, and is generally dark grey in colour with contrasting lighter

coloured pebbles. Pebbly sandstones are not very abundant. A well-known

fossil locality near Kangaroo Creek (GR 5249 2622) occurs in a pebbly sand-

stone, and Binns (1966) records pebbly horizons with a greywacke matrix from

the south-west corner of the Dyamberin Block but did not record any of the

mudstone-matrix types. A diamictite at the intersection of Marengo Creek and

Guy Fawkes River (GR 5370 2689) is a clast-poor muddy-matrix type. Pebbles

within the diamictites include granitics, acid volcanics, basic volcanics,

tuffs, massive cherts, banded cherts, siliceous mudstones, argillites and

sandstones. Some deformation of the laminations in the mudstones has

occurred (Plate 7A).

Petrography of the greywackes and diamictites 

The lithic greywackes and diamictites of the Dyamberin Beds are

petrographically very similar to the Coffs Harbour Sequence (compare Table 4

with Table 8, and Fig. 5 with Fig. 12). Detrital quartz ranges from 5.5 to
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PLATE 7

A. Volcanic clast deforming mudstone laminations in a diamictite.

Dyamberin Beds. S32706, magnification x 20, plane light.

B. Resorbed quartz phenocryst,in a vitrophyric textured fragment

from a lithic greywacke. Dyamberin Beds. S32739, magnification

x 45, crossed nicols.

C. Diamictite showing large variation in grainsize of clasts.

Dyamberin Beds. S32707, magnification x 20, plane light.

D. Metabasic volcanic rock interbedded with sediments. Sara Beds.

S32724, magnification x 20, crossed nicols.

E. Flute cast on base of overturned bed, "Double Fold Locality",

Rockvale (GR 4981 2405). Girrakool Beds.

F. Heavily veined graded bed from "Double Fold Locality", Rockvale

(GR 4981 2405). Girrakool Beds. Scale in cm, arrow indicates

direction of grading.

G. Graded bedding from Boundary Creek, Rockvale (GR 5008 2476).

Girrakool Beds, magnification x 1. Photograph shows field

orientation, arrow indicates facing direction. Hence bedding

is overturned at this locality.

H. Laminated mudstones and siltstones showing load casts, from

"Fossil Locality", Rockvale (GR 4992 2395). Girrakool Beds.

Magnification x 1, arrow indicates facing direction.
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17.7% (mean 13.0%) and occurs as clear, usually unstrained, approximately

equant grains,very angular in outline. Rare grains of resorbed quartz and

some composite grains also occur. Plagioclase is almost as common as quartz

(range 3.5-16.6%, mean 12.2%). An unalbitised plagioclase grain in S32714

has a 
PNa 

refractive index of 1.544 indicating a composition of An23.

K-feldspar is present in most thin sections but is minor compared with

plagioclase (range 0.0-5.4%, mean 2.2%). The P/F ratios range from 0.73 to

1.00 (mean 0.87). Hornblende has not been observed in any thin section.

Accessory detrital minerals are biotite, chlorite plates, zircon, tourmaline,

muscovite and opaques.

Volcanic lithic fragments are the dominant constituents of all thin

sections with V/L ratios ranging from 0.80 to 0.92 (mean 0.87). Intermediate

to basic types are poorly represented (Table 8), the most abundant fragments

being acidic types. Common textures are holohyaline, vitrophyric (Plate 7B)

and flow-banded, but eutaxitic and trachytic textures are rare. A minor

content of acid plutonic, sedimentary (mudstone, lithic sandstone, chert,

radiolarian chert) and metamorphic fragments (metasandstone, slate, quartz-

feldspar-muscovite schist) persists throughout the sequence.

The greywackes are quartz-poor lithic greywackes in the

classification of Crook (1974). The matrix-cement fraction is difficult to

separate because of the overprinted effects of a low-grade regional

metamorphism, but occupies greater than 15% of all thin sections examined,

making the sandstones true greywackes in the classification of Dott (1964).

The diamictite (S32707, Plate 7C) has a matrix fraction occupying almost

half of the rock (47.9%).

Petrography of Clasts from the Diamictites and Conglomerates 

Five clasts were examined in thin section, three being sandstones

and two acid igneous rocks. The sandstones are very similar petrographically

to the greywackes from the Dyamberin Beds and are therefore probably of intra-

formational derivation. The modes of two of them are given in Table 8

(S32701, S32703).

One acid plutonic clast is porphyritic containing abundant phenocrysts

of angular quartz, plagioclase and K-feldspar, with rare phenocrysts of

microperthite and biotite. The phenocrysts range in size from 0.1 mm to 5 mm

(average 1 mm). The groundmass of microcrystalline quartz and feldspar

probably represents a denitrified glass. Several veins of quartz and calcite



Table 8:	 Modal analyses of sediments from the Dyamberin Block

DYAMBERIN BEDS
	

SARA BEDS

Specimen	 32698 32699 32701 32714 32703 32711 	 32707 32725	 32738 32721

Description
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Quartz 17.7 15.3 13.5 9.5 15.9 13.6 5.5 7.0 7.7 9.3

Plagioclase 14.3 13.5 15.9 7.6 16.6 14.0 3.5 6.8 13.6 5.8

K-feldspar 5.4 1.9 3.1 1.1 0.2 4.3 - 2.6 1.6 4.1

Hornblende - - - - - - - - - -

Accessory detrital minerals 0.1 - 0.2 0.1 0.2 1.6 0.4 0.6 0.5 0.6

Secondary minerals 0.5 2.9 1.2 9.5 9.8 4.8 5.1 0.8 2.3 11.5

Matrix-Cement 28.6 28.7 20.4 19.4 33.8 28.1 47.9 36.7 36.8 27.7

Acid-Volcanic fragments 16.3 18.9 11.6 12.5 3.5 4.7 8.2 13.6 16.3 6.1

Intermediate-basic Volcanic fragments 1.5 1.6 5.2 3.1 0.6 1.9 1.5 5.9 4.2 1.4

Holohyaline fragments 11.5 13.5 19.7 32.9 16.6 22.7 22.5 21.9 9.7 31.8

Plutonic fragments 0.6 - 1.1 0.3 - 0.2 0.3 0.7 - 0.7

Sedimentary fragments 1.4 1.2 3.0 2.9 1.6 3.7 3.8 1.6 5.4 1.0

Metamorphic fragments 2.2 2.5 5.0 1.1 1.2 0.3 1.8 1.9 2.0 -

P/F 0.73 0.88 0.84 0.87 0.99 0.77 1.00 0.72 0.89 0.58

V/L 0.88 0.90 0.80 0.92 0.88 0.87 0.86 0.91 0.80 0.96
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occur. The other clast is a granophyre consisting of quartz and feldspar up

to 1 ram long surrounded by a graphic intergrowth of quartz, orthoclase, and

minor plagioclase. Minor opaques and chloritised biotite were also present.

There has been clouding of the feldspars and secondary calcite growths,

which also occurs as veins.

Petrographic features such as embayed quartz, plagioclase and acid

volcanic fragments in sediments of the Dyamberin Beds from the south-west

corner of the block listed by Binns (1966) are similar to those described

here from mainly the eastern part of the block.

Sara Beds 

The Sara Beds consist of mudstones, siltstones, greywackes

orthoconglomerates and rare diamictites. Very rare fine-grained basic and

acid igneous rocks appear to be interbedded with the sediments. Bedding

thicknesses range from 5 cm to about 1 m but average about 20 cm, and

thick structureless units occur also.

Orthoconlomerates and Diamictites 

Diamictites are not as abundant as in the Dyamberin Beds and mainly

have mudstone matrices with a variable pebble content. Pebbly sandstones

are very rare. At one locality (GR 5359 2881) a diamictite horizon merged

upwards into an orthoconglomerate.

The orthoconglomerates are a diagnostic feature of the Sara Beds

and range from 1 m to over 50 m, but are commonly 10 to 20 m thick. Clasts

are either exotic or intraformational. The intraformational clasts consist

of large commonly angular blocks of argillite up to 1 m in diameter. At one

locality a large subrounded boulder of diamictite 0.7 m in diameter occurred

as a clast within the orthoconglomerate (Plate 1D). Commonly the intra-

formational cobbles and boulders exhibit a parallelism of their long axes,

possibly due to compaction of the poorly consolidated mud by the weight of

the overlying material. The exotic clasts are well-rounded and usually of

pebble size (4 mm - 15 cm, average 5 cm). The orthoconglomerates are poorly

sorted. Several distinctive petrographic types occur: chert, sandstone,

veined mudstone, siltstone, argillite, tuff, acid volcanic, porphyry,

granite, vein quartz. Sedimentary varieties predominate over the igneous

types, and granitic clasts are uncommon.
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Petrography of the Sara Beds 

Petrographically the coarser sediments of the Sara Beds are lithic

greywackes compositionally similar to the Dyamberin Beds and sediments from

the other two blocks in the Rockvale - Coffs Harbour region.

Quartz is a persistent component in every thin section but is less

common than in the Dyamberin Beds (Table 8). Plagioclase is not as abundant

as in the Dyamberin Beds but is still dominant over K-feldspar (P/F = 0.58

to 0.89). Because of albitisation, refractive index determinations were not

possible. Detrital fragments of hornblende have not been observed in any

thin section. Accessory minerals present include chlorite plates, zircon

and opaque minerals.

The predominant detrital constituents are volcanic lithic fragments

(V/L = 0.80 to 0.96). Acid volcanics are more abundant than intermediate or

basic varieties. Textures present are holohyaline, porphyritic and

vitrophyric, plumose, trachytic, flow banded and eutaxitic. A minor but

persistent contribution from plutonic (quartz-feldspar-biotite), metamorphic

(metasediments and low-grade mica schists) and sedimentary (intraformational

mud, chert, radiolarian chert, quartzose sandstone) rocks occurs also.

The matrix-cement fraction consists of extremely fine-grained

material of indeterminable origin and occupies 28-37% of the modes.

Secondary minerals produced by low-grade regional metamorphism include

chlorite, quartz, albite, calcite and white mica. The greywackes are quartz-

poor lithic greywackes in the classification of Crook (1974).

A basic volcanic rock associated with the sediments (GR 5368 2868)

consists of laths of plagioclase and relict clinopyroxene and orthopyroxene

in a groundmass of secondary chlorite, epidote and calcite (Plate 7D),

Petrographic comparison of the Dyamberin and Sara Beds 

Greywackes and diamictites from the Dyamberin Beds cluster in an

almost linear field on the QFR diagram (Fig. 12A) similar to the field of

greywackes from Units A and D of the Coramba Beds (Fig. 5). The Sara Beds

also fall in a similar field (Fig. 12B) and hence greywackes from these two

units have probably been derived from a similar source area. The Dyamberin

and Sara Beds contain similar detrital elements (Table 9). One major

difference is in the number of species of detrital minerals observed. Five

species were observed in the Dyamberin Beds compared with only two species

in the Sara Beds. Zircon was observed in the Sara Beds but was not observed



Table 9: Presence of detrital elements in coarse sediments from

the Dyamberin and Rockvale Blocks. Numbers record only

the presence of an element in a specimen and not its

abundance. Values given in brackets are percentages

of the coarse sediments containing the elements.

(P = present,	 A = absent)

Clasts	 Clast
Dyamberin	 from	 Sara from	 Girrakool

Beds	 Dyamberin Beds Sara	 Beds
Beds	 Beds

Number of Specimens 	 13	 3	 13	 1	 80

Lithics ) Feldspar	 9 (69)	 P	 12 (92)	 ?	 67(84)

Feldspar > Lithics	 -	 A	 -	 ?	 5 (6)

Porphyritic Volcanic	 11 (85)	 P	 11 (85)	 A	 53(66)

Plumose Volcanic	 7 (54)	 P	 5 (38)	 A	 21(26)

Flow banding	 4 (31)	 A	 2 (15)	 A	 13(16)

Eutaxitic texture	 1 (8)	 A	 2 (15)	 A	 7 (9)

Trachytic texture	 5 (39)	 P	 6 (46)	 A	 28(35)

Holohyaline Volcanic	 13(100)	 P	 13(100)	 P	 76(95)

Plutonic fragments	 2 (15)	 P	 1 (8)	 A	 26(33)

Metamorphic fragments	 5 (39)	 A	 1 (8)	 A	 18(23)

Metasedimentary fragments	 3 (23)	 P	 4 (31)	 A	 39(49)

Intraformational Mudstone 	 6 (46)	 P	 7 (54)	 P	 52(65)

Radiolarian Chert 	 1 (8)	 A	 1 (8)	 A	 2 (3)

Chert	 2 (15)	 A	 3 (23)	 A	 1 (1)

Opaque minerals	 1 (8)	 P	 -	 P	 -

Hornblende	 -	 A	 -	 A	 5 (6)

Biotite	 1 (8)	 P	 -	 A	 22(28)

Chlorite	 2 (15)	 P	 4 (31)	 A	 20(25)

Zircon	 -	 P	 2 (15)	 A	 9(11)

Epidote	 -	 A	 -	 P	 11(14)

Muscovite	 1 (8)	 A	 -	 A	 7 (9)

Tourmaline	 1 (8)	 A	 -	 A	 2 (3)
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in the Dyamberin Beds. More extensive sampling of both units may alter this

situation.

Provenance of the Dyamberin Block

The sedimentary rocks from the Dyamberin Block have been derived

predominantly from an acid volcanic source area (Table 8). Because of the

absence of diagnostic minerals such as hornblende and pigeonite it is

difficult to estimate whether the volcanism had calc-alkaline or tholeiitic

affinities. However since the Coffs Harbour Sequence was derived

predominantly from calc-alkaline volcanics it is very tentatively suggested

that the sediments from this block were also derived mainly from a calc-

alkaline source. There has been a minor contribution from an intermediate

to basic volcanic source and a small but persistent contribution from a

continental basement area where acid plutonic, low-grade metamorphic and

sedimentary rocks occurred. The rounded nature of zircons is indicative of

a source area of sediments which has been reworked (Pettijohn 1957) and

hence it is considered that the detrital zircons in Sara Beds are not

derived from the volcanic source but from older reworked sediments.

Sedimentary Structures 

Greywackes from the Dyamberin Block have graded bedding and load

casts indicating that sediments young to the north-east. Features akin to

turbidite sequences are present although the complete Ta-e sequence of Bouma

(1962) was not observed. Intraformationally-derived mudstone chips vary in

amount and are usually concentrated near the base of the bed in the Ta

sequence. Intervals of horizontal lamination (Tb or Td) are usually graded

and are frequently only 1 mm thick.

The orthoconglomerates occasionally show well-defined grading with

large clasts (up to 30 cm) at the base grading upwards to coarse sandstone

at the top. However, the majority of conglomerates are poorly sorted and

no grading is developed. The basal contact of the conglomerates with the

underlying mudstone are often markedly uneven with the presence of erosional

channels up to 1 m deep. The upper contact with overlying sediment is

usually conformable or transitional. Intraformational rafts and blocks of

mudstone are present in most conglomerates and may exceed 1 m in diameter.

Rare units show a weakly defined imbrication of the clasts.

Directional structures such as flute or groove casts were not
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observed and hence no estimates of direction of transportation for the

sediments can be made.

Sedimentation of the Dyamberin Block 

The greywackes and siltstones from the Dyamberin Block are

interpreted as deposits of turbidity currents because they show typical

turbidite features such as irregular basal contacts, load casts and graded

bedding. The erosive nature of the turbidity currents is attested to by

the angular chips of intraformational debris often contained in the lower

part of the beds.

The depositional mechanism for the conglomerates is difficult to

determine because of the absence of decisive structures. These structureless

conglomerates have certain characteristics of each of proximal turbidites

(Walker 1967), grain-flow deposits (Stauffer 1967) and debris flow deposits

(Middleton and Hampton 1973). This type of deposit has been interpreted as

an intermediate stage between turbidites and slumps by several workers (e.g.

Middleton and Hampton 1973) but there is still considerable debate as to the

true nature of mass movement of sediments (see discussion by Walker 1970,

p.236).

The conglomerates from the Dyamberin Block are interbedded with .

turbidites and rare diamictites and usually have erosion channels at their

base indicating deposition by mass movements capable of eroding the substrata.

It seems clear that the conglomerates have been deposited by a mechanism

similar to that which deposited the turbidites and diamictites and it is

thought that they represent mass movement phenomena halted in their paths

after a comparatively short distance of flow. A mechanism of underdeveloped
turbidity currents similar to the deposition of proximal turbidites is

favoured here for transportation and deposition of the Dyamberin Block

conglomerates. The grain-flow mechanism (Stauffer 1967) is negated because

the intraformational mud is occasionally chaotically distributed suggesting

a certain amount of turbulence in the depositing current.

The diamictites also are thought to have formed by gravity movement

and represent different stages of arrested development of the flows.

Sediment moving by gravity flow down a slope will take up water to form a

slurry, hence decreasing viscosity and increasing turbulence. This allows

dispersion and mixing of different lithologies throughout the moving mass.

With a considerable loss in viscosity due to the addition of more water to
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the sediment, larger material can no longer be supported and will gravitate

to the base of the mass. This may result in deposition of graded beds, but

if the flow is stopped by obstacles at any stage a variety of deposits will

result. Diamictites are thought to be rare in the fossil record because

once the mass ceases to flow the viscosity rapidly diminishes and pebbles

sink to the base of the bed (Dott 1963).

In the Dyamberin Block the thickness of the deposits attests to the

great volume of individual mass movements. There must have been a high water

content and turbulence to sufficiently distribute the pebble horizon

throughout the mass but it must have retained a relatively high viscosity

because when the mass ceased to flow the pebbles did not sink to the base of

the bed.

Diamictites in the Kempsey area of New England have previously been

interpreted as deposited from floating glacier ice (Woolnough 1911; Voisey

1939) or as mass movement deposits (Lindsay 1966; Crowell and Frakes 1971)n

Lindsay (1966) reported 0.5% of pebbles examined from the Kempsey area were

striated and although glaciers contributed some debris to the basin, the

sediment was transported by mass movement. Mayer (1972) concluded that

diamictites in the Gloucester area, which are much thicker than the Dyamberin

diamictites, were derived predominantly from mass movement and glaciation

only played a minor role in direct sedimentation.

No evidence was found for glacial derivation of the diamictites of

the Dyamberin Block and these sediments are considered to have been deposited

by mass-movement processes. This conclusion is supported by the turbidite

origin for the sediments associated with them in the sequence.

McKelvey and Gutsche (1969) postulated that in Permian time there was

a landmass or set of islands to the north-west and west of the Dyamberin

Block, but the land was not volcanic and hence did not contribute much

detritus, or any, to the sediments of the block.

ROCKVALE BLOCK 

The Girrakool Beds of the Rockvale Block consist of interbedded

greywackes, mudstones, minor siliceous units and rare massive units. No

prominent marker horizons were found.
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Thin Section Petrography 

The most significant feature of the petrography of greywackes from

the Girrakool Beds is the predominance of volcanic lithic detritus over all

other material. Modal analyses (Table 10) for five greywackes represent a

biased sample because three of these specimens are feldspathic greywackes

which only constitute 6% of the rocks examined.

Quartz is a persistent constituent (range 12.7 to 20.4, mean 16.0%)

and occurs as extremely angular to subrounded single grains, commonly

resorbed and exhibiting undulose extinction. Polycrystalline grains and

inclusions within single grains are rare. Plagioclase is a common

constituent (range 15.7 to 25.4%, mean 22.3%). These values may be too high

for the Girrakool Beds as a whole, because of the biased sampling. Several

pia refractive indices oftLa = 1.550 - 1.552 (An 35 An39) indicate an

andesine composition. One value (AL = 1.541, An i6) may be the result of
rNa

albitisation of plagioclase. These compositions agree with those previously

reported by Neilson (1965) of An
30 

- An
35 

and by Binns (1966) of An
18 

- An
40.

Plagioclase occurs as euhedral to anhedral crystals which are more abundant

than K-feldspar (P/F = 0.75 to 0.91). The K-feldspar is orthoclase with rare

microcline and microperthite and occurs as angular grains similar in size to

plagioclase (up to 1 mm long, average 0.3 mm).

Hornblende is a minor constituent being observed in only 6% of the

greywackes. It occupies 3.7% of S32753 and several pleochroic schemes occur

(light brown to dark brown; olive—green to brown; straw to medium brown;

green to deep blue-green; straw to green). Hornblende infrequently occurs as

euhedral crystals up to 0.5 mm long, the main form being subhedral crystals

0.2 mm in diameter. The predominance of brown pleochroic colours indicates a

possible volcanic rather than plutonic origin. Traise (1973) records detrital

hornblende from sediments near the south-west corner of the Rockvale - Coffs

Harbour region and concludes that the hornblende was derived from plutonic and

metamorphic sources. The presence of hornblende as rare phenocrysts in

vitrophyric and porphyritic volcanic fragments negates the conclusions of

Traise.

Detrital biotite (partially or completely altered to chlorite) and

chlorite plates occur in about 25% of the greywackes. The grains have been

deformed during consolidation and compaction. Other accessory detrital

minerals include zircon, epidote, opaques, muscovite and tourmaline. The

presence of rounded zircons indicates reworking of older sediments, and the



Table 10:	 Modal analyses of greywackes from the Girrakool Beds

Specimen 32753 32758 32743 32799 32781

Quartz 20.4 12.7 15.2 18.5 13.2

Plagioclase 21.6 15.7 24.6 24.5 25.4

K-feldspar 7.0 3.5 4.7 2.3 4.9

Hornblende 3.7 - - - -

Accessory Detrital Minerals 1.1 0.3 0.4 - 0.2

Secondary Minerals 1.4 3.3 5.0 30.2 27.7

Matrix-Cement 19.4 10.1 16.4 1.2 1.3

Acid Volcanic fragments 3.5 12.8 7.5 2.0 2.3

Intermediate-basic fragments 1.7 12.4 5.1 1.0 5.2

Holohyaline fragments 17.1 14.8 14.2 17.4 14.3

Plutonic fragments 1.7 2.5 1.7 - 0.7

Sedimentary fragments 0.6 5.4 1.1 2.2 2.3

Metamorphic fragments 0.7 6.6 4.0 0.7 2.6

P/F 0.75 0.82 0.84 0.91 0.84

V/L 0.88 0.73 0.80 0.88 0.80
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pleochroic blue colour of tourmaline indicates derivation from a pegmatitic

source (Pettijohn 1957).

Volcanic lithic fragments predominate over all other lithic fragments

(V/L = 0.73 to 0.88). Holohyaline fragments now devitrified to quartz and

feldspar occupy 14.2 - 17.4% (mean 15.6%) and were observed in 95% of coarse

sediments examined from the Girrakool Beds (Table 9). Acid and intermediate-

basic volcanic fragments are approximately equal in abundance. This

contrasts with sediments from the other two blocks where acidic fragments are

dominant over the more basic varieties. Several textures including

porphyritic, vitrophyric, trachytic, eutaxitic and spherulitic occur.

Plutonic fragments range from zero to 2.5% (mean 1.3%) and mainly

are acidic types: quartz-plagioclase, quartz-K-feldspar, graphic intergrowth,

quartz-feldspar-biotite. Sedimentary rock fragments (range 0.6 - 5.4%, mean.

2.3%) consist of sandstone, chert and radiolarian chert. Not included here

is the mud and sand considered to have been derived from intraformational

sources. Metamorphic fragments (range 0.7 - 6.6%, mean 2.9%) consist of

metaquartz, metasediments, slate and low-grade schistose fragments. Schist

is the most common type and several assemblages were observed:

quartz-muscovite
quartz-plagioclase-biotite
quartz-plagioclase-biotite-opaques
quartz-plagioclase-biotite-muscovite-opaques

Frequently the micas are aligned parallel to the foliation in the fragments.

The Rockvale Block has suffered low-grade metamorphism and it is

often difficult to distinguish between the matrix-cement and secondary

minerals produced by the metamorphism, but it is likely that all of this

material was originally matrix. The field of the Girrakool Beds on the QFR

diagram (Fig. 12C) is similar to the:Dymnberin Beds (Fig. 12A). The

Girrakool Beds appear to be slightly more feldspathic but this is probably

due to the biased sampling. Lithic greywackes make up 84% of the Girrakool

Beds and feldspathic greywackes 6% of all specimens examined (Table 9).

This result differs to Binns (1966) who found that rock fragments (silt,

shale, acid volcanics, rare intermediate volcanics) were less abundant than

mineral grains (quartz, plagioclase and K-feldspar).

The greywackes of the Girrakool Beds may be classified as quartz-poor

feldspathic to volcanic lithic greywackes in the scheme of Crook (1974). The

majority may be correlated petrographically with Unit A of the Coramba Beds.

Feldspathic greywackes typical of Unit B, and hornblende-bearing sediments
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similar to Units C and D of the Coramba Beds occur also in the Girrakool Beds

but constitute only about 10% of the total rocks examined. It is difficult

to map these units individually but hornblende-bearing greywackes tend to be

concentrated in the south-west corner of the region near GR 4838 2186.

Specimens with F> L appear to be scattered through the Girrakool Beds and are

not limited to any one area. Thus it is possible to recognise sediments of

similar compositions to the units of the Coramba Beds but it has not been

possible to delineate restricted areas where they occur.

Provenance of the Girrakool Beds 

The abundance of p-quartz, plagioclase and acid to intermediate

volcanic lithic fragments indicates that most of the material was derived

from a volcanic source area where both acid (dacites) and intermediate

(andesites) rocks occurred. The presence of hornblende and absence of

pigeonite confirms the volcanism had calc-alkaline rather than tholeiitic

affinities. Lithic debris in hornblende-bearing rocks is similar to debris

in hornblende-free rocks and hence is considered to have the same affinities.

Both lava flows and ash flows comprised the volcanic landscape. The presence

of plutonic and metamorphic fragments indicates that some debris, at least,

was contributed from a continental source area. Hence the detrital material

constituting the Girrakool Beds has been derived predominantly from a calc-

alkaline acid to intermediate volcanic source area.

Sedimentary Structures 

The Girrakool Beds contains many sedimentary structures of the bed-

bottom type which were easily observed because of overturning of most beds

in the Rockvale area. Flute casts occur at several localities but are

observed best in Rockvale Creek (GR 4981 2405) and Boundary Creek (GR 5008

2397). The flute casts (Plate 7E) show typical features described by

Crowell (1955) such as one bulbous end, and the other flaring out and

gradually merging with the bottom surface of the sandstone layer. The

bulbous ends of the flute casts have often eroded into the underlying

sediments to a depth of 5 mm - 10 mm and the casts are frequently 10 - 15 cm

long and 1 - 2 cm wide. They are elongate and bilaterally symmetrical.

Groove casts similar in size to the flute casts occur, differing only in the

absence of the bulbous end. The flute and groove casts have been used as

primary lineations in an attempt to unravel the complex structural history

of the sediments (see Section I).
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Typical turbidite sequences of Ta-e are present, along with

truncated (To or Ta-b) and base cut-out sequences (Td-e). Graded bedding

from coarse sandstone to mudstone is common (Plates 7F, 7G) and delayed

grading is frequently present. Load casts (Plate 7H) have been useful in

determining facing directions and commonly occur at the interface of a

coarse sandy bed overlying a muddy horizon which was plastic at the time of

deposition of the sand.

Intraformational mudstone chips are abundant in some horizons and

are usually 5 - 10 mm long. They occur throughout the bed and show a

crudely developed foliation parallel to the bedding plane, presumably

induced by compaction due to the weight of the overlying sediment (e.g.

S32745, S32753). In some places mudstone has been injected upwards into the

overlying sediments and occasionally has become detached. In places

abundant mud chips are congregated near the base of the sandstone bed

indicating derivation from the underlying unit.

Small scale cross bedding occurs but is infrequent. It is difficult

to recognise in the field and is best observed on sawn slabs. Typical scale

is 5 mm - 3 cm in height with the laminations being less than 1 mm thick. It

is possible that these cross laminations are produced by countour-following

currents that are reworking the turbidite material to produce contourites.

Slumping is present (e.g. GR 4992 2395) but is only on a small scale and the

beds are chaotically deformed and frequently fractured and disrupted.

Bioturbation has occurred but is usually confined to within a single bed such

as a mudstone horizon.

Sedimentation of the Girrakool Beds 

Most of the Girrakool Beds are considered to be proximal turbidites

similar to those described by Walker (1967) and may be grouped into Facies C,

"classical" proximal turbidites of Walker and Mutti (1973). While most of

the Girrakool Beds are proximal turbidites, there is evidence that contourites

(Hollister and Heezen 1973) are also present. These consist of fine

laminations defined by heavy minerals and are products of contour-following

bottom currents reworking previously deposited turbidites.

In conclusion, the Girrakool Beds have been mainly deposited by

proximal turbidity currents. Detritus was contributed by a predominantly

volcanic landscape where acid to intermediate calc-alkaline volcanism

produced lava flows and ignimbritic rocks. A minor contribution was derived

from plutonic and metamorphic sources.



COMPARISON OF SEDIMENTATION BETWEEN THE THREE TECTONIC 

BLOCKS IN THE ROCKVALE - COFFS HARBOUR REGION 

The sedimentation of the Coramba Beds and the Girrakool Beds is very

similar and may be attributed to proximal turbidity currents depositing

material. The Brooklana Beds were probably deposited as distal turbidites

and the Moombil Beds are pelagic muds. The sediments from the Dyamberin

Block were deposited by proximal turbidites and the diamictites and

conglomerates suggest arrested deposition of mass movements.

Petrographically, sediments from all blocks are quartz-poor lithic

or feldspathic greywackes dominated by an abundance of volcanic detritus

(Figs. 5, 12). Volcanism for each block is considered to have calc-alkaline

affinities. A triangular diagram of plutonic-acid volcanics-intermediate

volcanics (Fig. 12D) follows Mayer (1972). The Moombil and Brooklana Beds

plot within the Carboniferous field of Mayer and the Permian Dyamberin and

Sara Beds occur within Mayer's Permian field. The Coramba Beds plot just

outside the Permian field. The Girrakool Beds contain a marked increase in

intermediate volcanic detritus and hence plot well away from any field of

Mayer.

Crook (1974) provided a three-fold classification of greywackes and

divided his quartz-poor greywacke category into three subgroups - volcanic

lithic greywackes (e.g. Chappell 1968), plagioclase greywackes (e.g. Okada

and Nakao 1968) and serpentinite greywackes (Zimmerle 1968). Both volcanic

lithic greywackes and plagioclase greywackes occur in the Rockvale - Coffs

Harbour region where volcanic varieties are more abundant than plagioclase

varieties. Crook (op. cit.) also found volcanic lithic greywackes to be the

more abundant of the two varieties, and considered the rocks to have been

derived predominantly from a basic volcanic province. Modern deep sea

sediment data have shown that quartz-poor detritus clearly indicates a

volcanic island arc setting, and hence Crook attributes his quartz-poor

greywacke subgroup to derivation from a magmatic island arc.

Packham (1967) described sediments from the Lachlan Geosyncline

derived from an acid volcanic source and Crook (op. cit.) classified these

as quartz-intermediate greywackes. The Coffs Harbour Sequence, derived from

a similar source area to that described by Packham is considered to be

quartz-poor greywackes. Here, phenocrysts of quartz within the dacitic

49.
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source rocks are only a minor component and lithic debris dominates the

sediments.

Pettijohn et al. (1972, p.548) state that volcanic greywackes and

plagioclase greywackes occur together in early flysch sequences which

accumulated in eugeosynclines (trenches). Prior to deposition of early

flysch sequences a pre-flysch sequence existed and consisted of radiolarites,

greenstones and ophiolites overlain by pelagic shales.

Radiolarian chert fragments present in the volcanic greywackes

suggest that radiolarites existed in the source area prior to the

deposition of the Coffs Harbour Sequence. The radiolarian cherts and

jaspers of the Redbank River Beds may have been a source of the radiolarites

in the Coffs Harbour Sequence. The pelagic shales in the model of

Pettijohn et al. (op. cit.) may be represented by the massive argillites of
the Moombil Beds. This unit was then overlain by the early flysch sequence

(Brooklana and Coramba Beds). The Girrakool Beds are also considered to be

an early flysch sequence. The conglomerates and dianictites of the

Dyamberin Block are difficult to fit into the model of Pettijohn et al. but

are considered to be a flysch sequence where deposition has possibly taken

place closer to the source area than sediments from the other blocks.




